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1. Introduction 
 

Nanocomposite structures are made from a matrix 
reinforced with nanoparticles for improving the property of 
the material. Recently, the properties of nanocomposite 
structures have encouraged researchers to investigate about 
these materials. These structures have many applications 
such as producing batteries with greater power output, 
speeding up the healing process for broken bones, 
producing structural components with a high strength-to-
weight ratio, structures and so on.  

Buckling analysis of composite structures has been 
presented by many researchers. Bending and local buckling 
of a nanocomposite beam reinforced by a single-walled 
carbon nanotube (SWCNT) were studied by Vodenitcharova 
and Zhang (2006) based on the Airy stress-function method. 
Buckling analysis of nanocomposite Timoshenko beams 
reinforced by SWCNTs resting on an elastic foundation was 
investigated by Yas and Samadi (2012) using the  
generalized differential quadrature method (GDQM). 
Kolahchi et al. (2015) investigated nonlocal nonlinear 
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buckling analysis of temperature-dependent microplates 
reinforced with FG-SWCNT resting on an elastic matrix as  
orthotropic temperature-dependent elastomeric medium. 
Based on harmonic differential quadrature (HDQ), Mehri et 
al. (2016) analyzed buckling and vibration responses of a 
composite truncated conical shell with embedded SWCNTs 
subjected to an external pressure and axial compression 
simultaneously. Buckling and vibration analysis of 
cantilever functionally graded (FG) beam that reinforced 
with carbon nanotube (CNT) were presented by Nejati et al. 
(2016). In this paper, an equivalent continuum model based 
on the Eshelby–Mori–Tanaka approach was obtained. 
Based on DQM and Bolotin's method, Kolahchi et al. 
(2016a,b) investigated nonlinear dynamic buckling analysis 
of embedded temperature-dependent viscoelastic plates 
reinforced by SWCNTs. Mosharrafian and Kolahchi (2016) 
presented buckling analysis of classical piezoelectric 
polymeric cylindrical shell reinforced by armchair double 
walled boron nitride nanotubes (DWBNNTs). The free 
vibration and linearized buckling analysis of laminated 
composite plates were studied using the Isogeometric 
approach (IGA) and Carrera's Unified Formulation (CUF) 
(Alesadi et al. 2017). Yang et al. (2017) studied buckling 
and postbuckling behaviours of functionally graded 
multilayer nanocomposite beams reinforced with a low 
content of graphene platelets (GPLs) resting on an elastic 
foundation. It was assumed that GPLs are randomly 
oriented and uniformly dispersed in each individual GPL-
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Abstract.  The buckling analysis of the embedded sinusoidal piezoelectric beam is evaluated using numerical method. The 
smart beam is subjected to external voltage in the thickness direction. Elastic medium is simulated with two parameters of spring 
and shear. The structure is modelled by sinusoidal shear deformation theory (SSDT) and utilizing energy method, the final 
governing equations are derived on the basis of piezo-elasticity theory. In order to obtaining the buckling load, the differential 
quadrature method (DQM) is used. The obtained results are validated with other published works. The effects of beam length 
and thickness, elastic medium, boundary condition and external voltage are shown on the buckling load of the structure. 
Numerical results show that with enhancing the beam length, the buckling load is decreased. In addition, applying negative 
voltage, improves the buckling load of the smart beam. 
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