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1. Introduction 

Fiber reinforced laminated composite materials have been 
used engineering applications, such as thermal barrier, chemical 
plant, automotive industries, space shuttle. Because of high 
strength, fire resistance and lightweight properties. During the 
production in fiber reinforced laminated composite materials, 
micro-voids and porosities could occur due to production or 
technical errors. With porosity, the mechanical behavior of 
composites changes significantly. So, porosity problems are very 
important in the mechanical behavior of composites. In the 
literature, the studies about the mechanical behavior of composite 
plates with porosity effects are presented briefly as follows; free 
vibration of a simply supported rectangular functionally graded 
plate with porosity.  

Rezai and Saidi [1] studied free vibration analysis of thick 
rectangular porous plates. Akbaş [2] analyzed the free vibration 
and static bending of a simply supported functionally graded plate 
with the porosity effect. Rezaei et al. [3] examined the free 
vibration of porous functionally graded rectangular plates by using 
the first shear deformation plate theory.  Wang and Zu [4] 
investigated the vibration analysis of porous functionally graded 
plates with temperature-dependent mechanical properties. Askari 
et al. [5] performed the free vibration analysis of rectangular plate 
with porous-cellular composed of piezoelectric layers. Ebrahimi et 
al. [6] investigated the free vibration of the magneto-electro-elastic 
plate with porosity on elastic foundations. Zhao et al. [7] analyzed 
the vibration of porous functionally graded plates by using (3-D) 
elasticity theory. Yang et al. [8] performed free vibration and 
buckling analyses of porous functionally graded graphene 
nanocomposite plates by using the Chebyshev-Ritz method. 
Arshid and Khorshidvand [9] examined free vibration of 

functionally graded porous circular plate with piezoelectric 
actuators by using a differential quadrature method. Gao et al. [10] 
examined nonlinear free vibration of made of graphene platelets 
with functionally graded nanocomposite plates on elastic 
foundation. Zhao et al. [11] studied the vibration of functionally 
graded porous shallow shells by using a unified solution. 
Demirhan and Taskin [12] examined free vibration and static 
bending of the functionally graded porous plate by Levy type 
solution. Kim et al. [13] presented free vibration, bending and 
buckling analysis of functionally graded microplates with porous 
by using the classical and first shear deformation plate theory. 
Heshmati and Jalali [14] investigated the free vibration of circular 
and annular sandwich plates with radially grade porosity. Xue et 
al. [15] analyzed free vibration of porous circular, square and 
rectangular plates based on the isogeometric approach. Zhao et al. 
[16] performed free vibrations analysis of a porous functionally 
graded rectangular plate with elastic boundary conditions. 
Karimiasl et al. [17] studied nonlinear forced vibration of the 
composite sandwich plate with double curved porous shell. Huang 
et al. [18] investigated nonlinear forced and free vibrations of the 
porous functionally graded plate resting nonlinear elastic 
foundations. Zhou et al. [19] examined the vibration of 
functionally graded porous plates with temperature-dependent 
physical properties. Yüksel and Akbaş [20] analyzed the effects of 
temperature on the vibration responses of laminated plates. Akbaş 
[21,22,23,24,25] studied the effects of porosities on post-buckling, 
dynamic and nonlinear behaviors of composite beams. Li et. al. 
[26] examined dynamic buckling and nonlinear vibration of the 
porous functionally graded sandwich plate on the Winkler-
Pasternak elastic foundation. Nam et. al. [27]   investigated 
buckling and post-buckling behavior of cylindrical functionally 
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graded porous plates under torsion in thermal environment. Chen 
et. al. [28] examined the bending and buckling behavior of a 
porous novel functionally graded plate by using the Ritz method. 
Safaei et.al. [29] analyzed buckling of a laminated porous 
nanocomposite plate resting on elastic foundation. Jabbari et. al. 
[30] performed thermal buckling analysis of a circular porous plate 
with piezoelectric by using first-order shear deformation theory. 
Cong et. al. [31] presented nonlinear thermomechanical buckling 
and post-buckling behavior of functionally graded porous plates 
based on high order shear deformation theory. Dong et. al. [32] 
investigated buckling behavior of functionally graded 
nanocomposite cylindrical porous shells. Jabbari et. al. [33] 
examined buckling of the circular porous plate under uniform 
radial compression. 

The aim of this study is to investigate the effects of the porosity 
on the buckling results of a simply supported rectangular plate 
composed of fiber-reinforced laminated composite materials. The 
Navier method is used in the solution of the problem. In the 
numerical results, the effects of the porosity coefficients and 
models, the fiber orientation angles and the sequence of laminas 
on the critical buckling loads are investigated. 

2. Equations 

In figure 1, a simply supported fiber-reinforced laminated plate 
with two layers under biaxial compressive loads (N0) is shown 
with X1, X2, X3 coordinate system. The height of laminas (hl) is 
equal to each other. 

Figure 1. A simply supported fiber-reinforced laminated porous 
plate subjected to biaxial compressive loads. 

According to the first shear deformation plate theory, the strain 
components are expressed in terms of displacement as follows; 

𝜀𝑋1𝑋1 =
𝜕𝑢01
𝜕𝑋1

+ 𝑋3
𝜕∅𝑋1
𝜕𝑋1

        𝜀𝑋2𝑋2 =
𝜕𝑢02
𝜕𝑋2

+𝑋3
𝜕∅𝑋2
𝜕𝑋2

 (1) 

𝛾𝑋1𝑋2 =
𝜕𝑢02
𝜕𝑋2

+
𝜕𝑢02 

𝜕𝑋1
+𝑋3 (

𝜕∅𝑋1
𝜕𝑋2

+
𝜕∅𝑋2
𝜕𝑋1

) (2) 

𝛾𝑋1𝑋3 =
𝜕𝑢03
𝜕𝑋1

+∅𝑋1  , 𝛾𝑋2𝑋3 =
𝜕𝑢03
𝜕𝑋2

+ ∅𝑋2  ,

𝜀𝑋3𝑋3 = 0 

(3) 

 

 

where  𝒖𝟎𝟏, 𝒖𝟎𝟐 and  𝒖𝟎𝟑  indicate displacements in 𝑿𝟏, 𝑿𝟐 and 𝑿𝟑  
directions, respectively. In the porosity distribution of each 
lamina, three different porosity distribution models are used. 
These porosity distribution models are shown in figure 2. In model 
1, the voids spread uniformly in through the height. In model 2, 
the voids stack in the middle of laminas. In model 3, the voids 

spread the voids stack in the upper and lower surfaces of the 
laminas. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Porosity Distribution Models in Laminas. a) Model 1, 
b) Model 2 and c) Model 3. 

According to these models, the effective material properties (P) 
such as Young Modulus, Poisson’s ratio etc. are given as follows; 

𝑃(𝑎) = 𝑃(1 − 𝑎)                             for model 1                                                
          

(4a) 

 𝑃(𝑎) = 𝑃 (1 − 𝑎
2 |𝑌|

h𝑙
)                    for model 2 (4b) 

 𝑃(𝑎) = 𝑃 (1−
𝑎

2
(1 −

2 |𝑌|

h𝑙
))        for model 3 (4c) 

In equation 4, a (a<<1) indicates the volume fraction of porosity. 
Constitutive relations of orthotropic laminated plate for nth layer 
with porosity effect are given as follows: 

                  {

𝜎𝑋1𝑋1
𝜎𝑋2𝑋2
𝜎𝑋1𝑋2

}

(𝑛)

= [

𝑄11(𝑎) 𝑄12(𝑎) 𝑄16(𝑎)

𝑄12(𝑎) 𝑄22(𝑎) 𝑄26(𝑎)

𝑄16(𝑎) 𝑄26(𝑎) 𝑄66(𝑎)

]

(𝑛)

 

 

{
 
 

 
 

𝜕𝑢01

𝜕𝑋1
−𝑋3

𝜕2𝑢03

𝜕𝑋1
2

𝜕𝑢02

𝜕𝑋2
−𝑋3

𝜕2𝑢03

𝜕𝑋2
2

𝜕𝑢01

𝜕𝑋2
+

𝜕𝑢02 

𝜕𝑋1
−𝑋3

𝜕2𝑢03

𝜕𝑋2
2 −𝑋3

𝜕2𝑢03

𝜕𝑋1
2 }
 
 

 
 
(𝑛)

 

          

(5a) 

{
𝜎𝑋2𝑋3
𝜎𝑋1𝑋3

}
(𝑛)

= [
�̅�44(𝑎) �̅�45(𝑎)

�̅�45(𝑎) �̅�55(𝑎)
]

(𝑛)

{
 

 
𝜕𝑢02
𝜕𝑋2

−
𝜕𝑢03
𝜕𝑋2

𝜕𝑢03
𝜕𝑋1

−
𝜕𝑢03
𝜕𝑋1 }

 

 
(𝑛)

 (5b) 

where �̅�ij (a) indicates the components of stiffness tensor which 
depends the porosity parameter (a) are presented as follows: 

𝑄11(𝑎) = 𝑄11(𝑎)𝑐𝑜𝑠
4𝜃 

               +2(𝑄12(𝑎) +  2𝑄66(𝑎))𝑠𝑖𝑛
2𝜃𝑐𝑜𝑠2𝜃 +

                  𝑄22(𝑎)𝑠𝑖𝑛
4𝜃 

 

𝑄12(𝑎) = (𝑄11(𝑎) + 𝑄22(𝑎) − 4𝑄66(𝑎)) 𝑠𝑖𝑛
2𝜃𝑐𝑜𝑠2𝜃

+ 𝑄12(𝑎)(𝑠𝑖𝑛
4𝜃 + 𝑐𝑜𝑠4𝜃) 
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𝑄22(𝑎) = 𝑄11(𝑎)𝑠𝑖𝑛
4𝜃 + 2(𝑄12(𝑎) +  2𝑄66(𝑎)) 

                 𝑠𝑖𝑛2𝜃𝑐𝑜𝑠2𝜃 + 𝑄22(𝑎)𝑐𝑜𝑠
4𝜃 

 

𝑄16(𝑎) = (𝑄11(𝑎) − 𝑄12(𝑎) − 2𝑄66(𝑎))𝑠𝑖𝑛𝜃𝑐𝑜𝑠
3𝜃 

+(𝑄12(𝑎) − 𝑄22(𝑎) + 2𝑄66(𝑎))𝑠𝑖𝑛
3𝜃𝑐𝑜𝑠𝜃 

 

𝑄26(𝑎) = (𝑄11(𝑎) − 𝑄12(𝑎) − 2𝑄66(𝑎))𝑠𝑖𝑛
3𝜃𝑐𝑜𝑠𝜃 

+(𝑄12(𝑎) − 𝑄22(𝑎) + 2𝑄66(𝑎))𝑠𝑖𝑛𝜃𝑐𝑜𝑠
3𝜃 

 

�̅�44(𝑎) = 𝑄44(𝑎) cos
2 𝜃 + 𝑄55(𝑎) sin

2 𝜃  

�̅�45(𝑎) = (𝑄55(𝑎) − 𝑄44(𝑎)) cos𝜃 sin 𝜃  

�̅�55(𝑎) = 𝑄44(𝑎) sin
2 𝜃 + 𝑄55(𝑎) cos

2 𝜃 (6) 

where, 𝜽 is the fiber orientation angle. The 
components of the 𝑸𝒊𝒋 are given as follows; 

𝑄11(𝑎) =
𝐸1(𝑎)

1 − 𝜈12(𝑎)𝜈21(𝑎)
  , 

𝑄22(𝑇) =
𝐸2(𝑎)

1 − 𝜈12(𝑎)𝜈21(𝑎)
 

 

𝑄12(𝑎) =
𝜈12𝐸2(𝑎)

1 − 𝜈12(𝑎)𝜈21(𝑎)
=   

𝜈21𝐸1(𝑎)

1 − 𝜈12(𝑎)𝜈21(𝑎)
 

 𝑄44
(𝑛)(𝑎) = 𝐺23

(𝑛)(𝑎)            𝑄55
(𝑛)(𝑎) = 𝐺13

(𝑛)(𝑎) 

 

𝑄21(𝑎) =
𝜈12(𝑎)𝐸2(𝑎)

1 − 𝜈12(𝑎)𝜈21(𝑎)
=   

𝜈21𝐸1(𝑎)

1 − 𝜈12(𝑎)𝜈21(𝑎)
 

𝑄66(𝑎) = 𝐺12(𝑎) 
(7) 

Stress resultants are given as follows; 

{
  
 

  
 
𝑁𝑋1𝑋1
𝑁𝑋2𝑋2
𝑁𝑋1𝑋2
𝑀𝑋1𝑋1

𝑀𝑋2𝑋2

𝑀𝑋1𝑋2}
  
 

  
 

= 

[
 
 
 
 
 [
𝐴11 𝐴12 𝐴13
𝐴21 𝐴22 𝐴23
𝐴31 𝐴32 𝐴33

] [
𝐵11 𝐵12 𝐵13
𝐵21 𝐵22 𝐵23
𝐵31 𝐵32 𝐵33

]

[
𝐵11 𝐵12 𝐵13
𝐵21 𝐵22 𝐵23
𝐵31 𝐵32 𝐵33

] [
𝐷11 𝐷12 𝐷13
𝐷21 𝐷22 𝐷23
𝐷31 𝐷32 𝐷33

]
]
 
 
 
 
 

{
 
 
 
 
 
 

 
 
 
 
 
 

𝜕𝑢01
𝜕𝑋1
𝜕𝑢02
𝜕𝑋2

𝜕𝑢01
𝜕𝑋2

+
𝜕𝑢02
𝜕𝑋1

𝜕∅𝑋1
𝜕𝑋1
𝜕∅𝑋2
𝜕𝑋2

𝜕∅𝑋1
𝜕𝑋2

+
𝜕∅𝑋2
𝜕𝑋1 }

 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

 

(8a) 
 

 
 

 
 

 {
𝑄𝑋2
𝑄𝑋1

} = 𝐾 [
𝐴44 𝐴45
𝐴45 𝐴55

]

[
 
 
 
𝜕𝑢03
𝜕𝑋2

+∅𝑋2

𝜕𝑢03
𝜕𝑋1

+∅𝑋1]
 
 
 

 (8b) 

Where 𝑨𝒊𝒋, 𝑩𝒊𝒋 and 𝑫𝒊𝒋 are extensional stiffness, bending – 

extensional coupling stiffness, and bending stiffness respectively, 

K indicates the shear correction coefficient; 

𝐴𝑖𝑗(𝑎) =∑𝑄𝑖𝑗
(𝑛)
(𝑎)(𝑧𝑛+1 − 𝑧𝑛)

𝑛

𝑘=1

 (9a) 

𝐵𝑖𝑗(𝑎) =
1

2
∑𝑄𝑖𝑗

(𝑛)
(𝑎)(𝑧𝑛+1

2 − 𝑧𝑛
2)

𝑛

𝑘=1

 (9b) 

𝐷𝑖𝑗(𝑎) =
1

3
∑𝑄𝑖𝑗

(𝑛)
(𝑎)(𝑧𝑛+1

3 − 𝑧𝑛
3)

𝑛

𝑘=1

 (9c) 

The governing equations of the problem are presented as follows; 

𝜕𝑁𝑋1𝑋1
𝜕𝑋1

+
𝜕𝑁𝑋1𝑋2
𝜕𝑋2

= 0 (10a) 

𝜕𝑁𝑋1𝑋2
𝜕𝑋1

+
𝜕𝑁𝑋2𝑋2
𝜕𝑋2

= 0 (10b) 

∂QX1
∂X1

+
∂QX2
∂X2

= 0 (10c) 

𝜕𝑀𝑋1𝑋1

𝜕𝑋1
+
𝜕𝑀𝑋1𝑋2

𝜕𝑋2
− 𝑄𝑋1 = 0 

(10d) 

𝜕𝑀𝑋1𝑋2

𝜕𝑋1
+
𝜕𝑀𝑋2𝑋2

𝜕𝑋2
− 𝑄𝑋2 = 0 

(10e) 

In the solution of the governing equations, the Navier method 
is used. The boundary conditions and displacement fields are 
presented as follows: 

𝑢01(0,𝑋2) = 0,   𝑢01(𝑎, 𝑋2) = 0,    

𝑢02(𝑋1, 0) = 0,    𝑢02(𝑋1, 𝑏) = 0, 
(11a) 

𝑢03(𝑋1, 0) = 0,    𝑢03(𝑋1, 𝑏) = 0,  

   𝑢03(0,𝑋2) = 0,    𝑢03(𝑎, 𝑋2) = 0,                   
(11b) 

∅𝑋1(𝑋1, 0) = 0,    ∅𝑋1(𝑋1, 𝑏) = 0,    

 ∅𝑋2(0,𝑋2) = 0,    ∅𝑋2(𝑎, 𝑋2) = 0, 
(11c) 

 𝑁𝑋1𝑋2(0,𝑋2) = 0,     𝑁𝑋1𝑋2(𝑎, 𝑋2) = 0,   

  𝑁𝑋1𝑋2(𝑋1, 0) = 0,       𝑁𝑋1𝑋2(𝑋1, 𝑏) = 0 
(11d) 

 𝑀𝑋1𝑋1
(0,𝑋2) = 0,    𝑀𝑋1𝑋1

(𝑎, 𝑋2) = 0,     

𝑀𝑋2𝑋2
(𝑋1, 0) = 0,      𝑀𝑋2𝑋2

(𝑋1, 𝑏) = 0 
(11e) 

where  𝑼𝟏𝒎𝒏, 𝑼𝟐𝒎𝒏, 𝑼𝟑𝒎𝒏, 𝑿𝑿𝟏𝒎𝒏, 𝒀𝑿𝟐𝒎𝒏 are displacement 

coefficients, 𝒌 = 𝒎𝝅/𝑳𝑿𝟏, 𝒍 = 𝒏𝝅/𝑳𝑿𝟐 

Substituting eqs. (11-12) into eqs. (10) and then using Eigen-
value procedure, the algebraic equation of the buckling problem is 
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given as follows; 

[
 
 
 
 
𝑝11 𝑝12 0 𝑝14 𝑝15
𝑝12 𝑝22 0 𝑝24 𝑝25
0 0 𝑝33 −𝑁0(𝑘

2 + 𝑠𝑙2) 𝑝34 𝑝35
𝑝14 𝑝24 𝑝34 𝑝44 𝑝45
𝑝15 𝑝25 𝑝35 𝑝45 𝑝55]

 
 
 
 

{
 
 

 
 
𝑈1𝑚𝑛
𝑈2𝑚𝑛
𝑈3𝑚𝑛
𝑋𝑋1𝑚𝑛
𝑌𝑋2𝑚𝑛}

 
 

 
 

=

{
 
 

 
 
0
0
0
0
0}
 
 

 
 

 

(13) 

where, 

𝑝11 = (𝐴11(𝑎)𝑘
2 +𝐴66(𝑎)𝑙

2),          

𝑝12 = (𝐴12(𝑎) + 𝐴66(𝑎))𝑘𝑙 

𝑝13 = 0,        𝑝14 = 2𝐵16(𝑎)𝑘𝑙              

𝑝15 = (𝐵16(𝑎)𝑘
2 +𝐵26(𝑎)𝑙

2), 

𝑝22 = (𝐴66(𝑎)𝑘
2 +𝐴22(𝑎)𝑙

2),           𝑝23 = 0, 

𝑝24 = 𝑝15,                                                𝑝25 = 𝐵26(𝑎)𝑘𝑙, 

𝑝33 = 𝐾(𝐴55(𝑎)𝑘
2 + 𝐴44(𝑎)𝑙

2),       𝑝34 = 𝐾𝐴55(𝑎)𝑘, 

𝑝35 = 𝐾𝐴44(𝑎)𝑙,                              

𝑝44 = (𝐷11(𝑎)𝑘
2 + 𝐷22(𝑎)𝑙

2 +𝐾𝐴55(𝑎)) 

𝑝45 = (𝐷12(𝑎) + 𝐷66(𝑎))𝑘𝑙,   

𝑝55 = (𝐷66(𝑎)𝑘
2 +𝐷22(𝑎)𝑙

2 +𝐾𝐴44(𝑎)) 

 

(14) 

 

�̈�44 = 𝑝44 − 𝑝14
𝑐1
𝑐0
− 𝑝24

𝑐2
𝑐0
,   

�̈�45 = 𝑝45 − 𝑝15
𝑐1
𝑐0
− 𝑝25

𝑐2
𝑐0

 

�̈�55 = 𝑝55 − 𝑝15
𝑐3
𝑐0
− 𝑝25

𝑐4
𝑐0
,   

𝑐0 = 𝑝11𝑝22 − 𝑝12𝑝12, 

𝑐1 = 𝑝14𝑝22 − 𝑝12𝑝24, 𝑐0 = 𝑝11𝑝24 − 𝑝12𝑝14, 

𝑐3 = 𝑝15𝑝22 − 𝑝12𝑝25, 𝑐4 = 𝑝11𝑝25 − 𝑝12𝑝15, 

After the solution of the equation (13), the critical buckling load is 
expressed as follows; 

𝑁𝑚𝑛 =
1

𝑘2 + 𝑠𝑙2
 

(
𝑝34�̈�55 − 𝑝35�̈�45
�̈�44�̈�55 − �̈�45�̈�45

𝑝34 −
�̈�44𝑝35 − �̈�45𝑝34
�̈�44�̈�55 − �̈�45�̈�45

𝑝35) 
(15) 

Dimensionless fundamental frequency �̅�𝒎𝒏 is defined as follows; 

𝑁𝑚𝑛 = 𝑁𝑚𝑛(
𝐿𝑋1

2

𝐸02ℎ
3
)                                                (16) 

 

3. Numerical Results 

In the numerical examples, the effects of porosity coefficients, 
fiber orientation angles and different porosity models on the 

critical buckling loads of the porous fiber-reinforced laminated 
plate are investigated. In the numerical study, the material of the 
plate is considered as graphite-epoxy and its material parameters 
are; E1=150 GPa, E2=9 GPa, E3=9 GPa, G12=7,1 GPa, G23=2,5 
GPa, G13=7,1 GPa, ν12= ν21=0.3. The geometry properties of the 
plate are selected as  𝑳𝑿𝟏 = 𝟑𝐦 , 𝑳𝑿𝟐 = 𝟑𝐦, h=0.3 m. 

In figures 3, 4 and 5, the relationship between the fiber 
orientation angle () and dimensionless critical buckling load 
(𝑵𝒎𝒏) is presented for different sequence of laminas, different 
porosity coefficients (a) and porosity distribution models for 
buckling mode 1-1 , mode 2-2 and mode 3-3, respectively. In these 
figures, 0/ and /- the sequence of laminas are used. It is seen 
from figures 3,4 and 5, the porosity distribution has a great 
influence on behavior of the fiber orientation angles and the 
buckling responses. In different porosity distribution models, the 
effects of the fiber orientation angles on the buckling responses 
differ considerably. Especially, in model 1, the buckling results are 
very sensitive to fiber orientation angles. This is because the voids 
uniformly spread through all volume of material. So, the rigidity 
of laminas in model 1 is lower than the other models. In addition, 
the effects of the porosity parameters on the buckling vary 
according to different porosity distribution models. With 
increasing in the number of buckling modes, the effects of the 
porosity on the buckling increase considerably.  

In order to get more see the effects of the porosity coefficient, 
the relationship between the porosity parameters (a) and 
dimensionless critical buckling load (𝑵𝒎𝒏) is plotted in figure 6 
for  different sequences of laminas, different porosity distribution 
models and fiber orientation angles for buckling mode 1-1. Figure 
6 shows that the sequence of lamina very effective in the effects of 
the porosity on the bucking. The effects of porosity in /- 
sequence are bigger than those of 0/ sequence. The difference 
among the dimensionless critical buckling loads in  /- sequence 
is bigger than 0/ sequence. In /- sequence, because the fiber 
direction does not coincide with the principal axes of laminas in 
all laminas, the rigidity of plate in /-  is lower than 0/ sequence. 
So, the /- sequence is more sensitive with porosity effects in 
contrast with 0/ sequence. Also, it is more clearly seen from 
figure 6 that the critical buckling loads decrease with increasing 
porosity parameter a because the strength of plates naturally 
decreases with increasing porosity. 

 

 

4. Conclusions 

In this paper, the effects of porosity and its distribution models on 
the buckling behavior of a laminated plate are investigated.  Three 
porosity distribution models are used. The governing equations of 
the considered problem are solved by using Navier method for a 
simply supported laminated porous plate. In the numerical results, 
the dimensionless critical buckling loads are obtained with 
different porosity coefficients, fiber orientation angles, the 
sequence of laminas, and porosity models. In obtaining from 
numerical results, the porosity changes the buckling behavior of 
laminated plates, significantly. The porosity distribution and the 
sequence of laminas have a great influence on the buckling 
behavior of fiber-reinforced laminated plates. The critical buckling 
loads decrease with increasing porosity parameters. In the different 
sequence of laminas, the buckling responses of the laminated plate 
differ with porosity, considerably. With suitable choosing the 
sequence of laminas, the effects of the porosity can be decreased 
to a certain level.  
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Figure 3. The relationship between the fiber orientation angle () 

and dimensionless critical buckling load (�̅�𝑚𝑛) for a different 

sequences of laminas, different porosity distribution model and 
parameters for buckling mode 1-1. 

Figure 4. The relationship between the fiber orientation angle 

() and dimensionless critical buckling load (�̅�𝑚𝑛) for a different 

porosity distribution model and parameters for buckling mode 2-2. 

Figure 5. The relationship between the fiber orientation angle 

() and dimensionless critical buckling load (�̅�𝑚𝑛) for different 

porosity distribution model and parameters for buckling mode 3-3.  
 

 
Figure 6. The relationship between the porosity coefficient (a) 

and dimensionless critical buckling load (�̅�𝑚𝑛) for different porosity 

distribution model and fiber orientation angles for buckling mode 1-
1.  
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