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Abstract.

In the context of increasingly stringent performance requirements and growing environmental and
societal constraints, hybrid composite materials combining bio-based and synthetic fibers have
emerged as promising candidates. These materials exhibit a compelling balance of properties,
including high specific stiffness and strength, enhanced damping and impact absorption capabilities,
partial biodegradability, and notable resistance to fatigue, fire, and corrosion. Nevertheless, their
fatigue behavior remains insufficiently characterized and poorly controlled, primarily due to their
inherent anisotropy and microstructural heterogeneity.

The present work provides a comprehensive investigation into the fatigue behavior of polymer-matrix
composite (PMC) laminates reinforced with flax/glass fibers and a polyester matrix, subjected to self-
heating tests. A key innovation of this study lies in the development of SMART composite
architectures integrating many piezoelectric transducers (Figure 1), enabling continuous
electromechanical coupling with the host material throughout cyclic loading sequences. This approach
allows an in-situ and real-time structural health monitoring (SHM) based on intrinsic material
responses.

Both pristine hybrid composites (sensor-free) and SMART PMC (with embedded piezoelectric
transducers) were subjected to tension—tension cyclic loading (R = 0.2) at a frequency of 5 Hz. Fatigue
limits were assessed using a dual-physics approach, relying on two complementary indicators: the
stabilization of the thermal response and the evolution of the electrical capacitance of the embedded
transducers.

The results demonstrate a remarkable consistency between pristine and SMART configurations, with
fatigue limits showing excellent agreement irrespective of the measurement approach. Specifically,
both surface temperature measurements and in-core capacitance monitoring lead to convergent
estimations of the fatigue threshold. These findings highlight the reliability and robustness of the
proposed SMART monitoring strategy, paving the way for the development of self-sensing composite
structures with enhanced predictive maintenance capabilities.
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Figure 1: Different embedded piezopolymer sensors.



