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a — real constant, angle of rotation of the control surface
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Preface

The book presents a blend of information about the vibrational diagnostics in civil
engineering structures, namely, elements of structural dynamics, experimental modal
analysis, advanced signal processing and applied optimization theory. The book is oriented
towards a practical application of the diagnostics based on measurements of the structure
oscillations. Special attention is paid to the civil engineering structures and their
experimental examples.

There are many books discussing the problems of modal experimental analysis. The
most comprehensive one, to the best of the author’s knowledge, is the work by Maia and
Silva (1997) entitled “Theoretical and Experimental Modal Analysis”. In this book the
theory on modal testing methods, modal identification techniques, Finite Element (FE)
model updating and nonlinear modal analysis is systematically analyzed. However, the
number of the examples on modal analysis on real objects is small. A detailed study on
updating the Finite Element models is given by Friswell and Mottershead (1995) in the
book “Finite Element Model Updating in Structural Dynamics”. The Authors carefully
explain the advantages and disadvantages of the direct and iterative methods of dynamic
system coefficients updating. The examples are mostly based on the numerically
determined input data. The third book that is often cited in the presented work, is
“Application of Wavelet Analysis in Damage Detection and Localization” (Rucka and
Wilde 2007). In this study a relatively new idea of using the wavelet analysis of damage
detection from static and dynamic responses of the structures is discussed.

The aim of this book is to present a state-of-the-art knowledge on modal diagnostics
with a special attention on its real application in civil engineering structures. Therefore, the
experimental techniques leading to estimations of the structure natural frequencies and
mode shapes are discussed in detail. Several examples are given from the author’s
engineering experience. All of the presented techniques are tested on the data obtained from
the experimental studies in the Laboratory of Department of Structural Mechanics and
Bridge Structures, Gdansk University of Technology, Poland. One example of mode shape
extraction is based on the existing composite bridge, located near Gdansk. The ambient
vibration identifications, not mentioned in the above books, are also formulated and
experimentally tested.

The theoretical knowledge on structure dynamics is omitted since many books and
papers are available on this topic. Only the derivation of mode shapes for systems with no
damping, a proportional damping matrix and arbitrary viscous damping are discussed in
detail. For reasons of priority given in the book to the practical aspects, all the structural
models are linear. It is assumed that the obtained equations of motion are describing the
oscillations of a civil engineering structure around its equilibrium position. Only very small
vibration amplitudes are considered. In the case of civil engineering structures the range of
frequencies of interest is very low in comparison to the structures in aeronautical or
mechanical engineering.
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In this book a use of three types of damage detection methods on the experimental
modal parameters are studied. To the best of the author’s knowledge, there are relatively
few publications that refer to the efficiency of damage location on data obtained from the in
situ measurements. The first type damage detection methods presented in this book are
techniques based on the wavelet analysis. The wavelet analysis, under consideration, do not
need any theoretical models of the structure nor information on undamaged structure. Only
the experimental mode shapes of structure in the current state are needed. This method
belongs to a group of methods that search the crack location from the derivatives of the
mode shapes. The wavelets act as a differentiating operator, and therefore, have all the
constrains of this type of methods. The method is effective in detecting only relatively large
cracks.

The second direction in modal diagnostics, followed in this book, is Finite Element
model updating. In this case the mathematical model of the structure dynamics is necessary.
It is also necessary to conduct the measurements of the damaged and undamaged structure.
Only the updating that uses the reference data can give the correct and practically useful
information. There are many papers on updating based on natural frequencies. In this book
the updating using both frequencies and experimental mode shapes is discussed. The
effective iterative algorithm is searched.

The third type of the modal diagnostics is the proposition of a combination of an
artificial neural network with diagnostic data obtained from simple ambient tests and
detailed forced vibration tests. In both cases the experimental frequencies and these mode
shapes are used as the network input. The proposed strategy assumes a multilevel approach
in the sense that cheap ambient tests, that can be easily performed on an existing structure,
are conducted to detect the presence of the damage. In doubtful cases about the integrity of
the structure, some forced dynamic testes are suggested. Both levels of the structure
diagnostics are facilitated by a neural network. This part of the book is rather a presentation
of a concept than a systematic study on the neural expert system.
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