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Atomistic—continuum coupled model for nonlinear analysis of double layer graphene sheets using
hierarchical multi-scale simulation
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raphene sheet have attracted considerable attention since it was discovered in 2004. This has been because of its exceptional

features. The mechanical and electrical properties of graphene have been perceived to be closely coupled with deformation
morphologies. Therefore, alterations in these properties of graphene by controlling the deformation morphologies have been
considered very important. In this study, a multi-scale hierarchical molecular mechanic (MM)-finite element (FE) coupling
methods are proposed to illustrate the influence of strain on mechanical properties of double-layer graphene sheets (DLGS)
in large deformation. The Airebo interatomic potential is employed to describe the interaction between bonded atoms in
single layer graphene sheet (SLGS) and non-bonded atoms in graphene layers. Nonlinear elastic parameters of DLGS in large
deformation under uniaxial and biaxial strains along armchair and zigzag directions are obtained by computing second-order
derivative of strain energy density with respect to deformation criterions. To bridge between atomistic and continuum level,
the mechanical characteristics are investigated by molecular mechanic (MM) calculations at the atomistic level and transferred
to the continuum level directly by functions of strains. Furthermore, comparing the numerical results of the present multi-scale
method with MM simulation results discloses the suggested technique produce promising results with acceptable amounts
of error in large deformation. In order to capture quantities of strain energy density conforming to empirical potentials at
atomistic scale, a rectangular computational cell with fixed boundary conditions is used as a representative volume element
(RVE) of a DLGS. Elastic constants graphs are illustrated as a function of green strains. The elastic tensor components utilized
in FEM analysis and results were compared with a full atomic model.
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tone Age, Copper Age, Bronze Age, Iron Age were names of the eras of mankind after materials. Is the metamaterial (or

3D-printing) age next? Many people are working on meta-objects. Is there a high probability that in the close future, the
3D printing would overcome all other fabricational process? Recent advances in three-dimensional printing on the micro- and
macro-scale help them to succeed. In this talk, we will show how one can built metamaterials or to control different physical
properties in mechanics, magneto-transport and thermal expansion. The main key of the talk will be to show that using a single
component material; one can realize any effective properties in the required field and even sometimes go beyond the standard
bounds. In the figure 1, we show few examples of metamaterials realized by DLW (direct laser writing) which properties are
obtained from the geometrical structure.
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