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Abstract 

Buckling of the plates is of great importance in design of structures. If the plate has a hole because of necessity, hole area 

and shape also affect the critical buckling loads. In this study, buckling analyses of perforated simply supported square 

plates with various perforation patterns and different loading types were investigated. Three different perforation patterns 

as circular, hexagonal and square with different orientations were considered. In order to investigate the slenderness ratio 

effect, samples were calculated with three different ratio values of 100, 20 and 10. The samples were loaded with four 

different in-plane loads to examine the effect of loading type. Analyses were performed by using a general purpose finite 

element program and critical buckling loads were determined depending on the orientation angles for square plate models 

with different hole perforations. The critical buckling load is independent from the orientation angle for circular perforated 

plates but depends on for hexagonal and square hole perforations. For these plates buckling analyses were performed for 

different orientation angles of 0 degrees to 90 degrees. The results show that the calculated critical buckling loads did not 

remain the same although the hole areas were the same. 
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Öz 

Plakların burkulması, yapıların tasarımında büyük önem taşımaktadır. Plakta zorunlu olarak bir delik olması 

gerekiyorsa, delik alanı ve şekli de kritik burkulma yüklerini etkileyecektir. Bu çalışmada, çeşitli delik şekillerine ve farklı 

yükleme tiplerine sahip delikli basit mesnetli kare plakaların burkulma analizleri incelenmiştir. Farklı dönme açılarına 

sahip dairesel, altıgen ve kare olmak üzere üç farklı delik şekli modeli dikkate alınmıştır. Narinlik oranı etkisini 

araştırmak için ise örnekler 100, 20 ve 10 olmak üzere üç farklı narinlik oranı değeri ile hesaplanmıştır. Yükleme tipinin 

etkisini incelemek için numuneler dört farklı düzlem içi yük ile yüklenmiştir. Analizler genel amaçlı bir sonlu elemanlar 

programı kullanılarak gerçekleştirilmiş ve farklı çokgen deliklere sahip kare plak modelleri için dönme açılarına bağlı 

olarak kritik burkulma yükleri belirlenmiştir. Kritik burkulma yükü, dairesel delikli plakalar için dönme açısından 

bağımsızdır, ancak altıgen ve kare delikli delikler için bağımlı olacaktır. Bu plaklar için 0 dereceden 90 dereceye kadar 

farklı dönme açıları için burkulma analizleri yapılmıştır. Sonuçlar, delik alanları aynı olmasına rağmen hesaplanan kritik 

burkulma yüklerinin aynı kalmadığını göstermektedir. 
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1. Introduction 

 
In structural design, buckling analyses have an important aspect. Holes of different sizes and different 
geometries can be constructed in the plates in case of necessity. These holes in the perforated plate change the 
stiffness of the plate. This change will affect the stress distribution and also the buckling failure mode of the 
plate. 
 
Many studies on perforated plates have been made and published. Timoshenko and Woinowsky-Krieger 

(Timoshenko & Woinowsky-Krieger, 1959) presented the differential equation and solution for axially loaded 
plate in their work, which is used as the basic book in all plate studies. Brown et al (Brown et al., 1987) 
investigated the stability of plates with rectangular holes. In their study different loadings and different 
boundary conditions considered. Albayrak and Saraçoğlu (Albayrak & Saraçoğlu, 2018) studied about 
perforated thin plates with various hole patterns which are simply supported on all its boundaries. They 
performed the plates on various models systematically by number, diameter and location of holes. At the end 
of the study, they find out the optimum hole pattern for circular perforated plates by using APDL codes based 

on Finite Element Method. Chow and Narayanan (Chow & Narayanan, 1984) studied the elastic buckling 
behavior of simply and fixed supported square plates containing holes. In their study, the position and size of 
the square and circular holes on the plate were taken as parameters and experimental results were compared 
with the results obtained by the computational methods. Guo and Yao (Guo & Yao, 2021) studied buckling 
behavior of perforated thin plates. They presented the buckling coefficients of perforated plates with 
rectangular or circular holes by using the extensive parametric study results obtained by finite element method. 
Saraçoğlu et al (Saraçoğlu et al., 2021) employed a computational model for perforated thin steel square plates 
bearing uniformly distributed loads that have simply and fixed supported boundary conditions in their study. 

Dehadray et al (Dehadray et al., 2021) investigated the critical buckling loads for square aluminum and steel 
square plates with rectangular cut-outs for simply supported boundary conditions in their study. The results 
are calculated for different parameters as thickness, aspect ratio and variation in orientation of cut-out. Silveira 
et al (Silveira et al., 2021) applied the constructal design method for investigating the numerical analysis of 
biaxial buckling of perforated rectangular steel plates. Jayabalan et al (Jayabalan et al., 2022) used different 
techniques for estimating the buckling coefficients of steel plates with central cutouts. They compared the 
results obtained by using various techniques from the literature as Evolutionary Polynomial Regression, 

Artificial Neural Network and Gene Expression Programming. Qablan (Al Qablan, 2022) created formulations 
for thermal and axially in-plane loaded perforated plates with different boundary conditions in his study. 
Kharchenko (Kharchenko et al., 2022) et al determined the durability of sieves with different types of holes in 
their study. They used different hole shapes like triangular and analyzed the problems by using the finite 
element method based software and experimental data. Karakaya (Karakaya, 2022) investigate the mechanical 
behavior of linear and staggered arranged circle, triangle, square, hexagon, and ellipse perforated stainless steel 
and aluminum sheets under tensile loading by finite element analysis in his study. Uslu et al (Uslu et al., 2022) 

investigate the critical buckling loads of simply supported uniaxially loaded square thin plates with central 
square and circular holes in terms of some parameters. Fu and Wang (Fu & Wang, 2022) developed a new 
semi-analytical modelling technique to calculate the critical buckling load of perforated plates with opposite 
free edges. Perforated plates with central circular holes were discussed as case studies and the results were 
compared with those obtained from finite element method. Al Qablan et al (Al Qablan et al., 2022) developed 
a closed-form semi-empirical formula for calculating a critical buckling load for perforated composite panels. 
They interested in simply and clamped supported composite circular perforated plates subjected to uniaxial 
and biaxial loadings in their study. Baumgardt et al (Baumgardt et al., 2023) developed a model in their study 

and simulated the mechanical behavior of plates under uniaxial and biaxial in-plane loadings. They also 
examined the perforated plates with different hole geometries such as circle, square, and rectangle perforations. 
 
Since the geometry of the circle, which we can define as a polygon consisting of an infinite number of edges, 
is symmetrical, it will give the same geometry no matter what angle it rotates around its center point. This case 
will not apply to polygons with a different number of edges. Especially in perforated plates that are subjected 
to in-plane forces such as uniaxial or biaxial buckling loads, the internal forces occurring in the structural 

element will differ depending on the orientation angle around the center of the polygon hole. In this study 
effects of the orientation angle of different polygon holes as square and hexagon on critical buckling loads for 
square plates are investigated. Though there have also been numerous studies on analyses of plates with holes, 
few are seen in open literature on plates with different hole shapes from circular, rectangular and square. 
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Different from the usual shapes, an investigation of hexagonal perforated plates was also carried out in this 

study. 
 
2. Material and method 

 
Thin plates can be subjected to axial compressive loads acting on the plate midplane. Such loads can cause 
buckling of the plate under certain conditions. In practical applications buckling of the plates is of great 
importance. Plate thickness is a parameter that directly affects the critical buckling load. If the plate thickness 

is low, the critical buckling load will be less depending on the thickness. The buckling analysis of plates has 
very important in the analysis of structures. 
 
When the axial compressive loads acting on the plate exceed the critical buckling value, very large lateral 
deflections will occur in the plate. Because of this loading, very large bending stresses will occur and 
eventually, the plate will not be able to carry the load and will collapse. 
 

As the plate equilibrium goes from a stable configuration to unstable configuration, it will pass through the 
neutral state of equilibrium, which is a boundary state. In mathematical expressions of the plate buckling 
problems, the neutral state of equilibrium can be obtained from the deformations. The critical buckling load 
that can be applied to the plate can be defined as the smallest possible load that causes it to pass from the 
neutral state of equilibrium to the unstable state. The purpose of buckling analyses in plates is to determine 
these critical buckling loads. 
 

 
 

Figure 1. Stress resultants of a differential element in a plate 
 
The corresponding in-plane stress resultants Nxx, Nyy and Nxy can be found from the solution of the plane stress 

problem for a given plate geometry and in-plane external loading in the initial equilibrium state of a plate 
subjected to external edge loads acting on the midplane of the plate (Figure 1). When the vertical equilibrium 
equation in z direction is written in a differential element by using these expressions, the governing differential 
equation in the linear buckling analysis of the plate is obtained as in Equation (1). 
 

4 4 4 2 2 2

4 2 2 4 2 2

1
2 2xx xy yy

w w w w w w
N N N

x x y y D x x y y

      
+ + = + + 

        
        (1) 

 
In this expression, Nxx, Nyy and Nxy are in-plane stress resultants. D defines the bending stiffness of the isotropic 
plate which has h thickness, E modulus of elasticity and ν Poisson’s ratio as in Equation (2). 
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To calculate the critical buckling load, this homogeneous partial differential equation needs to be solved with 

appropriate boundary conditions. Simply support boundary conditions for a square plate can be defined as in 
Equation (3). 
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w w
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If the buckling load is uniaxial, the governing differential equation becomes as in Equation (4). 
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This constant coefficient linear partial differential equation can be solved by converting it into a two-harmonic 
equation. The solution of this expression that satisfies the simple support boundary conditions can be defined 

by the expression of infinite series as in Equation (5). 
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One possible solution of this expression can be obtained by setting the quantity in square brackets to zero as 

in Equation (6). 
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From this equation load qx can be calculated as in Equation (7). 
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This expression gives all values of qx corresponding to m =1, 2, 3,… and n = 1, 2, 3,… as possible forms of 
the deflected surface of the plate. The smallest value of these values is the critical one and can be obtained for 

n = 1 as in Equation (8). 
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This value depends only on the aspect ratio of the plate for a known m value. From this equation the elastic 
critical stress of a simply supported square plates can be calculated as in Equations (9) and (10) (Bryan, 1891; 
Guo & Yao, 2021). 
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In this equation k is the plate buckling coefficient. If D is the plate flexural rigidity (Timoshenko, & 
Woinowsky-Krieger, 1959), plate buckling coefficient can be expressed as in Equation (11). 
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These problems solved by using the finite element package program ANSYS (Swanson Analysis System Inc., 

2005). 
 
In this computational study, SHELL 181 element, as shown in Figure 2, has been selected from the finite 
element software program library. This element has 4 nodes. Each node has 6 degrees of freedom. These 
freedoms are translations and rotations in 3 axes (x-y-z) 
 

 
 

Figure 2. SHELL181 finite element of ANSYS program (Swanson Analysis System Inc., 2005) 
 
In computational mechanics mesh convergence effects, the accuracy of problem results. For determining the 

correct finite element mesh density different finite element frequencies created for the analyzed plate models 
and different results are obtained. From the mesh convergence study, it was observed that the difference 
between the results was negligible if the mesh spacing was below 10 mm. The mesh spacing was chosen as 10 
mm so that the calculation results do not deviate from the exact value and the analysis time does not prolong 
too much. 
 
2.1. Verification of models 

 

For the purpose of verification of the models, the critical buckling loads of the square hole perforated plate 
taken from the literature were analyzed by using finite element software for uniaxial and biaxial cases. For this 
purpose, the results obtained by finite element method are compared to those results given by literature (Chow 
& Narayanan, 1984). The buckling coefficient is calculated as in the derived equation before. 
As an example, the contour plots of the total deformation of perforated square plates with square holes with 
a/h=100 slenderness ratios under uniaxial and biaxial loadings are shown in Figure 3. 
 

 
 

Figure 3. Contour plots of total deformations for square perforated plates (a/h=100) 
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The buckling coefficients obtained by the finite element for the simply supported square plates with square 

holes with different thickness and the corresponding values obtained from Chow and Narayanan (Chow & 
Narayanan, 1984) are listed in Table 1. Length of square steel plate is taken as 1000 mm. A square hole is 
perforated, in the middle of the square plate, and the one length of the square hole was taken as 500mm which 
is half of the square plate length. 
 
Table 1. Comparison of square hole perforated plates with reference. 
 

Loading a/h Ncr
FE

 

(N/mm) 

k
FE

 Ncr
(Cho.&Nar.)

 

(N/mm) 
k

(Cho.&Nar.)
 k

Dif.%
 Ncr

Dif.%
 

Uniaxial 

100 543.95 3.01 547.45 3.03 -0.64 -0.64 

20 65825.56 2.91 68431.31 3.03 -3.81 -3.81 

10 495490.38 2.74 547450.58 3.03 -9.49 -9.49 

Biaxial 

100 285.77 1.58 283.08 1.57 0.95 0.95 

20 34970.74 1.55 35385.01 1.57 -1.17 -1.17 

10 268876.74 1.49 283080.09 1.57 -5.02 -5.02 

 

Difference% values are calculated by the ( )( )FE Ref Ref 100−   formula. It can be seen from the Table1 

that the loads and buckling coefficients obtained from finite element method and numerical results from 
literature did not differ by more than 9.49%. These comparative results prove that the finite element method 
models presented in this study are sufficiently accurate. In the reference study, results were obtained for only 
one plate within the thin plate assumptions. All of the plates with different slenderness ratios considered in this 

study are within the thin plate assumptions. Therefore, comparisons were made with the same reference values 
in the table. 
 
3. Examples 

 
3.1. Material properties 

 

The example plates were assumed to be made of isotropic structural steel whose material properties are defined 

as modulus of elasticity (E) is 200000MPa and Poisson’s ratio (𝜈) is 0.3. 
 
3.2. Geometry 

 
Three different hole shape as circular, hexagonal and square are considered. The geometry of the perforations 
can be of the shape of a circle, a hexagonal or a square polygon which are at the center of the square plate. The 
geometry of the square plates considered in this study is described in Figure 4 with the length and width of a. 
In all examples, the open area percentage is the same. The perforated plate with hexagonal holes is taken as a 
reference. The hole sizes of the other two plates were calculated based on the percentage of open area of the 

hexagonal perforated plate. In the perforated plate with a hexagonal hole, the length of one side of the 
hexagonal hole is one quarter of the edge of the plate as 250 mm. 
 
A schematic image of the geometry of the square plates with all three different geometric perforations in the 
middle of the plates are demonstrated in Figure 4. In this figure, location of the hole, and the edges of the hole 
can be seen and compared exactly among them. The orientation angle α is also illustrated in Figure 4. The 
orientation angle α can be defined as the angle between the lower edge axis of the plate and the lower edge 

axis of the hole. 
 
In practice, circular perforated plates are widely used. The geometry of the square plate with the circular 
perforation in the middle of the plate with diameter Dc is demonstrated in Figure 4. The critical buckling loads 
of the plates consisting of different orientation angles of the circular hole in the center of the plate will be the 
same as expected. So that only one model has been evaluated as shown in Figure 4. 
 
The geometry of the square plate with the hexagonal perforation in the middle of the plate with length of the 

edge Dh is demonstrated in Figure 4. By rotating the hexagonal hole in the center of the plate, models were 
created between the orientation angle of 0 and 30 degrees. 
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Figure 4. Square plate models with different hole perforations and orientations 
 
After the angle of 30 degrees there is a symmetry in the geometry. So that by increasing the orientation angle 
five by five, seven different models were evaluated as shown in Figure 4. 
 
The geometry of the square plate with the square perforation in the middle of the plate with length of the edge 

Ds is demonstrated in Figure 4. By rotating the square hole in the center of the plate, models were created 
between the orientation angle of 0 and 45 degrees. After the angle of 45 degrees there is a symmetry in the 
geometry. So that by increasing the orientation angle five by five, ten different models were evaluated as shown 
in Figure 4. 
 
3.3. Loads 

 

Simply supported square plates with a central hole subjected to different in-plane loads are investigated. For 
this purpose, Nxx load on the perpendicular sides of the square plate to the x-axis (x=0 and x=a) and Nyy load 
on the sides perpendicular to the y-axis (y=0 and y=a) are defined. There is a relation between the applied Nxx 
and Nyy buckling loads with the constant μ as Nyy= μ Nxx. In example problems different values of μ (0, 0.5, 1, 
2) is considered. When the value of the coefficient μ is 0, problems will be uniaxially loaded, and when the 
value of the coefficient μ is 1, problems will be the bi axially loaded. 
For different four values of μ as shown in Figure 5 critical buckling loads of perforated simply supported 
square plates are investigated. 

 

 
Figure 5. Loading types of perforated plates 
 

3.4. Boundary conditions 

 
All four edges of the perforated square plates considered in this study are simply supported. Such a boundary 
condition can be defined by no vertical displacements at the plate edges and zero slopes perpendicular to the 
plate edges. For this purpose, in the analysis program, on the perpendicular sides of the square plate to the x-

axis (x=0 and x=a) UZ and ROTX, on the sides perpendicular to the y-axis (y=0 and y=a) UZ and ROTY are 
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restrained. And also, at the corner points of the plate (0,0) and (a,0) UZ and UY displacements, at the midpoint 

of the y=0 edge (a/2,0) UZ and UX displacements were restrained for the stability of the in-plane loaded plate. 
 
Geometry and boundary conditions for different hole perforations illustrated in Figure 6 
 

 
 

Figure 6. Geometry and boundary conditions of square plate models with different hole perforations 
 
4. Results and discussion 

 

In this section, results on the effect of plate slenderness ratio and hole orientation angle on the critical buckling 
loads of different shaped perforated simply supported square plates subjected to buckling loads for different 
biaxial load ratios (μ = Nyy / Nxx) are presented and discussed. All plate examples conform to Kirchoff-Love 
thin plate theory assumptions. In this investigation, a general purpose finite element program has used to 
calculate the critical buckling load of perforated plates. 
 
4.1. Effect of slenderness ratio 

 
The effect of slenderness ratio on the critical buckling loads of different oriented perforated plates are 
investigated. For this purpose, three different h thickness (10mm, 50mm, 100mm) considered for constant a 
length (1000mm) simply supported square plates. 
 
When the slenderness ratio decreases the critical buckling loads were increases for all types of perforated 
square plates. The critical buckling loads are the same for circular perforated plates for all orientation angles 
as expected. 

 
For uniaxial (μ=0) loaded perforated plates critical buckling loads vs orientation angles are plotted in Figure 7 
with slenderness ratios 100, 20 and 10 respectively. 

 

 
 
Figure 7. Uniaxial (μ=0) critical buckling loads vs orientation angles for square plate models with different 
hole perforations (a) a/h=100 (b) a/h=20 (c) a/h =10 
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In the square perforated plates, it is seen that as the hole orientation increases from 0 to 45 degrees, the critical 

buckling load also increases regardless of the slenderness ratios. When the orientation angle is 45 degrees in 
square perforated plates, the critical buckling load is the maximum. Between the 45 to 90 degrees of orientation 
angle, the critical buckling loads symmetrically decreases, and a frequency occurs between 0 and 90 degrees 
of orientation angle. 
 
In the hexagonal perforated plates, it is seen that as the hole orientation increases from 0 to 30 degrees, the 
critical buckling load also increases regardless of the slenderness ratios. When the orientation angle is 30 

degrees in hexagonal perforated plates, the critical buckling load is the maximum. Between the 30 to 60 degrees 
of orientation angle, the critical buckling loads symmetrically decreases, and a frequency occurs between 0 
and 60 degrees of orientation angle. 
 
When the slenderness ratio decreases and plates become thicker, the critical buckling loads become closer to 
each other for the same orientation angles. For the slenderness ratio a/h=100, the critical buckling loads are 
ordered from highest to lowest as square, hexagonal and circular perforated plates, respectively. However, 

when the slenderness ratio decreases this order changes. 
 
For the slenderness ratio a/h=20, the critical buckling loads for circular perforated plates are higher than the 
hexagonal perforated plates between 0 to10 and 50 to70 degrees of orientation angle. Between 80 to 90 degrees 
of orientation angle the critical buckling loads for hexagonal perforated plates are higher than the square 
perforated plates. 
 
For the slenderness ratio a/h=10, the critical buckling loads for circular perforated plates are higher than the 

hexagonal and square perforated plates between 0 to15, higher than the hexagonal perforated plates between 
45 to75 and higher than the square perforated plates between 75 to90 degrees of orientation angle. Between 0 
to 20 and 75 to 90 degrees of orientation angle the critical buckling loads for hexagonal perforated plates are 
higher than the square perforated plates. 
 
Perforated plates considered in this study were also subjected to compression biaxial loads as uniaxial loads. 
For biaxial (μ=1) loaded perforated plates critical buckling loads vs orientation angles are plotted in Figure 8 

with slenderness ratios 100, 20 and 10 respectively. 
 
In biaxial loading, the critical buckling loads are the same for circular perforated plates for all orientation 
angles and approximately same for hexagonal perforated plates. 
 
For the slenderness ratio a/h=100, the critical buckling loads are ordered from highest to lowest as square, 
hexagonal and circular perforated plates, respectively. However, when the slenderness ratio decreases this 

order changes. 

 

 
 
Figure 8. Biaxial (μ=1) critical buckling loads vs orientation angles for square plate models with different hole 

perforations (a) a/h=100 (b) a/h=20 (c) a/h =10 
 
For the slenderness ratio a/h=20, the critical buckling loads for circular perforated plates are the lowest. 
Between 0 to 10 and 80 to 90 degrees of orientation angle the critical buckling loads for hexagonal perforated 
plates are higher than the square perforated plates. 
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For the slenderness ratio a/h=10, the critical buckling loads for circular and hexagonal perforated plates are 

higher than the square perforated plates between 0 to10 and 80 to 90 degrees of orientation angle. The critical 
buckling loads for hexagonal perforated plates are higher than the circular perforated plates. 
 
4.2. Effect of loading type 

 
As an example, critical buckling loads vs orientation angles for square plate models with different loading 
types for slenderness ratio a/h=100 is shown in Figure 9. 

 

 
 

Figure 9. Critical buckling loads vs orientation angles for square plate models with different loading 
types (a/h=100) a) μ=0 b) μ=0.5 c) μ=1 d) μ=2 

 
When the load factor μ increases the critical buckling loads decrease. In all cases the critical buckling loads 
are ordered from highest to lowest as square, hexagonal and circular perforated plates, respectively. 
The frequency explained before between 0 to 90 degrees of orientation angle can be observed clearly in the 
critical buckling loads vs orientation angles diagram for square perforated plates. 
 

The frequency between 0 and 60 degrees of orientation angle can be seen for hexagonal perforated plates for 
load factor μ=0 and μ=0.5. for load factor μ=2, in-plane loads in y axis is higher than in x axis. Therefore, the 
frequency in the diagram takes place inversely. 
 
As a result of analyses, some example drawings shown below. In these drawings uniaxial (μ=0) and biaxial 
(μ=1) loaded simply supported thin plates have a/h=100 slenderness ratio is considered. For hexagonal 
perforated plates, four of seven models are selected as an arrangement changed from a horizontal one to a 

vertical one, whose orientation angles α are 0, 10, 20, and 30 respectively. 
 
A similar case exists for perforated plates with square holes. For square perforated plates, four of ten models 
are selected as an arrangement changed from a horizontal one to a vertical one, whose orientation angles α are 
0, 15, 30, and 45 respectively. 
 
The contour plots of total deformations of four of seven different hexagonal perforated plates are given in 

Figure 10 as an example. 
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Figure 10. Contour plots of total deformations for hexagonal perforated plates with (a) uniaxial and (b) biaxial 
loading types (a/h=100) 
 
Results of these performed buckling analyses also show the distribution of the total deformations in the 
hexagonal perforated square thin plate obtained as a result of the buckling mode analysis. Generally, the 

maximum deformation should be seen in the regions surrounding the hexagonal holes. The critical buckling 
loads calculated in the case of biaxial loadings are approximately half of those calculated in the case of uniaxial 
loadings. In hexagonal perforated plates under uniaxial loading, the regions with the highest total deformations 
are the hole edges parallel to the x=0 and x=a edges, where the axial load is not loaded. On the other hand, in 
hexagonal perforated plates under biaxial loading, it is seen that the highest total deformation regions are 
distributed to all sides of the hole. 
The contour plots of total deformations of four of ten different square perforated plates are given in Figure 11 

as an example. 

 

 

Figure 11. Contour plots of total deformations for square perforated plates with (a) uniaxial and (b) biaxial 
loading types (a/h=100) 
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Similar to perforated plates with hexagonal holes in perforated plates with square holes the maximum 

deformation should be seen generally in the regions surrounding the holes. The critical buckling loads of square 
perforated plates under bi axial loadings are approximately half of the plates under uniaxial loadings. In square 
perforated plates under uniaxial loading, the regions with the highest total deformations are the hole edges 
parallel to the x=0 and x=a edges, where the axial load is not loaded. On the other hand, in square perforated 
plates under biaxial loading, it is seen that the highest total deformation regions are distributed to all sides of 
the hole. 
 

 
 
Figure 12. Von Mises stress of (a) uniaxial and (b) biaxial loaded hexagonal perforated plates with slenderness 
ratio of a/h=100 
 
The contour plots for Von Mises stress of four models of hexagonal perforated plates with orientation angles 
0, 10, 20, and 30 degrees are given in Figure 12. 
 
In uniaxial loaded hexagonal perforated plates stresses were condensed in surrounding the hole edges parallel 

to x axes. In biaxial loaded hexagonal perforated plates stresses were distributed all around the hole edges. 
 
The contour plots for Von Mises stress of four models of square perforated plates with orientation angles 0, 
10, 20, and 30 degrees are given in Figure 13. 
 
In uniaxial loaded square perforated plates stresses were condensed in surrounding the hole edges parallel to 
x axes. In biaxial loaded square perforated plates, especially at the corners of the square hole stresses were 

distributed all around the hole edges. 
 
5. Conclusion 

 
In this study, the buckling behavior of simply supported perforated plates with different hole orientation angles 
was investigated. For determining the critical buckling loads different types of loads as uniaxial and biaxial 
in-plane compressive loads are affected. Square plates subjected to in-plane compressive load Nx in the edges 

of the square plate parallel to y axis were examined as uniaxial loading. For investigating the biaxial buckling 
loads of perforated simply supported square plates, in addition to the Nx load acting on the plate sides parallel 
to the y axis, a load equal to μ times the Nx load was applied to the sides parallel to the x axis. The constant μ, 
which shows how many times the buckling load Nx load acting on the plate edges parallel to the x axis was 
considered as 0, 0.5, 1 and 2. 
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Figure 13. Von Mises stress of (a) uniaxial and (b) biaxial loaded square perforated plates with slenderness 
ratio of a/h=100 
 
The slenderness ratio is a parameter on buckling of perforated simply supported square plates. Three different 
slenderness ratios are considered in examples as 10, 50, and 100. The results obtained about the slenderness 
ratio can be summarized as follows: 

• When the slenderness ratio decreases the critical buckling loads were increases. 

• It is observed from the results that the slenderness ratio does not affect the corresponding increase of 
critical buckling load with the increase of hole orientation. 

• As the slenderness ratio decreases, the critical buckling loads for the same orientation angles converge. 

• The change in slenderness ratio affects the critical buckling load sequence obtained for hole types. 
 
Perforated plates in the study have one hole in the middle of the plate. Centrally located hole perforation shapes 
are considered circular, hexagonal, and square. All the hole areas are taken as equal. The hexagonal hole was 
taken as a reference and the other hole areas were calculated based on the area of the hexagonal hole. The edge 
length of the hexagonal hole is quarter (¼) of the square plate edge length. It has been determined from the 
analyses that the effect of the hole types on critical buckling load is different for uniaxial and biaxial loading. 

 
In uniaxial loadings, the results obtained about the hole types can be summarized as follows: 

• For uniaxial loading, behave of the function of critical buckling load versus orientation angle of the 
perforation is quadratic function for square type perforations, sinusoidal function of two periods for 
hexagon type perforations, and constant linear function for circle type perforations. 

• For the circle type perforations, critical buckling loads are the minimum values for a/h=100 compared 
to hexagon and square. When the slenderness ratio a/h decreases to 20, the critical buckling load values 
are also lower than the square but higher than the hexagon type between some orientations. For the 
slenderness ratio a/h=10, the values are higher than the square and hexagonal type perforations for 
certain values of the orientation angle. 

• For the hexagonal type perforations, critical buckling load values are generally seen as higher than the 
circle type perforations but lower than the square type perforations. 

• For the square type perforations, critical buckling load values are mostly higher than the circle and 
hexagonal type perforations. 

 
In biaxial loadings, the results obtained about the hole types can be summarized as follows: 

• For biaxial loading, behave of the function of critical buckling load versus orientation angle of the 
perforation is quadratic function for square type perforations and constant linear function for hexagon 
and circle type perforations. 
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• For the circle type perforations, critical buckling loads are the minimum values for a/h=100 and a/h=20 
compared to hexagon and square. When the slenderness ratio a/h decreases to 10, the critical buckling 
load values are higher than square type perforation at between 0 to10 and 80 to 90 degrees of 
orientation angle.  

• The critical buckling load in hexagon type holes is always higher than in circle type holes at all the 
slenderness ratios examined. However, hexagon type holes are higher than the square type holes only 
at between 0 to10 and 80 to 90 degrees of orientation angle. 

• For the square type perforations, critical buckling load values are mostly higher than the circle and 
hexagonal type perforations, as is the case with uniaxial loadings. 

 
As a result of rotating the hole geometry in the perforated plate with the x-y plane by an orientation angle α 

around the z axis passing through its center, it was observed that the calculated critical buckling load did not 
remain the same although the hole areas were the same. 
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