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Nonlinear Size-dependent Study of Ultra-thin Elastic
Film With Surface Effect

Huang Dianwu' , Lian Yuan®,Li kai'
(1. Key Laboratory of Mechanical Behavior & Design of Materials, CAS, Department of Mechanics &
Mechanical Engineering , University of Science and Technology of China , Hefei 230027, China;
2. Department of Chemistry , Anhui University of Science and Technology , Huainan, Anhui 232001, China)

[Abstract] A new nano-scale plate-iike model in which the influence of surface effect and the geometrically
nonlinear condition are considered is introduced on the basis of Mindlin theory. By using Hamilton’ s principle,
the governing equations are derived . The residue membrane force and bending moment, which are caused by the
surface stresses, are explicitly expatiated. After analyzing the membrane force and bending moment, it can be
obtained that they are dependent on the deformation of the film and are accordant to classical plate theory. The
model is then applied to analyze the bending and buckling of simply supported micro- and nano-films in plane
strains . Differing from the conventional plate theory, the proposed model and solutions involve the intrinsic scale
and depend on the thickness of the film. Thus, it can be found that when the thickness of .the film is equal to
or less than the intrinsic scale, the surface effect is strongly sensitive to the thickness of the film.

[Key words] thin elastic film; geometrically nonlinear; surface effect; intrinsic scale; size-dependence
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