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Abstract

In this paper Buckling load factors have been determined for different aspect ratio, d/b ratio & d/D ratio. The buckling load factor
increases as the aspect ratio increases up to 1.11. The buckling load factor then decreases, with the increase of aspect ratio. As the
d/b ratio increases up to 0.15, our buckling load factor decreases. After that, buckling load factor increases with increase in d/b ratio.
. It was seen that buckling load factor decreases up to d/D ratio equals to 0.25. Since localisation of stress concentration is reduced by
providing the multiple holes around the cut out shape. Further buckling load factor increases on increase of d/D ratio. The reduction
of the buckling load due to the presence of a cutout is found to be significant. It is noted that the presence of cutout lowers the
buckling load.
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1. INTRODUCTION 3. BUILD THE MODEL.:
In many engineering structures such as columns, beams, or It includes defining element type, real constants, material
plates, their failure develops not only from excessive stresses properties and modelling. In this study, 8 noded linear layer
but also from buckling. shell 99 was selected as the element type.
Buckling behaviour significantly changes with change in 21 KLO
aspect ratio, d/b ratio, d/D ratio. Plate seems to work as a z
column of finite width at higher aspect ratio. If we decrease P M
aspect ratio, there is also a limit below which failure does not | Y
take place by elastic buckling. v v p Triangular Opticn
A K. Shrivastava & R.K. Singh (1998)[1] studied the effect of L '
aspect ratio on buckling behavior. 7 &

b
In this paper an attempt has been made to study the effect of « }M’

aspect ratio, d/b & d/D on the buckling of laminated
composite plates by FEA using ANSYS. Fig 1: Element geometry of linear layer shell 99
2. NUMERICAL ANALYSIS

ANSYS 11 was used to carry out the finite element analysis in
the work. ANSYS is used to analyse the critical buckling load
on carbon-fibre-epoxy laminated composite plates. The
dimension of the specimen were 300*200* 1.7mm of each
layer and total number of layers in composite plate were
6.Eigen value buckling analysis in ANSY'S has following four
steps:

Case-1

A composite plate having six laminae with dimensions (I*b*t).
Nature of buckling load with respect to aspect ratio. is studied.
Here Aspect ratio varies from 1.0 to 5.0. Where I, b, t are the
length, width & thickness of the plate respectively
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Fig 2: Meshing of plate

Fig 3: Lay up of laminae
Case-2

A composite plate with having six laminae with dimensions
(I*b*t), and has a central circular cut out of varying diameter,
d. Here d/b ratio varies from 0 to 0.3, in the steps of 0.05.
Nature of buckling load with respect to d/b ratio was studied

Fig 4 : Meshing of composite plate with cutout

Case-3

A composite plate with having six laminae with dimensions
(I*b*t), and has a centre hole, D along with multiple holes of
varying diameter, d. Nature of buckling load with respect to
d/D ratio was studied.

Fig 5: Meshing of composite plate with central cutout,with
multiple holes

4. SOLUTION (STATIC ANALYSIS):

It includes applying boundary conditions, applying loads and
solving the static analysis. The applied boundary condition
and load is shown below.

5. EIGEN BUCKLING ANALYSIS
Eigenvalue buckling analysis predicts the theoretical buckling
strength of an ideal linear elastic structure.

6. POSTPROCESSOR

This step includes listing buckling loads and viewing buckled
shapes. We can plot the deformed and undeformed shape of
the plate.

7. RESULTS & DISCUSSION

We have taken composite plate initially 300mm x 200 mm,
consisted of six laminae ,each having thickness 1.7 mm.The
mechanical properties of the analysed composite plate (case 1,
2 and 3) are

E;;=1.397*10" | v,=0.3236 | G,=4.753*10°
E=1.139%10" | v3=0.3236 | G3=4.753*10°
E3=1.139%10% | v23=0.4610 | G,3=3.898*10°

The buckling load for clamped- free carbon fibre epoxy plate
determined. The results were based on finite element analysis.
The critical buckling loads obtained by ANSYS.

Case:1

Here we have taken a carbon fibre epoxy laminated
composite plate made of 6 layer(0/45/90)s. Plate size is
300mm in length & thickness of each layer is 1.7mm. Aspect
ratio (length/width) is changed from 1 to 5, keeping length
constant & varying width according to aspect ratio.
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Buckling Load Factor vs Aspect ratio
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Case: 2

Here we have taken a carbon fibre epoxy laminated
composite plate, with a central circular cutout (diameter d)
made of 6 layer(0/45/90)s. Plate size is 300mm in
length,200mm in width & thickness of each layer is 1.7mm.
d/b ratio (diameter of cutout/width) is changed from 0 to 0.3,
keeping length & width of plate constant.

Buckling Load Factor vs d/b Ratio
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Case: 3

Here we have taken a carbon fibre epoxy laminated composite
plate, with a central circular cutout (diameter D) made of 6
layer (0/45/90)s. To study the effect of stress concentration
due to cutout, we have provided multiple small holes, near the
cutout. Plate size is 300mm in length,200mm in width &
thickness of each layer is 1.7mm. d/D ratio (diameter of small
multiple cutouts/diameter of central cutout)is changed from 0
to 0.35, keeping length & width of plate constant .

Buckling Load Factor vs d/D Ratio
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Fig 9: Contour plot with aspect ratio 5.0
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Fig 14: Contour plot with d / ratio 0.3

Fig 17: Contour plot with d/D ratio 0.25

Fig 13: Contour plot with d /b ratio 0.25
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8. CONCLUSION

This study considers the buckling response of laminated
rectangular plates with clamped-free boundary conditions. The
laminated composite plates have varying aspect ratio, cut out
shape and effect of stress concentration. From the present
analytical study, the following conclusions can be made.

1. It was noted that different aspect ratio affected the buckling
load factor. The buckling load factor increases as the aspect
ratio increases up to 1.11. The buckling load factor decreases,
with the increase of aspect ratio.

2. As the d/b ratio increases up to 0.15, our buckling load
factor decreases. After that, buckling load factor increases
with increase in d/b ratio.

3. It was seen that buckling load factor decreases up to d/D
ratio equals to 0.25. Since localisation of stress concentration
is reduced by providing the multiple holes around the cut out
shape. Further buckling load factor increases on increase of
d/D ratio.

4. The reduction of the buckling load due to the presence of a
cutout is found to be significant. It is noted that the presence
of cutout lowers the buckling load.

9. FUTURE SCOPE OF THE WORK

In the present study the buckling load of the laminated
composite plate was determined. The effect of aspect ratio,
cutout shape and stress concentration technique on buckling
load was studied. The future scope of the present investigation
can be expressed as follows:

1. We have studied effect of cut out on reduction of stress
concentration, but in future other methods (providing multiple
notches & removal of material around the discontinuity) can
also be done.

2. We can study Post Buckling behaviour of laminated
composite material, which is a nonlinear analysis.

3. Temperature effect on laminated composite plate can also
be encountered.

REFEREANCE

1. Composite Material & Structure by Madhujit
Mukhopadhyay, University Press.

2. G. Garya and H. Zhao. Dynamic testing of fibre polymer
matrix composite plates under in-plane compression- Journal
of Composites: Part A 31 (2000) 835-840.

3. Buket Okutan Baba and Aysun Baltaci. Buckling
characteristics of symmetrically and anti-symmetrically
laminated composite plates with central cutout,- Applayed
Composite Materials — 14(2007):265-276

4. A K Sreevastva, R.K Singh. Effect of aspect ratio on
buckling of composite plates-. Journal of Composites Science
and Technology 59 (1999) 439-445

5. Chainarin Pannok and Pairod Singhatanadgid . Buckling
analysis of composite laminate rectangular and skew plates
with various edge support conditions. - The 20th Conference
of Mechanical Engineering Network of Thailand (2006)18-20.

6. David Roylance, Laminated composite plates,
Massachusetts Institute of Technology Cambridge, (2000) MA
02139.

7. D. Bucco and J. Mazumdar, Buckling analysis of plates of
arbitrary shape, journal of Austral. Math. Soc. Ser. B 26
(1984), 77-91

8. E. A. Pieczyska, R. B. Pecherskl and S.P. Gadaj .
Experimental and theoretical investigations of glass-fibre
reinforced composite subjected to uniaxial compression for a
wide spectrum of strain rates. Arch. Mech., 58 (2006), 3, pp.
273-291.

9. lonel Chirica, Elena-Felicia and R. Chirica. Numerical tests
on the buckling of the plates made of composite materials,
Romanian technical sciences academy, vol.3(2006)

10. K. K. Shukla; Y. Nath; E. Kreuzer; and K. V. Sateesh
Kumar. Buckling of Laminated Composite Rectangular Plates
, Journal of aerospace engineering, vol.18(2005):215.

11. K. M. Jeong and H. G. Beom, Buckling Analysis of an
Orthotropic Layer Bonded to a Substrate with an Interface
Crack, Journal of composite materials, Vol. 37, No. 18(2003).

12. M. Kamruzzaman, A. Umar and S. Q. A. Naqvi. Effect of
composite type and its configuration on buckling strength of
thin laminated composite plates, Latin American Journal of
Solids and Structures 3 (2006) 279-299.

13.M.R. Khalili, K. Malekzadeh, R.K. Mittal, A new approach
to static and dynamic analysis of composite plates with
different boundary conditions, Journal of Composite
Structures 69 (2005) 149-155.

IJESAT | Jul-Aug 2012

Available online @ http://www.ijesat.org

890



NAGENDRA SINGH GAIRA* et al.

[UESAT] INTERNATIONAL JOURNAL OF ENGINEERING SCIENCE & ADVANCED TECHNOLOGY

ISSN: 2250-3676

Volume-2, Issue-4, 886 — 891

14. M. Darvizeh, A. Darvizeh , R. Ansari and C.B. Sharma.
Buckling analysis of generally laminated composite plates-
journal of composite structures ,vol.63(2004), pages 69-74.

15. Murat Yazic, Buckling of Square Perforated
Thermoplastic Composite Plates, Journal of Reinforced
Plastics and Composites ( 2008) 27; 1059.

16. Stephen p. Timoshenko and Kriger- Theory of plates and
shells-McGraw-Hill tnternational editions.

various delaminated shapes — Journal of Thin-Walled
Structures 41 (2003) 493-506.

IJESAT | Jul-Aug 2012

Available online @ http://www.ijesat.org

891



