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Abstract 

This paper addresses the effects of a cut-out on the buckling behaviour of square plates made of 

polymer matrix composites (PMC). The study is concentrated on the behaviour of square symmetric cross-ply 

laminates. The laminated plates were symmetrically orderly arranged into the following way [0/90]2S.The 

resistance to buckling of the laminated plates subjected to mono-axial compression is highlighted according to 

effect of boundary condition; the unloaded edges are modelled in clamped and simply supported boundary 

condition. Finite element analysis is performed to predict the effects of cut out of circular, square and elliptical 

hole aligned in along the loading direction and aligned in perpendicular to the loading direction on the buckling 

behaviour of these plates. 
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1. Introduction 

 Application fields of composite materials are continuously expanding, from traditional application 

areas such as military aircraft to various engineering fields including commercial aircrafts, automobiles, robotic 

arms and even architecture [1]. The correct understanding of their structural behaviour is necessary, such as the 

deflections, buckling loads and modal characteristics, the through-thickness distributions of stresses and strains, 

the large deflection behaviour and, of extreme significance for obtaining strong, reliable multi-layered 

structures, the failure characteristics [2]. Throughout operation the composite laminate plates are generally 

subjected to compression loads that may basis buckling if overloaded. Consequently their buckling behaviours 

are significant factors in safe and reliable design of these structures [3]. For predicting the buckling load and 

buckling mode form of a structure in the finite element program, the linear (or eigenvalue) buckling analysis is 

an existing technique for estimation [4]. In general, the analysis of composite laminated plates is more 

complicated than the analysis of homogeneous isotropic ones [5]. In the literature, there are a range of published 

studies on the buckling of composite plates. Akbulut and Sayman [6] carried out a buckling analysis of a 

rectangular composite laminates with a central square hole. Using the first order shear deformation theory, the 

critical buckling loads of composite plates which were designed as symmetric angle-ply, antisymmetric cross-

ply or angle ply under the in plane loads were found for constant or various thicknesses, simple or clamped 

boundary conditions, various modules ratios, simple or biaxial loading versus hole sizes. Kundu and Sinha [7] 

performed the geometrically nonlinear post buckling analysis of laminated composite doubly curved shells by 

finite element method.  
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The principle of virtual work forms the origin to derive the nonlinear finite element equations. Kong et 

al. [8] analysed buckling and post buckling behaviours both numerically and experimentally for composite 

plates with a hole. In the finite element analysis, the updated Lagrangian formulation and the eight-node 

degenerated shell element were used. The effect of hole sizes and stacking sequences was examined on the 

compression behaviour of the plate. Experiments showed fine agreement with the finite element results in the 

buckling load and the post buckling strength. Ghannadpour et al. [9] studied the influences of a cut out on the 

buckling performance of rectangular plates made of polymer matrix composites (PMC). The study was 

concentrated on the behaviour of rectangular symmetric cross-ply laminates. Finite element analysis was also 

carried out to obtain the effects of cut out on the buckling behaviour of these plates. Jain and Kumar [10] carried 

out the finite element method for the post buckling response of symmetric square laminates with a central cut 

out under uniaxial compression. The governing finite element equations were solved using the Newton–

Raphson method. For the purpose of analysis, laminates with circular and elliptical cut outs were considered 

with a view to investigate the effect of cut out shape, size and the alignment of the elliptical cut out on the 

buckling and the first-ply failure loads of laminates. The buckling response of a woven/glass/polyester 

composite laminated square plate with elliptical hole is investigated by Komur et al. [11] using ANSYS code. 

They indicated that the designer must avoided the big elliptical holes in laminated composite plates, if it is 

wanted to prevent buckling loads at lower pressures. Hamani et al. [12] have determined the effect of fibre 

orientation on the critical buckling load of symmetrical laminated composite plates having a crack emanating 

from a circular notch. They pointed out that the critical buckling loads attain important maximum values when 

the fibres are oriented in the range of 50
ο
_90

ο 
whereas the minimum values are obtained when the fibres are 

perpendicular to the applied pressure. In this paper the effect of circular and elliptical cut outs on the buckling 

behaviour of composite plates in cross-ply laminates are taken in to consideration. This study also contains the 

effect of circular cut out size in different plate aspect ratios on the buckling behaviour of the cross-ply laminated 

composite plates. 

 

2. Finite Element Modelling 

 In this study, the square plate cross-ply laminate [0, 90]2s is considered. The length and width of the 

composite plate is 120mmX120mm. The plate is constituted of eight plies, each having a thickness of 

0.125mm.The properties of the material of the lamina are E1=130GPa, E2=10Gpa, E3=10GPa, 

G12=G13=5Gpa, G23=3.375Gpa. v12 = v13 = 0.35, v23 = v32=0.49.The finite element commercial code 

ANSYS APDL 11.0 has been used for the analysis. The plate normal is aligned in z direction and plate area is 

located on XY plane. The simply supported boundary conditions are applied on each four edges by fixing the 

translational displacement in z axis. The compression load is applied uniformly along the two opposite edges. 

These plates are meshed with quadratic and triangular Elements by programme chosen option as illustrated in 

Fig.1. In order to achieve the static equilibrium, four nodes at the middle point of each edge are fixed i.e. the 

displacements in y direction are fixed in loaded edges along with the displacements in x direction are fixed in 

transverse sides. 
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Fig.1. Typical mesh for a cross-ply square laminated plate with circular cut out 

 

3. Effect of Cut Out Size 

 In this section the effect of circular cut out size and square cut out size is taken in to consideration. The 

plate dimension is 120 x120 mm. Table 1 gives the non-dimensional buckling loads for cross-ply laminated 

composite plates with the cut out diameter to the laminate width ratio (d/b) and square width (c ) to laminate 

width (b) ratio are given in Table 2. The results of Table 1 are displayed in Fig. 2.the buckling load for the 

square plate with circular cut out is having higher buckling load than in  square cut out in same ratios. 

 

Table 1 

Cross-ply laminate with a circular and square cut out 

 

Buckling load (N) 

d/b             b1/b                               Circular Square 

0.1            0.1                       15.457                    14.622 

0.3            0.3                       9.7650                    9.4550 

0.5            0.5                       8.0036                    6.7082 

0.8            0.8                       6.8647                    5.3715 

0.9            0.9                       4.892                      4.4513 
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Fig.2. Variation of buckling loads with square and circular cut outs 

 

4. Effect of Cut Out Shape 

 In real applications of composite plates, different forms of the notch can be used for design purposes. 

The form of the notch was assumed to be an elliptical hole centered in the plate. In this section the effect of 

elliptical cut out is taken in to account. It is assumed that cut out to be located at the centre line of the square 

plates. The Direction of the loads and its boundary conditions are the same as previous section. The diameter of 

the ellipse which is aligned in load direction represented by e and the other diameter in transverse direction is 

represented by c. This investigation covers two types of elliptical cut outs. The first one investigating the 

elliptical cut outs which major diameter is aligned in load direction (x axis) and second one is for studying the 

ellipse which the minor diameter is aligned to the load direction (y axis).For the former type the value of e/b = 

0.5 is constant and the value of c/b change from 0.0 to 0.5. For the later type the value of c/b = 0.5 is fixed and 

e/b varies from 0.0 to 0.5. Table 2 represents the variation of non-dimensional buckling loads in fixed c/b and 

different e/b. It is seen that the larger area of cut out causes the lower buckling load. The results of constant e/b 

and variable c/b are represented in Table 3. It is seen that the buckling load also decrease with increase of cut 

out area. Fig. 3 depicts the variation of elliptical cut out in axial and transverse loading direction. Results show 

that in the same cut out area, one which extended in perpendicular load direction has a higher buckling load 

compare to the cut outs that are located in transverse direction. 

 

Table 2 

Cross-ply laminate with an elliptical cut out (aligned along loading direction) 

 

c/b                            e/b                           Buckling load (N) 

0                                 0                                    16.508 

0.5                             0.05                                10.453 

0.5                             0.15                                9.6640 

0.5                             0.25                                8.5070 
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0.5                             0.35                                8.1975 

0.5                             0.45                                8.1067 

0.5                             0.5                                  8.0036   

 

Table 3 

Cross-ply laminate with an elliptical cut out (aligned in the perpendicular direction of loading) 

 

e/b                            c/b                           Buckling load (N) 

0                                 0                                    16.508 

0.5                             0.05                                16.372 

0.5                             0.15                                14.595 

0.5                             0.25                                13.016 

0.5                             0.35                                10.755 

0.5                             0.45                                8.7160 

0.5                             0.5                                  8.0036 
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Fig.3.Variation of buckling loads with elliptical cut outs 

 

5. Effect of Plate Aspect Ratio 

This section deals with the buckling behaviour of perforated cross-ply laminated plates in different 

plate aspect Ratios. In this study the plate aspect ratios is selected to have integer value i.e. a/b = 1, 2, 3. Simply 

supported Boundary conditions are applied on four edges. The widths of these plates are equal to 120 mm, and 

all of the cut outs are positioned in the centre of the plates. The results of bulking loads in different cut out size 

are depicted in Fig.4.As mentioned before, the buckling loads of the square plate decreases with the cut out 

dimensions. Results show that the buckling load for the aspect ratio of 2 increases with increasing the cut out 

size but aspect ratio of 3, it is reduced up to d/b = 0.4 and increased for the d/b > 0.4 One can mention that 

applying the cut out on the rectangular plates can be improved by plate aspect ratio. 
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Table 4 

Cross-ply laminate with various aspect ratios 

 

S.No d/b ratio 
Buckling load (N) 

a/b=1 a/b=2 a/b=3 

1 0 16.508 16.529 16.534 

2 0.2 12.199 17.652 15.080 

3 0.3 9.7650 17.686 14.730 

4 0.4 9.6776 17.915 14.426 

5 0.6 8.1443 18.672 16.778 

6 0.8 6.8647 19.960 20.340 

7 0.9 4.892 25.368 22.674 
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Fig.4.Variation of buckling loads with circular cut out dimensions in different plate aspect ratios 

 

6. Effect of Boundary Condition 

The boundary condition has a significant effect on buckling loads. In this study the cross-ply laminated 

plates is evaluated at two different boundary conditions, first case is simply supported in four edges; second case 

is simply supported in loaded edges and clamped in unloaded edges. The size of the perforated square plates is 

120 mm. Fig. 5 displays the results of buckling load in different cut out size. Because of the rigidity of clamped 

boundary condition the buckling load is higher than simply supported boundary condition. 

 

Table 4 

Cross-ply laminate with various boundary conditions 

 

S.No d/b ratio Buckling load (N) 
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Simply supported  Clamped 

1 0 16.508 16.529 

2 0.2 12.199 17.652 

3 0.3 9.7650 17.686 

4 0.4 9.6776 17.915 

5 0.6 8.1443 18.672 

6 0.8 6.8647 19.960 

7 0.9 4.892 25.368 
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Fig.5.Variation of buckling loads in plate with different boundary conditions 

 

7. Conclusion 

Based on the results of the present investigations on buckling behaviour of square perforated composite 

Plates under compression load, the following conclusion can be made: 

 The buckling load of the square plates containing a circular cut out reduces by the increment of cut out 

diameter. 

 The buckling load for the square plate with circular cut out is having higher than the square plate with 

square cut out. 

 Small cut outs can be neglected from modelling and can reduce the meshing efforts. 

 In the elliptical cut outs, one which aligned perpendicular to load direction represents higher buckling 

load than one aligned in the direction of load. 

 By selecting the integer value for plate aspect ratio the buckling load is increased by selecting the 

higher value for aspect ratio. 

 The buckling load of perforated plates is highly influenced by its boundary conditions. The buckling 

load for the plate with clamped boundary condition on unloaded edges is 2 times higher than the 

buckling load for the plate with simply supported boundary condition. 
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