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Abstract— Laminated composite plates are made up of 

plates consisting of layers bonded together and made up of 

materials chemically different from each other but combined 

macroscopically. These have an application in aircrafts, 

railway coaches, bridges et cetera because they are easy to 

handle, have got improved properties and the cost of their 

fabrication is low. But their failure can lead to catastrophic 

disasters. And generally, the failure of these structures is due 

to the combined effect of excessive stresses on it and 

buckling. Hence the buckling behaviour of these kinds of 

plates should be analysed properly. Buckling behaviour of 

laminated composite plates subjected to in plane loads is an 

important aspect in the preliminary design of aircraft and 

launch vehicle components. Hence the study is important in 

order to know the buckling behaviour of such plates. The 

composite materials are advantageous to be used in 

comparison to conventional materials due to its excellent 

mechanical properties such as its durability, low density and 

corrosion-resistant characteristics. In this study, different 

boundary conditions, length/thickness ratio, stacking 

sequence, and ply orientation has been studied. Analysis 

was carried out with laminated composite rectangular plates. 

Results show the effect of different boundary conditions, 

orientation of layers and length/thickness ratio on the 

buckling load. 
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I. INTRODUCTION 

Most of the engineering structures fail due to excessive 

stresses developed in them due to the external loadings on 

them and due to buckling. In the present study, only 

rectangular thin plates have been taken into account. When a 

flat plate is subjected to compressive load, it initially 

remains flat and stays in equilibrium condition. But as the 

compressive force increases to a certain amount, the plate 

becomes unstable and its configuration changes from flat to 

non-flat. The load at which the plate leaves its equilibrium 

condition and becomes unstable is known as “Critical 

Buckling Load”. A composite material is composed of two 

or more materials and possesses the properties which could 

not have been achieved from any of its constituent materials 

alone. In such materials the main load bearing members are 

the fibres. The matrix has low modulus and high elongation 

and it provides flexibility to the structure, keeps the fibres in 

position and protects them from the external forces of the 

environment conventional products may have one property 

advantageous to the strength of the structures. But now-a-

days there is requirement for many properties which can 

assure the stability of the structure completely. Hence the 

use of composite structures has accelerated due to the 

combination of properties it possesses or to be precise, its 

heterogeneous nature. Properties of composites are due to its 

constituent materials, their distribution and their orientation 

which altogether gives an unusual combination of 

properties. Laminated composites have wide use in 

mechanical and aerospace applications due to their high 

specific stiffness and high specific strength. Fibre-reinforced 

composites usually exist in the form of thin plates. They are 

most of the time subjected to compressive loads which when 

it reaches critical buckling load has a possibility of failure. 

Hence the buckling behaviour of the composites has been a 

major concern for the researchers.[2]  

In this study, different boundary conditions, 

different length/thickness ratio, different stacking sequence 

and different ply orientation on the buckling load has been 

investigated analytically by the use of the software 

ABAQUS. 

II. SCOPE OF STUDY 

Composite materials have widespread application in 

mechanical, aerospace, biomedical engineering fields 

because it is easy to handle, has got good mechanical 

properties and the cost of its fabrication is also low. The 

failure of composites is generally due to buckling. Hence the 

buckling behaviour needs to be properly analysed. The aim 

of this project is to study the effect on buckling load of 

rectangular laminated composite plates subjected to 

compressive loads with different boundary conditions.[2] 

III. OBJECTIVES 

1) Laminated composite plates are analysed for the effect 

on buckling load due to changes in modulus ratio. 

2) Laminated composite plates are analysed for the effect 

on buckling load due to changes in length/thickness 

ratio. 

3) Laminated composite plates are analysed for the effect 

on buckling load due to changes in boundary 

conditions. 

4) Laminated composite plates are analysed for the effect 

on buckling load due to changes in stacking sequence 

and ply orientation. 

IV. THEORY 

A. Theoretical Formulation 

Two planes, i.e xz, yz planes and two edge conditions on 

each boundary of the plate are involved in the buckling of a 

plate. There is a basic difference in the buckling 

characteristics for column and plates. For column, the 

buckling load is equal to its failure load because once a 

column buckles, it cannot resist any more load. But plates 

are able to resist 10-15 times the value of primary buckling 

load because they are supported at the edges and they do not 

fail so easily.[7] 

B. Theory of Bending of Thin Plates 

The theory of bending for thin plates is similar to the theory 

for beams. In pure bending of beams, "the stress distribution 
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is obtained by the assumption that cross-sections of the bar 

remain plane before and after bending and rotate only with 

respect to their neutral axes so as to be always normal to the 

deflection curve." For a thin plate, bending in two 

perpendicular directions occur. A rectangular plate element 

is as shown: 

Fig. 1: Thin Plate Notation 

The basic assumptions of elastic plate bending are: 

1) Plates are perfectly flat and are of uniform thickness. 

2) The thickness of the plate is very small compared with 

its length and breadth. 

3) Deflections are small, i.e., smaller or equal to 1/2 of the 

thickness. 

4) The middle plane of the plate remains on the neutral 

surface and does not undergo any elongation.  

5) The lateral sides of the differential element, in the 

above figure, remain plane during bending and rotate so 

as to remain normal to the deflection surface. Hence, 

the stresses and strains increase as the distance from the 

neutral axis increases. 

6) The applied loads are resisted by the bending and the 

twisting of the plates. The effect of shearing forces is 

neglected.[5] 

C. Theory of Bending of Composite Plates 

Composite materials consist of two or more materials 

producing desirable properties that cannot be achieved with 

any of the constituents alone. Fibre-reinforced composite 

materials contain high strength. Fibres are the principal load 

carrying members, and the matrix material keeps the fibres 

intact and protects it from the environment. Each ply is a 

thin plate which together with other plies forms a composite. 

The orientation of each ply is arbitrary, and the layup 

sequence is so adjusted to achieve the desirable properties. 

Each thin layer is called a lamina. A lamina is a macro unit 

of material whose material properties are determined by 

appropriate laboratory tests. Structural elements are formed 

by stacking the laminas to achieve desired properties. Fibre 

orientation in each lamina and stacking sequence of the 

layers are so chosen to achieve desired strength and 

stiffness.[5] 

V. RESULTS AND DISCUSSION 

Buckling behaviour of laminated composite plates subjected 

to in-plane loads is an important aspect in the preliminary 

design of aircraft and launch vehicle components. These 

laminated composite plates may have holes placed centrally 

or otherwise for the purpose of pipes for electric cables or 

other purposes. This may reduce the stiffness of the plate 

and create stress concentrations in the region of the holes. 

Hence the study is important in order to know the buckling 

behaviour of such plates. The aim of this project is to study 

the effect on buckling load of square and rectangular plates 

with and without a hole subjected to compressive loads with 

different boundary conditions. 

A. Homogenous Plate 

The following analysis is carried out to finalize the size of 

mesh. The buckling behaviour of a homogenous plate 

having length 50 mm and width 50 mm is studied. The h/b 

ratio is fixed at 0.04. Hence the thickness works out to be 2 

mm. Here ABAQUS is used to find out the critical buckling 

load. 

The material properties of the plate worked upon is as 

follows: 

E1 =210000 MPa, ν = 0.3 

Fixed – pinned boundary conditions are used. 

Mesh Size Buckling load(N/m) 

5 x 5 2349.9 

6 x 6 2369.9 

8 x 8 2508.0 

10 x 10 3133.8 

Table 1: Convergence Study of Homogeneous Plate 

1) Mode Shapes: 
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Fig. 2: Buckling modes for homogeneous plate 

B. Composite Plate 

The following analysis is carried out to finalize the size of 

mesh. The buckling behaviour of an orthotropic laminated 

composite plate having length 130mm and width 60mm is 

studied. The h/b ratio is fixed at 0.03. Hence the thickness 

works out to be 1.8mm. It has 3 layers oriented at 0, 45 and -

45 degrees. Here ABAQUS is used to find out the critical 

buckling load. 

The material properties of the plate worked upon is as 

follows: 

E1 =138000MPa, E2 =E3 = 9500 MPa, G12 = G13 = 5200 

MPa, G23 = 1450 MPa, ν12 = ν13 = 0.38, ν23 = 0.4 

The buckling load factor for a lay-up configuration [0/45/-

45] and h/b ratio = 0.03  

Fixed – pinned boundary conditions are used. 

 
Fig. 3: Ply stack plot for composite plates 

Mesh Size Buckling load(N/m) 

2 x 2 118.81 

4 x 4 119.36 

8 x 8 121.76 

10 x 10 123.39 

Table 2: Convergence Study of Composite Plate 

1) Mode shapes: 

 

 

 
Fig. 4: Buckling modes for composite plate 

C. Variation of Buckling Load with Length/Thickness Ratio 

Having decided on the mesh size and validated the results, 

the formulation is carried out for the present problem using 

ABAQUS software. 

The material properties of the plate were taken as: 

E11 = E33 = 141GPa, E22 = 9.23 GPa, G12 = G13 = 5.95 

GPa, G23 = 2.96 GPa, νxy = νxz = 0.313, νyz = 0.313/ 

(141/9.23) = 0.0205 

1) Dimension of the plate: 

It is a square plate with length and breadth equalling 0.5m. 

The stacking sequence is [0°/90°]. Hence the number of 

layers is two. The length/thickness ratio is changed from 0.1 

to 0.5 in steps of 0.1. The variation of buckling load is 

studied. The boundary condition is simply-supported. 
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Plate 

Number 

Length 

(m) 

L/H 

Ratio 

Thickness 

(m) 

Buckling load 

(N/m2) 

1 0.5 0.1 0.05 0.34876E+08 

2 0.5 0.2 0.1 0.21719E+09 

3 0.5 0.3 0.15 0.51416E+09 

4 0.5 0.4 0.2 0.74966E+09 

5 0.5 0.5 0.25 0.93845E+09 

Table 3: Effect of Length/Thickness Ratio on Buckling 

Load 

As the l/h ratio increases, the buckling load increases as seen 

from Table III. 

D. Variation of Buckling Load with Different Boundary 

Conditions 

Material Properties of the plate taken:  

E11 = E33 = 141GPa, E22 = 9.23 GPa, , G12 = G13 = 5.95 

GPa, G23 = 2.96 GPa, , νxy = νxz = 0.313, νyz = 

0.313/(141/9.23) = 0.0205  

1) Dimension of the plate taken:  

It is a square plate with length and breadth equalling 0.5m. 

Two stacking sequences are taken; [0/90] and [0/90/0]. The 

total thickness is taken to be 5mm.  

2) Boundary Conditions taken: 

Three boundary conditions are taken; Clamped-free, simply-

supported and fixed. 

Boundary Conditions Buckling Load (N/m) 

Clamped-free 17.65 

Simply-supported 20181 

Fixed 82738 

Table 4 (A): Variation of Buckling Load with Boundary 

Conditions For [0°/90°] Stacking Sequence 

Boundary Conditions Buckling Load (N/m) 

Clamped-free 86.932 

Simply-supported 41113 

Fixed 106560 

Table 4 (B): Variation of Buckling Load with Boundary 

Conditions For [0°/90°/0°] Stacking Sequence 

Tables IV show that the fixed plate shows the 

largest value of buckling load as compared to simply 

supported and cantilever plates and the buckling load 

decreases with the presence of cut-out. 

VI. CONCLUSION 

From the analysis carried out by the use of ABAQUS on the 

laminated composite plates, the following conclusions have 

been drawn out.  

1) The increase in length/thickness ratio increases the 

buckling load.  

2) As the number of layers increases, the buckling load 

also increases. This is because as the number of layers 

increases, the interaction between each layer increases 

and therefore high amount of load is required to get the 

critical buckling load.  

3) The buckling load changes with change in boundary 

condition. The buckling load for clamped-free plate is 

least; followed by simply-supported plate and for fixed 

support plates, the buckling load is the highest.  

4) Buckling load increases as the angle in the ply 

orientation increases. 
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