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Metamaterials are materials with specifically designed microstructure which grants them unusual properties not
typically seen in nature such especially regarding wave propagation. Macroscopic behavior of such materials
is typically described by homogenous linear elastic material with the effective density and stiffness depending
on the frequency. The resulting effective density / stiffness can be even negative for certain frequencies. Such
interpretation contradicts the principles of Newtonian mechanics that the mass is constant. A few different
ways have been proposed to address this issue. These alternative models utilize concepts of "micro-level defor-

mation", "micromorphic continua" or "enriched continua". While details may vary, the key idea is the same —
introduce an additional kinematic variable.

We present yet another approach that addresses the issue, and which results in effective rate-type constitutive
relations. The relations are formulated as second-order in time rate-type Eulerian constitutive relations between
only the Cauchy stress tensor, the Hencky strain tensor and objective time derivatives thereof without the need
to introduce additional kinematic variables. Furthermore, the proposed approach works even in finite defor-
mations setting, and the resulting constitutive relations are thermodynamically consistent. The linearisation of
the constitutive relations leads to the same Fourier representation as the model utilizing frequency dependent
quantities, but with constant material parameters.

ACKNOWLEDGEMENT: Vit Prisa thanks the Czech Science Foundation, grant no. 20-11027X, for its
support. Casey Rodriguez thanks the NSF, DMS-2307562, for its support. Martin Vejvoda thanks the Charles
University Grant Agency, grant no. 306-10/252731 and grant no. UNCE24/SCI/005, for its support. This work
has been conceived with the help of late professor K. R. Rajagopal. The authors would like to express gratitude
to him for his long-lasting and fruitful collaboration.

[1] D. Cichra, V. Prisa, K.R. Rajagopal, C. Rodriguez and M. Vejvoda: The conclusion that metamaterials
could have negative mass is a consequence of improper constitutive characterization, Mathematics and
Mechanics of Solids, 30(12), 2762-2779, 2025. https://doi.org/10.1177/10812865241308823

[2] V. PrGsa, C. Rodriguez, L. Trnka and M. Vejvoda: Modeling metamaterials by second-order rate-type
constitutive relations between only the macroscopic stress and strain, European Journal of Mechanics -
A/Solids, 116, 2026, https://doi.org/10.1016/j.euromechsol.2025.105879

ID135 Session TS9 160



