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The research of structural health monitoring (SHM) and damage detection has
recently become an area of interest for a large number of academic and commercial
laboratories. Especially, a need to develop in-service and on-line health monitoring
techniques is increasing. This kind of technique allows systems and structures to
monitor their own structural integrity while in operation and throughout their life, and is
useful not only to improve reliability but also to reduce maintenance and inspection cost
of systems and structures. Vibration-based damage identification techniques may meet
the requirements for on-line SHM. Damage or fault detection, as determined by changes
in the dynamic properties or response -of structures, is a subject which has received
considerable attention in the technical literatire beginning approximately 30 years ago,
and with a significant increase in reported studies appearing during the last five years.
The basic idea of these techniques is that modal parameters, notably frequencies, mode
shapes, and modal damping, are a function of the physical properties of the structure
(mass, damping, stiffness, and boundary conditions). Therefore, changes in physical
properties of the structure, such as its stiffness or flexibility, will cause changes in the
modal properties.

In this thesis, techniques are developed to detect, localize and quantify damage in
steel structures by vibration monitoring. The same methodology can also be applied to
reinforced concrete structures. The changes in Sttain Energy, Power Spectral Density
(PSD), Phase Angle, and Transfer Function Estimates (TFE) techniques, presented here,
are new techniques to assess damage in civil engineering structures and monitor the
damage growth .in the structure. All proposed techniques assume that the displacement
or-the acceleration response time histories at various locations along the structure both
before and after damage are available for damage assessment. These responses are used
to estimate the dynamic response of the structure using several spectral functions. The
change in the dynamic response between the baseline state and the current state is then
used to identify the location of possible damage in the structure. All proposed
techniques require only measured responses before and after damage without the need
to use a correlated finite element model (FEM). Model-updating damage identification
methods, which require correlated FEMS, are difficult to be implemented for continuous

health monitoring of bridges because it is the author’s opinion that it would be
impractical to develop correlated FEMs for a large population of bridges. Another
advantage of using the proposed-techniques is that they do not require measuring the
excitation forces. If automated damage identification methods are to become an
accepted part of a comprehensive bridge management system, these methods will have
to monitor the response of a bridge to ambient (typically traffic-induced) vibration,
hence a measure of the input will not be available. To this end, the proposed methods
used in this study have assumed that the input is not monitored. The use of piezoelectric
actuators as a local excitation source for continuous health monitoring of large
structures such as steel bridges is also presented. )

Damaged as well as intact structures are being used as validation tools. A test
program on steel beams, steel bridge model, aluminum building model and finite
element models is set up. Structures are gradually damaged and the changes of the
dynamic responses monitored from the initial to the damaged state. As examples of real
structures, a railway steel bridge in Kitami city is considered. Several damage scenarios
are applied to the bridge and the change in the dynamic response is estimated. The
results of the different damage assessment techniques: prove that dynamic analysis is a
helpful tool in SHM. Experimental and numerical results show that the proposed
approaches may be successfully implemented on-line to detect the damage and to locate
regions where damage occurred. This study demonstrates the great promise of these
schemes for on-line SHM.
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