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Abstract

The basic building blocks of nano-structured hierarchical cellular materials are nano-sized
wires or plates. Due to the effects of surface elasticity and the initial stress/strain, their bending,
torsion, stretching and transverse shear rigidities are not only size-dependent, but also tunable
and controllable over a large range. Based on the closed form results of the bending, torsion,
stretching and transverse shear rigidities of nanowires [1, 2] and nano-plates [3,4], the analytical
results for the size-dependent and tunable elastic and geometrical properties are obtained for
the first order nano-sized regular honeycombs [4,5]and open-celled foams[6], and the similar
results are obtained for the first order nano-sized random irregular VVoronoi honeycombs[7] and
random Voronoi open-celled foams by computer simulation.  Further, the size-dependent and
tunable elastic and geometrical properties are obtained for nano-structured hierarchical and self-
similar regular and irregular honeycombs and open-celled foams. The obtained results indicate
that some very interesting and much desired elastic and geometrical properties, which do not
exist in conventional cellular materials, become possible in their nano-structured hierarchical

counterparts.

Keywords: Size effects, Elastic properties, Honeycombs, Open cell foams.

REFERENCES

[1] Miller, R.E., Shenoy, V.B., Size-dependent elastic properties of nanosized structural elements,
Nanotechnology, 11, 139-147, 2000.

[2] Zhu H.X., The Effects of Surface and Initial Stresses on the Bending Stiffness of Nanowires, Nanotechnology,
19, 405703, 2008.

[3] ZhuH.X., WangJ. and Karihaloo B.L., Effects of surface and initial stresses on the bending stiffness of trilayer
plates and nanofilms, J. Mech. Mater. Struct., 4, 589-604, 2009.

[4] Zhu H.X., Size-dependent elastic properties of micro- and nano-honeycombs, J. Mech. Phys. Solids, 58, 696-
709, 2010

[5] zZhu H.X., Yan L., Zhang R. and Qiu X.M., Size-dependent and tunable elastic properties of hierarchical
honeycombs with square and equilateral triangular cells, Acta Materialia, 60, 4927-4939, 2012.

[6] Zhu H.X. and Wang Z.B., Size-dependent and tunable elastic and geometric properties of hierarchical nano-
porous materials, Sci. Adv. Mater., 5, 677-686, 2013.

[7] Zhu H.X., et al., The elastic and geometrical properties of micro- and nano-structured hierarchical random
irregular honeycombs, J. Mater. Sci., 49, 5690-5702, 2014.


mailto:zhuh3@cf.ac.uk

