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Abstract. In previous works, mechanical metamaterials exhibiting isotropic elastic 

properties have been obtained using combinations of the elastically-anisotropic 

elementary cubic truss lattices (simple-cubic, body-centered cubic or face-centered cubic 

truss lattice structures). In the present work, a new family of elastically-isotropic 

elementary cubic truss lattice structures is developed, eliminating the need of combining 

elementary structures to achieve elastic isotropy. Depending on the direction of loading, 

the nature of the mechanical response of cubic elementary trusses changes smoothly from 

bending-dominated to stretching-dominated. It is thus possible to tailor the apparent 

anisotropy at the macroscopic level by changing the ratio of bending-to-axial stiffness of 

the constituent beams. Here, the latter is achieved by changing the ratio of inner-to-outer 

diameter of hollow tubes. It is shown through unit cell simulations that an optimal 

diameter ratio exists achieving elastic isotropy for all three elementary cubic trusses for 

the full range of relative densities considered (1 to 50%). Selected polymer trusses are 

additively-manufactured using stereolithography and subjected to uniaxial compression 

along different directions of loading to provide a partial experimental validation of the 

proposed design maps.     
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