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Natural/Engineered metamaterials for the control of seismic waves
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Metamaterials for Seismic waves: Limits

—— Challenges:

1. |Advanced Resonator design: > |AR metasurface
o  Tunability
o  Optimal Geometry: minimal mass - minimal
dimensions
— o  Material: ultimate strength and non-linearity
2. |Effect of the metabarrier thickness | > Bulk metamaterials
3. |Effects of material inhomogeneity (soil

stratigraphy, topography, etc.)

| > ReWarD Project

4. |Experiments (tabletop, medium-scaled and
seismic scale tests)

Physics and engineering problems
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Inertial Amplified Resonator (IAR) as a tunable metasurface

> Homogenous media
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Harmonic Analysis of IAR metasurface
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Zeighami F., Palermo A. & Marzani A., Inertial amplified resonators for tunable metasurfaces, Meccanica (2019).
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Engineered metamaterials for wave manipulation

Locally resonant materials (b)
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Rayleigh waves in a resonant layer over an elastic half-space
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Dispersion relation of a resonant layer over elastic half-space
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Transmission Coefficient
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ReWarD Project: Numerical Analysis
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ReWarD Project: Experimental test setup
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Source
Number 2

ReWarD Project Hammer strike (seismometer A)

Source and sensor location
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ReWarD Project: Soil vs. Barrel
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Contributions to the conferences

Ischia SAM 2019: Symposium on Acoustic Metamaterials

2019 @11 Oct 2012 Ischia (Italy)

Zeighami, F., Palermo, A., and Marzani, A. (2019). “Rayleigh waves bandgap tuning via inertial amplified
metasurfaces.” SAM2019 — Symposium on Acoustic Metamaterials at Ischia, Italy. [Abstract]

0
ROMA 15-19 09 2019

Palermo, A., Zeighami, F., and Marzani, A. (2019). “A resonant metasurface for Love waves.” AIMETA2019 - Italian
Association of Theoretical and Applied Mechanics in Rome, Italy. [Abstract]

15" INTERNATIONAL CONFERENCE D/f‘“‘\uplﬂ

Dynamical Systems — Theory and Applications ﬁ
December 2-5, 2019, Lodz, POLAND.

Palermo, A., Zeighami, F., Vratsikidis, A., Cheng, Z., Pitilakis, D., and Marzani, A. (2019). “Design of a medium-scale
test for the assessment of a resonant seismic barrier within the ReWarD Project,” DSTA2019 - 15th INTERNATIONAL

CONFERENCE of Dynamical Systems — Theory and Applications, Lodz, Poland. [Conference Paper]
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Research Outlook

Analytical and numerical study of horizontally polarized surface
waves (i.e., Love waves) in resonant bilayer media made of bulk
metamaterials.

Analytical and numerical study of Rayleigh waves in a resonant
system consists of an elastic metasurface layer placed at the free
waveguide surface of a resonant half-space layer.

Analytical and numerical topological optimization of different
periodic patterns to replicate the physics of polaritons with elastic
surface waves. Performing table-top scale experiments to validate
the analytical findings during the mobility period abroad.
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