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Abstract Wireless structural health monitoring (SHM) represents an emerging paradigm in non-destructive
testing evaluation, which is regularly performed within the framework of structural maintenance of criti-
cal infrastructure. While traditional cable-based SHM strategies have largely relied on centralized structural
response data collection and processing, in wireless SHM the sensor nodes essentially operate as stand-alone
processing units. Furthermore, the on-board processing capabilities of wireless sensor nodes have been widely
exploited for decentralizing SHM tasks, thus avoiding power-consuming wireless transmission of entire struc-
tural response data sets. Evidently, on-board processing requires approaches tailored to the limited computa-
tional resources of wireless sensor nodes, particularly for computationally intensive, state-of-the-art strategies
for SHM that rely on artificial intelligence (AI). Specifically, in model-based SHM/AI strategies, AI algo-
rithms are trained by running the so-called what-if scenarios using numerical models of monitored structures.
However, the use of numerical models in a decentralized wireless SHM scheme might be prohibitive from
a computational resources point of view. To overcome this limitation, analytical modeling techniques using
elastic waveguides are developed here that carry a low computational burden. These are specifically tailored
for flexible structures of variable cross section, which comprise typical components of critical infrastructure
such as masts, antennas and pylons, and can be used for simulating axial, torsional and flexural vibrations.
The accuracy and efficiency of the proposed analytical modeling approach are then demonstrated through
comparisons with conventional numerical models based on the finite element method.

1 Introduction

Broadly speaking, infrastructure can be classified as the built environment plus the necessary networks for the
supply of energy (power grids, wind turbines, oil and natural gas pipelines), water (pipeline grids), communi-
cations (antennas for cell phones, television and radio transmission, cables for telephone and internet use) and
transportation (roads, bridges, tunnels and rail lines). These networks form a special category of engineering
construction for the purpose of serving the daily needs of society, whose operationmust remain continuous over
time as much as possible. Moreover, in accordance with contemporary concerns on infrastructure resilience,
assets with high risk of exposure, labeled as ‘critical infrastructure’, need to be effectively maintained so as
to exhibit rapid response and recovery capabilities in the event of natural disasters [1]. Traditionally, struc-
tural maintenance of critical infrastructure networks has been conducted following non-destructive testing
evaluation practices, such as on-site visual inspections. However, visual inspections rely on the availability
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