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Abstract

Mechanical metamaterials are artificially engineered structures designed to
achieve extraordinary mechanical properties that are not typically found in natural
materials. Mechanical metamaterials exhibit unique properties derived from their
microstructural architecture, enabling tailored mechanical responses for advanced
engineering applications.

One such application is the seismic base isolation, where materials with an optimal
bulk-to-shear modulus ratio (K/G) can mitigate structural vibrations. In this study,
a topology optimization framework is employed as an inverse homogenization
formulation to design mechanical metamaterials with a high K/G ratio, making
them suitable for base isolators. The optimization framework is based on the Solid
Isotropic Material with Penalization method and driven by an energy-based
homogenization model to compute the effective macroscopic properties of the
metamaterial.

A key innovation of this work lies in the modification of the objective function,
which enhances the optimization process, together with the introduction of a
filtering function that strictly maintains connectivity and symmetry, preventing the
emergence of disconnected or isolated elements during the optimization process.

The methodology is implemented using a three-dimensional inverse
homogenization framework, where the objective function maximizes the K/G ratio
while adhering to predefined volume fraction constraints. The designed structures
are further evaluated as functional base isolators, demonstrating their potential to
provide lateral flexibility and vertical stiffness required for seismic protection.

The results demonstrate the emergence of continuum realizations of mechanical
metamaterials for base isolators. The output represents a significant step towards
the rational design of metamaterials with tunable elastic properties through
computational optimization.

Key Words: metamaterials, mechanical metamaterials, topology optimization,
energy based homogenization, inverse homogenization, base isolators, SIMP
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