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Abstract: 

Advanced composite structures with light weight laminates  are increasingly being used in modern aerospace applications, military 

and automotive industries for enhancing their structural efficiency and performance. Th is is due to the fact that the composi te 

materials possess high specific strength and specific modulus. Since the composites exh ibits anisotropic characteristics, pre diction 

of the behaviour becomes complex. Destructive testing proves as costlier and Non-destructive testing of laminated compos ites are 

unreliable. Hence the behaviour of composites can be predicted either by means of analytical solutions or by means of numerical 

solutions. Engineering components irrespective of its applications is expected to subject to either one or combination of loads such 

as (i). Tensile, (ii) Compressive (iii) Shear (iv) Bending (v) Buckling and (vi) Impact. Hence in this work, emphasis is focu sed on 

response of composite laminates against these loads using two approaches viz (i) Analytical solution and (ii) Numerical solution. 

Classical lamination theory is used as a tool for analytical solution and Finite Element Analysis is used as a tool for Numer ical 

solutions. In this Phase behavior of Carbon Fiber reinforced Plastics (CFRP) is predicted when the laminat e is subjected to (i) 

Tensile (ii) Compressive and (iii) Buckling loads using ANSYS 15.0 software tool. Different geometrical variations are also 

considered in the work. The predicted values are validated using Classical Lamination theory.  
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INTRODUCTION  

Fiber-reinforced composites are widely used in the 

form of relatively thin plate, and consequently the load 

carrying capacity of composite plate against buckling has  been 

intensively considered by researchers under various loading 

and boundary conditions. Due to the excellent weight and 

stiffness characteristics, composites have been receiving more 

attention from engineers, designers and scientists.  

During operation, the composite laminate plates are 

usually subjected to compression loads that may cause 

buckling if they are overloaded. Hence their buckling 

behaviors are important factors in safe and reliable design of 

these structures. In many engineering structures s uch as 

columns, beams, or p lates, their failure develops not only from 

excessive stresses but also from tensile/compressive, buckling, 

shear, and impact load. When a flat plate is subjected to low 

in-plane compressive loads, the plate remains flat and is in 

equilibrium condition. As the magnitude of the in-plane 

compressive load increases, probably the equilibrium 

configuration of the plate is finally changed to a non-flat 

configuration and the plate becomes unstable. The value of the 

compressive load at which the plate becomes unstable is called 

the “critical buckling load.”  

From the literature, it is evident that the most of the 

studies are based on the numerical approach and experimental 

analysis; and it was found that most of the studies were 

focused on unidirectional. Most of the analyses have been 

done for various side to thickness ratios (a/h), aspect ratios 

(a/b) [4], modulus ratio (E1/E2), different boundary conditions, 

and different fiber orientations [7] for different materials. 

Recently finite element analysis has been received 

considerable from the various recent analyses in the laminated 

composite plates. The main  objective of th is study deals with 

the tensile, shear, impact and buckling behavior of laminated 

composite plates using a finite element analysis. This project 

work has been carried out by using both analytical and 

theoretical approaches for various length to thickness ratio 

(L/t) of composite plate and cylinder.  

  

BUCKLING LOAD ANALYS IS  

The objective of this chapter is to demonstrate the 

effect on buckling behavior of laminated plates and cylinder. 

When those structures are subject to external pressure and 

primary stresses become compressive, buckling instability can 

occur at stresses well below the elastic limit  or yield strength 

of the material. This type of failure gives little warning of the 

impending collapse 

THEORETICAL ANALYS IS OF PLATE WITHOUT 

HOLE  

An angle- ply laminate is considered. It is assumed to 

have hinged boundary conditions. It is further assumed that 

the hinged supports are such that uniform displacements along 

two adjacent boundary conditions are admissible [6].  

The expression to calculate buckling load for plate 

without hole as, 

 

 (1) 

Which is the buckling relationship for a simply  

supported orthotropic plate under uniform bi-axial 

compression. Where, 

a & b  - plate dimension in mm 
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m &n - No of half-sine waves along the x & y direction. 

 - Elements in the ‘D’ matrix.  

The length of rectangular plate (l) is 300 mm and the 

width of the plate (b) is 200 mm and the thickness of the plate 

is varying from 3mm, 6mm, 9mm, 12 mm, and 15 mm in the z 

direction. The mechanical properties of the CFRP shown in the 

following table 1.  

The buckling analysis on the plate without hole was 

conducted for the following orientation like [0/90/0], [45/-

45/45]. 

Table-1. Mechanical properties of CFRP Laminate 

Mechanical properties of CFRP laminate  

E (MPa) =1.48e5  = 9850 = 9850 

    

G (MPa) 
 

G23=3621.3 
 

Theoretical calculation for laminate [0/90/0] 

    &     (2) 

Where 

 =0.0189 

For 0  lamina 

Using the values of   we get the following 

equations 

 

Assemble the above values in the matrix form 

 

 

Similarly fo r 90  lamina 

 
Now we can calculate the element  matrix for 

plate thickness of plate thickness for each layer 1 mm  

               (3) 

From the above matrix we get the following values  

324137.19 N-mm     10795.2 N-mm 

6041.55 N-mm  33834.77N-mm 

Substitute the above values in the (1) we get the critical 

buckling load  

 83.64 N/mm. 

Similarly we can calculate the buckling load for 

various L/t ratio for d ifferent orientations.  

 

 

Figure-1. Comparison of theoretical buckling load for various 

laminate orientation 

Thus the theoretical analysis value are plotted 

graphically in the figure 1. From the figure 1 it is observed that 

the buckling load is high for [0/90/0] as compared to the [45/-

45/45].From the graph buckling load values for plate without 

hole is decrease with increase in the L/t ratio.  

 

FINITE ELEMENT ANALYS IS  

The FEA has become a powerful tool for numerical 

solution of wide range of engineering problems. The advance 

in computer technology and high-speed electronic computers 

enables complex problems to model easily with several 

alternate configurations.  

 

TYPES OF BUCKLING ANALYS IS  

ANSYS supports two types buckling analysis  

 Non-Linear Buckling  

 Eigen Value Buckling analysis  

 

The procedure of eigenvalue buckling analysis is as follows.  

 Building the model.  

 Obtaining the static solution.  

 Obtaining the eigenvalue buckling solution.  

 Reviewing the results.  

 

BUCKLING ANALYS IS OF PLATE WITHOUT HOLE  

During the buckling analysis of plate without hole in 

the ANSYS conducted for the following laminate like [45/-

45/45], [0/90/0]. The length (l) of the plate is 300 mm and 

width (b) is 200 mm and the thickness of the each lamina is 1 

mm. the applied pressure on two edges is 1 bar. Here the 

length of the laminate are changed for various thickness and 

this method will performed on the various fibre orientation 

laminate. 

 

Figure-2. Buckling of [0/90/0] laminate for t=3mm. 

The figure 2 shows the buckling of plate for thickness 

3mm. Similarly we can numerically analysis the different 

laminate for various L/t rat io by using ANSYS. The result 

analysis for various laminate are shown in the figure 3.  

 

Figure-3. Comparison of numerical buckling load for various 

laminate orientation. 

 

From the figure 3 it is observed that the numerical 

buckling load is high for [0/90/0] as compared to the [45/-

45/45]. From the graph numerical buckling load values for 

plate without hole is decrease with increase in the L/t ratio. 
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Finally we can calculate the percentage deviation for 

theoretical buckling load and numerical buckling load. This is 

shown in the figure 4 graphically.  

 

Figure-4. Comparison of theoretical and numerical buckling 

load for [0/90/0] 

From the figure 4 its shows that how much value of 

buckling load deviation in between the numerical and 

theoretical buckling load for different laminate. It is observed 

that the buckling load high for theoretical analysis of different 

laminates as compared to the numerical buckling load.  

 

BUCKLING ANALYS IS OF PLATE WITH HOLE 

The buckling analysis of plate with hole in the 

ANSYS conducted for the following laminate like [0/90/0], 

[45/-45/45], [30/ -30/30]. Here the hole diameter of the plate 

(d/b) is changed for various fibre orientation laminate. The 

buckling of the plate with hole for [0/90/0] orientations are 

shown in the following figure 5.  

 

Figure-5. Buckling of [0/90/0] laminate d/b=0.03.  

 

 Similarly the buckling of the various d/b ratio of 

different laminate are analysis by same procedure and the 

values are plotted graphically in figure 6.  

 

Figure-6. Comparison of buckling load for d/b ratio of 

different laminated plate. 

 BUCKLING ANALYS IS OF CYLINDER 

The dimension of the cylinder are taken from the 

ASTM D6272-02. The length (l) o f the cylinder 390 mm, inner 

diameter is 300 mm and the thickness of the cylinder is 1 mm 

that is varied for various (L/t) rat io of above different laminate. 

Buckling of cylinder for [0/90/0] orientation is shown in the 

figure 7. 

 

Figure-7. Buckling of cy linder [0/90/0] laminate L/t=130.  

Similarly the buckling of cylinder for various L/t ratio 

of different laminate are analysis by same procedure. 

 

Figure-8. Comparison of buckling load for d/b ratio of 

different laminated cylinder. 

From the figure 8 it is observed that the numerical 

buckling load is high for [0/90/0] as compared to the [45/-

45/45] and [30/-30/30]. From the graph numerical buckling 

load values for cylinder is decrease with increase in the L/t 

ratio. 

 

TENS ILE/COMPRESS IVE LOAD 

             Tensile strength (TS) is the maximum stress that a 

material can withstand while being stretched or pulled before 

necking, which is when the specimen's cross -section starts to 

significantly stretch. Tensile strength is the oppos ite of 

compressive strength and the values can be quite different. The 

length of rectangular plate (l) is 100 mm and the width of the 

plate (b) is 100 mm and the thickness of the plate is varying 

from 3mm, 6mm, 9mm, 12 mm, and 15 mm in the z direct ion.  

 

THEORETICAL CALCULATION OF PLATE WITH 

OUT HOLE 

The theoretical calculation of the laminated plate 

[45/-45/45] under tensile/compressive load is calculated by 

using mid - plane strain (34) and mid plane curvature [6] 

expression. Induced stress in  

lamina,  

 

Similarly fo r - lamina, 

 
Similarly we can calculate the tensile stress for 

various L/t ratio of different orientation angle & the values are 

plotted graphically shown in figure 9.  
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Figure-9. Theoretical comparison of tensile stress in x-

direction for plate without hole. 

 

Similarly we can plot the graph for y-direction & xy 

plan. Here we noted that when the L/t ratio increase, the s tress 

induced in the plate are increased in the positive x-direct ion. 

 

FINITE ELEMENT TENS ILE LOAD ANALYS IS OF 

PLATE WITHOUT HOLE 

The length (l) of the plate is 100 mm and width (b) is 

100 mm. Here the length to thickness ratio of the laminate are 

changed for various fib re orientation laminates. 

 

Figure-10. Tensile stress in x-direct ion of lamina [45/-45/45] 

for plate without hole.  

The figure 10 shows the stress in x-d irection t=3 mm. 

Similarly we can numerically analysis the stress for different 

laminate for various L/t ratio by using ANSYS in y-direction 

and xy- plan. That is shown in the figure 11 graphically.  

 

Figure-11. Numerical comparison of tensile stress in x-plan 

for plate without hole. 

 

Figure-12. Comparison of theoretical and numerical tensile 

stress in x-direction for p late without hole. 

 

Finally we can calculate the percentage deviation for 

theoretical tensile stress and numerical tensile stress for [45/-

45/45] laminate.  

The theoretical and numerical values for [45/-45/45] 

laminate is shown in the figure 12. Here we can see that how is 

the calculated theoretical value very nearly close to the 

numerical value. Similarly we can calculate the %error  

for the -45 lamina & [30/-30/30] laminate.  

 

TENS ILE ANALYS IS OF PLATE WITH HOLE 

The length (l) of the plate is 100 mm and width (b) is 

100 mm and the thickness of the each lamina is 1 mm. Here 

the hole diameter of the plate (d/b) is changed for various fibre 

orientation laminate. Tensile analysis of the plate with hole for 

[45/-45/45] orientation is shown in the figure 13.  

 

Figure-13.Tensile stress in x-d irection of lamina [45/-45/45] 

for plate with hole for d/b=0.06. 

 

Figure-14.  Numerical tensile stress in x-d irection of various 

laminate for p late with hole.  

From the figure 14 it is observed that the numerical 

tensile stress is high for [0/90/0] as compared to the [45/-

45/45] and [30/-30/30]. From the graph numerical tensile stress 

values for plate with hole is increases with increase in the d/b 

ratio. Similarly the Numerical values for stress in y-direction 

and xy-p lane can be analyze. 

 

TENS ILE ANALYS IS OF CYLINDER  

Length (l) of the cylinder 390 mm, inner diameter is 

300 mm and the thickness of the cylinder is 1 mm that is 

varied for various (L/t) rat io of d ifferent laminate.  

The Figure 15 shows the tensile stress in x-direction 

for cylinder lamina [45/-45/45] for t=3mm. Similarly for 

various L/t ratio of different laminates are analyzed and the 

values are   plotted graphically in figure 16.  
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Figure-15. Tensile stress in x-direct ion for cy linder lamina 

[45/-45/45] for t=3mm. 

 

Figure-16. Numerical tensile stress in x-direction for cy linder. 

From the figure 16 it is observed that the numerical 

tensile stress is high for [45/-45/45] as compared to the 

[0/90/0] and [30/-30/30]. From the graph numerical tensile 

stress values for plate with hole is increases with increase in 

the L/t ratio. Similarly induced stress in the y-direction & xy-

plane for different laminates can be analyse. 

 

CONCLUS ION 

This project work deals with the numerical and 

theoretical analyses on the buckling and tensile/compressive 

load behavior of thin carbon fiber reinforced plastic (CFRP) 

rectangular plate without hole. Three different types of 

composite structures: rectangular plate without hole, 

rectangular plate with hole and thin cylinder was analyzed 

using ANSYS 15.0 were carried out to model the size of 

structures. 

It was noted that the buckling load/unit length 

decreases with increases of length to thickness ratio of plate 

and cylinder. And then noted that the buckling load/unit length 

gradually decreases with increases of diameter to width ratio of 

plate with hole.  

It was seen that although the tensile stress increases 

with increases of length to thickness ratio of the plate and 

cylinder. The study is useful in selecting the above said 

parameters in designing the laminates in buckling and 

tensile/compressive point of view. 

The results from this study indicate that numerical 

modeling can be used to evaluate the buckling strength 

accurately, provided the material propert ies and geometrical 

details properly modeled. 
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