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Introduction

Metamaterials theory [1,2] looks for microstructures synthesizing complex and exotic macroscopic behaviors [3,4]. A relevant exam ple of methodologies and results in metamaterials theory is given, as an instance, by so called pantographic metamaterials [5 7]: de sign and manufacturing [8 10], modeling [11 17] and experimental techniques [START_REF] Misra | Pantographic metamaterials show atypical Poynting effect reversal[END_REF][START_REF] Laudato | First experimental observation of the dynamical behavior of a pantographic metamaterial[END_REF] are all concurring to the conception of optimal engineering materials with specific target behaviors. Indeed, meta materials science is extremely interdisciplinary combining different fields in mechanics and data analysis like strain gradient [START_REF] Placidi | A second gradient formulation for a 2D fabric sheet with inextensible fibres[END_REF][START_REF] Boutin | Linear pantographic sheets. Asymptotic micro-macro models identification[END_REF] and generalized [22 24] continuum theories, digital image and volume correlation [START_REF] Hild | Multiscale dic applied to pantographic structures[END_REF][START_REF] Turco | Enhanced Piola-Hencky discrete models for pantographic sheets with pivots without deformation energy: numerics and experiments[END_REF], innovative manufacturing processes, mathematical theories of elastic and dissipative media [27 30] and computational methods for elasticity and plasticity [31 34].

Aimed at finding a class of slender metamaterials [START_REF] Barchiesi | Pantographic beam: A complete second gradient 1D-continuum in plane[END_REF][START_REF] Alibert | Truss modular beams with deformation energy depending on higher displacement gradients[END_REF] mi crostructures behaving chirally at macroscopic level [START_REF] Giorgio | Chirality in 2d cosserat media related to stretchmicro-rotation coupling with links to granular micromechanics[END_REF], a specific articulated structure is introduced, which is constituted by a set of dis crete beam elements with graded extensional and bending stiffnesses.

The microstructure is conceived in order to obtain chirality effects analogous to those already measured experimentally in [START_REF] Misra | Chiral metamaterial predicted by granular micromechanics: verified with 1D example synthesized using additive manufacturing[END_REF], where the observation of an interesting and exotic stable equilibrium path is reported. Indeed, in extension tests performed by [START_REF] Misra | Chiral metamaterial predicted by granular micromechanics: verified with 1D example synthesized using additive manufacturing[END_REF], a characteristic stable 𝑆 shaped deformed equilibrium configuration is found when clamping clamping conditions are applied.

The conceived microstructure consists conceptually of two struc tural elements: rigid two legged bodies and purely extensible springs. These two kinds of elements are hinged together and interact through an elastic rotational spring opposing to their relative rotation (see Fig. 1). Because of its slenderness and cell geometry, the complex structure obtained by periodically repeating along the horizontal axis the duoskelion motif is referred to, as a whole, as duoskelion beam.

Aimed at fully investigating the mechanical behavior of duoskelion beams and at understanding its properties when regarded as a unique macroscopic non standard beam, a microscopic discrete model is intro duced. Such a model consists of a set of interconnected shearable, flex ible and extensible Timoshenko like elements. The employed discrete E-mail address: emilio.turco@uniss.it (E. Turco).