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1. Introduction 

 

There is long time that sandwich structures have been 

widely used in the aeronautical, aerospace, marine / marine, 

construction, transportation and wind energy sectors due to 

their outstanding properties such as high rigidity and low 

weight (Vinson 2001, 2005, Ahmed 2014, Meziane et al. 

2014, Nguyen et al. 2015, Yahia et al. 2015, Tian et al. 

2016, Kolahchi et al. 2017a, Daouadji and Adim 2017, 

Mehar and Panda 2018a, Tahouneh 2018, Ebrahimi and 

Farazmandnia 2018, Abazid et al. 2018, Dash et al. 2019, 

Draoui et al. 2019, Meksi et al. 2019). Although sandwich 

structures provide benefits over other kinds of structures, 

abrupt changes in material characteristics at face-to-core 

interfaces can result in high interlaminar stresses, often 

inducing to delamination, which is an important problem in 

conventional sandwich structures. In addition, the 

difference in thermal coefficients of materials can lead to 

residual stresses. One way to overcome this problem is to 

introduce functionally graded material (FGM). FGM refers 

to heterogeneous composite materials whose properties vary 
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progressively from one surface to the other, resulting in a 

continuous variation in the properties of the materials, thus 

eliminating the abrupt changes in thermo-mechanical 

properties mentioned above (Koizumi 1997, Shaw 1998, 

Birman et al. 2013, Swaminathan et al. 2015, Belkorissat et 

al. 2015, Zemri et al. 2015, Benferhat et al. 2016, Bellifa et 

al. 2016, Bounouara et al. 2016, Houari et al. 2016, 

Panyatong et al. 2016, Ahouel et al. 2016, Ebrahimi and 

Daman 2017, Chen et al. 2017, Besseghier et al. 2017, 

Benadouda et al. 2017, Zidi et al. 2017, Akbas 2017, 

Hachemi et al. 2017, Sekkal et al. 2017a, Shahsavari et al. 

2018, Selmi and Bisharat 2018, Mehar et al. 2018, Fourn et 

al. 2018, Eltaher et al. 2018, Karami et al. 2018a, b, Zine et 

al. 2018, Bakhadda et al. 2018, Belabed et al. 2018, Mehar 

and Panda 2018b, Faleh et al. 2018, Karami et al. 2019a, b, 

Avcar 2019, Chaabane et al. 2019, Bourada et al. 2019). 

A number of works have been carried out to investigate 

the bending response of FGM plates subjected to thermal or 

thermo-mechanical loads. Cheng and Batra (2003) 

investigated thermo-mechanical bending of a linear elastic 

FG elliptic plate. Reddy and Cheng (2001) analyzed 3D 

thermo-mechanical bending of simply supported FG 

rectangular plates by employing an asymptotic method. Vel 

and Batra (2002) proposed an exact solution for 3D 

deformations of simply supported FG thick plates under 

mechanical and thermal loads. Shen (2002) investigated 
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nonlinear bending behavior of simply supported FG plates 

under transverse loads in thermal environments utilizing a 

mixed Galerkin-perturbation method. Yang and Shen (2003) 

used a semi-numerical formulation to study nonlinear 

thermo-mechanical bending of FG thick plates by 

considering various boundary conditions. Na and Kim 

(2006) investigated nonlinear static of FG plates under an 

uniform pressure and thermal loads employing a 3-Dfinite 

element method. Brischetto et al. (2008) employed the 

Carrera’s unified approach (Carrera and Brischetto 2009, 

Carrera and Petrolo 2010, Carrera et al. 2013, Fazzolari and 

Carrera 2013, Petrolo et al. 2015) to study thermo-

mechanical bending of a simply supported FG rectangular 

plate. Zhao and Liew (2009) analyzed the nonlinear 

behavior of FG ceramic-metal plates subjected to 

mechanical and thermal loads employing the mesh-free kp-

Ritz procedure. Sepahi et al. (2010) presented a nonlinear 

bending analysis of annular FGM plates under the effects of 

three-parameter elastic foundations and thermo-mechanical 

loadings using DQM. Bouderba et al. (2013) studied 

thermo-mechanical bending behavior of FG thick plates 

resting on Winkler-Pasternak elastic foundations based on a 

refined trigonometric shear deformation theory. Tounsi et 

al. (2013) performed a thermoelastic bending investigation 

of FG sandwich plates using a refined trigonometric shear 

deformation model. In their work, the core layer is 

considered as FGM and two face sheets with different 

material characteristics. Zhu et al. (2014) carried out a 

geometrically nonlinear thermo-mechanical investigation of 

moderately thick FGM plates employing a local meshless 

technique with Kriging interpolation method. Tung and Duc 

(2014) analyzed the nonlinear behavior of thick FG doubly 

curved shallow panels resting on elastic foundations and 

subjected to thermo-mechanical loads. Kar and Panda 

(2015) presented a thermoelastic analysis of FG doubly 

curved shell panels using nonlinear finite element method. 

Mantari and Granados (2015a, b) presented a thermoelastic 

bending study of two kinds of FG sandwich plates by 

employing a novel quasi-3D hybrid type HSDT with 5 

unknowns. Li et al. (2016) developed a four-variable 

refined plate theory to investigate the thermo-mechanical 

bending of two types of FG sandwich plates. 

Recently, new plate/beams theories were developed to 

study the mechanical behaviors of structures made of 

different types of materials (Zidi et al. 2014, Al-Basyouni et 

al. 2015, Kolahchi and Moniri Bidgoli 2016, Madani et al. 

2016, Kolahchi et al. 2016a, b, Bilouei et al. 2016, 

Boukhari et al. 2016, Arani and Kolahchi 2016, Mahapatra 

et al. 2016, Kolahchi et al. 2017b, c, Zamanian et al. 2017, 

Kolahchi and Cheraghbak 2017, Avcar and Alwan 2017, 

Sahoo et al. 2017, Bellifa et al. 2017a, Hajmohammad et al. 

2017, Kolahchi 2017, Suman et al. 2017, Klouche et al. 

2017, Karami et al. 2017, Lal et al. 2017, Hajmohammad et 

al. 2018a, b, c, Amnieh et al. 2018, Sharma et al. 2018, 

Katariya et al. 2018, Karami et al. 2018c, Avcar and 

Mohammed 2018, Yazid et al. 2018, Fakhar and Kolahchi 

2018, Hirwani and Panda 2018, 2019, Golabchi et al. 2018, 

Bouadi et al. 2018, Behera and Kumari 2018, Mokhtar et al. 

2018, Hirwani et al. 2018a, b, Hosseini and Kolahchi 2018, 

Kadari et al. 2018, Kaci et al. 2018, Karami et al. 2019c, 

Bouanati et al. 2019, Katariya and Panda 2019, Adda Bedia 

et al. 2019, Mehar and Panda 2019) and it is an interesting 

topic for scientific community. 

The purpose of this work is to study the thermo-

mechanical bending response of FG sandwich plates 

employing a refined 4-variable plate model. The use of the 

integral term in the displacement field led to a reduction in 

the number of unknowns and governing equations. Two 

kinds of FG sandwich plates are considered in this study. In 

the first kind the sandwich core is isotropic and 

homogeneous with the FGM face sheets while in the second 

kind the sandwich core is FGM with the face sheets 

isotropic and homogeneous. Some examples are considered 

to check the validity and efficiency of the proposed theory. 

The influences of material index, aspect ratio and thermal 

load on the non-dimensional displacements and stresses of 

the FG sandwich plates are examined. 
 

 

2. Theoretical formulation 
 

In this research, two types of FG sandwich plates are 

examined (see Fig. 1). The first type of sandwich plate (FG 

sandwich plate “A”) has FGM face sheets and ceramic core 

and the second type has metal bottom face sheet, ceramic 

top face sheet and FGM core (FG sandwich plate “B”). The 

core of each FG sandwich plate is between h1 and h2, the 

bottom and the top face sheets are between (h0, h1) and (h2, 

h3), respectively. 
 

 

 
 

 

Fig. 1 Two different types of FG sandwich plates: (a) FGM 

face sheets and homogeneous core; (b) Homogeneous 

face sheets and FGM core 
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2.1 FG sandwich plates “A”: sandwich plates with 
FGM face sheets and homogeneous core 

 

In the FG sandwich plates “A”, the middle layer “core” 

is isotropic p = 0 (fully ceramic), the bottom face sheet 

“layer 1” varies from a metal-rich surface “h0” to a ceramic-

rich surface “h1” and the top face sheet “layer 3” varies 

from a ceramic-rich surface “h2” to a metal-rich surface 

“h3” (as illustrated in Fig. 1). In this type of sandwich plate 

does not exist the interface at (z = h1 and z = h2), the volume 

fraction V(n) of the FG sandwich plates “A”, is obtained as 

(Belalia 2017, Mantari and Monge 2016, Elmossouess et al. 

2017, Abdelaziz et al. 2017, Menasria et al. 2017, El-Haina 

et al. 2017) 
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(1c) 

 

where 1, 2 and 3 represent are the number of layers from 

bottom to top, respectively. V(n) is the volume fraction of nth 

layer of the plate and p is the material index with (p ≥ 0). 

 

2.2 FG sandwich plates “B”: sandwich plates with 
homogeneous face sheets and FGM core 

 

The middle layer in the FG sandwich plates “B” is with 

functionally graded material and varies from a metal-rich 

surface “h1” to a ceramic-rich surface “h2”, the bottom face 

sheet is fully metallic and the top face sheet is fully 

ceramic, The volume fraction V(n) of the FG sandwich plates 

“B”, is expressed as (Li et al. 2016) 
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2.3 Material properties 
 

The effective material properties: Young’s modulus E(n), 

Poisson’s ratio μ(n) and thermal expansion coefficient α(n) 

can be expressed as follows (Marur 1999) 
 

 

 

 

( ) ( )

( ) ( )

( ) ( )

( )

( )

( )

n n
m c m

n n
m c m

n n
m c m

E z E E E V

z V

z V

   

   

  

  

  

 
(3a) 

  

 

 

( ) ( )

( ) ( )

( ) ( )

( )

( )

( )

n n
m c m

n n
m c m

n n
m c m

E z E E E V

z V

z V

   

   

  

  

  
 

(3b) 

 

 

 

 

( ) ( )

( ) ( )

( ) ( )

( )

( )

( )

n n
m c m

n n
m c m

n n
m c m

E z E E E V

z V

z V

   

   

  

  

  
 

(3c) 

 

 

Where index m and c represent metal and ceramic 

respectively. 

 

2.4 Higher-order plate theory 
 

In order to reduce the number of unknown variables of 

the classical HSDT, the rotations ϕx and ϕy caused by shear 

are replaced by  dxyx ),(  and  dyyx ),( , respectively. 

The expression of the classical HSDT with five variables is 

given as 
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where u0; v0; w0, ϕx, ϕy are five unknown displacements of 

the mid-plane of the plate, ψ(z) denotes warping function. 

Taking into account the simplification cited above, the 

present refined plate theory with four variables can be 

expressed in the simplest way as following form (Bourada 

et al. 2016, 2018, Ait Sidhoum et al. 2017, Fahsi et al. 

2017, Chikh et al. 2017, Bellifa et al. 2017b, Berghouti et 

al. 2019) 
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In this investigation, the proposed theory has a cosines 

function in the form 
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The strain associated to the above displacement field Eq. 

(5) can be obtained as follows 
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The indeterminate integrals used in the above Eqs. (4) 

and (6) shall be resolved by a Navier type solution and can 

be expressed as follows 
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where the coefficients A′ and B′ depend on the type of 

solution (in this case Navier method). Hence, A′ and B′are 

obtained as follows 
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where λ and μ are used in expression (25). 

 

2.5 Constitutive equations 
 

By introducing the thermal effect, the stress-strain 

relationships for the nth layer can be written as (Li et al. 

2016, Elmossouess et al. 2017) 
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Where (ζx, ζy, ηxy, ηyz, ηxz) are the stresses and (εx, εy, γxy, 

γyz, γxz) are the strains components. 

The stiffness coefficients 𝑐𝑖𝑗
(𝑛)

 are given by the 

following expressions 
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2.6 Governing equations 
 

By utilization of the Virtual Work principle, the total 

potential energy of the FG sandwich plate for the present 

problem is obtained as follows (Attia et al. 2015, Beldjelili 

et al. 2016, Bousahla et al. 2016, Bouderba et al. 2016, 

Khetir et al. 2017, Mouffoki et al. 2017, Youcef et al. 2018, 

Cherif et al. 2018, Semmah et al. 2019) 
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The virtual work principle can be rewritten as 
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where the stress resultants N, M and Q are defined as 
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Where hn-1 and hn are the bottom and top z-coordinates 

of the nth layer, respectively. 

The governing equations of equilibrium can be obtained 

by substituting Eq. (6) into Eq. (12). Integrating the 

resulting equation by parts and then collecting the 

coefficients of displacement (δu0, δv0, δw0, δθ), the 

governing equations are as follow 
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The stress and moment resultants are obtained by 

replacing Eqs. (6) and (9) into Eq. (13), the stress and 

moment resultants can be written as 
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The coefficients Aij, Dij and Bij are the extensional, 

bending and extensional-bending coupling stiffness, 

respectively. Cij, Fij, Hij are the stiffness components 

associated with the transverse shear effects. They are given 

as follows 
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The stress and moment resultants due to thermal loading 

(𝑁𝑥
𝑇, 𝑁𝑦

𝑇 , 𝑀𝑥
𝑏𝑇 , 𝑀𝑦

𝑏𝑇 , 𝑀𝑥
𝑠𝑇  and 𝑀𝑦

𝑠𝑇) are defined by 
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The temperature field variation T(x, y, z) through the FG 

sandwich plate thickness is assumed to be (Houari et al. 

2013, Taibi et al. 2015, Attia et al. 2018) 
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Where T1 is the uniform thermal load, T2 is the linear 

thermal load and T3 is the nonlinear thermal load. 

 

 

3. Closed from solutions 
 

In this study, the simply supported FG sandwich plate is 

subjected to a bi-sinusoidal load whose conditions at the 

four edges are 
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The bi-sinusoidal load can be expressed as 
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(22) 

 

Where a and b are length and width of the sandwich FG 

plate, respectively. 

The Navier procedure is used herein to solve the 

problem of the thermo mechanical bending of sandwich FG 

plate, The following displacement functions of Navier are 

chosen to automatically satisfy the boundary conditions of 

Eq. (21) 
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(23) 

 

where Umn, Vmn, Wmn and θmn are arbitrary parameters. 

The transverse temperature loads T1, T2 and T3 are also 

expressed in the form of a double trigonometric series 
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t1, t2 and t3 are constants. 

With 
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/ b 

 (25) 

 

By substituting Eqs. (22), (23) and (24) into Eq. (15) 

and the subsequent results into Eq. (14), one gets the 

following operator equation 
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where {Δ} = {U V W θ}T and the elements Kij of the 

symmetric matrix [K] are given by 
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The components of the generalized force vector {P} = 

{P1, P2, P3, P4}
T are obtained as follows 
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Where 
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(30) 

 

 

4. Numerical results 
 
In this section, various numerical examples are 

presented and discussed to verify the accuracy of the 

present refined plate theory with four variables which has a 

displacement field containing four unknowns to investigate 

the bending responses of two types of functionally graded 

material (FGM) sandwich plates under mechanical, thermal 

and thermomechanical loads. 

 

4.1 Bending analysis of sandwich plate “A” under 
mechanical load 

 

This example aims to verify the accuracy of the present 

theory in predicting the bending responses of functionally 

graded sandwich plates type “A”. It is assumed that the FG 

sandwich plate type “A” is made from aluminum and 

zirconia. The following material properties are: 
 

metal (aluminum): Em = 70 GPa, μm = 0.3 

ceramic (zirconia): Ec = 151 GPa, μc = 0.3 
 

The following non-dimensional deflection is used 
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(31) 

 

Table 1 contains the non-dimensional transverse 

displacement 𝑤  of the mid-plane under sinusoidal loads 

only for various values of layer thickness ratio and material 

parameter p (a/h = 10). The obtained results are compared 

with the 2D and quasi-3D obtained by Zenkour (2005) and 

Zenkour (2013) respectively, the first-order shear 

deformation theory (FSDT) of Thai et al. (2014), also, the 

first-order shear deformation theory (FSDT), the third order 

shear deformation (TSDT) and sinusoidal shear deformation 

theory (SSDT) solution obtained by Li et al. (2016). It 

should be noted that the 2D solutions of Zenkour (2005) are 

derived based on a sinusoidal variation of both in-plane and 

transverse displacements. In general, a good agreement 

between the results is found, particularly with those 

reported by Zenkour (2005). From Table 1, it can be 

observed that as the core thickness increases, the 

dimensionless deflection decreases. The maximum 

dimensionless deflection occurs for the (1-0-1) FGM plate 

irrespective of the value of index p. 

 

4.2 Bending analysis of sandwich plate “B” under 
mechanical load 

 

In this example, a simply supported square sandwich 

plate “B” subjected to a sinusoidal mechanical load is 

considered and analyzed. The bottom skin is aluminum and 
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the top skin is alumina, while the sandwich core is assumed 

to be aluminum-alumina FGM. The following material 

properties are: 
 

metal (aluminum): Em = 70 GPa, μm = 0.3 

ceramic (alumina): Ec = 380 GPa, μc = 0.3 

 

 

 

The following non-dimensional deflection and non- 

dimensional shear stress are employed 
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4
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(32) 

Table 1 Dimensionless deflection 𝑤  of square sandwich plate “A” under sinusoidal mechanical load only (a/h = 10) 

p Theory 
𝑤 (a/2, b/2) 

1-0-1 2-1-2 1-1-1 2-2-1 1-2-1 

0 

Zenkour (2005) 0.1961 0.1961 0.1961 0.1961 0.1961 

Thai et al. (2014) 0.1961 0.1961 0.1961 0.1961 0.1961 

Li et al. (2016) (Reissner) 0.1961 0.1961 0.1961 0.1961 0.1961 

Li et al. (2016) (Reddy) 0.1961 0.1961 0.1961 0.1961 0.1961 

Li et al. (2016) (Touratier) 0.1960 0.1960 0.1960 0.1960 0.1960 

Present 0.1960 0.1960 0.1960 0.1960 0.1960 

1 

Zenkour (2013) 0.3200 0.3028 0.2887 0.2776 0.2682 

Mahi et al. (2015) 0.3234 0.3062 0.2919 0.2808 0.2709 

Zenkour (2005) 0.3235 0.3062 0.2919 0.2808 0.2709 

Thai et al. (2014) 0.3237 0.3064 0.2920 0.2809 0.2710 

Li et al. (2016) (Reissner) 0.3236 0.3063 0.2920 0.2809 0.2709 

Li et al. (2016) (Reddy) 0.3236 0.3063 0.2920 0.2809 0.2709 

Li et al. (2016) (Touratier) 0.3235 0.3062 0.2919 0.2809 0.2709 

Present 0.3234 0.3062 0.2919 0.2808 0.2709 

2 

Zenkour (2013) 0.3689 0.3474 0.3282 0.3115 0.2987 

Mahi et al. (2015) 0.3731 0.3521 0.3328 0.3161 0.3026 

Zenkour (2005) 0.3732 0.3522 0.3328 0.3161 0.3026 

Thai et al. (2014) 0.3737 0.3526 0.3330 0.3163 0.3027 

Li et al. (2016) (Reissner) 0.3733 0.3523 0.3329 0.3162 0.3026 

Li et al. (2016) (Reddy) 0.3733 0.3523 0.3329 0.3162 0.3026 

Li et al. (2016) (Touratier) 0.3732 0.3522 0.3328 0.3161 0.3026 

Present 0.3730 0.3520 0.3327 0.3160 0.3026 

5 

Zenkour (2013) 0.4053 0.3861 0.3655 0.3436 0.3297 

Mahi et al. (2015) 0.4089 0.3915 0.3712 0.3494 0.3347 

Zenkour (2005) 0.4091 0.3916 0.3713 0.3495 0.3347 

Thai et al. (2014) 0.4101 0.3927 0.3720 0.3501 0.3350 

Li et al. (2016) (Reissner) 0.4093 0.3918 0.3714 0.3496 0.3348 

Li et al. (2016) (Reddy) 0.4093 0.3918 0.3714 0.3496 0.3348 

Li et al. (2016) (Touratier) 0.4090 0.3916 0.3713 0.3495 0.3347 

Present 0.4088 0.3914 0.3711 0.3494 0.3347 

10 

Zenkour (2013) 0.4145 0.3986 0.3792 0.3558 0.3426 

Mahi et al. (2015) 0.4174 0.4037 0.3852 0.3619 0.3481 

Zenkour (2005) 0.4175 0.4037 0.3849 0.3492 0.3412 

Thai et al. (2014) 0.3988 0.3894 0.3724 0.3492 0.3361 

Li et al. (2016) (Reissner) 0.4177 0.4041 0.3855 0.3621 0.3482 

Li et al. (2016) (Reddy) 0.4177 0.4041 0.3855 0.3621 0.3482 

Li et al. (2016) (Touratier) 0.4175 0.4036 0.3865 0.3620 0.3480 

Present 0.4173 0.4035 0.3851 0.3619 0.3480 
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Table 2 Dimensionless shear stress 𝜏 𝑥𝑧  and deflection 𝑤  of square sandwich plate “B” under sinusoidal 

mechanical load only 

p Theory 
𝜏 𝑥𝑧  (0, b/2, h/6) 𝑤  (a/2, b/2, 0) 

a/h = 4 a/h = 10 a/h = 100 a/h = 4 a/h = 10 a/h = 100 

0 

Neves et al. (2013) 0.2208 0.2227 0.2228 0.4447 0.3711 0.3568 

Mantari and Granados (2015) 0.2080 0.2080 0.2080 0.4653 0.3750 0.3579 

Li et al. (2016) 0.2185 0.2191 0.2192 0.4621 0.3745 0.3579 

Present 0.2203 0.2212 0.2213 0.4622 0.3745 0.3579 

0.5 

Neves et al. (2013) 0.2546 0.2581 0.2585 0.6168 0.5238 0.5058 

Mantari and Granados (2015) 0.2373 0.2373 0.2374 0.6446 0.5268 0.5045 

Li et al. (2016) 0.2518 0.2525 0.2527 0.6382 0.5239 0.5023 

Present 0.2526 0.2537 0.2540 0.6373 0.5238 0.5023 

1 

Brischetto (2009) 0.2613 0.2605 0.2603 0.7628 0.6324 0.6072 

Neves et al. (2012) 0.2742 0.2788 0.2793 0.7416 0.6305 0.6092 

Neves et al. (2013) 0.2745 0.2789 0.2795 0.7417 0.6305 0.6092 

Mantari and Granados (2015) 0.2458 0.2458 0.2458 0.7739 0.6337 0.6073 

Li et al. (2016) 0.2715 0.2725 0.2727 0.7727 0.6336 0.6073 

Present 0.2729 0.2743 0.2746 0.7713 0.6334 0.6073 

4 

Brischetto (2009) 0.2429 0.2431 0.2432 1.0934 0.8321 0.7797 

Neves et al. (2012) 0.2723 0.2778 0.2785 1.0391 0.8202 0.7784 

Neves et al. (2013) 0.2696 0.2747 0.2753 1.0371 0.8199 0.7784 

Mantari and Granados (2015) 0.1877 0.1877 0.1877 1.0285 0.8191 0.7796 

Li et al. (2016) 0.2596 0.2609 0.2611 1.0815 0.8278 0.7797 

Present 0.2698 0.2718 0.2722 1.0878 0.8290 0.7797 

10 

Brischetto (2009) 0.1932 0.1944 0.1946 1.2172 0.8740 0.8077 

Neves et al. (2012) 0.2016 0.2059 0.2064 1.1780 0.8650 0.8050 

Neves et al. (2013) 0.1995 0.2034 0.2039 1.1752 0.8645 0.8050 

Mantari and Granados (2015) 0.1234 0.1234 0.1234 1.1108 0.8556 0.8074 

Li et al. (2016) 0.1897 0.1907 0.1909 1.2315 0.8724 0.8077 

Present 0.1985 0.2001 0.2004 1.2253 0.8745 0.8077 
 

Table 3 Dimensionless center deflection 𝑤  of square sandwich plate “A” under pure thermal load (t3 = 0) 

p Theory 
𝑤  (a/2, b/2, 0) 

1-0-1 1-1-1 1-2-1 2-2-1 2-1-2 

0 

Zenkour and Alghamdi (2008) 0.480262 0.480262 0.480262 0.480262 0.480262 

Houari et al. (2013) 0.461634 0.461634 0.461634 0.461634 0.461634 

Li et al. (2016) 0.480262 0.480262 0.480262 0.480262 0.480262 

Present 0.480262 0.480262 0.480262 0.480262 0.480262 

1 

Zenkour and Alghamdi (2008) 0.636916 0.606292 0.582342 0.592604 0.621098 

Houari et al. (2013) 0.614565 0.586124 0.563416 0.573327 0.599933 

Li et al. (2016) 0.636891 0.606256 0.582302 0.592568 0.621067 

Present 0.636938 0.606324 0.582378 0.592635 0.621125 

2 

Zenkour and Alghamdi (2008) 0.671503 0.639361 0.609875 0.621581 0.656142 

Houari et al. (2013) 0.647135 0.618046 0.590491 0.601843 0.633340 

Li et al. (2016) 0.671486 0.639325 0.609829 0.621544 0.656115 

Present 0.671519 0.639392 0.609915 0.621613 0.656165 
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(33) 

 
Table 2 contains the non-dimensional transverse 

displacement 𝑤  of the mid-plane and non dimensional 

shear stresses 𝜏 𝑥𝑧  of the FG sandwich plate made of 

(ZrO2/Al) under sinusoidal loads for various values of the 

side-to-thickness ratio a/h and index p. 

 

 

 

 

 

 

The obtained results are compared with the 2D and 

quasi-3D solution of Li et al. (2016) and Neves et al. (2013) 

respectively, and FSDT results of Mantari and Granados 

(2015a, b). 

The shear correction factor of Mantari and Granados 

(2015a, b) is used to be k = 5, 6. It can be seen that the 

dimensionless displacement and shear stress predicted by 

the present 2D trigonometric theory are in excellent 

agreement quasi-3D solutions reported by Neves et al. 

Table 3 Continued 

p Theory 
𝑤  (a/2, b/2, 0) 

1-0-1 1-1-1 1-2-1 2-2-1 2-1-2 

3 

Zenkour and Alghamdi (2008) 0.683572 0.653671 0.622467 0.634175 0.670275 

Houari et al. (2013) 0.658153 0.631600 0.602744 0.614121 0.646475 

Li et al. (2016) 0.683560 0.653638 0.622420 0.634139 0.670253 

Present 0.683582 0.653699 0.622507 0.634206 0.670294 

4 

Zenkour and Alghamdi (2008) 0.688803 0.661291 0.629533 0.640940 0.677321 

Houari et al. (2013) 0.662811 0.638705 0.609560 0.620663 0.652890 

Li et al. (2016) 0.688795 0.661260 0.629487 0.640905 0.677303 

Present 0.688810 0.661317 0.629573 0.640970 0.677337 

5 

Zenkour and Alghamdi (2008) 0.691420 0.665898 0.634003 0.645070 0.681343 

Houari et al. (2013) 0.665096 0.642948 0.613842 0.624629 0.656490 

Li et al. (2016) 0.691415 0.665869 0.633958 0.645036 0.681327 

Present 0.691425 0.665922 0.634042 0.645099 0.681357 
 

Table 4 Dimensionless center deflection 𝑤  of square sandwich plate “B” under pure thermal load (t3 = 0) 

p Theory 
𝑤  (a/2, b/2, 0) 

1-2-2 1-1-1 1-2-1 2-2-1 2-1-2 

0 

Tounsi et al. (2013) 0.544640 0.569801 0.556060 0.576238 0.576238 

Li et al. (2016) 0.544619 0.569796 0.556044 0.576240 0.576240 

Present 0.544659 0.569806 0.556074 0.576236 0.576236 

1 

Tounsi et al. (2013) 0.573055 0.578804 0.577909 0.582578 0.579503 

Li et al. (2016) 0.573054 0.578809 0.577914 0.582593 0.579510 

Present 0.573056 0.578798 0.577904 0.582566 0.579497 

2 

Tounsi et al. (2013) 0.577551 0.580037 0.580945 0.584582 0.580018 

Li et al. (2016) 0.577555 0.580045 0.580957 0.584601 0.580025 

Present 0.577548 0.580029 0.580935 0.584565 0.580011 

3 

Tounsi et al. (2013) 0.578976 0.580412 0.581997 0.585807 0.580181 

Li et al. (2016) 0.578982 0.580421 0.582011 0.585829 0.580188 

Present 0.578971 0.580403 0.581984 0.585786 0.580174 

4 

Tounsi et al. (2013) 0.579572 0.580574 0.582554 0.586680 0.580249 

Li et al. (2016) 0.579579 0.580584 0.582570 0.586705 0.580257 

Present 0.579566 0.580566 0.582540 0.586658 0.580242 

5 

Tounsi et al. (2013) 0.579865 0.580663 0.582925 0.587346 0.580282 

Li et al. (2016) 0.579872 0.580673 0.582942 0.587373 0.580290 

Present 0.579859 0.580654 0.582909 0.587323 0.580275 
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(2013). Increasing value of the power-law exponent p and 

decreasing value of the side-to-thickness ratio a/h, the non-

dimensional deflection increases. The influence of the side-

to-thickness ratio a/h on the non-dimensional transverse 

shear stress is insignificant. 

 

4.3 Bending analysis of sandwich plate “A” under 
thermal load 

 

In this example, the pure thermoelastic bending analysis 

of a simply supported square FG sandwich plate “A “ is 

conducted for combinations of metal and ceramic materials, 

where q = 0. The set of materials chosen is Titanium (metal) 

and Zirconia (ceramic). The following material properties 

for metal and ceramic used in the FGM sandwich plates are: 
 

metal (Ti-6Al-4V): 

Em = 70 GPa, μm = 0.3, αm = 10.3 (10-6/K) 

ceramic (ZrO2): 

Ec = 380 GPa, μc = 0.3, αc = 7.11 (10-6/K) 
 

In this case, we assumed that a/h = 10, t1 = 0, t2 = 100 K 

and t3 = 0. The non-dimensional deflection parameter 

utilized for pure temperature loading is 
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(34) 

 

where α0 = 10-6/K. 

In Table 3, the non-dimensional deflection 𝑤  for a FG 

sandwich plate “A” subjected to a thermal field varying 

linearly through the thickness (t3 = 0) is presented for 

various values of the material index p and different 

configurations of FG sandwich plates (1-0-1, 1-1-1, 1-2-1,2-

2-1 and 2-1-2). Numerical results are presented using 

different plate theories such as the sinusoidal shear 

deformation plate theory (SSDPT) obtained by Zenkour and 

Alghamdi (2008), quasi-3D solution of Houari et al. (2013), 

2D refined trigonometric solution of Li et al. (2016) and the 

present theory. Inspection of Table 3 reveals that the present 

theory with only four unknowns gives identical results to 

those obtained by the sinusoidal shear deformation plate 

theory (SSDPT) developed by Zenkour and Alghamdi 

(2008) with five unknowns and those obtained by Li et al. 

(2016). 

This indicates that the same accuracy is obtained with 

the present theory using a lower number of unknowns than 

other theories, and clearly highlights how the present theory 

Table 5 Dimensionless center deflection 𝑤  of square sandwich plate “A” under thermomechanical load 

(a/h = 10) 

p Theory 
𝑤  (a/2, b/2, 0) 

1-0-1 3-1-3 2-1-2 1-1-1 

0 

Zenkour and Alghamdi (2010) (SSDPT) 0.796783 0.796783 0.796783 0.796783 

Zenkour and Alghamdi (2010) (FSDPT) 0.895735 0.895735 0.895735 0.895735 

Li et al. (2016) 0.864140 0.864140 0.864140 0.864140 

Present 0.787002 0.787002 0.787002 0.787002 

1 

Zenkour and Alghamdi (2010) (SSDPT) 1.062840 1.045026 1.036213 1.011263 

Zenkour and Alghamdi (2010) (FSDPT) 1.190728 1.170533 1.160568 1.132449 

Li et al. (2016) 1.149038 1.130125 1.120741 1.094113 

Present 1.050078 1.032490 1.023787 0.999141 

2 

Zenkour and Alghamdi (2010) (SSDPT) 1.121608 1.105175 1.096094 1.068091 

Zenkour and Alghamdi (2010) (FSDPT) 1.257304 1.238234 1.227765 1.195703 

Li et al. (2016) 1.210756 1.193444 1.183826 1.154061 

Present 1.108126 1.091935 1.082982 1.055354 

3 

Zenkour and Alghamdi (2010) (SSDPT) 1.141655 1.128080 1.119793 1.092312 

Zenkour and Alghamdi (2010) (FSDPT) 1.280741 1.264724 1.255041 1.223232 

Li et al. (2016) 1.231675 1.217447 1.208690 1.179518 

Present 1.127875 1.114524 1.106366 1.079282 

4 

Zenkour and Alghamdi (2010) (SSDPT) 1.150192 1.138926 1.131428 1.105041 

Zenkour and Alghamdi (2010) (FSDPT) 1.290961 1.277527 1.268689 1.237931 

Li et al. (2016) 1.240542 1.228791 1.220879 1.192880 

Present 1.136264 1.125200 1.117826 1.091840 

5 

Zenkour and Alghamdi (2010) (SSDPT) 1.154412 1.144851 1.137993 1.112660 

Zenkour and Alghamdi (2010) (FSDPT) 1.296101 1.284626 1.276497 1.246833 

Li et al. (2016) 1.244905 1.234980 1.227750 1.200876 

Present 1.136262 1.131022 1.124282 1.099348 
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is simpler and more easily deployed. It is noted that due to 

the thickness stretching effect the dimensionless center 

deflection obtained by Houari et al. (2013) is smaller than 

that of the present research at the same value of index p  

and layer thickness ratio. Also, we can see that the 

dimensionless deflection increases with the increase of 

index p. 

 

4.4 Bending analysis of sandwich plate “B” under 
thermal load 

 

Again, in this example, we considered the special case 

of the present study, where (a/h = 10, t1 = t3 = q = 0 and t2 = 

100 K), a simply supported square FG sandwich plate “B” 

under pure thermal load. The mechanical properties for 

metal and ceramic used in the FG sandwich plates are the 

same as those given in the example above. The expression 

of dimensionless deflection is utilized as Eq. (33). 

Table 4 performs the dimensionless center deflection w 

for a FG sandwich plate of type B for various values of 

index p and various configurations of FG sandwich plates 

(1-0-1, 1-1-1, 1-2-1, 2-2-1 and 2-1-1). The obtained results 

of the deflections are compared with the 2D solutions of Li 

et al. (2016) and Tounsi et al. (2013), using refined 

parabolic shear deformation theory and refined 

trigonometric shear deformation with four unknowns only 

respectively. It is clearly seen that an excellent agreement is 

obtained in this comparison. 

 

4.5 Bending analysis of sandwich plate “A” under 
thermomechanical loads 

 

In this example, a simply supported square sandwich 

plate “A” under thermomechanical loads is considered. 

 

 

The mechanical properties for metal and ceramic used in 

the FG sandwich plates are the same as those given in the 

example above. It is assumed that (a/h = 10, t1 = 0, t2 = t3 = 

100 K and q = 100 Pa). Different dimensionless quantities 

are used for thermomechanical loading as 
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where E0 = 1 GPa and α0 = 10-6/K. 

Numerical results are tabulated in Tables 5-7 and plotted 

in Figs. 2-5 using the present refined sinusoidal plate theory 

(SSDPT). 

The results are compared to those computed by 

sinusoidal shear deformation theory (SSDT) with five 

unknowns, the first shear deformation theory (FSDT) 

developed by Zenkour and Alghamdi (2010) and with the 

2D solutions of Li et al. (2016) with four unknowns only. 

Table 5 compare the dimensionless center deflection 𝑤  

for an FGM sandwich plate subjected to mechanical and 

thermal loads for various value of index p and various 

configurations of sandwich plates. It is clearly observed that 

an excellent agreement is obtained in this comparison. Also, 

it shows that the deflections increase as the core thickness 

decreases whereas p increases. The maximum deflections 

occur for an FGM plate without core thickness (1-0-1) and 

this irrespective of the value of p. 

 

 
 

Table 6 Effect of aspect ratio a/b on dimensionless center deflection 𝑤  of sandwich plate “A” under 

thermo-mechanical load ( a/h = 10, p = 3) 

Scheme Theory 
𝑤  (a/2, b/2) 

a/b = 1 a/b = 2 a/b = 3 a/b = 4 a/b = 5 

1-0-1 

Zenkour and Alghamdi (2010) (SSDPT) 1.141655 0.447872 0.222403 0.130406 0.085094 

Zenkour and Alghamdi (2010) (FSDPT) 1.280741 0.503607 0.250355 0.146917 0.095948 

Li et al. (2016) 1.231675 0.492573 0.246212 0.144771 0.094608 

Present 1.127875 0.442339 0.219620 0.128755 0.084003 

3-1-3 

Zenkour and Alghamdi (2010) (SSDPT) 1.128080 0.442695 0.219904 0.128992 0.084212 

Zenkour and Alghamdi (2010) (FSDPT) 1.264724 0.497383 0.247274 0.145112 0.094770 

Li et al. (2016) 1.217447 0.486952 0.243459 0.143199 0.093619 

Present 1.114524 0.437259 0.217175 0.127377 0.083149 

2-1-2 

Zenkour and Alghamdi (2010) (SSDPT) 1.119793 0.439521 0.218366 0.128116 0.083662 

Zenkour and Alghamdi (2010) (FSDPT) 1.255041 0.493613 0.245406 0.144017 0.094055 

Li et al. (2016) 1.208690 0.483486 0.241757 0.142222 0.093002 

Present 1.106366 0.434140 0.215666 0.126521 0.082614 

1-1-1 

Zenkour and Alghamdi (2010) (SSDPT) 1.092312 0.428955 0.213223 0.125175 0.081803 

Zenkour and Alghamdi (2010) (FSDPT) 1.223232 0.481212 0.239259 0.140414 0.091704 

Li et al. (2016) 1.179518 0.471920 0.236060 0.138942 0.090916 

Present 1.079282 0.423741 0.210614 0.123639 0.080798 
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Table 6 compares the dimensionless center deflection 𝑤  

of a sandwich plate “Type A” under thermomechanical 

loads with p = 3 for different values of aspect ratios and 

various configuration of sandwich plates. It is can be seen 

that the dimensionless center deflection 𝑤  decrease as the 

aspect ratio a/b increases and once again the maximum 

deflections occur for the (1-0-1) FGM rectangular plate. 

Table 7 presents the dimensionless normal stress 𝜎 𝑥  of 

a square sandwich plate “Type A” for various value of index 

p and various layer thickness ratios. It can be seen that the 

normal stress 𝜎 𝑥  decreases as the core thickness decreases. 

The smallest normal stress occurs for the (1-0-1) FGM 

plate. 

The effect of layer thickness ratio on dimensionless 

normal stress is insignificant for fully ceramic plates (p = 0). 

Fig. 2 shows the variation of the normal stress 𝜎 𝑥  on 

the thickness of the (1 -2-1) and (2-2-1) plates 

sandwich FG “Type A” for divers value of index p. The 

curve reveals a continuation of the axial stress over the 

entire thickness of the plate, exhibiting a non-linear 

variation over the entire thickness of the plate, where is 

remarkable between the layers. The minimal stress is at the 

upper surface (compressing stress) and the maximum stress 

 

 

(tensile stress) at the bottom surface. 

Fig. 3 comprises the plots of the transverse shear stress 

ηxz across the thickness of the symmetric and non-symmetric 

plate configuration (1-2-1) and (2-2-1) in that order, with 

various values of index p, the result indicates that the shear 

stress distribution over the thickness of the plate is 

parabolic. The shear force intensity varies from zero at the 

top and bottom, to a maximum value at a point in the 

central layer. 

Figs. 4 and 5 demonstrate the sensitivity of the normal 

stress 𝜎 𝑥  and the transverse shear stress ηxz to the change in 

the value of the thermal load t3, where the diagrams 

describe the distributions across the thickness of the 

dimensionless normal stress 𝜎 𝑥  and the transverse shear 

stress ηxz through-the-thickness of the (1-2-1) FG sandwich 

plate “A” with (p = 1.5). 

 

4.6 Bending analysis of sandwich plate “B” under 
thermomechanical loads 

 

In this example, a simply supported square sandwich 

plate “B” under thermomechanical loads is considered. The 

same mechanical properties for metal and ceramic of the 

Table 7 Dimensionless normal stress 𝜎 𝑥  of square sandwich plate “A” under thermomechanicalload 

(a/h = 10) 

p Theory 
( / 2, / 2, / 2)x a b h  

1-0-1 3-1-3 2-1-2 1-1-1 

0 

Zenkour and Alghamdi (2010) (SSDPT) -2.388909 -2.388909 -2,388909 -2,388909 

Zenkour and Alghamdi (2010) (FSDPT) -3.597007 -3.597007 -3.597007 -3.597007 

Li et al. (2016) -3.119484 -3.119484 -3.119484 -3.119484 

Present -2.327976 -2.327976 -2.327976 -2.327976 

1 

Zenkour and Alghamdi (2010) (SSDPT) -2.406797 -2.494126 -2.537365 -2.659816 

Zenkour and Alghamdi (2010) (FSDPT) -3,471099 -3,569762 -3,618476 -3,756017 

Li et al. (2016) -3.116975 -3.220177 -3.271398 -3.416748 

Present -2.350110 -2.436358 -2.479071 -2.600063 

2 

Zenkour and Alghamdi (2010) (SSDPT) -2.118721 -2.199231 -2.243800 -2.381343 

Zenkour and Alghamdi (2010) (FSDPT) -3.145662 -3.238636 -3.289757 -3.446485 

Li et al. (2016) -2.780614 -2.874999 -2.927462 -3.089861 

Present -2.065504 -2.144869 -2.188832 -2.324589 

3 

Zenkour and Alghamdi (2010) (SSDPT) -2.020416 -2.086818 -2.127487 -2.262512 

Zenkour and Alghamdi (2010) (FSDPT) -3.031284 -3.109180 -3.156414 -3.311823 

Li et al. (2016) -2.666776 -2.744324 -2.792076 -2.951191 

Present -1.968620 -2.033967 -2.074031 -2.207176 

4 

Zenkour and Alghamdi (2010) (SSDPT) -1.978593 -2.033567 -2.070352 -2.200020 

Zenkour and Alghamdi (2010) (FSDPT) -2.981507 -3.046666 -3.089733 -3.239941 

Li et al. (2016) -2.618570 -2.682632 -2.725778 -2.878466 

Present -1.927498 -1.981529 -2.017732 -2.145503 

5 

Zenkour and Alghamdi (2010) (SSDPT) -1.957959 -2.004482 -2.038109 -2.162596 

Zenkour and Alghamdi (2010) (FSDPT) -2.956534 -3.012040 -3.051612 -3.196423 

Li et al. (2016) -2.594862 -2.648999 -2.688425 -2.834977 

Present -1.907251 -1.952932 -1.986005 -2.108615 
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initial FG sandwich plates are used. It is assumed that (a/h 

= 10, t1 = 0, t2 = t3 = 100 K and q = 100 Pa). 

The results are compared to those computed by, the first 

shear deformation theory (FSDT), the third order shear 

deformation theory (SSDT) with five unknowns and with 

the 2D solutions sinusoidal shear deformation theory 

(SSDT) of Li et al. (2016) with four unknowns only. 

Table 8 shows the results of the dimensionless 

deflection 𝑤  for a FG sandwich plate “Type B” under a 

thermomechanical load, with variable index p = 0.5, 1, 2, 3, 

4 and 5, and various configuration of the plate 2-1-2, 1-1-1, 

2-2-1 and 1-2-1. We can see from this table that, as the 

index p raise, a minor increase of the dimensionless 

deflection is observed. 

Table 9 exposes the dimensionless deflection 𝑤  for a 

FG sandwich plate “Type B” subjected to mechanical and 

thermal loads, with index p = 3, and various values of 

aspect ratios and layer thickness ratios. As the aspect ratio 

a/b augments, the dimensionless deflection 𝑤  of sandwich 

 

 

 

 

 

Fig. 4 Effect of the thermal load t3 on the normal stress 𝜎 𝑥  

of the (1-2-1) FGM sandwich plate “A” with (p = 1.5)  
 

  

Fig. 2 Variation of normal stress 𝜎 𝑥  through the plate thickness for two layer thickness ratios of FGM sandwich 

plates “A”: (a) (1-2-1); and (b) (2-2-1) 

  

Fig. 3 Variation of shear stress 𝜏 𝑥𝑧  through the plate thickness for two layer thickness ratios of FGM sandwich 

plates “A”: (a) (1-2-1); and (b) (2-2-1) 
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Fig. 5 Effect of the thermal load t3 on the normal shear 

stress 𝜏 𝑥𝑧  of the (1-2-1) FGM sandwich plate “A” 

with (p = 1.5) 
 

 

 

 

Fig. 6 Dimensionless center deflection 𝑤  as a function of 

the aspect ratio a/b of the (1-2-1) FGM sandwich 

plate “B” (t2 = t3 = 100) 
 

 

 

 

Fig. 7 Effect of the thermal load t3 on dimensionless center 

deflection 𝑤  of the (1-2-1) FGM sandwich plate 

“B” versus a/h with (p = 1) 

plate “Type B” diminishes. 

Fig 6 describes the inverse relationship between the 

dimensionless deflection 𝑤  and the aspect ratio a/b of a 

FG sandwich plate “Type B” (1-2-1) for p = 0.5, 1, 2, 3, 4, 5 

and 10. With increasing of the aspect ratio, the 

dimensionless deflection 𝑤  decreases. The curves presents 

the same value of the deflection, the decrease is important 

where the ratio a/b is less than 3. 

Fig. 7 express the influence of the side-to-thickness ratio 

a/h and the thermal load t3 on the dimensionless center 

deflection 𝑤  for the (1-2-1) FG sandwich plate “Type B” 

(p = 1). The influence of the thermal load t3 is important on 

the dimensionless deflection 𝑤  .The influence of the side-

to-thickness ratio a/h is minor. 

Fig 8 shows the distributions of the normal stress 𝜎 𝑥  

through-the-thickness of the (1-2-1) and (2-2 1) FG 

sandwich plate “Type B” for p = 0.5, 1, 2, 3, 4, 5 and 10. 

The curve exhibits a non-linear variation over the entire 

thickness of the plate of the normal stress. The maximum 

stress (tensile stress) is at the lower surface, while the 

minimum stress (compressive stress) occurs at a point of the 

central layer and near the upper face. 

 

 

 

 
 

 

Fig. 8 variation of normal stress 𝜎 𝑥  through the plate 

thickness for two layer thickness ratios of FGM 

sandwich plates “B”: (a) (1-2-1); and (b) (2-2-1) 
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Fig. 9 includes plots of the transverse shear stress ηxz 

across the thickness of the symmetric and non-symmetric 

late configuration (1-2-1) and (2-2-1) in that order, with 

various values of index p, The transverse stress is irregular 

at the central layer , the minimum value appears at a point 

in the central layer and near the upper surface sheet. 
 

 

5. Conclusions 
 

In this work, the thermo-mechanical bending response 

of two types of sandwich plates made of graded material 

(FGM) is studied, using a novel refined four-variable plate 

model. The governing equations are written on the basis of 

the virtual work principle; the analytic solutions of these 

equations are obtained using Navier method. A comparison 

with the results of the literature is made to verify the 

accuracy and efficiency of this theory. The influences of 

volume fraction distribution, form factor and thermal 

loading on the characteristics of mechanical, thermo-elastic 

and thermo-mechanical bending are examined. An 

improvement of the present study will be considered in the 

future work to consider the thickness stretching effect by 

using quasi-3D shear deformation models (Bessaim et al. 

2013, Belabed et al. 2014, Hebali et al. 2014, Bousahla et 

al. 2014, Bourada et al. 2015, Larbi Chaht et al. 2015, 

Hamidi et al. 2015, Bennoun et al. 2016, Draiche et al. 

2016, Ait Atmane et al. 2017, Bouhadra et al. 2018, Bouafia 

et al. 2017, Sekkal et al. 2017b, Benahmed et al. 2017, 

Abualnour et al. 2018, Karami et al. 2018d, e, Benchohra et 

al. 2018, Younsi et al. 2018, Bendaho et al. 2019, Boutaleb 

et al. 2019, Boukhlif et al. 2019, Boulefrakh et al. 2019, 

Zarga et al. 2019, Zaoui et al. 2019, Khiloun et al. 2019). 
 

 

References 
 
Abazid, M.A., Alotebi, M.S. and Sobhy, M. (2018), “A novel shear 

and normal deformation theory for hygrothermal bending 

response of FGM sandwich plates on Pasternak elastic 

foundation”, Struct. Eng. Mech., Int. J., 67(3), 219-232. 

https://doi.org/10.12989/sem.2018.67.3.219 

 

 

Abdelaziz, H.H., Meziane, M.A.A., Bousahla, A.A., Tounsi, A., 

Mahmoud, S.R. and Alwabli, A.S. (2017), “An efficient 

hyperbolic shear deformation theory for bending, buckling and 

ree vibration of FGM sandwich plates with various boundary 

conditions”, Steel Compos. Struct., Int. J., 25(6), 693-704. 

https://doi.org/10.12989/scs.2017.25.6.693 

Abualnour, M., Houari, M.S.A., Tounsi, A., Adda Bedia, E.A. and 

Mahmoud, S.R. (2018), “A novel quasi-3D trigonometric plate 

theory for free vibration analysis of advanced composite 

plates”, Compos. Struct.,184, 688-697. 

https://doi.org/10.1016/j.compstruct.2017.10.047 

Adda Bedia, W., Houari, M.S.A., Bessaim, A., Bousahla, A.A., 

Tounsi, A., Saeed, T. and Alhodaly, M.S. (2019), “A new 

hyperbolic two-unknown beam model for bending and buckling 

analysis of a nonlocal strain gradient nanobeams”, J. Nano Res., 

57, 175-191. 

https://doi.org/10.4028/www.scientific.net/JNanoR.57.175 

Ahmed, A. (2014), “Post buckling analysis of sandwich beams 

with functionally graded faces using a consistent higher order 

theory”, Int. J. Civil Struct. Environ., 4(2), 59-64. 

Ahouel, M., Houari, M.S.A., Adda Bedia, E.A. and Tounsi, A. 

(2016), “Size-dependent mechanical behavior of functionally 

graded trigonometric shear deformable nanobeams including 

neutral surface position concept”, Steel Compos. Struct., Int. J., 

20(5), 963-981. https://doi.org/10.12989/scs.2016.20.5.963 

Ait Atmane, H., Tounsi, A. and Bernard, F. (2017), “Effect of 

thickness stretching and porosity on mechanical response of a 

functionally graded beams resting on elastic foundations”, Int. 

J. Mech. Mater. Des., 13(1), 71-84. 

https://doi.org/10.1007/s10999-015-9318-x 

Ait Sidhoum, I., Boutchicha, D., Benyoucef, S. and Tounsi, A. 

(2017), “An original HSDT for free vibration analysis of 

functionally graded plates”, Steel Compos. Struct., Int. J., 25(6). 

735-745. https://doi.org/10.12989/scs.2017.25.6.735 

Akbas, S.D. (2017), “Thermal effects on the vibration of 

functionally graded deep beams with porosity”, Int. J. Appl. 

Mech., 9(5), 1750076. 

https://doi.org/10.1142/S1758825117500764 

Al-Basyouni, K.S., Tounsi, A. and Mahmoud, S.R. (2015), “Size 

dependent bending and vibration analysis of functionally graded 

micro beams based on modified couple stress theory and neutral 

surface position”, Compos. Struct., 125, 621-630. 

https://doi.org/10.1016/j.compstruct.2014.12.070 

Amnieh, H.B., Zamzam, M.S. and Kolahchi, R. (2018), “Dynamic 

analysis of non-homogeneous concrete blocks mixed by SiO2 

nanoparticles subjected to blast load experimentally and 

  

Fig. 9 Variation of shear stress 𝜏 𝑥𝑧  through the plate thickness for two layer thickness ratios of FGM sandwich 

plates “B”: (a) (1-2-1); and (b) (2-2-1) 

625



 

Ahmed Bouamoud, Belhadj Boucham, Fouad Bourada, Mohammed Sid Ahmed Houari and Abdelouahed Tounsi 

theoretically”, Constr. Build. Mater., 174, 633-644. 

https://doi.org/10.1016/j.conbuildmat.2018.04.140 

Arani, A.J. and Kolahchi, R. (2016), “Buckling analysis of 

embedded concrete columns armed with carbon nanotubes”, 

Comput. Concrete, Int. J., 17(5), 567-578. 

https://doi.org/10.12989/cac.2016.17.5.567 

Attia, A., Tounsi, A., Adda Bedia, E.A. and Mahmoud, S.R. 

(2015), “Free vibration analysis of functionally graded plates 

with temperature-dependent properties using various four 

variable refined plate theories”, Steel Compos. Struct., Int. J., 

18(1), 187-212. https://doi.org/10.12989/scs.2015.18.1.187 

Attia, A., Bousahla, A.A., Tounsi, A., Mahmoud, S.R. and Alwabli, 

A.S. (2018), “A refined four variable plate theory for 

thermoelastic analysis of FGM plates resting on variable elastic 

foundations”, Struct. Eng. Mech., Int. J., 65(4), 453-464. 

https://doi.org/10.12989/sem.2018.65.4.453 

Avcar, M. (2019), “Free vibration of imperfect sigmoid and power 

law functionally graded beams”, Steel Compos. Struct., Int. J., 

30(6), 603-615. https://doi.org/10.12989/scs.2019.30.6.603 

Avcar, M. and Alwan, H.H.A. (2017), “Free vibration of 

functionally graded Rayleigh beam”, Int. J. Eng. Appl. Sci., 

9(2), 127-137. http://dx.doi.org/10.24107/ijeas.322884 

Avcar, M. and Mohammed, W.K.M. (2018), “Free vibration of 

functionally graded beams resting on Winkler-Pasternak 

foundation”, Arab. J. Geosci., 11(10), 232. 

https://doi.org/10.1007/s12517-018-3579-2 

Bakhadda, B., Bachir Bouiadjra, M., Bourada, F., Bousahla, A.A., 

Tounsi, A. and Mahmoud, S.R. (2018), “Dynamic and bending 

analysis of carbon nanotube-reinforced composite plates with 

elastic foundation”, Wind Struct., Int. J., 27(5), 311-324. 

https://doi.org/10.12989/was.2018.27.5.311 

Behera, S. and Kumari, P. (2018), “Free vibration of Levy-type 

rectangular laminated plates using efficient zig-zag theory”, 

Adv. Computat. Des., Int. J., 3(3), 213-232. 

https://doi.org/10.12989/acd.2018.3.3.213 

Belabed, Z., Houari, M.S.A., Tounsi, A., Mahmoud, S.R. and 

Anwar Bég, O. (2014), “An efficient and simple higher order 

shear and normal deformation theory for functionally graded 

material (FGM) plates”, Compos.: Part B, 60, 274-283. 

https://doi.org/10.1016/j.compositesb.2013.12.057 

Belabed, Z., Bousahla, A.A., Houari, M.S.A., Tounsi, A. and 

Mahmoud, S.R. (2018), “A new 3-unknown hyperbolic shear 

deformation theory for vibration of functionally graded 

sandwich plate”, Earthq. Struct., Int. J., 14(2), 103-115. 

https://doi.org/10.12989/eas.2018.14.2.103 

Belalia, S.A. (2017), “Investigation of the mechanical properties 

on the large amplitude free vibrations of the functionally graded 

material sandwich plates”, J. Sandw. Struct. Mater., 

109963621770129. 

https://doi.org/10.1177/1099636217701299 

Beldjelili, Y., Tounsi, A. and Mahmoud, S.R. (2016), “Hygro-

thermo-mechanical bending of S-FGM plates resting on 

variable elastic foundations using a four-variable trigonometric 

plate theory”, Smart Struct. Syst., Int. J., 18(4), 755-786. 

https://doi.org/10.12989/sss.2016.18.4.755 

Belkorissat, I., Houari, M.S.A., Tounsi, A., Adda Bedia, E.A. and 

Mahmoud, S.R. (2015), “On vibration properties of functionally 

graded nano-plate using a new nonlocal refined four variable 

model”, Steel Compos. Struct., Int. J.,18(4), 1063-1081. 

https://doi.org/10.12989/scs.2015.18.4.1063 

Bellifa, H., Benrahou, K.H., Hadji, L., Houari, M.S.A. and Tounsi, 

A. (2016), “Bending and free vibration analysis of functionally 

graded plates using a simple shear deformation theory and the 

concept the neutral surface position”, J Braz. Soc. Mech. Sci. 

Eng., 38, 265-275. https://doi.org/10.1007/s40430-015-0354-0 

Bellifa, H., Benrahou, K.H., Bousahla, A.A., Tounsi, A. and 

Mahmoud, S.R. (2017a), “A nonlocal zeroth-order shear 

deformation theory for nonlinear postbuckling of nanobeams”, 

Struct. Eng. Mech., Int. J., 62(6), 695-702. 

https://doi.org/10.12989/sem.2017.62.6.695 

Bellifa, H., Bakora, A., Tounsi, A., Bousahla, A.A. and Mahmoud, 

S.R. (2017b), “An efficient and simple four variable refined 

plate theory for buckling analysis of functionally graded plates”, 

Steel Compos. Struct., Int. J., 25(3), 257-270. 

https://doi.org/10.12989/scs.2017.25.3.257 

Benadouda, M., Ait Atmane, H., Tounsi, A., Bernard, F. and 

Mahmoud, S.R. (2017), “An efficient shear deformation theory 

for wave propagation in functionally graded material beams 

with porosities”, Earthq. Struct., Int. J.,13(3), 255-265. 

https://doi.org/10.12989/eas.2017.13.3.255 

Benahmed, A., Houari, M.S.A, Benyoucef, S, Belakhdar, K. and 

Tounsi, A. (2017), “A novel quasi-3D hyperbolic shear 

deformation theory for functionally graded thick rectangular 

plates on elastic foundation”, Geomech. Eng., Int. J., 12(1), 9-

34. https://doi.org/10.12989/gae.2017.12.1.009 

Benchohra, M., Driz, H., Bakora, A., Tounsi, A., Adda Bedia, E.A. 

and Mahmoud, S.R. (2018), “A new quasi-3D sinusoidal shear 

deformation theory for functionally graded plates”, Struct. Eng. 

Mech., Int. J., 65(1), 19-31. 

https://doi.org/10.12989/sem.2018.65.1.019 

Bendaho, B., Belabed, Z., Bourada, M., Benatta, M.A., Bourada, 

F. and Tounsi, A. (2019), “Assessment of new 2D and quasi-3D 

Nonlocal theories for free vibration analysis of size-dependent 

functionally graded (FG) nanoplates”, Adv. Nano Res., Int. J., 

7(4), 277-292. https://doi.org/10.12989/anr.2019.7.4.277 

Benferhat, R., Hassaine Daouadji, T., Hadji, L. and Said Mansour, 

M. (2016), “Static analysis of the FGM plate with porosities”, 

Steel Compos. Struct., Int. J., 21(1), 123-136. 

https://doi.org/10.12989/scs.2016.21.1.123 

Bennoun, M., Houari, M.S.A. and Tounsi, A. (2016), “A novel five 

variable refined plate theory for vibration analysis of 

functionally graded sandwich plates”, Mech. Adv. Mater. 

Struct., 23(4), 423-431. 

https://doi.org/10.1080/15376494.2014.984088 

Berghouti, H., Adda Bedia, E.A. Benkhedda, A. and Tounsi, A. 

(2019), “Vibration analysis of nonlocal porous nanobeams made 

of functionally graded material”, Adv. Nano Res., Int. J., 7(5). 

[In press] 

Bessaim, A., Houari, M.S.A., Tounsi, A., Mahmoud, S.R. and 

Adda Bedia, E.A. (2013), “A new higher order shear and normal 

deformation theory for the static and free vibration analysis of 

sandwich plates with functionally graded isotropic face sheets”, 

J. Sandw. Struct. Mater., 15, 671-703. 

https://doi.org/10.1177/1099636213498888 

Besseghier, A., Houari, M.S.A., Tounsi, A. and Mahmoud, S.R. 

(2017), “Free vibration analysis of embedded nanosize FG 

plates using a new nonlocal trigonometric shear deformation 

theory”, Smart Struct. Syst., Int. J., 19(6), 601-614. 

https://doi.org/10.12989/sss.2017.19.6.601 

Bilouei, B.S., Kolahchi, R. and Bidgoli, M.R. (2016), “Buckling 

of concrete columns retrofitted with Nano-Fiber Reinforced 

Polymer (NFRP)”, Comput. Concrete, Int. J., 18(5), 1053-1063. 

https://doi.org/10.12989/cac.2016.18.5.1053 

Birman, V., Keil, T. and Hosder, S. (2013), “Functionally graded 

materials in engineering”, In: Thomopoulus S, Birman V, Genin 

GM, Editors, Structural Interfaces and Attachments in Biology, 

Springer, New York, USA, pp. 19-41. 

Bouadi, A., Bousahla, A.A., Houari, M.S.A., Heireche, H. and 

Tounsi, A. (2018), “A new nonlocal HSDT for analysis of 

stability of single layer graphene sheet”, Adv. Nano Res., Int. J., 

6(2), 147-162. https://doi.org/10.12989/anr.2018.6.2.147 

Bouafia, K., Kaci, A., Houari, M.S.A., Benzair, A. and Tounsi, A. 

(2017), “A nonlocal quasi-3D theory for bending and free 

flexural vibration behaviors of functionally graded 

626



 

Thermomechanical bending investigation of FGM sandwich plates using four shear deformation plate theory 

nanobeams”, Smart Struct. Syst., Int. J., 19(2), 115-126. 

https://doi.org/10.12989/sss.2017.19.2.115 

Bouanati, S., Benrahou, K.H., Ait Atmane, H., Ait Yahia, S., 

Bernard, F., Tounsi, A. and Adda Bedia, E.A. (2019), 

“Investigation of wave propagation in anisotropic plates via 

quasi 3D HSDT”, Geomech. Eng., Int. J., 18(1), 85-96. 

https://doi.org/10.12989/gae.2019.18.1.085 

Bouderba, B., Houari, M.S.A. and Tounsi, A. (2013), 

“Thermomechanical bending response of FGM thick plates 

resting on Winkler-Pasternak elastic foundations”, Steel 

Compos. Struct., Int. J., 14(1), 85-104. 

https://doi.org/10.12989/scs.2013.14.1.085 

Bouderba, B., Houari, M.S.A. and Tounsi, A. and Mahmoud, S.R. 

(2016), “Thermal stability of functionally graded sandwich 

plates using a simple shear deformation theory”, Struct. Eng. 

Mech., Int. J., 58(3), 397-422. 

https://doi.org/10.12989/sem.2016.58.3.397 

Bouhadra, A., Tounsi, A., Bousahla, A.A., Benyoucef, S. and 

Mahmoud, S.R. (2018), “Improved HSDT accounting for effect 

of thickness stretching in advanced composite plates”, Struct. 

Eng. Mech., Int. J., 66(1), 61-73. 

https://doi.org/10.12989/sem.2018.66.1.061 

Boukhari, A., Ait Atmane, H., Houari, M.S.A., Tounsi, A., Adda 

Bedia, E.A. and Mahmoud, S.R. (2016), “An efficient shear 

deformation theory for wave propagation of functionally graded 

material plates”, Struct. Eng. Mech., Int. J., 57(5), 837-859. 

https://doi.org/10.12989/sem.2016.57.5.837 

Boukhlif, Z., Bouremana, M., Bourada, F., Bousahla, A.A., 

Bourada, M., Tounsi, A. and Al-Osta, M.A. (2019), “A simple 

quasi-3D HSDT for the dynamics analysis of FG thick plate on 

elastic foundation”, Steel Compos. Struct., Int. J., 31(5), 503-

516. https://doi.org/10.12989/scs.2019.31.5.503 

Boulefrakh, L., Hebali, H., Chikh, A., Bousahla, A.A., Tounsi, A. 

and Mahmoud, S.R. (2019), “The effect of parameters of visco-

Pasternak foundation on the bending and vibration properties of 

a thick FG plate”, Geomech. Eng., Int. J., 18(2), 161-178. 

https://doi.org/10.12989/gae.2019.18.2.161 

Bounouara, F., Benrahou, K.H., Belkorissat, I. and Tounsi, A. 

(2016), “A nonlocal zeroth-order shear deformation theory for 

free vibration of functionally graded nanoscale plates resting on 

elastic foundation”, Steel Compos. Struct., Int. J., 20(2), 227-

249. https://doi.org/10.12989/scs.2016.20.2.227 

Bourada, M., Kaci, A., Houari, M.S.A. and Tounsi, A. (2015), “A 

new simple shear and normal deformations theory for 

functionally graded beams”, Steel Compos. Struct., Int. J., 

18(2), 409-423. https://doi.org/10.12989/scs.2015.18.2.409 

Bourada, F., Amara, K. and Tounsi, A. (2016), “Buckling analysis 

of isotropic and orthotropic plates using a novel four variable 

refined plate theory”, Steel Compos. Struct., Int. J., 21(6), 1287-

1306. https://doi.org/10.12989/scs.2016.21.6.1287 

Bourada, F., Amara, K., Bousahla, A.A., Tounsi, A. and Mahmoud, 

S.R. (2018), “A novel refined plate theory for stability analysis 

of hybrid and symmetric S-FGM plates”, Struct. Eng. Mech., 

Int. J., 68(6), 661-675. 

https://doi.org/10.12989/sem.2018.68.6.661 

Bourada, F., Bousahla, A.A., Bourada, M., Azzaz, A., Zinata, A. 

and Tounsi, A. (2019), “Dynamic investigation of porous 

functionally graded beam using a sinusoidal shear deformation 

theory”, Wind Struct., Int. J., 28(1), 19-30. 

https://doi.org/10.12989/was.2019.28.1.019 

Bousahla, A.A., Houari, M.S.A., Tounsi, A. and Adda Bedia, E.A. 

(2014), “A novel higher order shear and normal deformation 

theory based on neutral surface position for bending analysis of 

advanced composite plates”, Int. J. Computat. Methods, 11(6), 

1350082. https://doi.org/10.1142/S0219876213500825 

Bousahla, A.A., Benyoucef, S., Tounsi, A. and Mahmoud, S.R. 

(2016), “On thermal stability of plates with functionally graded 

coefficient of thermal expansion”, Struct. Eng. Mech., Int. J., 

60(2), 313-335. https://doi.org/10.12989/sem.2016.60.2.313 

Boutaleb, S., Benrahou, K.H., Bakora, A., Algarni, A., Bousahla, 

A.A., Tounsi, A., Mahmoud, S.R. and Tounsi, A. (2019), 

“Dynamic Analysis of nanosize FG rectangular plates based on 

simple nonlocal quasi 3D HSDT”, Adv. Nano Res., Int. J., 7(3), 

189-206. https://doi.org/10.12989/anr.2019.7.3.189 

Brischetto, S. (2009), “Classical and mixed advanced models for 

sandwich plates embedding functionally graded cores”, J. Mech. 

Mater. Struct., 4(1), 13-33. 

https://doi.org/10.2140/jomms.2009.4.13 

Brischetto, S., Leetsch, R., Carrera, E., Wallmersperger, T. and 

Kroplin, B. (2008), “Thermo-mechanical bending of 

functionally graded plates”, J. Therm. Stress., 31(3), 286-308. 

https://doi.org/10.1080/01495730701876775 

Carrera, E. and Brischetto, S. (2009), “A comparison of various 

kinematic models for sandwich shell panels with soft core”, J. 

Compos. Mater., 43(20), 2201-2221. 

https://doi.org/10.1177/0021998309343716 

Carrera, E. and Petrolo, M. (2010), “Guidelines and 

recommendations to construct theories for metallic and 

composite plates”, AIAA J., 48(12), 2852-2866. 

https://doi.org/10.2514/1.J050316 

Carrera, E., Filippi, M. and Zappino, E. (2013), “Free vibration 

analysis of rotating composite blades via Carrera Unified 

Formulation”, Compos. Struct., 106(106), 317-325. 

https://doi.org/10.1016/j.compstruct.2013.05.055 

Chaabane, L.A., Bourada, F., Sekkal, M., Zerouati, S., Zaoui, F.Z., 

Tounsi, A., Derras, A., Bousahla, A.A. and Tounsi, A. (2019), 

“Analytical study of bending and free vibration responses of 

functionally graded beams resting on elastic foundation”, Struct. 

Eng. Mech., Int. J., 71(2), 185-196. 

https://doi.org/10.12989/sem.2019.71.2.185 

Chen, C.S., Liu, F.H. and Chen, W.R. (2017), “Vibration and 

stability of initially stressed sandwich plates with FGM face 

sheets in thermal environments”, Steel Compos. Struct., Int. J., 

23(3), 251-261. https://doi.org/10.12989/scs.2017.23.3.251 

Cheng, Z.Q. and Batra, R.C. (2003), “Three-dimensional 

thermoelastic deformations of a functionally graded elliptic 

plate”, Compos. Part B-Eng., 31(2), 97-106. 

https://doi.org/10.1016/S1359-8368(99)00069-4 

Cherif, R.H., Meradjah, M., Zidour, M., Tounsi, A., Belmahi, H. 

and Bensattalah, T. (2018), “Vibration analysis of nano beam 

using differential transform method including thermal effect”, J. 

Nano Res., 54, 1-14. 

https://doi.org/10.4028/www.scientific.net/JNanoR.54.1 

Chikh, A., Tounsi, A., Hebali, H. and Mahmoud, S.R. (2017), 

“Thermal buckling analysis of cross-ply laminated plates using 

a simplified HSDT”, Smart Struct. Syst., Int. J., 19(3), 289-297. 

https://doi.org/10.12989/sss.2017.19.3.289 

Daouadji, T.H. and Adim, B. (2017), “Mechanical behaviour of 

FGM sandwich plates using a quasi-3D higher order shear and 

normal deformation theory”, Struct. Eng. Mech., Int. J., 61(1), 

49-63. https://doi.org/10.12989/sem.2017.61.1.049 

Dash, S., Mehar, K., Sharma, N., Mahapatra, T.R. and Panda, S.K. 

(2019), “Finite element solution of stress and flexural strength 

of functionally graded doubly curved sandwich shell panel”, 

Earthq. Struct., Int. J., 16(1), 55-67. 

https://doi.org/10.12989/eas.2019.16.1.055 

Draiche, K., Tounsi, A. and Mahmoud, S.R. (2016), “A refined 

theory with stretching effect for the flexure analysis of 

laminated composite plates”, Geomech. Eng., Int. J., 11(5), 671-

690. https://doi.org/10.12989/gae.2016.11.5.671 

Draoui, A., Zidour, M., Tounsi, A. and Adim, B. (2019), “Static 

and dynamic behavior of nanotubes-reinforced sandwich plates 

using (FSDT)”, J. Nano Res., 57, 117-135. 

https://doi.org/10.4028/www.scientific.net/JNanoR.57.117 

627



 

Ahmed Bouamoud, Belhadj Boucham, Fouad Bourada, Mohammed Sid Ahmed Houari and Abdelouahed Tounsi 

Ebrahimi, F. and Daman, M. (2017), “Dynamic characteristics of 

curved inhomogeneous nonlocal porous beams in thermal 

environment”, Struct. Eng. Mech., Int. J., 64(1), 121-133. 

https://doi.org/10.12989/sem.2017.64.1.121 

Ebrahimi, F. and Farazmandnia, N, (2018), “Thermal buckling 

analysis of functionally graded carbon nanotube-reinforced 

composite sandwich beams”, Steel Compos. Struct., Int. J., 

27(2), 149-159. https://doi.org/10.12989/scs.2018.27.2.149 

El-Haina, F., Bakora, A., Bousahla, A.A., Tounsi, A. and 

Mahmoud, S.R. (2017), “A simple analytical approach for 

thermal buckling of thick functionally graded sandwich plates”, 

Struct. Eng. Mech., Int. J., 63(5), 585-595. 

https://doi.org/10.12989/sem.2017.63.5.585 

Elmossouess, B., Kebdani, S., Bachir Bouiadjra, M. and Tounsi, A. 

(2017), “A novel and simple HSDT for thermal buckling 

response of functionally graded sandwich plates”, Struct. Eng. 

Mech., Int. J., 62(4), 401-415. 

https://doi.org/10.12989/sem.2017.62.4.401 

Eltaher, M.A., Fouda, N., El-midany, T. and Sadoun, A.M. (2018), 

“Modified porosity model in analysis of functionally graded 

porous nanobeams”, J. Brazil. Soc. Mech. Sci. Eng., 40(3), 141. 

https://doi.org/10.1007/s40430-018-1065-0 

Fahsi, A., Tounsi, A., Hebali, H., Chikh, A., Adda Bedia, E.A. and 

Mahmoud, S.R. (2017), “A four variable refined nth-order shear 

deformation theory for mechanical and thermal buckling 

analysis of functionally graded plates”, Geomech. Eng., Int. J., 

13(3), 385-410. https://doi.org/10.12989/gae.2017.13.3.385 

Fakhar, A. and Kolahchi, R. (2018), “Dynamic buckling of 

magnetorheological fluid integrated by visco-piezo-GPL 

reinforced plates”, Int. J. Mech. Sci., 144, 788-799. 

https://doi.org/10.1016/j.ijmecsci.2018.06.036 

Faleh, N.M., Ahmed, R.A. and Fenjan, R.M. (2018), “On 

vibrations of porous FG nanoshells”, Int. J. Eng. Sci., 133, 1-14. 

https://doi.org/10.1016/j.ijengsci.2018.08.007 

Fazzolari, F.A. and Carrera, E. (2013), “Refined hierarchical 

kinematics quasi-3D Ritz models for free vibration analysis of 

doubly curved FGM shells and sandwich shells with FGM 

core”, J. Sound Vib., 333(5), 1485-1508. 

https://doi.org/10.1016/j.jsv.2013.10.030 

Fourn, H., Ait Atmane, H., Bourada, M., Bousahla, A.A., Tounsi, 

A. and Mahmoud, S.R. (2018), “A novel four variable refined 

plate theory for wave propagation in functionally graded 

material plates”, Steel Compos. Struct., Int. J., 27(1), 109-122. 

https://doi.org/10.12989/scs.2018.27.1.109 

Golabchi, H., Kolahchi, R. and Rabani Bidgoli, M. (2018), 

“Vibration and instability analysis of pipes reinforced by SiO2 

nanoparticles considering agglomeration effects”, Comput. 

Concrete, Int. J., 21(4), 431-440. 

https://doi.org/10.12989/cac.2018.21.4.431 

Hachemi, H., Kaci, A., Houari, M.S.A., Bourada, A., Tounsi, A. 

and Mahmoud, S.R. (2017), “A new simple three-unknown 

shear deformation theory for bending analysis of FG plates 

resting on elastic foundations”, Steel Compos. Struct., Int. J., 

25(6), 717-726. https://doi.org/10.12989/scs.2017.25.6.717 

Hajmohammad, M.H., Zarei, M.S., Nouri, A. and Kolahchi, R. 

(2017), “Dynamic buckling of sensor/functionally graded-

carbon nanotube-reinforced laminated plates/actuator based on 

sinusoidal-visco-piezoelasticity theories”, J. Sandw. Struct. 

Mater., 1099636217720373. 

https://doi.org/10.1177/1099636217720373 

Hajmohammad, M.H., Farrokhian, A. and Kolahchi, R. (2018a), 

“Smart control and vibration of viscoelastic actuator-multiphase 

nanocomposite conical shells-sensor considering hygrothermal 

load based on layerwise theory”, Aerosp. Sci. Technol., 78, 260-

270.  

Hajmohammad, M.H., Maleki, M. and Kolahchi, R. (2018b), 

“Seismic response of underwater concrete pipes conveying fluid 

covered with nano-fiber reinforced polymer layer”, Soil Dyn. 

Earthq. Eng., 110, 18-27. 

https://doi.org/10.1016/j.soildyn.2018.04.002 

Hajmohammad, M.H., Kolahchi, R., Zarei, M.S. and Maleki, M. 

(2018c), “Earthquake induced dynamic deflection of submerged 

viscoelastic cylindrical shell reinforced by agglomerated CNTs 

considering thermal and moisture effects”, Compos. 

Struct., 187, 498-508. 

https://doi.org/10.1016/j.compstruct.2017.12.004 

Hamidi, A., Houari, M.S.A., Mahmoud, S.R. and Tounsi, A. 

(2015), “A sinusoidal plate theory with 5-unknowns and 

stretching effect for thermomechanical bending of functionally 

graded sandwich plates”, Steel Compos. Struct., Int. J., 18(1), 

235-253. https://doi.org/10.12989/scs.2015.18.1.235 

Hebali, H., Tounsi, A., Houari, M.S.A., Bessaim, A. and Adda 

Bedia, E.A. (2014), “A new quasi-3D hyperbolic shear 

deformation theory for the static and free vibration analysis of 

functionally graded plates”, ASCE J. Eng. Mech., 140, 374-383. 

https://doi.org/10.1061/(ASCE)EM.1943-7889.0000665 

Hirwani, C.K. and Panda, S.K. (2018), “Numerical and 

experimental validation of nonlinear deflection and stress 

responses of pre-damaged glass-fibre reinforced composite 

structure”, Ocean Eng., 159, 237-252. 

https://doi.org/10.1016/j.oceaneng.2018.04.035 

Hirwani, C.K. and Panda, S.K. (2019), “Nonlinear finite element 

solutions of thermoelastic deflection and stress responses of 

internally damaged curved panel structure”, Appl. Math. Model., 

65, 303-317. https://doi.org/10.1016/j.apm.2018.08.014 

Hirwani, C.K., Panda, S.K. and Mahapatra, T.R. (2018a), 

“Thermomechanical deflection and stress responses of 

delaminated shallow shell structure using higher-order 

theories”, Compos. Struct., 184, 135-145. 

https://doi.org/10.1016/j.compstruct.2017.09.071 

Hirwani, C.K., Panda, S.K. and Patle, B.K. (2018b), “Theoretical 

and experimental validation of nonlinear deflection and stress 

responses of an internally debonded layer structure using 

different higher-order theories”, Acta Mechanica, 229(8), 3453-

3473. https://doi.org/10.1007/s00707-018-2173-8 

Hosseini, H. and Kolahchi, R. (2018), “Seismic response of 

functionally graded-carbon nanotubes-reinforced submerged 

viscoelastic cylindrical shell in hygrothermal environment”, 

Physica E: Low-dimens. Syst. Nanostruct., 102, 101-109. 

https://doi.org/10.1016/j.physe.2018.04.037 

Houari, M.S.A., Tounsi, A. and Anwar Bég, O. (2013), 

“Thermoelastic bending analysis of functionally graded 

sandwich plates using a new higher order shear and normal 

deformation theory”, Int. J. Mech. Sci., 76, 102-111. 

https://doi.org/10.1016/j.ijmecsci.2013.09.004 

Houari, M.S.A., Tounsi, A., Bessaim, A. and Mahmoud, S.R. 

(2016), “A new simple three –unknown sinusoidal shear 

deformation theory for functionally graded plates”, Steel 

Compos. Struct., Int. J., 22(2), 257-276. 

https://doi.org/10.12989/scs.2016.22.2.257 

Kaci, A., Houari, M.S.A., Bousahla, A.A., Tounsi, A. and 

Mahmoud, S.R. (2018), “Post-buckling analysis of shear-

deformable composite beams using a novel simple two-

unknown beam theory”, Struct. Eng. Mech., Int. J., 65(5), 621-

631. https://doi.org/10.12989/sem.2018.65.5.621 

Kadari, B., Bessaim, A., Tounsi, A., Heireche, H., Bousahla, A.A. 

and Houari, M.S.A. (2018), “Buckling analysis of orthotropic 

nanoscale plates resting on elastic foundations”, J. Nano Res., 

55, 42-56. 

https://doi.org/10.4028/www.scientific.net/JNanoR.55.42 

Kar, V.R. and Panda, S.K. (2015), “Thermoelastic analysis of 

functionally graded doubly curved shell panels using nonlinear 

finite element method”, Compos. Struct., 129, 202-212. 

https://doi.org/10.1016/j.compstruct.2015.04.006 

628



 

Thermomechanical bending investigation of FGM sandwich plates using four shear deformation plate theory 

Karami, B., Janghorban, M. and Tounsi, A. (2017), “Effects of 

triaxial magnetic field on the anisotropic nanoplates”, Steel 

Compos. Struct., Int. J., 25(3), 361-374. 

https://doi.org/10.12989/scs.2017.25.3.361 

Karami, B., Shahsavari, D. and Janghorban, M. (2018a), “Wave 

propagation analysis in functionally graded (FG) nanoplates 

under in-plane magnetic field based on nonlocal strain gradient 

theory and four variable refined plate theory”, Mech. Adv. 

Mater. Struct., 25(12), 1047-1057. 

https://doi.org/10.1080/15376494.2017.1323143 

Karami, B., Janghorban, M. and Tounsi, A. (2018b), “Galerkin’s 

approach for buckling analysis of functionally graded 

anisotropic nanoplates/different boundary conditions”, Eng. 

Comput. https://doi.org/10.1007/s00366-018-0664-9 

Karami, B., Janghorban, M. and Tounsi, A. (2018c), “Variational 

approach for wave dispersion in anisotropic doubly-curved 

nanoshells based on a new nonlocal strain gradient higher order 

shell theory”, Thin-Wall. Struct., 129, 251-264. 

https://doi.org/10.1016/j.tws.2018.02.025 

Karami, B., Janghorban, M. and Tounsi, A. (2018d), “Nonlocal 

strain gradient 3D elasticity theory for anisotropic spherical 

nanoparticles”, Steel Compos. Struct., Int. J., 27(2), 201-216. 

https://doi.org/10.12989/scs.2018.27.2.201 

Karami, B., Janghorban, M., Shahsavari, D. and Tounsi, A. 

(2018e), “A size-dependent quasi-3D model for wave dispersion 

analysis of FG nanoplates”, Steel Compos. Struct., Int. J., 28(1), 

99-110. https://doi.org/10.12989/scs.2018.28.1.099 

Karami, B., Shahsavari, D., Janghorban, M. and Tounsi, A. 

(2019a), “Resonance behavior of functionally graded polymer 

composite nanoplates reinforced with grapheme nanoplatelets”, 

Int. J. Mech. Sci., 156, 94-105. 

https://doi.org/10.1016/j.ijmecsci.2019.03.036 

Karami, B., Janghorban, M. and Tounsi, A. (2019b), “Wave 

propagation of functionally graded anisotropic nanoplates 

resting on Winkler-Pasternak foundation”, Struct. Eng. Mech., 

Int. J., 7(1), 55-66. https://doi.org/10.12989/sem.2019.70.1.055 

Karami, B., Janghorban, M. and Tounsi, A. (2019c), “On exact 

wave propagation analysis of triclinic material using three 

dimensional bi-Helmholtz gradient plate model”, Struct. Eng. 

Mech., Int. J., 69(5), 487-497. 

https://doi.org/10.12989/sem.2019.69.5.487 

Katariya, P.V. and Panda, S.K. (2019), “Frequency and deflection 

responses of shear deformable skew sandwich curved shell 

panel: a finite element approach”, Arab. J. Sci. Eng., 44(2), 

1631-1648. https://doi.org/10.1007/s13369-018-3633-0 

Katariya, P.V., Panda, S.K. and Mahapatra, T.R. (2018), “Bending 

and vibration analysis of skew sandwich plate”, Aircr. Eng. 

Aerosp. Technol., 90(6), 885-895. 

https://doi.org/10.1108/AEAT-05-2016-0087 

Khetir, H., Bachir Bouiadjra, M., Houari, M.S.A., Tounsi, A. and 

Mahmoud, S.R. (2017), “A new nonlocal trigonometric shear 

deformation theory for thermal buckling analysis of embedded 

nanosize FG plates”, Struct. Eng. Mech., Int. J., 64(4), 391-402. 

https://doi.org/10.12989/sem.2017.64.4.391 

Khiloun, M., Bousahla, A.A., Kaci, A., Bessaim, A., Tounsi, A. 

and Mahmoud, S.R. (2019), “Analytical modeling of bending 

and vibration of thick advanced composite plates using a four-

variable quasi 3D HSDT”, Eng. Comput. 

https://doi.org/10.1007/s00366-019-00732-1 

Klouche, F., Darcherif, L., Sekkal, M., Tounsi, A. and Mahmoud, 

S.R. (2017), “An original single variable shear deformation 

theory for buckling analysis of thick isotropic plates”, Struct. 

Eng. Mech., Int. J., 63(4), 439-446. 

https://doi.org/10.12989/sem.2017.63.4.439 

Koizumi, M. (1997), “FGM activities in Japan”, Compos. Part B-

Eng., 28(1), 1-4. 

https://doi.org/10.1016/S1359-8368(96)00016-9 

Kolahchi, R. (2017), “A comparative study on the bending, 

vibration and buckling of viscoelastic sandwich nano-plates 

based on different nonlocal theories using DC, HDQ and DQ 

methods”, Aerosp. Sci. Technol., 66, 235-248. 

https://doi.org/10.1016/j.ast.2017.03.016 

Kolahchi, R. and Cheraghbak, A. (2017), “Agglomeration effects 

on the dynamic buckling of viscoelastic microplates reinforced 

with SWCNTs using Bolotin method”, Nonlinear Dyn., 90, 479-

492. https://doi.org/10.1007/s11071-017-3676-x 

Kolahchi, R. and Moniri Bidgoli, A.M. (2016), “Size-dependent 

sinusoidal beam model for dynamic instability of single-walled 

carbon nanotubes”, Appl. Math. Mech., 37(2), 265-274. 

https://doi.org/10.1007/s10483-016-2030-8 

Kolahchi, R., Safari, M. and Esmailpour, M. (2016a), “Dynamic 

stability analysis of temperature-dependent functionally graded 

CNT-reinforced visco-plates resting on orthotropic elastomeric 

medium”, Compos. Struct., 150, 255-265. 

https://doi.org/10.1016/j.compstruct.2016.05.023 

Kolahchi, R., Hosseini, H. and Esmailpour, M. (2016b), 

“Differential cubature and quadrature-Bolotin methods for 

dynamic stability of embedded piezoelectric nanoplates based 

on visco-nonlocal-piezoelasticity theories”, Compos. Struct., 

157, 174-186. https://doi.org/10.1016/j.compstruct.2016.08.032 

Kolahchi, R., Keshtegar, B. and Fakhar, M.H. (2017a), 

“Optimization of dynamic buckling for sandwich 

nanocomposite plates with sensor and actuator layer based on 

sinusoidal-visco-piezoelasticity theories using Grey Wolf 

algorithm”, J. Sandw. Struct. Mater. [In press] 

https://doi.org/10.1177/1099636217731071 

Kolahchi, R., Zarei, M.S., Hajmohammad, M.H. and Oskouei, 

A.N. (2017b), “Visco-nonlocal-refined Zigzag theories for 

dynamic buckling of laminated nanoplates using differential 

cubature-Bolotin methods”, Thin-Wall. Struct., 113, 162-169. 

https://doi.org/10.1016/j.tws.2017.01.016 

Kolahchi, R., Zarei, M.S., Hajmohammad, M.H. and Nouri, A. 

(2017c), “Wave propagation of embedded viscoelastic FG-CNT-

reinforced sandwich plates integrated with sensor and actuator 

based on refined zigzag theory”, Int. J. Mech. Sci., 130, 534-

545. https://doi.org/10.1016/j.ijmecsci.2017.06.039 

Lal, A., Jagtap, K.R. and Singh, B.N. (2017), “Thermo-

mechanically induced finite element based nonlinear static 

response of elastically supported functionally graded plate with 

random system properties”, Adv. Computat. Des., Int. J., 2(3), 

165-194. https://doi.org/10.12989/acd.2017.2.3.165 

Larbi Chaht, F., Kaci, A., Houari, M.S.A., Tounsi, A., Anwar Bég, 

O. and Mahmoud, S.R. (2015), “Bending and buckling analyses 

of functionally graded material (FGM) size-dependent 

nanoscale beams including the thickness stretching effect”, Steel 

Compos. Struct., Int. J., 18(2), 425-442. 

https://doi.org/10.12989/scs.2015.18.2.425 

Li, D., Deng, Z. and Xiao, H. (2016), “Thermomechanical bending 

analysis of functionally graded sandwich plates using four-

variable refined plate theory”, Compos. Part B-Eng., 106, 107-

119. https://doi.org/10.1016/j.compositesb.2016.08.041 

Madani, H., Hosseini, H. and Shokravi, M. (2016), “Differential 

cubature method for vibration analysis of embedded FG-CNT-

reinforced piezoelectric cylindrical shells subjected to uniform 

and non-uniform temperature distributions”, Steel Compos. 

Struct., Int. J., 22(4), 889-913. 

https://doi.org/10.12989/scs.2016.22.4.889 

Mahapatra, T.R., Kar, V.R. and Panda, S.K. (2016), “Large 

amplitude bending behaviour of laminated composite curved 

panels”, Eng. Computat., 33(1), 116-138. 

https://doi.org/10.1108/EC-05-2014-0119 

Mahi, A., Adda Bedia, E.A. and Tounsi, A. (2015), “A new 

hyperbolic shear deformation theory for bending and free 

vibration analysis of isotropic, functionally graded, sandwich 

629



 

Ahmed Bouamoud, Belhadj Boucham, Fouad Bourada, Mohammed Sid Ahmed Houari and Abdelouahed Tounsi 

and laminated composite plates”, Appl. Math. Model., 39, 2489-

2508. https://doi.org/10.1016/j.apm.2014.10.045 

Mantari, J.L. and Granados, E.V. (2015a), “Thermoelastic analysis 

of advanced sandwich plates based on a new quasi-3D hybrid 

type HSDT with 5 unknowns”, Compos. Part B-Eng., 69, 317-

334. https://doi.org/10.1016/j.compositesb.2014.10.009 

Mantari, J.L. and Granados, E.V. (2015b), “A refined FSDT for the 

static analysis of functionally graded sandwich plates”, Thin-

Wall. Struct., 90, 150-158. 

https://doi.org/10.1108/AEAT-11-2015-0237 

Mantari, J.L. and Monge, J.C. (2016), “Buckling, free vibration 

and bending analysis of functionally graded sandwich plates 

based on an optimized hyperbolic unified formulation”, Int. J. 

Mech. Sci., 119, 170-186. 

https://doi.org/10.1016/j.ijmecsci.2016.10.015 

Marur, P.R. (1999), “Fracture behavior of functionally graded 

materials”, Ph.D. Thesis; Auburn University, Tuscaloosa, AL, 

USA. 

Mehar, K. and Panda, S.K. (2018a), “Nonlinear finite element 

solutions of thermoelastic flexural strength and stress values of 

temperature dependent graded CNT-reinforced sandwich 

shallow shell structure”, Struct. Eng. Mech., Int. J., 67(6), 565-

578. https://doi.org/10.12989/sem.2018.67.6.565 

Mehar, K. and Panda, S.K. (2018b), “Thermoelastic flexural 

analysis of FG-CNT doubly curved shell panel”, Aircr. Eng. 

Aerosp. Technol., 90(1), 11-23. 

https://doi.org/10.1108/AEAT-11-2015-0237 

Mehar, K. and Panda, S.K. (2019), “Theoretical deflection analysis 

of multi-walled carbon nanotube reinforced sandwich panel and 

experimental verification”, Compos. Part B: Eng., 167, 317-

328. https://doi.org/10.1016/j.compositesb.2018.12.058 

Mehar, K., Panda, S.K. and Mahapatra, T.R. (2018), 

“Thermoelastic deflection responses of CNT reinforced 

sandwich shell structure using finite element method”, Scientia 

Iranica, 25(5), 2722-2737. 

https://doi.org/10.24200/SCI.2017.4525 

Meksi, R, Benyoucef, S., Mahmoudi, A., Tounsi, A., Adda Bedia, 

E.A. and Mahmoud, S.R. (2019), “An analytical solution for 

bending, buckling and vibration responses of FGM sandwich 

plates”, J. Sandw. Struct. Mater., 1099636217698443. 

https://doi.org/10.1177/1099636217698443 

Menasria, A., Bouhadra, A., Tounsi, A., Bousahla, A.A. and 

Mahmoud, S.R. (2017), “A new and simple HSDT for thermal 

stability analysis of FG sandwich plates”, Steel Compos. Struct., 

Int. J., 25(2), 157-175. 

https://doi.org/10.12989/scs.2017.25.2.157 

Meziane, M.A.A., Abdelaziz, H.H. and Tounsi, A. (2014), “An 

efficient and simple refined theory for buckling and free 

vibration of exponentially graded sandwich plates under various 

boundary conditions”, J. Sandw. Struct. Mater., 16(3), 293-318. 

https://doi.org/10.1177/1099636214526852 

Mokhtar, Y., Heireche, H., Bousahla, A.A., Houari, M.S.A., 

Tounsi, A. and Mahmoud, S.R. (2018), “A novel shear 

deformation theory for buckling analysis of single layer 

graphene sheet based on nonlocal elasticity theory”, Smart 

Struct. Syst., Int. J., 21(4), 397-405. 

https://doi.org/10.12989/sss.2018.21.4.397 

Mouffoki, A., Adda Bedia, E.A., Houari, M.S.A., Tounsi, A. and 

Mahmoud, S.R. (2017), “Vibration analysis of nonlocal 

advanced nanobeams in hygro-thermal environment using a 

new two-unknown trigonometric shear deformation beam 

theory”, Smart Struct. Syst., Int. J., 20(3), 369-383. 

https://doi.org/10.12989/sss.2017.20.3.369 

Na, K.S. and Kim, J.H. (2006), “Nonlinear bending response of 

functionally graded plates under thermal loads”, J. Therm. 

Stress., 29(3), 245-261. 

Neves, A.M.A., Ferreira, A.J.M., Carrera, E., Roque, C.M.C., 

Cinefra, M., Jorge, R.M.N. and Soares, C.M.M. (2012), “A 

quasi-3D sinusoidal shear deformation theory for the static and 

free vibration analysis of functionally graded plates”, Compos. 

Part B: Eng., 43(2), 711-725. 

https://doi.org/10.1016/j.compositesb.2011.08.009 

Neves, A.M.A., Ferreira, A.J.M., Carrera, E., Cinefra, M., Roque, 

C.M.C. and Jorge, R.M.N. (2013), “Static, free vibration and 

buckling analysis of isotropic and sandwich functionally graded 

plates using a quasi-3D higher-order shear deformation theory 

and a meshless technique”, Compos. Part B-Eng., 44(1), 657-

674. https://doi.org/10.1016/j.compositesb.2012.01.089 

Nguyen, K., Thai, H.T. and Vo, T. (2015), “A refined higher-order 

shear deformation theory for bending, vibration and buckling 

analysis of functionally graded sandwich plates”, Steel Compos. 

Struct., Int. J., 18(1), 91-120. 

https://doi.org/10.12989/scs.2015.18.1.091 

Panyatong, M., Chinnaboon, B. and Chucheepsakul, S. (2016), 

“Free vibration analysis of FG nanoplates embedded in elastic 

medium based on second-order shear deformation plate theory 

and nonlocal elasticity”, Compos. Struct., 153, 428-441. 

https://doi.org/10.1016/j.compstruct.2016.06.045 

Petrolo, M., Cinefra, M., Lamberti, A. and Carrera, E. (2015), 

“Evaluation of mixed theories for laminated plates through the 

axiomatic/asymptotic method”, Compos. Part B-Eng., 76(3)- 

260-272. https://doi.org/10.1016/j.compositesb.2015.02.027 

Reddy, J.N. and Cheng, Z.Q. (2001), “Three-dimensional 

thermomechanical deformations of functionally graded 

rectangular plates”, Eur. J. Mech. A-Solids, 20(5), 841-855. 

https://doi.org/10.1016/S0997-7538(01)01174-3 

Sahoo, S.S., Panda, S.K. and Singh, V.K. (2017), “Experimental 

and numerical investigation of static and free vibration 

responses of woven glass/epoxy laminated composite plate”, 

Proceedings of the Institution of Mechanical Engineers, Part L: 

J. Mater. Des., 231(5), 463-478. 

https://doi.org/10.1177/1464420715600191 

Shahsavari, D., Karami, B. and Li, L. (2018), “A high-order 

gradient model for wave propagation analysis of porous FG 

nanoplates”, Steel Compos. Struct., Int. J., 29(1), 53-66. 

https://doi.org/10.12989/scs.2018.29.1.053 

Sharma, N., Mahapatra, T.R., Panda, S.K. and Katariya, P. (2018), 

“Thermo-acoustic analysis of higher-order shear deformable 

laminated composite sandwich flat panel”, J. Sandw. Struct. 

Mater., [In press] https://doi.org/10.1177/1099636218784846 

Shaw, L.L. (1998), “Thermal residual stresses in plates and 

coatings composed of multilayered and functionally graded 

materials”, Compos. Part B-Eng., 29(3), 199-210. 

https://doi.org/10.1016/S1359-8368(97)00029-2 

Sekkal, M., Fahsi, B., Tounsi, A. and Mahmoud, S.R. (2017a), “A 

novel and simple higher order shear deformation theory for 

stability and vibration of functionally graded sandwich plate”, 

Steel Compos. Struct., Int. J., 25(4), 389-401. 

https://doi.org/10.12989/scs.2017.25.4.389 

Sekkal, M., Fahsi, B., Tounsi, A. and Mahmoud, S.R. (2017b), “A 

new quasi-3D HSDT for buckling and vibration of FG plate”, 

Struct. Eng. Mech., Int. J., 64(6), 737-749. 

https://doi.org/10.12989/sem.2017.64.6.737 

Selmi, A. and Bisharat, A. (2018), “Free vibration of functionally 

graded SWNT reinforced aluminum alloy beam”, J. Vibroeng., 

20(5), 2151-2164. https://doi.org/10.21595/jve.2018.19445 

Semmah, A., Heireche, H., Bousahla, A.A. and Tounsi, A. (2019), 

“Thermal buckling analysis of SWBNNT on Winkler 

foundation by non local FSDT”, Adv. Nano Res., Int. J., 7(2), 

89-98. https://doi.org/10.12989/anr.2019.7.2.089 

Sepahi, O., Forouzan, M.R. and Malekzadeh, P. (2010), “Large 

deflection analysis of thermo-mechanical loaded annular FGM 

plates on nonlinear elastic foundation via DQM”, Compos. 

Struct., 92(10), 2369-2378. 

630



 

Thermomechanical bending investigation of FGM sandwich plates using four shear deformation plate theory 

https://doi.org/10.1016/j.compstruct.2010.03.011 

Shahsavari, D., Shahsavari, M., Li, L. and Karami, B. (2018), “A 

novel quasi-3D hyperbolic theory for free vibration of FG plates 

with porosities resting on Winkler/Pasternak/Kerr foundation”, 

Aerosp. Sci. Technol., 72, 134-149. 

https://doi.org/10.1016/j.ast.2017.11.004 

Shen, H.S. (2002), “Nonlinear bending response of functionally 

graded plates subjected to transverse loads and in thermal 

environments”, Int. J. Mech. Sci., 44(3), 561-584. 

https://doi.org/10.1016/S0020-7403(01)00103-5 

Suman, S.D., Hirwani, C.K., Chaturvedi, A. and Panda, S.K. 

(2017), “Effect of magnetostrictive material layer on the stress 

and deformation behaviour of laminated structure”, IOP 

Conference Series: Mater. Sci. Eng., 178(1), 012026. 

https://doi.org/10.1088/1757-899X/178/1/012026 

Swaminathan, K., Naveenkumar, D.T., Zenkour, A.M. and Carrera, 

E. (2015), “Stress, vibration and buckling analyses of FGM 

platesda state-of-the-art review”, Compos. Struct., 120, 10-31. 

https://doi.org/10.1016/j.compstruct.2014.09.070 

Taibi, F.Z., Benyoucef, S., Tounsi, A., Bachir Bouiadjra, R., Adda 

Bedia, E.A. and Mahmoud, S.R. (2015), “A simple shear 

deformation theory for thermo-mechanical behaviour of 

functionally graded sandwich plates on elastic foundations”, J. 

Sandw. Struct. Mater., 17(2), 99-129. 

https://doi.org/10.1177/1099636214554904 

Tahouneh, V. (2018), “Vibration analysis of sandwich sectorial 

plates considering FG wavy CNT-reinforced face sheets”, Steel 

Compos. Struct., Int. J., 28(5), 541-557. 

https://doi.org/10.12989/scs.2018.28.5.541 

Thai, H.T., Nguyen, T.K. and Vo, T. (2014), “Analysis of 

functionally graded sandwich plates using a new first- order 

shear deformation theory”, Eur. J. Mech.-A/Solids., 45, 211-

225. 

https://doi.org/10.1016/j.euromechsol.2013.12.008 

Tian, A., Ye, R. and Chen, Y. (2016), “A new higher order analysis 

model for sandwich plates with flexible core”, J. Compos. 

Mater., 50(7), 949-961. 

https://doi.org/10.1177/0021998315584650 

Tounsi, A., Houari, M.S.A. and Benyoucef, S. (2013), “A refined 

trigonometric shear deformation theory for thermoelastic 

bending of functionally graded sandwich plates”, Aerosp. Sci. 

Technol., 24(1), 209-220. 

https://doi.org/10.1016/j.ast.2011.11.009 

Tung, H.V. and Duc, N.D. (2014), “Nonlinear response of shear 

deformable FGM curved panels resting on elastic foundations 

and subjected to mechanical and thermal loading conditions”, 

Appl. Math. Model., 38(11), 2848-2866. 

https://doi.org/10.1016/j.apm.2013.11.015 

Vel, S.S. and Batra, R.C. (2002), “Exact solution for thermoelastic 

deformations of functionally graded thick rectangular plates”, 

AIAA J., 40(7), 1421-1433. https://doi.org/10.2514/2.1805 

Vinson, J.R. (2001), “Sandwich structures”, Appl. Mech. Rev., 

54(3), 201-214. https://doi.org/10.1115/1.3097295 

Vinson, J.R. (2005), “Sandwich structures: past, present, and 

future”, In: Sandwich structures 7: advancing with sandwich 

structures and materials, (Thomsen OT, Bozhevolnaya E, 

Lyckegaard A, editors), Springer, Netherlands, pp. 3-12. 

Yahia, S.A., Ait Atmane, H., Houari, M.S.A. and Tounsi, A. 

(2015), “Wave propagation in functionally graded plates with 

porosities using various higher-order shear deformation plate 

theories”, Struct. Eng. Mech., Int. J., 53(6), 1143-1165. 

https://doi.org/10.12989/sem.2015.53.6.1143 

Yang, J. and Shen, H.S. (2003), “Nonlinear bending analysis of 

shear deformable functionally graded plates subjected to 

thermo-mechanical loads under various boundary conditions”, 

Compos. Part B-Eng., 34(2), 103-115. 

https://doi.org/10.1016/S1359-8368(02)00083-5 

Yazid, M., Heireche, H., Tounsi, A., Bousahla, A.A. and Houari, 

M.S.A. (2018), “A novel nonlocal refined plate theory for 

stability response of orthotropic single-layer graphene sheet 

resting on elastic medium”, Smart Struct. Syst., Int. J., 21(1), 

15-25. https://doi.org/10.12989/sss.2018.21.1.015 

Youcef, D.O., Kaci, A., Benzair, A., Bousahla, A.A. and Tounsi, A. 

(2018), “Dynamic analysis of nanoscale beams including 

surface stress effects”, Smart Struct. Syst., Int. J., 21(1), 65-74. 

https://doi.org/10.12989/sss.2018.21.1.065 

Younsi, A., Tounsi, A, Zaoui, F.Z., Bousahla, A.A. and Mahmoud, 

S.R. (2018), “Novel quasi-3D and 2D shear deformation 

theories for bending and free vibration analysis of FGM plates”, 

Geomech. Eng., Int. J., 14(6), 519-532. 

https://doi.org/10.12989/gae.2018.14.6.519 

Zamanian, M., Kolahchi, R. and Bidgoli, M.R. (2017), 

“Agglomeration effects on the buckling behaviour of embedded 

concrete columns reinforced with SiO2 nano-particles”, Wind 

Struct., Int. J., 24(1), 43-57. 

https://doi.org/10.12989/was.2017.24.1.043 

Zaoui, F.Z., Ouinas, D. and Tounsi, A. (2019), “New 2D and 

quasi-3D shear deformation theories for free vibration of 

functionally graded plates on elastic foundations”, Compos. 

Part B, 159, 231-247. 

https://doi.org/10.1016/j.compositesb.2018.09.051 

Zarga, D., Tounsi, A., Bousahla, A.A., Bourada, F. and Mahmoud, 

S.R. (2019), “Thermomechanical bending study for functionally 

graded sandwich plates using a simple quasi-3D shear 

deformation theory”, Steel Compos. Struct., Int. J., 32(3), 389-

410. https://doi.org/10.12989/scs.2019.32.3.389 

Zemri, A., Houari, M.S.A., Bousahla, A.A. and Tounsi, A. (2015), 

“A mechanical response of functionally graded nanoscale beam: 

an assessment of a refined nonlocal shear deformation theory 

beam theory”, Struct. Eng. Mech., Int. J., 54(4), 693-710. 

https://doi.org/10.12989/sem.2015.54.4.693 

Zenkour, A.M. (2005), “A comprehensive analysis of functionally 

graded sandwich plates: part 1 Deflection and stresses”, Int. J. 

Solids Struct., 42(18), 5224-5242. 

https://doi.org/10.1016/j.ijsolstr.2005.02.015 

Zenkour, A.M. (2013), “Bending analysis of functionally graded 

sandwich plates using a simple four unknown shear and normal 

deformations theory”, J. Sandw. Struct. Mater., 15(6), 629-656. 

https://doi.org/10.1177/1099636213498886 

Zenkour, A.M. and Alghamdi, N.A. (2008), “Thermoelastic 

bending analysis of functionally graded sandwich plates”, J. 

Mater. Sci., 43(8), 2574-2589. 

https://doi.org/10.1007/s10853-008-2476-6 

Zenkour, A.M and Alghamdi, N.A. (2010), “Bending analysis of 

functionally graded sandwich plates under the effect of 

mechanical and thermal loads”, Mech. Adv. Mater. Struct., 

17(6), 419-432. https://doi.org/10.1080/15376494.2010.483323 

Zhao, X. and Liew, K.M. (2009), “Geometrically nonlinear 

analysis of functionally graded plates using the element-free kp-

Ritz method”, Comput. Meth. Appl. Mech. Eng., 198(33), 2796-

2811. https://doi.org/10.1016/j.cma.2009.04.005 

Zhu, P., Zhang, L.W. and Liew, K.M. (2014), “Geometrically 

nonlinear thermomechanical analysis of moderately thick 

functionally graded plates using a local Petrove-Galerkin 

approach with moving Kriging interpolation”, Compos. Struct., 

107, 298-314. https://doi.org/10.1016/j.compstruct.2013.08.001 

Zidi, M., Tounsi, A., Houari, M.S.A. and Bég, O.A. (2014), 

“Bending analysis of FGM plates under hygro-thermo-

mechanical loading using a four variable refined plate theory”, 

Aerosp. Sci. Tech., 34, 24-34. 

https://doi.org/10.1016/j.ast.2014.02.001 

Zidi, M., Houari, M.S.A., Tounsi, A., Bessaim, A. and Mahmoud, 

S.R. (2017), “A novel simple two-unknown hyperbolic shear 

deformation theory for functionally graded beams”, Struct. Eng. 

631



 

Ahmed Bouamoud, Belhadj Boucham, Fouad Bourada, Mohammed Sid Ahmed Houari and Abdelouahed Tounsi 

Mech., Int. J., 64(2), 145-153. 

https://doi.org/10.12989/sem.2017.64.2.145 

Zine, A., Tounsi, A., Draiche, K., Sekkal, M. and Mahmoud, S.R. 

(2018), “A novel higher-order shear deformation theory for 

bending and free vibration analysis of isotropic and 

multilayered plates and shells”, Steel Compos. Struct., Int. J., 

26(2), 125-137. https://doi.org/10.12989/scs.2018.26.2.125 

 

 

CC 

 

 

 

632




