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Abstract

Recent advances in additive manufacturing have made the mass production of functional materials with
substructures, so-called metamaterials, economically feasible. As a result, predicting the effective mechanical
behavior of micro-architected structural elements has become a key challenge in engineering science. Many
materials commonly used in stereolithography (e.g., epoxy resins and nylons [1]) and laser powder bed fusion
(e.g., some metallic alloys [2]) exhibit different elastic responses in tension and compression. At the microscale,
this asymmetry can be explained by presence of microcracks or micro voids, inhomogeneous microstructures,
and residual stresses induced by nonuniform solidification. These effects can significantly influence the effective
mechanical properties of manufactured metamaterials [3]. In this work, we propose a constitutive material
model that captures tension-compression asymmetry within a strain-driven framework, whereby the elastic
response depends on the sign of a specific combination of principal strains. We solve one-dimensional strain-
and stress-controlled benchmark problems analytically to establish the relationship between effective tensile
and compressive moduli and compare these relations with commonly used, e.g., [4-6]. We also discuss the
decomposition of elastic strain energy and the eigendirections of the stress and strain tensors for bi-modulus
materials. Finally, we numerically analyze the impact of tension—compression asymmetry on the bending stiffness of

triangular lattice-structured beams.
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