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Preface

This book eventually addresses topics in computational stochastic
mechanics. An increasing industrial demand for reliable quantification
and management of uncertainty in product performance has occasioned
considerable research and development activities in the area,
predominantly but not only in aerospace engineering. Companies from
other branches claiming for their products high quality within tight
limits also indicated a vivid interest to involve computational stochastic
methodology in innovative developments.

On this background in 2003 the author started offering lectures on
Stochastic Analysis and Optimization at Stuttgart University conceived
for the eighth semester, the last of the Diploma Course in Aerospace
Engineering. Thereby the students become acquainted with essential
notions of probability and enter the domain of computational methods
for stochastic structural analysis and design evolving out from
conventional, deterministic methodology. The lecture notes have been
elaborated and extended to the book at hands.

Following the introduction into the subject of the book, Chapter 2
outlines probability and statistics as far as necessary for the purpose.
Chapter 3 deals with probabilistic analysis based on a Taylor series
expansion of the finite element equations of the structural system.
The methodic development comprises elasticity, large displacements
and elastoplasticity as well as an extension to nonlinear dynamics.
The subject of Chapter 4 is design optimization. In the presence of
randomness the engineer has to compromise between best performance
in the mean and minimum scatter; tools are provided supporting the
treatment of this task. Chapter 5 discusses statistical Monte Carlo
techniques. Different to the analytic Taylor approximation, randomness
is simulated directly by sampling the input to the system and registering



the outcome. Chapter 6 addresses the issue of reliability as related to
the success or failure of structural members and structural systems.
Essential notions are complemented by methods of reliability
assessment both, analytic and synthetic in nature. In connection with
optimization the requested degree of reliability enters the procedure
as a constraint.

Time variant phenomena pose tasks which necessitate further
considerations. Chapter 7 gives an elementary introduction into
random, or stochastic, processes along with the formalism for their
description; analogies to random fields are indicated. Also included is
a brief discussion on the life time, the time to failure of operating
systems and components. Chapter 8 is concerned with the evolutionary
process of material deformation which is of importance in
manufacturing as by metal forming operations and for safety studies
involving destructive deformation. In addition to analysis in the
presence of randomness, process optimization is treated along with
the issue of robustness against random fluctuations of the conditions.

The last Chapter is devoted to the statistical assessment and
comparison of random systems and stochastic processes. Given data
from observations, hypothesis tests examine with a certain probability
whether they originate from parent populations exhibiting same
characteristics. Attention is paid to the quantification of the distance
between random systems.

The book is conceived as an introductory text in stochastic
mechanics with emphasis on computational methods. Numerical
approaches are presented on the background of the stochastic
investigation and design improvement of structures, mechanical parts
and of material deformation as an evolutionary process; basic principles
are transferable to different disciplines as well. Both stochastic
simulation and probabilistic analysis have been founded on methods
established in the deterministic context. The reader may thus enjoy
the extension of his knowledge and skills in computational mechanics
to the area of stochastics. The book should be of interest for master
courses in engineering, doctoral students and equally useful for
computational analysts in industrial and academic institutions.

The contents of the book are largely based on the authors lecture
notes on stochastics including work performed with his team at
Stuttgart University in the period between 1997 and 2005; textbooks
consulted while writing are listed in the bibliography. The subject of
robust design using the Taylor series approach was elaborated in the
doctoral thesis of Zhan Kang. Results from statistical micromechanics



modelling have been obtained by Rainer Dattke in his doctoral
dissertation within the framework of co-operative research on the
strength of ceramics funded by the European Community. Data from
laboratory measurements reported to in the book stem from the
experimental part of the project carried out at the University of Caen
under the guidance of Frederic Osterstock. The statistical investigations
related to the analysis and comparison of data sets are the work of
Friedrich Rau and Martin Werner associated with the joint European
research project SCAT (Statistical Comparison of Analysis and Test).
Numerical examples appearing in the text are assigned to the
originating project partners from industry or academia.

The author acknowledges all the individual input to the content of
the book, and esteems the stimulus of interactions with the students.
He is thankful for having the opportunity to enjoy once again the
efficient co-operation with the WIT Press publishers regarding the
realization of this book project.

Toannis Doltsinis
Stuttgart, 2012

Facing uncertainty.





