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This talk addresses the wave characteristics of acoustic metamaterials with 
the local resonance effect capable of manipulating with elastic waves in a 
low-frequency range. We investigate the dispersion of waves propagating 
in periodic composite made of rubber-covered lead cylinders embedded in 
epoxy. The band diagrams (with pass and subwavelength stop bands) for 
this composite have been studied by many researchers under assumption on 
linear elastic behavior of the constituents. However, the reported elastic 
moduli for rubber are extremely low and beyond any physically 
meaningful values in polymer science. In our study, the recently measured 
correct moduli for rubber are used, and their influence on the band 
diagrams is analyzed in detail. First, we construct an analytical solution to 
evaluate the lower bound of stop bands of any order. Then, we study the 
dependence of the stop band frequencies on geometric and topological 
parameters of the metamaterial, and propose an advanced design to 
increase the stop band size. The next step is the analysis of the viscoelastic 
damping (inherently present in the polymers such as epoxy and rubber) on 
the wave dispersion in the mentioned metamaterial. To that purpose, we 
adapt the finite-element based k(ω)-approach, which is recently used in the 
wave dispersion analysis of viscoelastic phononic crystals. The study is 



performed for real-valued frequencies and complex-valued wavenumbers 
of waves representing the spatial wave decay that facilitates possible 
experimental validation of the obtained results. The complete 3D 
dispersion diagrams are calculated, and detailed analysis of the viscoelastic 
effect on the wave dispersion is discussed. Finally, brief remarks of the 
sufficiency of the Brillouin zone’s borders for the evaluation of the stop 
band bounds are presented, and further research directions are mentioned. 
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