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1. Introduction 
 

Sandwich structures are one of the composite materials 

that made of three layers including core layer and two 

facesheets layers. It is known that the material properties of 

core should be more flexible or tougher than that of the 

facesheets. These structures have an excellent features 

including high ratio of strength-to-weight, good energy and 

sound absorption capability, and good thermal insulation 

and employed in many engineering applications such as 

building constructions, auto- motive, aerospace and ship 

structures. Nanocomposites and nanosandwich reinforced 

by the graphene platelets, carbon nanotubes, and boron 

nitride nanotubes increase the stiffness of these composites. 

Many studies about the behavior of the sandwich structures 

are investigated. 

Yang et al. (2017) considered the buckling and 

postbuckling behaviors of functionally graded (FG) 

multilayer nanocomposite beams reinforced with a low 

content of graphene platelets (GPLs) resting on elastic 

foundation. They assumed that GPLs are randomly oriented 

and uniformly dispersed in each individual GPL-reinforced 

composite (GPLRC) layer with its weight fraction varying 

layerwise along the thickness direction. Jalaei and 

Ghorbanpour Arani (2018) presented a size-dependent static 

and dynamic responses of embedded double-layered 

graphene sheets under longitudinal magnetic field with 
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arbitrary boundary conditions. Mohammadimehr et al. 

(2018) obtained the mechanical properties of 

nanocomposite using an experimental tensile test and then 

analyzed the bending, buckling, and free vibration of carbon 

nanotube reinforced composite beams. Taherifar et al. 

(2019) presented buckling analyses of composite concrete 

plate reinforced by piezoelectric nanoparticles based on 

Halphin-Tsai model to obtain the effective material 

properties of nano composite concrete plate and third order 

shear deformation theory. Rajabi and Mohammadimehr 

(2019) considered bending analysis of a micro sandwich 

skew plate with isotropic core and piezoelectric composite 

face sheets reinforced by carbon nanotube on elastic 

foundations. They used Eshelby-Mori-Tanaka approach for 

the effective mechanical properties of the nanocomposite 

face sheets. The governing equations of equilibrium are 

derived using minimum principle of total potential energy 

and then solved by extended Kantorovich method (EKM). 

Mousavi et al. (2019) investigated the buckling of micro 

sandwich hollow circular plate with the porous core and 

piezoelectric layer reinforced by FG carbon nanotube. They 

employed the high-order shear deformation theory (HSDT) 

of plate and modified couple stress theory (MCST). 

Soleymani and Ghorbanpour Arani (2019) demonstrated an 

aero-elastic stability of a piezo-magneto-reological 

sandwich plate in supersonic airflow. Draiche et al. (2019) 

illustrated an analytical model to predict the static analysis 

of laminated reinforced composite plates subjected to 

sinusoidal and uniform loads by using a simple first-order 

shear deformation theory (SFSDT). Their most important 

aspect of their theory are that unlike the conventional 

FSDT, the proposed model contains only four unknown  
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variables. This is due to the fact that the inplane 

displacement field is selected according to an undetermined 

integral component in order to reduce the number of 

unknowns. Mao and Zhang (2019) analyzed the buckling 

and post-buckling behaviors for the multilayer functionally 

graded graphene platelets reinforced piezoelectric (FG-

GRP) plates that the FG-GRP plates are subjected to the 

external electric potential and axial forces such as the 

uniaxial and biaxial loadings. Ghorbanpour Arani and 

Abdollahian (2019) considered transient response of FG 

higher-order nanobeams integrated with magnetostrictive 

layers using modified couple stress theory. Wang et al. 

(2019) studied buckling and postbuckling behaviors of 

graphene platelet (GPL) reinforced dielectric composite 
beams through theoretical formulation. They investigated 
the effective material properties of the GPL reinforced 
composite (GPLRC) for structural analysis. Yazdani 
and Mohammadimehr (2019) researched about wave 

propagation of double-bonded Cooper-Naghdi micro 

sandwich cylindrical shells with porous core and carbon 

nanotube reinforced composite (CNTRC) face sheets 

subjected to multi-physical loadings with temperature 

dependent material properties. Ebrahimi et al. (2019) 

studied analysis of propagation characteristics of elastic 

waves in heterogeneous nanobeams employing a new two-

step porosity-dependent homogenization scheme. Luat et al. 

(2020) presented applications of the multivariate adaptive 

regression splines (MARS) method for predicting the 

ultimate loading carrying capacity (Nu) of rectangular 

concrete-filled steel tubular (CFST) columns subjected to 

eccentric loading. Alibeigloo (2020) studied thermo-elastic 

behavior of composite cylindrical panel reinforced with 

graphene platelets distributed along the radial direction 

uniformly (UD) or various functionally graded 

distributions. Babaeeian and Mohammadimehr (2020)  

investigated the time elapsed effect on residual stress 

measurement in a composite plate by digital image 

correlation (DIC) method that is a practical and effective 

tool for quantitative in-plane deformation measurement of a 

planar object surface and now widely accepted and 

commonly used in the field of experimental mechanics. It 

can be stated that their research may identify the optimal 

 

 

measurement time after the drilling and the holes with 

different diameters and the displacement and strain fields 

are measured at different times. So they discussed the 

residual stress measurement of a composite plate in the time 

elapsed. Also, the effects of hole's diameter and elapsed 

time after drilling in amount of released residual stresses are 

investigated by 2D DIC method. Anvari et al. (2020) 

studied free vibration analysis of a micro cylindrical 

sandwich panel reinforced by graphene platelet based on 

high-order shear deformation theory. Thai et al. (2020) 

presented a size-dependent model based on the NURBS 

basis functions integrated with quasi three-dimensional 

(quasi-3D) shear deformation theory. Also, based on 

modified couple stress theory (MCST), they investigated 

the free vibration and buckling analyses of multilayer 

functionally graded graphene platelet-reinforced composite 

(FG GPLRC) microplates. Sobhy (2020) considered the 

buckling and vibration analyses of a new model composed 

of a homogeneous ceramic curved nanobeam sandwiched 

between two reinforced composite layers in which the face 

sheets layers are made of an aluminum matrix reinforced 

with functionally graded (FG) graphene nanosheets. Javani 

et al. (2020) examined thermal buckling analysis of 

composite laminated annular sector plates reinforced with 

the graphene platelets. They assumed that the graphene 

platelets fillers are randomly oriented and uniformly 

distributed in each ply of the composite media. Dimitri et 

al. (2020) presented a new numerical formulation based on 

the generalized differential quadrature (GDQ) approach to 

determine the peeling and shear stresses along interfaces of 

arbitrary shape, made of laminated composite structures and 

subjected to mixed-mode conditions, as well as to examine 

the internal distribution of reactions. 

By reviewing the literature it can be seen that up to date 

there are no researches about comparison various 

distributions of porous core, various shear deformation 

beam theories, graphene platelets and carbon nanotubes as 

reinforcements, simultaneously. Graphene platelets/carbon 

nanotubes as reinforcements for the mechanical properties 

of materials, are becoming popular today and increasing the 

flexural rigidity of structures. In this research, buckling 

analysis of sandwich beams with porous core and composite 

 

Fig. 1 A schematic view of sandwich beam with porous core and CNT/GPLs face sheets 
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facesheets reinforced with graphene platelets/carbon 

nanotubes are discussed. The governing equations of 

equilibrium using minimum total potential energy are 

obtained. Therefore, the novelty of this research is 

simultaneously the investigation of various beam theories 

including Euler-Bernoulli, Timoshenko, Reddy beam 

theories and graphene platelets and carbon nanotubes 

reinforcements in facesheets layers and different 

distributions of porous core including symmetric, 

asymmetric and uniform distributions. The  

 

 
2. Governing equations of motion for sandwich beam 

 

Consider a sandwich beam with length L, width b, and 

height H. Also, in Fig. 1, hc, ht, and hb are the thicknesses of 

core, top and bottom facesheets, respectively. 

The displacement fields for various shear deformation 

theories are considered as follows 

Euler-Bernoulli beam theory (Alimirzaei et al. 2019) 
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Timoshenko beam theory (Bahaadini et al. 2019) 
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Reddy beam theory (Mohammadimehr et al. 2016) 
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(3) 

The kinematic equations for various beam theories is 

considered as follows 
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(4) 

The constitutive equations for sandwich beam is written 

as the following form (Chen et al. 2017) 
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The stiffness matrix components for porous core is 

defined as follows 
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where the Young’s modulus (Ec) of porous core for three 

types of different distributions is written as follows (Chen et 

al. 2017) 
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(10) 

Using the extended mixture rule, the Young’s and shear 

modulus for top and bottom facesheets of sandwich beam 

reinforced by carbon nanotubes is considered as (Shahedi et 

al. 2020, Navi et al. 2019) 
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(11) 

Using the Halpin-Tsai micromechanical model, the 

Young’s and shear moduli for top and bottom facesheets of 

sandwich beam reinforced by graphene platelets are written 

as (Bahaadini and Saidi 2018) 
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Using the rule of mixture, the Poisson’s ratio for 

graphen platelets of sandwich beam are considered as 

follows (Bahaadini and Saidi 2018) 

GP L GP L m mV V  = +  (13) 

The elements of stiffness matrix for GPLs facesheets of 

sandwich beam is represented as the following form 
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The variations of strain and kinetic energies are obtained as 
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The governing equations of equilibrium for sandwich 

beam with porous core and graphene platelet 

facesheets/carbon nanotubes using various shear 

deformation theories such as Euler-Benoulli, Timoshenko, 

Reddy beam theories are obtained as follows 

Euler-Bernoulli beam theory 
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Timoshenko beam theory 
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Reddy beam theory 
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Based on Navier’s type solution, the displacements 

fields can be considered as follows 
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By substituting the Navier’s type solution into the 

governing equations of equilibrium, the stiffness matrix can 

be obtained. 

 

 

3. Numerical results and discussions 
 

In this research, the buckling behavior of sandwich 

beam reinforced by graphene platelets/carbon nanotubes 

and porous core using various shear deformation theories 

such as Euler-Bernoulli, Timoshenko and Reddy beam 

theories is investigated.  

The mechanical and geometrical parameters for 

sandwich beam with porous cores and graphene 

platelets/carbon nanotubes in facesheets layers are 

considered as follows 
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(20) 

Fig. 2 shows the critical buckling load versus porous 

coefficient for various distributions of porous media such as 

Uniform, Symmetric and Asymmetric distributions and 

different beam theories including Euler-Bernoulli,  

 

 

 

Fig. 2 The critical buckling load versus porous coefficient 

for various distributions of porous media and different beam 

theories 
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Fig. 3 The critical buckling load versus porous coefficient 

for different volume fraction of carbon nanotubes and 

various shear deformation beam theories 

 

 

Fig. 4 The critical buckling load versus porous coefficient 

for different volume fraction of graphene platelets and 

various shear deformation beam theories 

 

 

Timoshenko and Reddy beam theories. It is shown from this 

figure that the critical buckling load (Nx0) with an increase 

in the porous coefficient (e0) decreases, because the 

stiffness of sandwich beam reduces. Also, it is seen that the 

critical buckling load for asymmetric distribution is lower 

than the other cases for Euler-Bernoulli and Timoshenko 

beam theories; while for Reddy beam theory, the critical 

buckling load for symmetric distribution  is lower than the 

other cases. 

Figs. 3 and 4 depict the critical buckling load versus 

porous coefficient for different volume fraction of carbon 

nanotubes and graphene platelets, respectively. It can be 

seen that an increase of the volume fraction of carbon 

nanotubes/graphene platelets leads to enhance the stiffness 

of sandwich beam and then the critical buckling load 

increases; while the effect of graphene platelets on the 

critical buckling load is higher than carbon nanotubes. 

Fig. 5 shows the comparison between carbon nanotubes 

and graphene platelets as reinforcements in composite 

facesheets for various beam theories including Euler-

Bernoulli, Timoshenko and Reddy beam theories. It is seen 

that the difference between carbon nanotubes and graphene 

platelets for Reddy and Euler-Bernoulli beam theories is 

most and least, respectively. 

 

Fig. 5 The comparison between carbon nanotubes and 

graphene platelets as reinforcements in composite 

facesheets for various shear deformation beam theories 

 

 

4. Conclusions 
 

In this research, the buckling behavior of sandwich 

beam with composite reinforced by graphene 

platelets/carbon nanotubes (GPLs/CNTs) in face sheets 

layers using various shear deformation theories such as 

Euler-Bernoulli, Timoshenko and Reddy beam theories is 

investigated. Three type various porosity patterns including 

uniform, symmetric and asymmetric are investigated 

through the thickness direction of the core and composite 

face layers are reinforced with GPLs/CNTs based on 

Halpin-Tsai micromechanics model and extended mixture 

rule, respectively. The governing equations of equilibrium 

using minimum total potential energy are obtained. It can be 

seen from the figure that the critical buckling load with an 

increase in the porous coefficient decreases, because the 

stiffness of sandwich beam reduces. Also, it is shown that 

the critical buckling load for asymmetric distribution is 

lower than the other cases for Euler-Bernoulli and 

Timoshenko beam theories; while for Reddy beam theory, 

the critical buckling load for symmetric distribution  is 

lower than the other cases. It can be seen that an increase of 

the volume fraction of carbon nanotubes/graphene platelets 

leads to enhance the stiffness of sandwich beam and then 

the critical buckling load increases; while the effect of 

graphene platelets on the critical buckling load is higher 

than carbon nanotubes. Moreover, it is seen that the 

difference between carbon nanotubes and graphene platelets 

for Reddy and Euler-Bernoulli beam theories is most and 

least, respectively. 
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