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Metastructures have attracted increasing interest for their ability to tailor dynamic properties through the interplay
between material distribution, geometry, and structural architecture. In particular, periodic lattice-inspired
configurations offer promising opportunities for vibration mitigation, wave manipulation, and lightweight
multifunctional design. A key step in the analysis and design of such systems is the identification of a Representative
Volume Element (RVE) capable of capturing the essential mechanical and dynamic behavior of the underlying
periodic architecture. However, the definition of a reliable RVE is not straightforward, since it strongly depends on
the specific cell topology and on the characteristic deformation mechanisms associated with each geometry. In this
context, the present work addresses the identification and assessment of RVEs for different metastructure layouts
geometries, in order to establish a consistent framework for their reduced-order yet physically meaningful
representation.

The proposed activity is based on a comparative investigation of several periodic cell topologies, aimed at identifying
the smallest structural portion that can faithfully reproduce the global dynamic response of the corresponding periodic
metastructure. Special attention is devoted to the influence of geometry on the equivalent behavior, since conventional
hexagonal lattices and auxetic-inspired re-entrant configurations are expected to exhibit significantly different
stiffness distributions, deformation patterns, and frequency-dependent responses. For each considered layout, the RVE
is defined by taking into account both geometric periodicity and the relevant local mechanisms governing the structural
dynamics.

To assess the reliability of the identified RVEs, their dynamic characteristics will be tested and validated against high-
fidelity cell-wise (CW) models developed within the framework of the Carrera Unified Formulation (CUF). The CUF-
based CW approach, already validated in previous studies, provides an advanced structural modeling strategy capable
of accurately describing refined kinematics and local effects while retaining a computationally efficient beam-like
description. In the present work, it is adopted as the reference model to evaluate the extent to which the selected RVEs
reproduce the dynamic response of the full high-fidelity metastructure. The comparison will involve the main dynamic
indicators, including natural frequencies, mode shapes, and response trends over the frequency range of interest. The
expected outcome of the study is a systematic methodology for RVE identification and validation across different
metastructure geometries, clarifying the role of topology in the definition of dynamically representative unit cells.
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