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Abstract. Embedding piezoelectric transducers represent a promising pathway for advancing
Structural Health Monitoring (SHM) capabilities in lightweight structures. This work presents an
overview of combined experimental and numerical investigation of PMC structures integrating
piezoceramic and/or piezopolymer transducers, with the objective of enhancing their intelligent
functionality for SHM applications.

A numerical framework based on the Carrera Unified Formulation (CUF) [1], is employed to model
the electromechanical behaviour of the structures through higher-order plate formulations. In parallel,
an extensive experimental campaign was conducted. Self-heating tensile tests were performed on
composite specimens to estimate their fatigue limit quickly using the infrared thermography (IRT)
alongside an innovative approach based on variations of embedded electrical capacitance. The
relationship between the capacitance variation and the structural response was further investigated
through multiple tensile tests and correlated with several non-destructive evaluation techniques.

A comparison between experimental measurements and numerical predictions of capacitance variation
was presented, highlighting the potential and limitations of the coupled electro-mechanical modelling
for SHM applications. Static capacitance variation was additionally analysed using a two-dimensional
plate model, showing good agreement with available literature. The study was extended to the analysis
of Lamb wave propagation in both isotropic and composite smart structures, providing further insight
into the influence of numerical model kinematics on wave behaviour and sensing capabilities.
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Figure 1: (a) Different embedded piezo-polymer sensors (b) FE optimisation of sensor position [2]

Finally, the optimal embedding position of piezoelectric transducers within the laminate thickness, as
well as the influence of sensor dimensions, was investigated through combined experimental and


mailto:ajamal.najd@utc.fr

numerical analyses. The results demonstrate the relevance of sensor placement and geometry for
improving SHM performance.

The integration of experimental observations and advanced numerical modelling provides a
comprehensive perspective on the development of smart PMC systems for SHM. The findings of the
thesis work related to fatigue assessment, capacitance-based sensing, Lamb wave analysis, and sensor
optimization contribute to improving the reliability and effectiveness of embedded monitoring
strategies in composite structures while providing a comparison between experimental and numerical
modelling approaches.
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