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Abstract

Vibration-based health monitoring of the structures has been well established and
routinely implemented for structures. Any changes in modal parameters, which are
functions of mass, stiffness and damping of the structure, reflect any perturbations
in these parameters. Strain-based modal parameters are well-known to exhibit
superior sensitivity to displacement-based modal parameters for damage
monitoring, especially incipient damage. However, strain, being the second
derivative of displacement, dissipates faster than displacement. Hence it is
challenging to capture the dynamic strain response of the structure rich in
information about structural behaviour. Piezo sensors have been established as
extremely sensitive sensors for damage detection and location by the
electro-mechanical impedance (EMI) technique. However, the application of the
piezo sensors, albeit having edge over accelerometers in terms of cost, has been
severely limited to the identification of first few bending modes in small,
lightweight structures for SHM. Thus, it becomes imperative to develop an
effective and low-cost structural health monitoring (SHM) approach based on
dynamic strain signals acquired by piezo sensors. Towards this objective, this
doctoral research investigates and evaluates the ceramic lead-zirconate-titanate
(PZT) piezoelectric patches for structural identification and health monitoring of

structures under different practical scenarios.

The study evaluates commercial PZT patches for modal testing and damage.
identification of small-scale structures to actual real-life structures. PZT patches
are first investigated for structural identification and damage monitoring of 2D
beams and plates by different types of modes, evaluating them against the industry
standard accelerometers. PZT patch based strain modal identification and damage
monitoring is performed based on bending and complex torsion modes for
monitoring of different levels of damage resulting from the loosening of bolts. PZT
patches are found to capture the dynamic strain response and modal parameters
effectively. Strain-based modal parameters are observed to demonstrate enhanced
sensitivity than the corresponding displacement-based modal parameters utilizing

accelerometers for damage monitoring.
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This study further extends the investigation of piezo sensor based modal structural
identification to complex 3D structures. This has been conceptualized by adopting a
scaled-down model of a pedestrian footover bridge, excited under different artificial
excitations based on the shaker and impact hammer. Structural identification is
performed under impact hammer and shaker based sweep and random white noise
excitations. PZT patches based strain modal parameters are found to exhibit an
excellent correlation to the corresponding displacement modal parameters under all

the adopted artificial excitation scenarios.

Finally, the PZT patches are evaluated for their efficacy in structural identification
under weak ambient excitations based on operational conditions. This is warranted
as well-controlled artificial excitations are infeasible on real-life structures owing to
exorbitant expenses and hassles in implementation. In this doctral research this
has been achieved by the application of ambient pedestrian motion based weak
ambient excitations in different feasible patterns on the interior lane, and the
exterior lane and staggered all over a scaled-down model of a real-life pedestrian
bridge. The PZT patches are observed to capture the dynamic strain response
with sufficient information about structural behaviour under weak pedestrian
motion based excitations. Strain-based modal parameters are observed to be in
good agreement with corresponding displacement-based modal parameters under
all the adopted patterns of pedestrian motions, with staggered pedestrian motions

found best among all the patterns for activation of modes.

PZT patches are also evaluated for sensitivity towards structural damage by modal
testing under the staggered pattern of pedestrian motions. Artificial damage
depicting member stiffness loss is inflicted on the scaled-down model of the
pedestrian bridge at four different locations in two different intensities in the form
of a vertical cut. Modal flexibility based curvature and Coordinate modal
assurance criteria (CoMAC) indices are adopted as damage-sensitive features and
an outlier analysis is performed for damage localization. PZT patch based strain
modal parameters are observed to exhibit enhanced sensitivity than the

corresponding displacement modal parameters towards incipient damage scenarios.

For field validation of the proposed approach, a real-life pedestrian footover bridge
of span of 15 m is adopted. The applicability and issues in the adoption of PZT

patches for dynamic strain measurement and structural identification under
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pedestrian traffic on the bridge are investigated. Strain modal parameters are
successfully extracted even under weak ambient excitations with excellent
correlation to corresponding displacement modal parameters. Thus, piezo sensors
are established as effective sensors for strain-based vibration monitoring of

structures under operating conditions based weak ambient excitations.

In conclusion, the application of piezo sensors for dynamic strain-based modal
analysis, including complex 3D modes, structural identification and health
monitoring, is the original aspect and contribution of this doctoral research. Piezo
sensors are established as effective sensors for dynamic strain measurement and
structural identification in real-life structures under operational conditions based
weak ambient excitations with performance having equivalent or high superiority

to expensive accelerometers.
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