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Abstract: In this research project, accurate and efficient techniques are developed for solving
fundamental problems in solid mechanics with consideration of nano-scale influence. Three
problems are considered in the present study, namely, elastic layer under surface loading,
nano-indentation, and nano-sized cracks. The concept of surface elasticity, which has been
widely employed in the investigation of nano-scale problems, is adopted to derive a suitable
mathematical model capable of simulating the influence from surface energy that has been
considered essential for nano-sized objects. In the present formulation, the classical theory of
linear elasticity is utilized to establish the key governing equations of the bulk material
whereas the well-known Gurtin-Murdoch surface elasticity model is employed to simulate
responses of an infinitesimally thin layer of material adhered perfectly to the surface of the
body. The governing equations for the surface and the bulk material are both formulated in an
appropriate form for the solution sought, and properly coupled via appropriate interface
conditions. Selected solution procedures are then implemented to efficiently and accurately
determine solutions of the fully coupled governing equations. Once the proposed techniques
are verified with available benchmark solutions, they are applied to investigate the size
dependency of predicted solutions and nano-scale influence on the fundamental problems
under consideration. Numerical results from an extensive parametric study confirm the fact
that the presence of surface stresses is significant in the analysis of solid mechanics problems
involving nano-scale influence and soft elastic materials where the surface energy effects are
not negligible.
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