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ABSTRACT

Structural damage detection and estimation have become essential in ensuring the
safety, functionality, and longevity of civil engineering structures, particularly framed
systems that form the backbone of modern infrastructure. Traditional inspection
techniques, although widely used, suffer from limitations such as subjectivity,
accessibility challenges, and inefficiency when dealing with large-scale structures.
This has driven the development of vibration- and modal-based methods, which utilize
dynamic properties such as natural frequencies and mode shapes to identify and
quantify structural damage. This research aims to enhance modal-based structural
damage detection techniques for framed structures by integrating experimental and
computational approaches. Scaled-down steel framed structures were tested on a shake
table under both intact and damaged conditions to investigate the impact of damage on
modal parameters. Complementary finite element (FE) models were developed and
validated in ABAQUS, enabling a comprehensive parametric study of different
damage scenarios. The study evaluated the Difference in Mode Shape Slope (DMSS),
Difference in Mode Shape Curvature (DMSC), and Grey Relation Coefficient (GRC)
methods for their effectiveness in detection, localization, and severity estimation of
damages. Results demonstrated that both DMSS and DMSC methods are highly
effective for single and multiple damage detection in simple beam structures, while
DMSC showed superior reliability in complex framed structures. However, both
methods exhibited sensitivity limitations near structural boundaries. The GRC-based
approach successfully estimated damage severity in beams but showed reduced
accuracy in higher damage cases and in complex frame models. Overall, the combined
methodology highlights the potential of enhanced modal-based approaches for
improving accuracy and reliability in structural damage detection. The findings
contribute valuable insights into the practical application of modal-based techniques
in structural health monitoring and provide a foundation for further research on
refining severity estimation methods and extending these techniques to large-scale
real-world structures.

Keywords: Structural Health Monitoring (SHM), Modal Analysis, Structural Damage
Detection (SDD), Finite Element Modelling (FEM), Difference in Mode Shape Slope
(DMSS), Difference in Mode Shape Curvature (DMSC), Grey Relation Coefficient
(GRC)
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