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A B S T R A C T 

This paper analyzes the natural frequencies of porous orthotropic laminated compo-
site plates with two different porosity models based on the higher-order shear defor-

mation theory. The fundamental relations of natural frequency analysis are derived 

by using the virtual work principle and hyperbolical shear deformation theory. The 

obtained partial differential equations system is reduced to an ordinary differential 

equations system via approximation functions suitable for simply supported bound-

ary conditions and the Galerkin method. After some mathematical operations, the 
natural frequency equation of porous orthotropic laminated composite plates is ob-

tained in the framework of hyperbolical shear deformation theory. The natural fre-

quency equation based on the classical laminated plate theory can be determined by 

ignoring the shear strains in the theoretical formulations. After two validation stud-

ies by using appropriate results in the literature, parametric analyses are performed 

to show the sensitivity of natural frequencies to shear deformation, porosity model, 

orthotropy, layer sequence, and geometric properties. 
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1. Introduction 

Structural elements in many industries such as avia-
tion, maritime, automotive, and military are required to 
consist of lightweight materials with high strength, ex-
cellent energy absorption, and low thermal conductivity. 
The pores in the structural elements can also occur as 
micro-defects. Therefore, the sensitivity of structural re-
sponses such as stability and vibration frequency to mi-
cro-defects or pores needs to be analyzed in detail. 

Zhou et al. (2020) analyzed the free vibration re-
sponse of rectangular functionally graded plates with 
two different distributed interior pores and platelets of 
graphene. Zhong et al. (2021) investigated the in-plane 
vibration of porous circular plates with porosity distri-
butions in thickness and radial directions. Teng and Xi 
(2021) examined the porosity effect on the free vibration 
and stability behavior of functionally graded rectangular 
plates. Pan et al. (2021) analyzed the free vibration prob-
lem of graphene-reinforced porous plates. Pham et al. 
(2021) investigated static and dynamic responses of 

functionally graded nano-plates with uneven and loga-
rithmic-uneven porosity distributions. Esen and Özmen 
(2022) studied the thermal vibration and buckling re-
sponses of functionally graded nano-plates modeled by 
porosity distribution functions. Lahdiri and Kadri (2022) 
examined the effect of porosity distributions on the free 
vibration of the multi-directional functionally graded po-
rous plates. Chen et al. (2022) investigated the free in-
plane vibration response of functionally graded plates 
with porosity distributions in the thickness and in-plane 
directions. 

Neglecting transverse shear deformations while in-
vestigating structural elements' static and dynamic re-
sponses leads to inaccurate results. Therefore, there is 
an increasing tendency for researchers to develop novel 
theories that include the effects of transverse shear de-
formations (Aydogdu 2009; Mahi et al. 2015; Shi et al. 
2018). Depending on the development of novel shear de-
formations, articles have appeared in the literature on 
examining the static and dynamic responses of porous 
structure components within the scope of shear defor-
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mation theory. Arshid et al. (2020) investigated the 
static and dynamic behavior of functionally graded gra-
phene-reinforced porous annular microplates based on 
first-order shear deformation theory. Li et al. (2020) an-
alyzed the static and dynamic responses of porous bi-di-
rectional functionally graded plates within the first-or-
der shear deformation theory. Kumar et al. (2021) exam-
ined the vibration frequencies of functionally graded po-
rous nano-plates under the trigonometric shear defor-
mation theory. Wang et al. (2022) investigated the vibra-
tion response of functionally graded circular plates mod-
eled by the modified porous material power-law rule in 
the thermal environment within the first-order shear de-
formation theory. Kumar and Harsha (2022) analyzed 
the static and vibration behavior of sigmoid functionally 
graded piezoelectric plates with two porosity distribu-
tions under the first-order shear deformation theory. 
Hung et al. (2022) examined the free vibration and buck-
ling behavior of porous micro-plates with three porosity 
distributions based on shear deformation theory.   

Laminated composite plates can be more sensitive 
than conventional plates due to the disadvantages such 
as discontinuity between layers and weak shear 
strength. In addition, different orientation angles or 
layer stacks can also affect the structural performance of 
laminated composite plates. The laminated composite 
plates' static and dynamic responses were investigated 
using shear deformation theories (Reddy and Phan 1985; 
Fares and Zenkour 1999; Zenkour and Radwan 2016; Tu-
ran et al. 2017). Furthermore, it is necessary to analyze 
micro-defects and determine their effect on laminated 
composite plates' static and dynamic behavior. Yuan et al. 
(2019) analyzed the static problem of sandwich plates 
with three porosity distributions within first-order shear 
deformation theory. Xu et al. (2019) examined the influ-
ence of three different porosity distributions through the 
core thickness on the buckling of functionally graded po-
rous cores sandwich plates under the shear deformation 
theory. Safaei (2020) studied the porosity effect on the 
free vibration frequencies of porous laminated composite 
sandwich plates based on the shear deformation theory. 
Esmaeilzadeh et al. (2020) examined the dynamic re-
sponse of an axially moving two-layer porous laminated 
plate within the first-order shear deformation theory.  

Porous materials are widely used today to reduce 
structural weight and manage vibration responses. On 
the other hand, laminated composites are other materi-
als commonly used in industries such as automotive and 
aircraft due to their properties, such as strength/weight 
ratio. Accordingly, porous laminated composites are ex-
pected to be more advantageous than conventional lam-
inated composite structures in terms of weight reduc-
tion, stiffness increase, and vibration response manage-
ment. However, mechanical analyzes of such structures 
need to be carried out in detail. In addition, the literature 
review reveals that the free vibration problem of porous 
orthotropic two-layered plates has not yet been investi-
gated. Therefore, this study is analyzed the natural vibra-
tion behavior of porous orthotropic layered plates. Two 
different porosity distributions and hyperbolic shear de-
formation theory are considered. The effects of porosity, 
shear deformation, orthotropy, layer arrangement, and 

geometric properties on the natural frequencies of po-
rous orthotropic laminated plates are investigated. 

 

2. Mathematical Model 

Composite structures, known as two-layered porous 
structures, are produced by bonding two porous ortho-
tropic layers to each other. In general, adopting porous 
composite structures can significantly reduce the system 
mass while maintaining the same level of stiffness. One 
of the most attractive applications for porous laminated 
composite structures is the prototype fabrication of 
high-speed trains. A porous orthotropic laminated com-
posite plate with a length of edges 𝑎 , 𝑏 , and uniform 
thickness ℎ  is considered. Fig.1 presents a coordinate 
system (𝑥̄, 𝑦̄, 𝑧̄) in which the (𝑥̄, 𝑦̄) plane is on the plate's 
mid-plane and 𝑧̄ in the thickness direction. The angles 
𝜃1, 𝜃2, . . . , 𝜃𝑁  represents the layer orientation angle.   

   

  
Fig. 1. Geometry, coordinate system and cross-section 

of a porous orthotropic laminated composite plate. 

The material properties of porous materials are mod-
eled by location's continuous function as two types of po-
rosity model (𝑝𝑚). Eq. (1) determine the porous mate-
rial properties. 

𝐸𝑙11
(𝑛)(𝑧) = 𝐸𝑙01

(𝑛) (1− 𝑘𝑓(𝑛)(𝑧)) 

𝐸𝑙22
(𝑛)(𝑧) = 𝐸𝑙02

(𝑛) (1− 𝑘𝑓(𝑛)(𝑧)) 

𝑆ℎ12
(𝑛)
(𝑧) = 𝑆ℎ012

(𝑛) (1 − 𝑘𝑓(𝑛)(𝑧))  

𝑆ℎ13
(𝑛)
(𝑧) = 𝑆ℎ013

(𝑛)
(1 − 𝑘𝑓(𝑛)(𝑧))  

𝑆ℎ23
(𝑛)(𝑧) = 𝑆ℎ023

(𝑛) (1 − 𝑘𝑓(𝑛)(𝑧))  

𝜌(𝑛)(𝑧) = 𝜌0
(𝑛) (1 − 𝑘𝑓(𝑛)(𝑧))  

𝑛 = 1,2, . . , 𝑁, 𝑧 = 𝑧̅/ℎ (1) 
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where 𝐸𝑙01
(𝑛)
 and 𝐸𝑙02

(𝑛)
 are the Young’s modulus of the 

non-porous material in the 𝑥̄ and 𝑦̄ directions, and 𝜌0
(𝑛) 

is the mass density of the non-porous material. 𝑆ℎ012
(𝑛)

, 
𝑆ℎ013

(𝑛)
, and 𝑆ℎ023

(𝑛)
 are the shear modulus of the non-po-

rous orthotropic material in the 𝑥̄𝑦̄, 𝑥̄𝑧̄ , and 𝑦̄𝑧̄ planes, 
respectively. 𝑘 is the porosity coefficient and the condi-
tion 0 ≤ 𝑘 < 1  is satisfied. Also, 𝑘 = 0  corresponds to 
the non-porous orthotropic material (𝑝𝑚1 ). 𝑓(𝑛)(𝑧)  is 

the porosity distribution function of the nnt layer and is 
defined as:  

𝑓(𝑛)(𝑧) = {
cos( 𝜋𝑧), 𝑝𝑚2
3.45

𝜋
sin( 𝜋𝑧), 𝑝𝑚3

 (2) 

Fig. 2 presents the porosity models' graphical repre-
sentation for the 𝐸𝑙11(𝑧) function.

 

Fig. 2. Graphical representation of the porosity models for the 𝐸𝑙11(𝑧) function.

3. Governing Equations 

The governing equations are derived by using hyper-
bolical shear deformation theory in this study. The 
stress-strain relations of the nth porous orthotropic 
layer are (Reddy and Phan 1985; Fares and Zenkour 
1999; Turan et al. 2017). 

{
 
 

 
 
𝜎𝑥̄
𝜎𝑦̄
𝜎𝑦̄𝑧̄
𝜎𝑥̄𝑧̄
𝜎𝑥̄𝑦̄}

 
 

 
 
(𝑛)

=

[
 
 
 
 
𝑑11 𝑑12 0 0 𝑑16
𝑑21 𝑑22 0 0 𝑑26
0 0 𝑑44 𝑑45 0
0 0 𝑑45 𝑑55 0
𝑑16 𝑑26 0 0 𝑑66]

 
 
 
 
(𝑛)

{
 
 

 
 
𝜀𝑥̄
𝜀𝑦̄
𝜀𝑦̄𝑧̄
𝜀𝑥̄𝑧̄
𝜀𝑥̄𝑦̄}
 
 

 
 

 (3) 

where 𝜀𝑥̄  and 𝜀𝑦̄  are strains in the 𝑥̄  and 𝑦̄  directions, 
𝜀𝑥̄𝑦̄ , 𝜀𝑥̄𝑧̄ , 𝜀𝑦̄𝑧̄ are shear strains on the planes 𝑥̄𝑦̄, 𝑥̄𝑧̄, 𝑦̄𝑧̄, re-
spectively, and 𝑑𝑖𝑗

(𝑛)
(𝑖, 𝑗 = 1,2, . . ,6)are the transformed 

material properties of the nth porous orthotropic layer 
given by (Zenkour and Radwan 2016; Turan et al. 2017) 

𝑑11 = 𝑒11𝑐
4 + 𝑒22𝑠

4 + 2(𝑒12 + 2𝑒66)𝑠
2𝑐2, 𝑑12  

     = (𝑒11 + 𝑒22 − 4𝑒66)𝑠
2𝑐2 + 𝑒12(𝑠

4 + 𝑐4)  

𝑑16 = (𝑒11 − 𝑒12 − 2𝑒66)𝑠𝑐
3 + (𝑒12 − 𝑒22 + 2𝑒66)𝑠

3𝑐, 𝑑22  

     = 𝑒11𝑠
4 + 𝑒22𝑐

4 + 2(𝑒12 + 2𝑒66)𝑠
2𝑐2  

𝑑26 = (𝑒11 − 𝑒12 − 2𝑒66)𝑐𝑠
3 + (𝑒12 − 𝑒22 + 2𝑒66)𝑐

3𝑠, 𝑑66  

     = (𝑒11 + 𝑒22 − 2𝑒12 − 2𝑒66)𝑐
2𝑠2 + 𝑒66(𝑠

4 + 𝑐4)  

𝑑44 = 𝑒44𝑐
2 + 𝑒55𝑠

2 , 𝑑45 = (𝑒55 − 𝑒44)𝑐𝑠, 𝑑55  

     = 𝑒44𝑠
2 + 𝑒55𝑐

2  

𝑠 = sin 𝜃 , 𝑐 = cos𝜃 (4) 

where 𝜃  is the angle between the global and local 
𝑥̄ −axes. 𝑒𝑖𝑗

(𝑛)
(𝑖, 𝑗 = 1,2, . . ,6) are the material properties 

of the nth porous orthotropic layer defined as 

𝑒11
(𝑛)
(𝑧) =

𝐸𝑙11
(𝑛)
(𝑧)

1−𝜐12
(𝑛)
𝜐21
(𝑛) , 𝑒12

(𝑛)
(𝑧)  

     =
𝜐12
(𝑛)
𝐸𝑙22
(𝑛)
(𝑧)

1−𝜐12
(𝑛)
𝜐21
(𝑛) , 𝑒21

(𝑛)
(𝑧) =

𝜐21
(𝑛)
𝐸𝑙11
(𝑛)
(𝑧)

1−𝜐12
(𝑛)
𝜐21
(𝑛)   

𝑒22
(𝑛)(𝑧) =

𝐸𝑙22
(𝑛)(𝑧)

1−𝜐12
(𝑛)
𝜐21
(𝑛) , 𝑒44

(𝑛)(𝑧) = 𝑆ℎ23
(𝑛)(𝑧), 𝑒55

(𝑛)(𝑧)  

     = 𝑆ℎ13
(𝑛)(𝑧), 𝑒66

(𝑛)(𝑧) = 𝑆ℎ12
(𝑛)(𝑧)  

𝑧 = 𝑧̅/ℎ, 𝑛 = 1,2, . . , 𝑁 (5) 
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where 𝜐12  and 𝜐21  are the Poisson ratios of the porous 
orthotropic layers and are assumed to be constant.  

The porous orthotropic laminated composite plates' 
force and moment resultants based on the hyperbolical 
shear deformation theory are determined as: 

(𝑁𝑥̄ ,𝑁𝑦̄ ,𝑁𝑥̄𝑦̄ ,𝑀𝑥̄ ,𝑀𝑦̄ ,𝑀𝑥̄𝑦̄)  

     = ∑ ∫ (𝜎𝑥̄
(𝑛), 𝜎𝑦̄

(𝑛), 𝜎𝑥̄𝑦̄
(𝑛), 𝑧̄𝜎𝑥̄

(𝑛), 𝑧̄𝜎𝑦̄
(𝑛), 𝑧̄𝜎𝑥̄𝑦̄

(𝑛))𝑑𝑧̄
𝑧̄𝑛

𝑧̄𝑛−1

𝑁
𝑛=1   

(𝑆𝑥̄ , 𝑆𝑦̄ , 𝑆𝑥̄𝑦̄)  

     = ∑ ∫ (𝜑(𝑧̄)𝜎𝑥̄
(𝑛)
, 𝜑(𝑧̄)𝜎𝑦̄

(𝑛)
, 𝜑(𝑧̄)𝜎𝑥̄𝑦̄

(𝑛))𝑑𝑧̄
𝑧̄𝑛

𝑧̄𝑛−1

𝑁
𝑛=1   

(𝑄𝑥̄ , 𝑄𝑦̄) = ∑ ∫ (
𝑑𝜑(𝑧̄)

𝑑𝑧̄
𝜎𝑥̄𝑧̄
(𝑛)
,
𝑑𝜑(𝑧̄)

𝑑𝑧̄
𝜎𝑦̄𝑧̄
(𝑛))𝑑𝑧̄

𝑧̄𝑛

𝑧̄𝑛−1

𝑁
𝑛=1  (6) 

where 𝑁 , 𝑀 , 𝑄 , and 𝑆represent force, moment, trans-
verse shear force, and higher-order force components, 
respectively. Substituting Eq. (3) into Eq. (6) and then 
substituting the results into the virtual work principle 
yields 

(ℑ11
0 + ℑ22

0 − 2ℑ66
0 )

𝜕4𝛾

𝜕𝑥̄𝜕𝑦̄
+ℑ21

0 𝜕4𝛾

𝜕𝑦̄4
+ ℑ12

0 𝜕4𝛾

𝜕𝑥̄4
+ ℑ11

1 𝜕4𝑤

𝜕𝑥̄4
  

     +(ℑ12
1 + ℑ21

1 + 2ℑ66
1 )

𝜕4𝑤

𝜕𝑥̄2𝜕𝑦̄2
+ℑ22

1 𝜕4𝑤

𝜕𝑦̄4
+ℑ11

2 𝜕3𝜙1

𝜕𝑥̄3
  

     +(ℑ21
2 + 2ℑ66

2 )
𝜕3𝜙1

𝜕𝑥̄𝜕𝑦̄2
+ (ℑ12

2 + 2ℑ66
2 )

𝜕3𝜙2

𝜕𝑥̄2𝜕𝑦̄
+ℑ22

2 𝜕3𝜙2

𝜕𝑦̄3
  

     = 𝚤1̄ (
𝜕4𝑤

𝜕𝑥̄2𝜕𝑡2
+

𝜕4𝑤

𝜕𝑡2𝜕𝑦̄2
) + 𝚤2̄ (

𝜕3𝜙
1

𝜕𝑥̄𝜕𝑡2
+

𝜕3𝜙
2

𝜕𝑡2𝜕𝑦̄
) + 𝚤0

𝜕2𝑤

𝜕𝑡2
 (7a) 

(ℑ11
3 − ℑ66

3 )
𝜕4𝛾

𝜕𝑥̄2𝜕𝑦̄2
+ ℑ12

3 𝜕4𝛾

𝜕𝑥̄4
+ℑ11

4 𝜕4𝑤

𝜕𝑥̄4
+  

     +(ℑ12
4 + ℑ66

4 )
𝜕4𝑤

𝜕𝑥̄2𝜕𝑦̄2
+ ℑ11

5 𝜕3𝜙1

𝜕𝑥̄3
+ℑ66

5 𝜕3𝜙1

𝜕𝑥̄𝜕𝑦̄2
 

     +(ℑ12
5 + ℑ66

5 )
𝜕3𝜙2

𝜕𝑥̄2𝜕𝑦̄
− 𝑑̃55

0 𝜕𝜙1

𝜕𝑥̄
   

     = −𝚤2̄
𝜕4𝑤

𝜕𝑥̄2𝜕𝑡2
+ 𝚤3̄

𝜕3𝜙1

𝜕𝑥̄𝜕𝑡2
 (7b)  

ℑ21
3 𝜕4𝛾

𝜕𝑦̄4
+ (ℑ22

3 − ℑ66
3 )

𝜕4𝛾

𝜕𝑥̄2𝜕𝑦̄2
+ (ℑ21

4 +ℑ66
4 )

𝜕4𝑤

𝜕𝑥̄2𝜕𝑦̄2
  

     +ℑ22
4 𝜕4𝑤

𝜕𝑦̄4
+ (ℑ21

5 + ℑ66
5 )

𝜕3𝜙1

𝜕𝑥̄𝜕𝑦̄2
+ ℑ22

5 𝜕3𝜙2

𝜕𝑦̄3
+ℑ66

5 𝜕3𝜙2

𝜕𝑥̄2𝜕𝑦̄
  

     −𝑑̃44
0 𝜕𝜙2

𝜕𝑦̄
= −𝚤̄2

𝜕4𝑤

𝜕𝑦̄2𝜕𝑡2
+ 𝚤̄3

𝜕3𝜙2

𝜕𝑦̄𝜕𝑡2
 (7c) 

in which the terms may be found in Appendix A. 
𝛾(𝑥̄, 𝑦̄, 𝑡)  is the Airy stress function. The compatibility 
equation for the porous orthotropic laminated compo-
site plate can be written as 

𝜏11
0 𝜕4𝛾

𝜕𝑦̄4
+ (𝜏12

0 + 𝜏21
0 + 𝜏66

0 )
𝜕4𝛾

𝜕𝑥̄2𝜕𝑦̄2
+ 𝜏22

0 𝜕4𝛾

𝜕𝑥̄4
  

     +(𝜏11
1 + 𝜏22

1 − 𝜏66
1 )

𝜕4𝑤

𝜕𝑥̄2𝜕𝑦̄2
+ 𝜏12

1 𝜕4𝑤

𝜕𝑦̄4
+ 𝜏21

1 𝜕4𝑤

𝜕𝑥̄4
  

     +(𝜏11
3 − 𝜏66

3 )
𝜕3𝜙1

𝜕𝑥̄𝜕𝑦̄2
+ (𝜏22

3 − 𝜏66
3 )

𝜕3𝜙2

𝜕𝑥̄2𝜕𝑦̄
+ 𝜏21

3 𝜕3𝜙1

𝜕𝑥̄3
  

     +𝜏12
3 𝜕3𝜙2

𝜕𝑦̄3
= 0 (8) 

The porous orthotropic laminated composite plates' 
natural frequencies are determined with Eqs. (7) and 
(8). 

4. Solution Procedure 

Consider a simply supported porous orthotropic lam-
inated composite plate whose boundary conditions are 
as follows: 

𝑣0 = 𝑤 = 𝜙2 = 𝑀𝑥̄ = 0, at 𝑥̄ = 0, 𝑎  

𝑢0 = 𝑤 = 𝜙1 = 𝑀𝑦̄ = 0, at 𝑦̄ = 0, 𝑏  (9) 

Based on the boundary conditions (9), the approxi-
mate solutions can be represented by  

𝑤(𝑥̄, 𝑦̄, 𝑡) = 𝑤̃(𝑡) sin( 𝜂1𝑥̄) sin( 𝜂2𝑦̄)  

𝜙1(𝑥̄, 𝑦̄, 𝑡) = 𝜙̃1(𝑡) cos( 𝜂1𝑥̄) sin( 𝜂2𝑦̄)  

𝜙2(𝑥̄, 𝑦̄, 𝑡) = 𝜙̃2(𝑡) sin( 𝜂1𝑥̄) cos( 𝜂2𝑦̄)  

𝜂1 =
𝑚1𝜋

𝑎
,   𝜂2 =

𝑚2𝜋

𝑏
  (10) 

where 𝑤̃(𝑡), 𝜙̃1(𝑡), 𝜙̃2(𝑡) are the time dependent coeffi-
cients and 𝑚1,𝑚2 are the numbers of half waves. 

By substituting Eq. (10) into the compatibility 
Eq. (8) and solving obtained equation for un-
known 𝛾 leads to 

𝛾(𝑥, 𝑦, 𝑡) = (𝑤̃(𝑡)𝛽1 + 𝜙̃1(𝑡)𝛽2 +

𝜙̃2(𝑡)𝛽3) sin( 𝜂1𝑥̄) sin( 𝜂2𝑦̄)  (11) 

with 

𝛽1 = −
𝜂1
4𝜏21
1 +𝜂1

2𝜂2
2(𝜏11

1 +𝜏22
1 −𝜏66

1 )+𝜂2
2𝜏12
1

𝛼
  

𝛽2 = −
𝜂1𝜂2

2(𝜏11
3 −𝜏66

3 )+𝜂1
3𝜏21
3

𝛼
  

𝛽3 = −
𝜂1
2𝜂2(𝜏22

3 −𝜏66
3 )+𝜂1

3𝜏12
3

𝛼
  

𝛼 = 𝜂1
4𝜏22

0 + 𝜂1
2𝜂2

2(𝜏12
0 + 𝜏21

0 + 𝜏66
0 ) + 𝜂2

4𝜏11
0  (12) 

Replacing Eqs. (10) and (11) into Eqs. (7a), (7b), and 
(7c) and then applying Galerkin method to the resulting 
equations yields 

ℓ11
𝑑2𝑤̃

𝑑𝑡2
+ ℓ12

𝑑2𝜙̃1

𝑑𝑡2
+ ℓ13

𝑑2𝜙̃2

𝑑𝑡2
+ (ℓ14 + ℓ15𝜙̃1 + ℓ16𝜙̃2)𝑤̄  

     +ℓ17𝜙̃1 + ℓ18𝜙̃2 = 0 (13a) 

−ℓ21
𝑑2𝑤̃

𝑑𝑡2
+ ℓ22

𝑑2𝜙̃1

𝑑𝑡2
+ ℓ23𝑤̃ + ℓ24𝜙̃1 + ℓ25𝜙̃2 = 0  (13b) 

−ℓ31
𝑑2𝑤̃

𝑑𝑡2
+ ℓ32

𝑑2𝜙̃1

𝑑𝑡2
+ ℓ33𝑤̃ + ℓ34𝜙̃1 + ℓ35𝜙̃2 = 0 (13c) 

in which the coefficients ℓ1𝑖(𝑖 = 1,2, . . ,8) , ℓ𝑖𝑗(𝑖 =
2,3; 𝑗 = 1,2, . ,5)may be found in Appendix B. The inertial 
forces caused by the rotation angles 𝜙̃1 ,𝜙̃2  are small so 
they can be ignored (i.e. ℓ12 = ℓ13 = ℓ21 = ℓ22 = ℓ31 =
ℓ32 = 0) for Eqs. (13a), (13b), (13c). Eqs. (13a), (13b), 
(13c) can be rewritten as  

https://www.sciencedirect.com/science/article/pii/S0263822315000604#s0040
https://www.sciencedirect.com/science/article/pii/S0263822315000604#e0180
https://www.sciencedirect.com/science/article/pii/S0263822315000604#e0170
https://www.sciencedirect.com/science/article/pii/S0263822315000604#s0040
https://www.sciencedirect.com/topics/engineering/inertial-force
https://www.sciencedirect.com/topics/engineering/inertial-force
https://www.sciencedirect.com/topics/engineering/rotation-angle
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ℓ11
𝑑2𝑤̃

𝑑𝑡2
+ (ℓ14 + ℓ15𝜙̃1+ ℓ16𝜙̃2)𝑤̃ + ℓ17𝜙̃1+ ℓ18𝜙̃2 = 0  (14a) 

ℓ23𝑤̃ + ℓ24𝜙̃1 + ℓ25𝜙̃2 = 0  (14b) 

ℓ33𝑤̃ + ℓ34𝜙̃1 + ℓ35𝜙̃2 = 0  (14c) 

Solving the Eqs. (14b) and (14c) with respect to 𝜙̃1  
and 𝜙̃2  then substituting the results into the Eq. (14a) 
yields 

ℓ11
𝑑2𝑤̃

𝑑𝑡2
+ ℓ̃1𝑤̃ = 0  (15) 

where 

ℓ̃1 = ℓ14 +
(ℓ25ℓ33−ℓ23ℓ35)

ℓ25(ℓ24ℓ35−ℓ25ℓ34)
[ℓ17ℓ25 − ℓ18(ℓ23 + ℓ24)]  (16) 

The natural frequencies of a porous orthotropic lami-
nated composite plate can be determined based on the 
hyperbolical shear deformation theory as: 

𝜔𝑓𝑟𝑒𝑒
𝑠𝑑𝑡 = √

ℓ̃1

ℓ11
  (17) 

The natural frequencies within the classical plate the-
ory can be determined by ignoring the shear strains in 
the theoretical formulations as: 

𝜔𝑓𝑟𝑒𝑒
𝑐𝑝𝑡

= √
ℓ14

ℓ11
  (18) 

The non-dimensional natural frequencies can be de-
termined as: 

𝜔̄𝑓𝑟𝑒𝑒
𝑔

= 𝜔𝑓𝑟𝑒𝑒
𝑔 [

𝑎2

ℎ
√𝜌0/𝐸𝑙02] , 𝑔: 𝑠𝑑𝑡, 𝑐𝑝𝑡  (19) 

 

5. Results and Discussion 

The author focuses on the natural frequencies of two-
layered plates with two porosity distributions as sinus 
and cosine functions. The author considers classical 
plate theory and hyperbolic shear deformation theory 
for frequency analysis. Also, the sensitivity of frequen-
cies to porosity distributions, shear deformation, or-
thotropy ratio, and geometric properties are analyzed.  

5.1. Verification study 

This section focuses on comparing and verifying the 
obtained equations with the results available in the liter-
ature. As a first comparison, the current study's natural 
frequencies are compared with those in Reddy and Phan 
(1985). The results are presented in Table 1. The mate-
rial and geometric properties of the non-porous ortho-
tropic laminated plate are as follows:  
𝐸𝑙01 = 40𝐸𝑙02, 𝑆ℎ023 = 0.5𝐸𝑙02, 𝑆ℎ012 = 𝑆ℎ013 =

0.6𝐸𝑙02, 𝜐012 = 0.25,
𝑎

𝑏
= 1, 𝑘 = 0. 

Table 1 illustrates that the present study's results are 
consistent with the literature. 

Table 1. Dimensionless natural frequencies, 
𝜔̄free
𝑔
(𝑔: 𝑠𝑑𝑡, 𝑐𝑝𝑡), of non-porous orthotropic  

laminated composite plates. 

 Reddy and Phan (1985) 

 0𝑜 90𝑜⁄ /90𝑜/0𝑜 0𝑜 90𝑜⁄  

𝑎/ℎ cpt sdt cpt sdt 

12.5 18.707 16.276 11.066 10.686 

25 18.780 18.050 11.139 11.037 

50 18.799 17.606 11.158 11.132 

 Present study 

𝑎/ℎ cpt sdt cpt sdt 

12.5 18.793 16.141 11.249 10.852 

25 18.867 18.063 11.294 11.190 

50 18.885 18.673 11.305 11.279 

 

In the second comparison, the orthotropy ratio-de-
pendent natural frequencies of layered plates are com-
pared with those in Fares and Zenkour (1999). Table 2 
shows the obtained results. The material and geometric 
properties of the considered non-porous orthotropic 
laminate are as follows: 𝐸𝑙01/𝐸𝑙02 = 𝑜𝑝𝑒𝑛, 𝑆ℎ023 =
0.5𝐸𝑙02, 𝑆ℎ012 = 𝑆ℎ013 = 0.6𝐸𝑙02, 𝜐012 = 0.25, 𝑎/𝑏 =
1, 𝑎 ℎ⁄ = 5, 𝑘 = 0. Table 2 shows that the current study's 
results are in good agreement with the literature.  

Table 2. Dimensionless natural frequencies,  
𝜔̃free
𝑠𝑑𝑡 = 𝜔free

𝑠𝑑𝑡 ℎ√𝜌0𝐸𝑙02, of non-porous orthotropic  
laminated composite plates. 

𝐸𝑙01/𝐸𝑙02 Fares and Zenkour (1999) Present study 

3 0.2576 0.2593 

10 0.3229 0.3212 

20 0.3670 0.3631 

30 0.3920 0.3869 

5.2. Natural frequency analysis 

This section involves the natural frequencies of two-
layered plates with two different porosity models within 
the classical plate and shear deformation theories. The 
considered material properties of two-layered plates are 
given by: 𝐸𝑙01 = 137.9𝐺𝑃𝑎, 𝐸𝑙02 = 8.96𝐺𝑃𝑎, 𝑆ℎ012 =
𝑆ℎ013 = 7.10𝐺𝑃𝑎, 𝑆ℎ023 = 6.21𝐺𝑃𝑎, 𝜐012 = 0.3, 𝜌0 =
1450𝑘𝑔.𝑚−3. 

Table 3 shows the variation of natural frequencies of 
two-layered plates with/without porosity (𝑝𝑚3/𝑝𝑚1). 
The considered parameters for analysis are given as 
𝑎 ℎ⁄ = 10, 𝑎 𝑏⁄ = 0.5,𝑚 = 𝑛 = 1 and 𝑘 = 0.4, 0.6 and 0.8. 
The dimensionless natural frequencies of the non-po-
rous/porous two-layered plates increase with the rising 
𝐸𝑙01 𝐸𝑙02⁄  ratio. The dimensionless natural frequencies 
of the porous single- and 90𝑜 0𝑜⁄ -layered plates de-
crease depending on the increase in the 𝑘 coefficient. At 
the same time, the 0𝑜 90𝑜⁄ -layered plates' natural fre-
quencies diminish in 𝐸𝑙01 𝐸𝑙02⁄ ≤ 25  and rise in 
𝐸𝑙01 𝐸𝑙02⁄ > 25.  
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Table 3. Dimensionless natural frequencies, 𝜔̄free
𝑔
(𝑔: 𝑠𝑑𝑡, 𝑐𝑝𝑡), of 𝑝𝑚1 and 𝑝𝑚3 model  

orthotropic laminated composite plates versus orthotropy ratio for three different layer sequences. 

  0𝑜  0𝑜 90𝑜⁄  90𝑜 0𝑜⁄  

  𝑝𝑚1 𝑝𝑚3 𝑝𝑚1 𝑝𝑚3 𝑝𝑚1 𝑝𝑚3 

𝑘 𝐸𝑙01/𝐸𝑙02 cpt sdt cpt sdt cpt sdt cpt sdt cpt sdt cpt sdt 

0.4 

5 7.001 6.782 6.663 6.474 4.951 4.876 4.719 4.656 4.951 4.876 4.836 4.763 

15 11.373 10.439 10.824 10.012 6.008 5.883 5.970 5.854 6.008 5.883 5.783 5.663 

25 14.480 12.655 13.781 12.186 6.854 6.675 6.977 6.801 6.854 6.675 6.483 6.320 

35 17.030 14.235 16.208 13.752 7.599 7.361 7.853 7.607 7.599 7.361 7.094 6.886 

45 19.245 15.443 18.316 14.960 8.274 7.974 8.639 8.317 8.274 7.974 7.649 7.394 

0.6 

5 7.001 6.782 6.214 6.061 4.951 4.876 4.481 4.428 4.951 4.876 4.591 4.527 

15 11.373 10.439 10.094 9.430 6.008 5.883 5.870 5.764 6.008 5.883 5.495 5.388 

25 14.480 12.655 12.852 11.536 6.854 6.675 6.970 6.800 6.854 6.675 6.116 5.973 

35 17.030 14.235 15.115 13.075 7.599 7.361 7.915 7.670 7.599 7.361 6.649 6.469 

45 19.245 15.443 17.081 14.277 8.274 7.974 8.757 8.430 8.274 7.974 7.130 6.913 

0.8 

5 7.001 6.782 5.522 5.415 4.951 4.876 4.146 4.106 4.951 4.876 4.133 4.085 

15 11.373 10.439 8.970 8.499 6.008 5.883 5.708 5.614 6.008 5.883 4.960 4.878 

25 14.480 12.655 11.421 10.477 6.854 6.675 6.911 6.749 6.854 6.675 5.474 5.366 

35 17.030 14.235 13.432 11.954 7.599 7.361 7.929 7.688 7.599 7.361 5.898 5.765 

45 19.245 15.443 15.179 13.129 8.274 7.974 8.828 8.500 8.274 7.974 6.276 6.119 

The non-porous laminated plates' frequencies are 
more significant than the porous ones for single- and 
90𝑜 0𝑜⁄ -layered plates. In contrast, they are less than the 
porous ones for 0𝑜 90𝑜⁄ -layered plates in 𝐸𝑙01 𝐸𝑙02⁄ >
15. With a rising orthotropy ratio, the natural frequency 
value difference between porous and non-porous lami-
nated plates increases for single- and 90𝑜 0𝑜⁄ -layered 
plates. It first decreases and then increases for 0𝑜 90𝑜⁄ -
layered plates. It rises depending on the increase in the 
𝑘 coefficient for all layer sequences. The non-porous/po-
rous two-layered plates' natural frequencies are less 
than that of the non-porous/porous single-layered 
plates. The difference in natural frequency value be-
tween non-porous/porous single- and two-layered 
plates increases due to the rise of the orthotropy ratio. It 
diminishes with increasing the 𝑘 coefficient. Suppose fi-
ber orientation angles of two-layered plates are com-
pared. In that case, the natural frequency values of non-
porous two-layered plates are the same. However, the 
porous 0𝑜 90𝑜⁄ -layered plates' natural frequency values 
are more significant than those of the porous 90𝑜 0𝑜⁄ -
layered plates in 𝐸𝑙01 𝐸𝑙02⁄ > 5. The natural frequency 
value difference between porous two-layered plates in-
creases with a rising in orthotropy ratio and 𝑘  coeffi-
cient.  

The influence of shear deformation on the natural fre-
quencies of non-porous/porous laminated plates in-
creases with a rising in the orthotropy ratio. With in-
creasing 𝐸𝑙01 𝐸𝑙02⁄  ratio from 5 to 45 at 𝑘 = 0.4 , the 
shear deformation effect on the natural frequencies of 
porous 0𝑜 90𝑜⁄ -layered plates rises from (1.3%) to 
(3.7%). The effect of shear deformation on the porous 
laminated plates' natural frequencies diminishes with an 

increase in porosity coefficient. The shear deformation 
effect on the natural frequencies of porous single-lay-
ered plates decreases from (18.3%) to (13.5%) with ris-
ing 𝑘 from 0.4 to 0.8 at 𝐸𝑙01 𝐸𝑙02⁄ = 45. The shear defor-
mation effect on the natural frequencies of porous lami-
nated plates is less than those of non-porous laminated 
plates. The shear deformation effect difference between 
the non-porous and porous two-layered plates is less 
than (1%) for increasing 𝑘  and 𝐸𝑙01 𝐸𝑙02⁄ . In contrast, 
the shear deformation effect difference between the 
non-porous and porous single-layered plates increases 
with rising 𝑘 and 𝐸𝑙01 𝐸𝑙02⁄ . It increases from (1.4%) to 
(6.3%) depending on the rise in 𝑘  from 0.4 to 0.8 at 
𝐸𝑙01 𝐸𝑙02⁄ = 45. The shear deformation effect on the nat-
ural frequencies of non-porous/porous single-layered 
plates is more significant than two-layered plates' fre-
quencies. The difference in shear deformation effect be-
tween non-porous single- and two-layered plates in-
creases (15%) with increasing 𝐸𝑙01 𝐸𝑙02⁄  from 5 to 45. 
The shear deformation effect difference between porous 
single- and two-layered plates decreases depending on 
the increase of 𝑘 . With rising in 𝑘  from 0.4 to 0.8 at 
𝐸𝑙01 𝐸𝑙02⁄ = 45 , it diminishes from (14.6%) to (9.8%) 
for 0𝑜 90𝑜⁄ -layer sequence. If fiber orientation angles of 
two-layered plates are compared, the shear deformation 
effect on the natural frequency of non-porous two-lay-
ered plates is the same. At the same time, the influence 
of shear deformation on the porous 90𝑜 0𝑜⁄ -layered 
plates' natural frequency is less than those of the porous 
0𝑜 90𝑜⁄ -layered plates in the range of 𝐸𝑙01 𝐸𝑙02⁄ > 15 . 
The shear deformation effect difference between porous 
two-layered plates increases with a rising 𝑘 . This in-
crease is less than (1%).  
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Due to the increase in the 𝐸𝑙01 𝐸𝑙02⁄  ratio, the effect of 
the porosity model on the natural frequencies of porous 
single-layered plates diminishes for sdt and remains 
constant for cpt. At the same time, the porosity model ef-
fect on the natural frequencies increases for 90𝑜 0𝑜⁄ , 
while it first decreases and then rises for 0𝑜 90𝑜⁄ . With 
rising 𝐸𝑙01 𝐸𝑙02⁄  from 5 to 45 at 𝑘 = 0.8, the effect of the 
porosity model on the porous 0𝑜 90𝑜⁄ -layered plates' 
natural frequencies diminishes first (11%) and then in-
creases (6%).  

The influence of the porosity model on the natural fre-
quencies of porous laminated plates rises with increas-
ing 𝑘  coefficient for all layer sequences. The porosity 
model effect on the natural frequencies of 90𝑜 0𝑜⁄ -lay-
ered plates increases (17%) with rising 𝑘 from 0.4 to 0.8 
when 𝐸𝑙01 𝐸𝑙02⁄ = 45 . The influence of the porosity 
model on the single-layered plates' natural frequencies 
is more significant than that of the 0𝑜 90𝑜⁄ -layered 
plates. However, it is less than that of the 90𝑜 0𝑜⁄ -layered 
plates in the range of 𝐸𝑙01 𝐸𝑙02⁄ > 25. Due to the rise in 
the 𝐸𝑙01 𝐸𝑙02⁄  ratio, the difference in the porosity model 
effect between the porous single- and two-layered plates 
increases first and then diminishes for the 0𝑜 90𝑜⁄ -layer 
sequence. On the contrary, it decreases first and then 
rises for the 90𝑜 0𝑜⁄ -layer sequence. Depending on the 
increase in 𝐸𝑙01 𝐸𝑙02⁄  from 5 to 45 at 𝑘 = 0.8 for sdt, the 
porosity model effect difference between the single- and 
90𝑜 0𝑜⁄ -layered plates diminishes first by (2.5%) and 
then rises by (6.8%).  

The difference in the porosity model effect between 
the porous single- and two-layered plates increases with 
the rising 𝑘 coefficient. The porosity model effect differ-
ence between the single- and 0𝑜 90𝑜⁄ -layered plates in-
creases from (1.8%) to (16.1%) with rising 𝑘 from 0.4 to 
0.8 at 𝐸𝑙01 𝐸𝑙02⁄ = 25 for sdt. When two-layered plates' 
fiber orientation angles are compared, the influence of 

the porosity model on the natural frequencies of porous 
0𝑜 90𝑜⁄ -layered plates is less than that of 90𝑜 0𝑜⁄ -lay-
ered plates in the range of 𝐸𝑙01 𝐸𝑙02⁄ > 5. The porosity 
model effect difference between porous two-layered 
plates increases with a rise in 𝑘  in the range of 
𝐸𝑙01 𝐸𝑙02⁄ > 5. It rises around (14%) for cpt and sdt due 
to the increase of 𝑘  from 0.4 to 0.8 at 𝐸𝑙01 𝐸𝑙02⁄ = 45. 
The difference in porosity model effect between porous 
two-layered plates rises first and then diminishes de-
pending on the increase in the 𝐸𝑙01 𝐸𝑙02⁄  ratio. It in-
creases first by (19%) and then decreases by (2%) de-
pending on the rise of 𝐸𝑙01 𝐸𝑙02⁄  from 5 to 45 at 𝑘 = 0.8 
for sdt. 

Fig. 3 presents the variation of natural frequencies of 
non-porous/porous two-layered plates. The selected pa-
rameters for analysis are given as 𝑎 ℎ⁄ = 10,𝑚 = 𝑛 = 1 
and 𝑘 = 0.4, 0.6, 0.8 . The non-dimensional natural fre-
quencies of the two-layered plates with/without poros-
ity (𝑝𝑚2 /𝑝𝑚1 ) rise with the increasing aspect ratio 
(𝑎 𝑏⁄ ). The dimensionless natural frequencies of the po-
rous single- and two-layered plates increase depending 
on the increase in the 𝑘  coefficient. The porous lami-
nated plates' natural frequencies are more significant 
than non-porous laminated plate ones. The natural fre-
quency value difference between non-porous and po-
rous laminated plates increases with the rise in aspect 
ratio and porosity coefficient for single-layered plates. It 
increases with increasing aspect ratio and porosity coef-
ficient in the range of 𝑎 𝑏⁄ < 2.75 for two-layered plates. 
The natural frequencies of non-porous/porous two-lay-
ered plates are less than those of non-porous/porous 
single-layered plates in 𝑎 𝑏⁄ < 1.75 . The natural fre-
quency value difference between the single- and two-
layered plates firstly diminishes and then increases with 
the rising aspect ratio. It increases depending on the rise 
of the porosity coefficient.

  

 

Fig. 3. Variation of the natural frequencies of porous orthotropic two-layered plate  
versus 𝑎/𝑏 and 𝑘 for three different layer sequences. 
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Due to an increase in aspect ratio, the influence of 
shear deformation on the natural frequencies rises for 
two-layered plates. At the same time, it decreases first 
and then increases for single-layered plates. The shear 
deformation effect on the natural frequencies of non-po-
rous two-layered plates increases by (11%) depending 
on the rise in 𝑎 𝑏⁄  from 0.25 to 2.75. The effect of shear 
deformation on natural frequencies of porous two-lay-
ered plates rises with an increasing porosity coefficient. 
The shear deformation effect on the porous two-layered 
plates' natural frequencies increases from (14.6%) to 
(19.3%) with the rise in 𝑘 from 0.4 to 0.8 at 𝑎 𝑏⁄ = 2.75. 
The influence of shear deformation on the non-po-
rous/porous single-layered plates' natural frequencies 
is more significant than that of non-porous/porous two-
layered plates in 𝑎 𝑏⁄ < 2.25. The difference in shear de-
formation effect between the non-porous/porous single- 
and two-layered plates firstly diminishes and then rises 
with increasing aspect ratio. The shear deformation ef-
fect difference between the non-porous single- and two-
layered plates firstly decreases by (5%) and then in-
creases by (2.7%) due to a rise in 𝑎 𝑏⁄  from 0.25 to 2.75. 
The difference in shear deformation effect between the 
porous single- and two-layered plates increases with ris-
ing porosity coefficient (for 𝑎 𝑏⁄ < 2.25). The shear de-
formation effect difference between the porous single- 
and two-layered plates rises from (7.9%) to (12.1%) 
with a rise in 𝑘 from 0.4 to 0.8.  

Depending on the increase in aspect ratio, the poros-
ity model effect on the natural frequencies of porous 
laminated plates firstly increases and then decreases for 
two-layered plates. At the same time, it diminishes for 
single-layered plates. With rising 𝑎 𝑏⁄  from 0.25 to 2.75 
at 𝑘 = 0.8 for sdt, the influence of the porosity model on 
the natural frequencies of porous two-layered plates 
firstly increases by (2%) and then decreases by (9.3%). 
The effect of the porosity model on the natural frequen-
cies of porous laminated plates increases with the rise in 
the 𝑘  coefficient. With increasing 𝑘  from 0.4 to 0.8 at 
𝑎 𝑏⁄ = 0.25, the porosity model effect on the natural fre-
quencies of porous single-layered plates rises (13%) and 
(6%) for cpt and sdt, respectively. The porosity model ef-
fect on the natural frequencies of porous two-layered 
plates is less than that of porous single-layered. The dif-
ference in porosity model effect between the porous sin-
gle- and two-layered plates increases first and then de-
creases with increasing aspect ratio. Due to the rise in 
𝑎 𝑏⁄  from 0.25 to 2.75 at 𝑘 = 0.8, the porosity model ef-
fect difference between the porous single- and two-lay-
ered plates firstly increases by (1.9%) and then de-
creases by (2.2%) for cpt. At the same time, it rises first 
(2%) and then diminishes (8.2%) for sdt. The difference 
in the porosity model effect between the porous single- 
and two-layered plates increases with the rising 𝑘. The 
porosity model effect difference between the porous sin-
gle- and two-layered plates increases around (9%) with 
an increase in 𝑘 from 0.4 to 0.8 at 𝑎 𝑏⁄ = 2.75.

 

Fig. 4. Variation of the natural frequencies of porous orthotropic two-layered plate  
versus 𝑘 and 𝑚2 for different porosity models.

Fig. 4 illustrates the variation of natural frequencies 
of porous laminated plates depending on the 𝑘  coeffi-
cient and wavenumbers. The considered parameters for 
analysis are given by 𝑎 ℎ⁄ = 10, 𝑎 𝑏⁄ = 0.25  and 𝑚2 =
1, 2, 3. The dimensionless natural frequencies of the po-

rous laminated plates increase for the 𝑝𝑚2  model and 
decrease for the 𝑝𝑚3  model with a rising 𝑘  coefficient. 
The porous laminated plates' non-dimensional natural 
frequencies increase due to the rise in wavenumbers. 
The 𝑝𝑚3  model single- and two-layered plates' natural 
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frequencies are less than those of the 𝑝𝑚2 model ones in 
𝑘 > 0. The natural frequency value difference between 
the 𝑝𝑚2 and 𝑝𝑚3 models laminated plates rises with in-
creasing 𝑘  and 𝑚2 . The natural frequencies of porous 
single-layered plates are more significant than those of 
two-layered ones. Due to the rise in the 𝑘 coefficient, the 
difference in natural frequency value between single- 
and two-layered plates diminishes for the 𝑝𝑚3  model 
and increases for the 𝑝𝑚2 model. At the same time, it de-
creases for 𝑝𝑚2 and 𝑝𝑚3 models with increasing 𝑚2.   

Depending on the rise in the 𝑘 coefficient, the effect of 
shear deformation on the porous laminated plates' natu-
ral frequencies increases for the 𝑝𝑚2  model and de-
creases for the 𝑝𝑚3 model. Due to increasing 𝑘 from 0 to 
0.9 at 𝑚2 = 3, the variations of shear deformation effect 
on single-layered plates' frequencies are (10%) and 
(4%) for 𝑝𝑚2  and 𝑝𝑚3  models, respectively. With in-
creasing 𝑚2, the influence of shear deformation on the 
natural frequencies of porous laminated plates dimin-
ishes for porous single-layered plates and rises for po-
rous two-layered plates. The variations of shear defor-
mation effect on two-layered plates' frequencies are less 
than (1.5%) depending on the rising 𝑚2 from 1 to 3. The 
shear deformation effect on the 𝑝𝑚3  model laminated 
plates' natural frequencies is less than that of the 𝑝𝑚2 
model ones. The difference in shear deformation effect 
between the 𝑝𝑚2  and 𝑝𝑚3  model laminated plates is 
more significant for porous single-layered plates. The 
shear deformation effect difference between the 𝑝𝑚2 
and 𝑝𝑚3 model laminated plates increases with the ris-
ing 𝑘  coefficient. Due to increasing 𝑘  from 0 to 0.9 at 
𝑚2 = 3, it rises (14%) and (3.5%) for single- and two-
layered plates, respectively. Depending on the increasing 
𝑚2, the difference in shear deformation effect between 
the 𝑝𝑚2 and 𝑝𝑚3 model laminated plates decreases for 
single-layered plates and rises for two-layered plates. 
The difference variation is around (1%) for both porous 
laminated plates due to the rise in 𝑚2 from 1 to 3 at 𝑘 =
0.9. The influence of shear deformation on the natural 
frequencies of the porous single-layered plates is more 
significant than those of porous two-layered plates. The 
shear deformation effect difference between the porous 
single- and two-layered plates decreases with increasing 
𝑚2. At the same time, it diminishes for 𝑝𝑚3 model and 
rises for 𝑝𝑚2 model with rising 𝑘. It rises from (6%) to 
(14%) depending on the increase in 𝑘 from 0 to 0.9 at 
𝑚2 = 3. Also, its variation is less than (1.5%) depending 
on the rising 𝑚2 from 1 to 3 at 𝑘 = 0.9.   

The effect of the porosity model on the porous lami-
nated plates' natural frequencies increases depending 
on the rise in the 𝑘 coefficient. With increasing 𝑘 from 0 
to 0.9 at 𝑚2 = 2 for single-layered plates in sdt, it rises 
(11.3%) and (24.8%) for 𝑝𝑚2  and 𝑝𝑚3  models, respec-
tively. The porosity model effect on natural frequencies 
of porous laminated plates decreases with rising 𝑚2 for 
single-layered plates. At the same time, it increases for 
the 𝑝𝑚2  model and diminishes for 𝑝𝑚3  with increasing 
𝑚2 in two-layered plates. With rising 𝑚2 from 1 to 3 at 
𝑘 = 0.9 for porous two-layered plates in sdt, the poros-
ity model effect increases by (2.8%) and decreases by 
(6.3%) for the 𝑝𝑚2  and 𝑝𝑚3  models, respectively. The 
𝑝𝑚3  model effect on the laminated plates' natural fre-

quencies is more significant than the 𝑝𝑚2 model ones in 
the range of 𝑘 > 0.4 for sdt. The porosity model effect 
difference between the 𝑝𝑚2  and 𝑝𝑚3  models increases 
for rising 𝑘 and decreases for increasing 𝑚2. The differ-
ence in the porosity model effect between the 𝑝𝑚2 and 
𝑝𝑚3  model two-layered plates increases (15.4%) with 
rising 𝑘  from 0 to 0.9 at 𝑚2 = 2  for sdt. It diminishes 
(9.1%) with rising 𝑚2 from 1 to 3 at 𝑘 = 0.9 for sdt. The 
𝑝𝑚2  model effect on the porous single-layered plates' 
natural frequencies is more significant than that of two-
layered ones. However, the 𝑝𝑚3 model effect on the po-
rous single-layered plates' natural frequencies is less 
than that of two-layered ones in 𝑘 < 0.4 and 𝑘 < 0.5 for 
cpt and sdt, respectively. The difference in the porosity 
model effect between the porous single- and two-layered 
plates increases with rising 𝑘. At the same time, it dimin-
ishes for the 𝑝𝑚2  model and increases for the 𝑝𝑚3 
model with the rise in 𝑚2. With rising 𝑘 from 0 to 0.9 at 
𝑚2 = 3 for sdt, the porosity model effect difference be-
tween the single- and two-layered plates increases 
(1.3%) and (4.5%) for 𝑝𝑚2  and 𝑝𝑚3  models, respec-
tively. Its variation depending on the increase in 𝑚2 
from 1 to 3 at 𝑘 = 0.9 for sdt is (2.8%) in 𝑝𝑚2 and 𝑝𝑚3 
models. 

 

6. Conclusions 

Porous materials, widely used to reduce structural 
weight and manage vibration responses, and laminated 
composites, used in the aircraft and aerospace industries 
due to their superior properties, are combined in this 
study. The effects of this combination on the free vibra-
tion response of the porous laminated plates were em-
phasized by comparing them with the classical or non-
porous laminated plates. This paper analyzes the natural 
frequencies of two-layered composite plates with two 
different porosity distributions within the higher-order 
shear deformation theory. The influences of porosity 
models, shear deformation, and geometric parameters 
on porous two-layered composite plates are discussed in 
detail. The notable results are as follows: 
 The dimensionless natural frequencies of the 𝑝𝑚3 

model single- and 90𝑜 0𝑜⁄ -layered plates decrease 
with the rising 𝑘  coefficient. The non-dimensional 
natural frequencies of the 𝑝𝑚2  model 0𝑜 90𝑜⁄ - and 
90𝑜 0𝑜⁄ -layered plates increase with increasing 𝑘 co-
efficient. 

 The natural frequencies of non-porous 0𝑜 90𝑜⁄ -lay-
ered plates are less than those of the porous ones, and 
the non-porous 90𝑜 0𝑜⁄ -layered plates' natural fre-
quencies are more significant than those of the porous 
ones.  

 The 𝑝𝑚3 model laminated plates' natural frequencies 
are less than those of the 𝑝𝑚2 model ones.  

 The influence of shear deformation on the natural fre-
quencies of porous two-layered plates increases for 
the 𝑝𝑚2 model and decreases for the 𝑝𝑚3 model de-
pending on the rise in the 𝑘 coefficient. 

 The shear deformation effect on the natural frequen-
cies of porous laminated plates is less than those of 
non-porous ones.  
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 The shear deformation effect on the natural frequen-
cies of porous single-layered plates is more significant 
than two-layered plates' frequencies. 

 The shear deformation effect on the 𝑝𝑚3 model lami-
nated plates' natural frequencies is less than that of 
the 𝑝𝑚2 model ones. 

 The porosity model effect on the natural frequencies 
of porous two-layered plates rises with increasing 𝑘 
coefficient. 

 The 𝑝𝑚2  and 𝑝𝑚3  (for 𝑘 > 0.4) model effect on the 
porous single-layered plates' natural frequencies is 
more significant than that of 0𝑜 90𝑜⁄ -layered ones for 
sdt. 
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