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                                   Abstract 
 In engineering designs, according to various applications, di� erent types of openings with di� erent dimensions and shapes 
are created in structures. In the buckling investigation of multilayered laminated plates containing openings, the geometry 
of the opening, angle of “ bers, the size ratio of opening to the plate, smoothness of opening corners, and rotation angle of 
opening are among the parameters a� ecting buckling. The optimal parameters for hybrid composite plates with polygo-
nal holes to obtain the greatest critical buckling temperature under various boundary conditions and layer arrangements 
exposed to uniform temperature rises have been introduced and investigated in the present work using the genetic algorithm 
approach. As a result of this study, the critical buckling temperature of symmetric multilayer plates with an opening can be 
signi“ cantly increased by choosing the right shape of the opening and the right parameters related to it. In fact, the buckling 
temperature can be reached even higher than that of circular-shaped plates. In other words, despite expectations, the circular 
opening is not always the best geometry for increasing the buckling load. In some cases, by choosing the proper curvature, 
rotation angle, and “ ber angle for a plate containing the opening, it is possible to have a higher buckling load compared to 
the circular opening.  

   Keywords     Optimization   �·  Composite plates   �·  Buckling load   �·  Genetic algorithm   �·  Finite element method  

      Introduction 

 Advanced aircraft constructions, as well as the maritime 
industries, are using lightweight laminated composite pan-
els more and more to increase the structural and functional 
effects of their components (Maleki and Toygar  2019 ; 
Toygar et�al.  2019 ; Çelikta� et�al.  2021 ; Khosravi  2022 ). 
Such thin-walled structures, when exposed to dynamic and 
static compressive stresses, will be sensitive and highly 
vulnerable to buckling phenomenon. Therefore, often the 
related destruction mode, critical state criteria, and dynamic 
analysis of these types of plates are based on buckling 
(Toygar and Maleki  2016 ,  2019 ; Pekbey et�al.  2014 ; Toygar 
et�al.  2016 ).  

 The use of composite materials to decrease structural 
weight is a favored approach to achieve energy saving and 
emission reduction and thus acts as a popular choice for 
modern industries. Notches such as holes, openings, and 
slots are inevitable in these structures during practical appli-
cations to assemble structural parts and to install accessory 
components, and may also be generated in service due to 
thermal and mechanical loadings (Sun et�al.  2020 ; Basri 
et�al.  2022 ; Mishra et�al.  2023 ). To ensure safety and reli-
ability in service, quanti“ cation of residual properties and 
failure responses are thus highly important. On the other 
hand, in di� erent industries, they use composite plates con-
taining openings for easy access to di� erent parts of engi-
neering systems, an inspection of damages, the possibility of 
air conditioning, transfer of fuel pipes, and weight reduction. 
These types of plates are often exposed to thermal load in 
di� erent thermal environments, which can cause thermal 
buckling. Therefore, it seems necessary to investigate the 
thermal buckling behavior of plates containing openings to 
achieve an e� ective and e�  cient design. It is essential to 
analyze the thermal buckling behavior of plates with open-
ings in order to develop a practical and successful design. 
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 Studying the buckling behavior of laminated composite 
structures has been conducted in recent years (Li et�al.  2020 ; 
Prabhakar et�al.  2019 ; Maleki and Mohammadi  2017 ). By 
using the “ nite element analysis and “ rst-order shear theory 
(FSDT), Shaterzadeh et�al. ( 2014 ) investigated the thermal 
buckling and post-buckling behavior of the laminated plates 
having circular and semi-circular openings. Using the FSDT, 
Vivek et�al. ( 2020 ) analyzed the thermodynamic buckling 
of the rectangular plates with triangular openings. Evran 
(EVRAN  2020 ) analyzed the buckling behavior of the mul-
tilayer plate with circular and quasi-circular openings. To 
ascertain the impact of opening on thermal buckling behav-
ior, he conducted computational research utilizing the “ nite 
element approach. Applying the “ nite element approach, 
Elkafrawy et�al. ( 2022 ) examined the e� ect of geometrical 
parameters on the thermal buckling of multilayer composite 
plates with triangular openings. They showed that thermal 
buckling decreases by increasing the aspect ratio of the com-
posite plate as well as the length-thickness ratio regardless of 
the volume fraction of the “ bers. The buckling of orthogo-
nal laminated plates with openings under the mechanical 
loads was studied by Chandra et�al. ( 2022 ). Chhorn and Jung 
( 2020 ) analyzed the thermal buckling of square multilayer 
plates with an elliptical opening using the “ nite element 
method. It is estimated that the elliptical or circular hole in 
the plate o� ers around 5…11% greater buckling strength than 
the plate in the absence of the opening, as the plate with an 
opening can statement stress more readily when exposed to 
temperature loading than the plate without a hole. Chaubey 
et�al. ( 2019 ) applied improved shear deformation theory to 
investigate the buckling response of the multilayer compos-
ite shells with cutouts. A signi“ cant impact was found on 
the mode of deformation due to the stacking sequence. Lal 
et�al. ( 2020 ) examined the buckling behavior of the lami-
nated shells with elliptical openings by “ nite element analy-
sis. The researchers carried out a comprehensive parametric 
analysis to investigate the form variation and location of the 
elliptical opening. The buckling behavior of the laminated 
panels with trapezoidal openings and uniform edge stresses 
was studied by Arya et�al. (Arya and Rajanna  2021 ). Plates 
with bigger opening perform better when strengthened with 
the ring sti� eners than shells with smaller cut-outs, accord-
ing to “ ndings of the “ nite element study. 

 Another branch of research conducted in the “ eld of buck-
ling is related to the optimization of parameters a� ecting buck-
ling to achieve the critical buckling load. Nowadays, the use of 
intelligent metaheuristic optimization algorithms is of interest 
to many researchers due to the optimal performance of such 
algorithms, which are often inspired by nature, in engineering 
optimization problems (Eslami and Yun  2022 ,  2023 ). Faria 
et�al. (Faria and Almeida  2003 ) performed buckling optimi-
zation of the variable thickness plate the under variable non-
linear load. The optimization of the multilayers to maximize 

the buckling behavior by the ant-colony optimization tech-
nique was studied through Aymerich et�al. (Aymerich and 
Serra  2008 ). Using the permutation search technique, Jing 
et�al. ( 2015 ) optimized the multilayer composite to increase 
the buckling load. Almeida ( 2016 ) optimized the stacking of 
the laminated shells to maximize buckling using the harmony 
search method. The genetic algorithm was used by Ehsani 
et�al. (Ehsani and Rezaeepazhand  2016 ) to study the design of 
multilayer composite grid plates to optimize buckling load. By 
integrating the enhanced genetic algorithm approach and the 
“ nite element method, Vosoughi et�al. ( 2017 ) determined the 
maximum buckling load of the laminated plates. Optimization 
of targeted panels for buckling strength of reinforced and unre-
inforced panels as well as panels containing rectangular open-
ing was done by Hussein et�al. (Hussein and Mulani  2018 ). 

 The genetic algorithm can be used in the design of the 
“ bers angle, smoothness of opening corners, the rotation 
angle of opening, the size ratio of opening to the plate, and 
arrangement of hybrid composite plate layers in order to 
increase the strength against buckling. Genetic algorithm 
uses methods inspired by biological evolution. Therefore, 
the foundation of its operation is random search. The buck-
ling behavior of the shells and plates under the mechani-
cal and thermal external loads has been the topic of several 
analytical and numerical investigations. There have been few 
attempts to use various strategies to optimize the variables 
a� ecting the buckling of such plates. The primary goal of 
the current study is to introduce the optimum parameters to 
attain the highest critical buckling temperature in composite 
symmetric laminated plates with regular polygonal holes. 
This is done by using an evolutionary algorithm technique 
and taking into account the factors that impact the critical 
buckling temperature. These parameters include the opening 
geometry, opening corner radius, rotation angle of opening, 
and “ ber angle. 

    Formulation 

 It is envisaged that the composite plate will be a four-layer 
square with a polygonal aperture in the middle. A consistent 
temperature rise is applied to this plate. According to Fig.� 1 , 
the angle � indicates the rotation angle of the opening rela-
tive to the  x -axis. The points on the border of the opening 
and the diameter of the circle surrounded by the opening are 
determined according to the following relations (Rezaee-
pazhand and Jafari  2010 ):

      

       
 In the above relationships, various parameters can 

be used to model di� erent openings by changing them. 

 (1)x = � (cos� + w cos(n� ))

 (2)y = −� (sin � − w sin (n� ))
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 where the superscript  i  denotes the number of di� erent plies 
within the laminate. 

 The genetic algorithm is tested by the Scha� er function, 
for comparison. The population size is set at the range of 
50…250, and the maximum number of iterations for two 
algorithms is “ xed at 100. The initial population for genetic 
algorithm was done by a MATLAB function, (gacreationu-
niform) which creates a random initial population with a 
uniform distribution. The value was the default when were 
no linear constraints, or when were integer constraints. To 
improve the optimization capability and decision speed, 
the genetic parameters should be adjusted according to 
the speci“ c problem. According to the pre-test procedures 

Minimize f =
1

ΔTc

w.r.t 𝐱 =
[
� , n, w, � , D∕a

]

subject to 0≤ � i ≤ 90� , 3 ≤ n ≤ 8

0.01≤ w ≤ 0.4, 0.3≤ D∕a ≤ 0.4

performed and the trial-and-error process utilized in this 
study, the GA parameters used in this study are presented 
in Table� 1 . In order to determine which parameter settings 
perform best in our case, we performed experiments with a 
variety of parameter settings. Accordingly, we set the size 
of the population, the termination criteria, and the mutation 
probability at 200, 80, and 0.3, respectively. The algorithm 
may run longer at higher population sizes and mutation 
probabilities, but will provide better results.  

    Results 

 The critical buckling temperature is determined in this sec-
tion using the “ nite element approach. The primary objec-
tive of the present study is to increase the critical buckling 
temperature utilizing a genetic algorithm to optimize the 
layer arrangement, corner smoothness, and rotation angle, 
angle of the “ bres, and size ratio of the aperture to the plate 
length as design factors. 

  Fig. 3       Flowchart of the buck-
ling temperature optimization 
algorithm  
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   Results validation 

 The current research•s “ ndings have been con“ rmed with 
those of other related studies in order to assess its correct-
ness. The glass/epoxy composite•s mechanical charac-
teristics include:  E1 = 15GPa     ,   E2 = 6 GPa     ,   G12 = 3 GPa     , 
  	 1 = 7× 10−61/� C     and   	 2 = 2.3× 10−51/� C     . Figure� 4  shows 
the “ nite element meshing of a plane containing a pentago-
nal opening for  w  = 0.1 located in the center of the plane. 
Figure� 5  demonstrates the convergence diagram of the criti-
cal buckling temperature for di� erent numbers of elements 
for a symmetric composite plate with an arrangement of 
layers having angles   [90, −90]s     , which contains a circular 
opening in its center. When the aperture is 20�mm in diam-
eter, each layer is 0.25�mm thick, and each edge of the plate 
is 100�mm long, the boundary conditions on all four sides 
are clamped. If there are more than 5000 components, Fig.� 5  
shows that the threshold temperature for thermal buckling 
will not vary. Therefore, 5000 elements represent the entire 
number of elements.               

 Composite square plate buckling temperature with and 
without circular openings with symmetrical layering for 
di� erent size ratios of opening to plate is compared with 
Ref. Shaterzadeh et�al. ( 2014 ) in order to con“ rm the “ nd-
ings obtained from the provided simulations. The results are 
shown in Table� 2 . Less than 3% is the biggest relative error 

between the “ ndings of the provided model and the Ref. 
Shaterzadeh et�al. ( 2014 ). This validation has demonstrated 
that the proposed code is accurate in determining the buck-
ling temperature for the laminated composite plates.  

    E� ects of�GA parameters 

 A convergence graph for the objective function of the num-
ber of populations ( N   pop  ) is shown in Fig.� 6 . In addition, 
the issue has yet to converge to the absolute optimum in the 
100th iteration, as seen in this “ gure, for the original popula-
tion of 200. The “ ndings demonstrate that beginning popu-
lations of 200 and 250 can achieve the best convergence. It 
should be noted that while the genetic algorithm examines 
more of the design space as the population grows, selecting 
bigger populations lengthens the time it takes to solve the 
issue. Based on this, according to Fig.� 6 , the optimal popula-
tion for all situations is considered to be 200. Also, accord-
ing to various population levels, Table� 3  displays the goal 
function•s value and the ideal parameters. Population options 
can have a large e� ect on solver performance. The speed 
of each iteration depends on the population size: a larger 
population leads to slower iterations. Conversely, a larger 
population leads to genetic algorithm exploring more thor-
oughly, so can lead to a better solution. Similarly, a wider 
initial range can lead to more thorough exploration but can 
require a larger population to explore the wider range with 
similar thoroughness.         

 The probability of Crossover is one of the most signi“ cant 
deciding variables when determining the number of par-
ents to use for reproduction (PC). Combination minimizes 
genetic variety or population dispersal in the genetic algo-
rithm since it makes it possible for healthy genes to come 

  Table 1       Important parameters of the genetic algorithm  

  Parameter    Value  

  Elite count    ceil (0.07*Population size)  

  Crossover fraction    0.7  

  Max generations    200  

  Selection function    @Selectionstochunif  

  Creation function    @Gacreationuniform  

  Mutation function    @mutationgaussian  

  Fig. 4       Finite element meshing of a square plate containing a quadri-
lateral opening  

  Fig. 5       Finite element mesh independency study for a four-layer sym-
metric plate with a circular opening  
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into contact. The number of the population participating in 
the combination is obtained using the following relationship:

       
 The objective function values for diverse combination 

probability values are demonstrated in Fig.� 7 . As seen, the 
best value for combination probability is equal to 0.7.        

 (28)ncrossover= 2× round
(

Npop×
PC
2

)     E� ect of�geometrical parameters on�thermal 
buckling 

 To ascertain the signi“ cance of each design value on the 
ideal thermal buckling variations, it is important to examine 
the e� ect of design parameters on thermal buckling load. For 
this goal, the ideal values of additional project parameters 
and their associated objective function have been determined 
for the boundary conditions and con“ guration of symmetric 

  Table 2       Comparison between 
buckling temperatures of 
laminated plate obtained from 
“ nite element code and Ref. 
Shaterzadeh et�al. ( 2014 )  

      [BGBG]          [BGGB]      

    D∕a        Ref. Shaterzadeh 
et�al. ( 2014 ) (°C)  

  Present 
work (°C)  

  Error (%)    Ref. Shaterzadeh 
et�al. ( 2014 ) (°C)  

  Present 
work (°C)  

  Error (%)  

  0    21.6    21.4    0.93    46.3    46.2    0.22  

  0.1    21.4    21.3    0.47    45.6    45.4    0.44  

  0.2    23.1    22.8    1.30    48.7    48.5    0.41  

  0.3    29.6    29.3    1.01    54.2    53.9    0.55  

  0.4    35    34.2    2.29    63.3    63.1    0.32  

  0.5    47.7    47.5    0.42    87.3    86.8    0.57  

  Fig. 6       Objective function convergence diagram for di� erent values of 
genetic algorithm population  

  Table 3       Design variables• optimal values and corresponding objec-
tive functions for diverse  N pop   

    Npop          ΔTc    °C      � �         D/a      � �       

  50    22.09    [ 12 90 Š 80 0.8]    0.5    46  

  100    24.12    [ 34 Š 80 45 30]    0.5    32  

  150    28.42    [30 Š 76 40 34]    0.5    36  

  200    33.08    [37 Š 68 48 12]    0.5    39  

  250    33.13    [32.12 Š 34 78  Š 0.34]    0.5    44  

  Fig. 7       Objective function convergence for various PC values  

  Table 4       Optimum values of design parameters for plate  

    ΔTc    °C      � �         D/a      � �          w      n   

  62.34    [ 23.3 54�Š 65 23.34]    0.4    22.4    0.01    4  

  63.09    [90 Š 9.3 Š 9.5 Š 90]    0.42    102.2    0.05    4  

  64.23    [Š 3.4 83.4 83.4 Š 3.4]    0.44    8.43    0.1    4  

  65.02    [Š 87.4 7.34 7.89 89.5]    0.4    82.4    0.2    5  

  64.82    [Š 83.8 10.4 10.03 90]    0.42    65.3    0.11    5  

  76.45    [Š 65 32 30 90]    0.65    84.3    0.15    5  

  69.02    [Š 88 9.5 9.3 90]    0.53    60.2    0.12    5  

  75.21    [46 Š 43 Š 43 47]    0.46    5.3    0.14    5  
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layers in terms of material type. In the end, it is attempted 
to determine the optimal values of all design parameters to 
attain the highest value of the goal function by taking into 
account all design parameters under various boundary condi-
tions and layer arrangements. 

  First, it has been researched how the opening corners• 
smoothness a� ects the critical temperature for thermal buck-
ling. The magni“ cation factor � = 15 is taken into consid-
eration to illustrate this phenomenon properly. For di� erent 
smoothness values, other design parameters such as “ ber 
angle, rotation angle of the opening and size ratio of opening 
to plate are optimized and given in Table� 4 . In this investiga-
tion, it was found that with the increase in the smoothness 
of the corners of the pentagonal and hexagonal opening, 
the critical temperature of thermal buckling also increases, 
which can be due to the occurrence of local buckling phe-
nomenon in the plate. According to the results, it can be 
observed that by properly determining the opening geomet-
ric dimensions, the bearing capacity of these types of plates 
can be signi“ cantly increased. The buckling mode of the 
laminated plate with a quadrilateral and pentagonal opening 
located in the center with the boundary conditions of the 
four sides to be clamped, whose speci“ cations are also given 
in Table�5, is displayed in Fig.� 8 . Clearly, the presence of 
local buckling increases the bearing capacity of these plates.         

     Conclusion 

 For a number of reasons, plates develop openings. By select-
ing the suitable opening shape and constraints that regulate 
the buckling stress, it is possible to enhance the buckling 
strength of laminated plates, even if these apertures decrease 
or increase the buckling load. In this study, the FSDT and 
the “ nite element method were used to calculate the thermal 
buckling load of two composite plates, one having a pen-
tagonal aperture and the other with a hexagonal opening. 
Then, to accomplish the maximum thermal buckling load, 
the optimal values of design constraints that are e� ective on 
the thermal buckling load for diverse arrangements of layers 
and di� erent boundary conditions have been obtained using 

a genetic algorithm. The design variables are the smooth-
ness of the opening corners, the size ratio of the opening to 
the plate, the rotation angle of the opening, and the angle 
of the “ bers. The maximal thermal buckling load is another 
goal function in the genetic algorithm. According to the 
“ ndings, plates with pentagonal and hexagonal openings 
are additional resistant to thermal buckling than plates with 
circular openings. Also, a plate with a pentagonal opening 
has a higher critical buckling temperature than a plate with 
a hexagonal opening. In addition, by increasing the smooth-
ness of the pentagonal and hexagonal opening corners in the 
interval de“ ned for the pentagonal and hexagonal opening, 
the thermal buckling load also increases. 
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