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Summary Based on Fourier integral transforms techniques, this short paper investigates the elastic stress fields of semi-plane problems
with surface stress effects. Surface constitutive relations and generalized Young-Laplace equations, expressed in the reference configuration,
are used to describe the elastic behaviour of the material surface. Due to the existence of residual surface stress, the Lagrangian expressions
of surface stresses will have out-plane terms. The solutions with out-plane terms and without out-plane terms are analyzed. Numerical
results show that in consequence of residual surface stress, the out-plane terms of surface stress have significant effects on the shear stress of
a vertical concentrated loading case, but have little effects on the shear stress of a horizontal concentrated loading case.

INTRODUCTION

With the developments of science and technology, nano-scale structures and devices are widely used in nano
electromechanical systems (NEMS). Due to the large surface-to-volume ratio characteristic, surface effects play an
important role on the mechanical properties of these structures. Recently, many researchers study the effects of
surface/interface stresses on elastic fields near the surface of half-plane and half-space [1-4]. These results show that
the surface stress effects have significant influences on the elastic field near the surface of nano-scale structures.

When the surface constitutive relations are expressed in the reference configuration, the surface stresses will have out-
plane terms due to the existence of residual surface stress [5,6]. This paper investigates the semi-plane problems loaded
by a vertical and a horizontal concentrated force at the surface, and elucidate the effects of out-plane terms of surface
stress.

GOVERNING EQUATIONS AND BOUNDARY CONDITIONS

z

Fig.1. Semi-plane loaded by a vertical point force and a horizontal point force at the surface

General equations
Semi-plane problem loaded by a vertical and a horizontal concentrated force is shown in Fig.1. The generalized Young-
Laplace equations and the constitutive relations for the material surface are expressed as [5, 6]
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where o, is the surface stress, o;,denotes the bulk stress components, J,, is identity tensors on the tangent planes of

the surface before deformations; &, denotes the surface strain components, u,, and u,, denote the surface

displacement gradients of in-plane and out-plane terms, respectively; y, is residual surface stress, y, and y, are surface

elastic constants; the indices « take the value of 1 or 2, i take the value from 1 to 3.
The basic equations for the bulk material are

o, +F, =0, (3)
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where o is the bulk stress components, Frepresents the body forces and in this paper we assume that F, =0, g;
denotes the strain components, u; is the displacement components, Aand x denote the bulk Lame constants, J;is
the Kronecher delta symbol. It should be pointed that we neglect the residual stress in the bulk here [5, 6].

Boundary conditions
At z =0, the boundary conditions can be written as

o, +05, +P3(x,2)=0, (6)

=0
O +04,+T6(x,2)=0. (7

Based on these boundary conditions and general equations, the expressions of stresses and displacements can be
obtained through Fourier integral transforms.

NUMERICAL RESULTS AND DISCUSSIONS

For numerical calculations and comparisons, we introduce an intrinsic length L, which is a surface characteristic
parameter, and take the Lamé parameter for the semi-plane material as 4=2.226x (e.g. Aluminum[7]).
Fig.2 shows the distributions of dimensionless shear stresses at z/L = 0.1 under the action of a vertical concentrated loading.
The symbol “out-plane” denotes the solutions considered the out-plane terms, “no out-plane” represents the solutions without
the out-plane terms and “classical” corresponds to the classical solutions without surface stress effects. It can be found that
both the surface energy and out-plane terms have significant effects on shear stress near the surface. Fig.3 shows the
distributions of dimensionless shear stresses at z/L =0.1 under the action of a horizontal point force. It is shown that the

surface energy have important effects on the shear stress but the out-plane term almost has no impacts on the shear stress.
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Fig.2. Shear stress contribution at z/L = 0.1under vertical load  Fig.3. Shear stress contribution at z/L = 0.1 under horizontal load

Results show that the surface stresses play an important role in the elastic fields near the surface of semi-plane problems. Due
to the existence of residual surface stress, out-plane terms have significant effects on half plane when loaded by a vertical
point force, but little effects when loaded by a horizontal point force.

ACKNOWLEDGEMENTS

This research is supported by the National Basic Research Program of China (973 Program, Grant No. 2007CB310500), the
National Natural Science Foundation of China (NSFC, Grant Nos. 60936001, 10902111) and the Fundamental Research
Funds for the Central Universities (Grant No. 20102Y 33).

References

[1] He L.H., Lim C.W.: Surface Green function for a soft elastic half-space: influence of surface stress. Int J Solids Struct 43(1):132-143, 2006.

[2] Zhao X.J., Rajapakse R.: Analytical solutions for a surface-loaded isotropic elastic layer with surface energy effects. Int J Eng Sci 47(11-12):1433-1444,
2009.

[3] Chen W.Q., Zhang C.: Anti-plane shear Green's functions for an isotropic elastic half-space with a material surface. Int J Solids Struct 47(11-12):1641-
1650, 2010.

[4] Koguchi H.: Surface Green function with surface stresses and surface elasticity using Stroh's formalism. J Appl Mech 75: 061014, 2008.

[5] Wang Z.Q., Zhao Y.P., and Huang Z.P.: The effects of surface tension on the elastic properties of nano structures. Int J Eng Sci 48(2):140-150, 2010.

[6] Wang Z.Q., Zhao Y.P.. Thermo-hyperelastic models for nanostructured materials. Sci China Phys Mech Astron 54:948-956, 2011.

[7] Meyers M. A, Chawla K.K.: Mechanical Behavior of Materials. Cambridge University Press, 1999.



	INTRODUCTION
	GOVERNING EQUATIONS AND BOUNDARY CONDITIONS 
	NUMERICAL RESULTS AND DISCUSSIONS
	ACKNOWLEDGEMENTS


