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Abstract
The present research work is to determine buckling load per unit length in rectangular plate with circular cut-outs under bi-axial
compression using 2D finite element analysis. The commercial finite element analysis software ANSYS has been successfully executed.
The buckling factors are evaluated by changing the position of the holes, length to thickness ratio. The effect of changing the position
of holes, a/b ratio, b/t ratio and buckling load per unit length is discussed. The results shows that buckling load per unit length isin
clamped-clamped boundary conditions and buckling load is more at top positioned hole, decreases with increase in aspect ratio,

decrease with increase breadth to thickness ratio.
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1. INTRODUCTION

In many engineering structures such as columnsmbear
plates, their failure develops not only from exoessstresses
but also from buckling. Buckling behavior signifithy
changes with change in aspect ratio. Plate seem®to as a
Column of finite width at higher aspect ratio. levdecrease
aspect ratio, there is also a limit below whicHui@ does not
take place by elastic buckling. A.K.Shrivastava &KRSingh
in 1998 [1] studied the effect of Aspect ratio oockling
behavior. The plates were uni-axially loaded in out of thena
and this problem analyzed by FEM software ANSYSr Fo
reliability analysis mean value first second ordarpment
method was used. The elastic buckling load of wraly
loaded rectangular plates of simply supported endht of the
plane direction has been employed by Sawi and N#tihe
buckling analysis of isotropic thin rectangulartpa, simply
supported along all edges and compressed in onetwod
orthogonal directions was investigated by Piscopp He
found the buckling load per unit length and budjlstresses
for thin and thick rectangular plates by using FEbftware,
ANSYS and compared these results with classicaé pleeory.
The buckling load of thin FRP laminates subjectediiaxial
compression for varying different boundary conditip
thickness ratios and number of layers was introduog S.
Maheshbabu [6]. The present analysis is extendeth&thin

rectangular laminates with circular cut outs undwgaxial
compression.

2.NUMERICAL ANALYSIS

This work is to find buckling load factors of caridepoxy
rectangular plate subjected to biaxial compressising finite

element analysis ANSYS 12. The plate has lengthidth b &

thickness t. The width of plate is taken as takewranstant b=
1 m. The analysis is done in the following cases:

Casel: The analysis is done by placing center hole inplage
and by its diameter (d) as 0.5m. The Nature of hngkoad
factor with respect to a/b ratio, b/t ratio is sadd

Case2: Further the work is extended to the analysis bgipta
bottom hole in the plate. The Nature of bucklingddactor
with respect to a/b ratio, b/t ratio is studied.

Case3: Next the analysis is done by placing top hole ia th
plate. The Nature of buckling load factor with respto a/b
ratio, b/t ratio is studied.

3. ELEMENT DESCRIPTION

In this study, 8 node linear layer SHELL99 was silé as the
element type. SHELL99 may be used for layered apfidins
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of a structural shell model. While SHELL99 does atve

some of the nonlinear capabilities of SHELL91,stally has a
smaller element formulation time. SHELL99 allows t@p250

layers. If more than 250 layers are required, ar-imgit

constitutive matrix is available. The element hiasdegrees of
freedom at each node: translations in the noda},xand z
directions and rotations about the nodal x, y, amdxes. In the
Fig.1 the geometry, node locations, and the coatdiisystem
for this element are shown.

Zi§ KL

Fig 1. Element geometry of linear layer shell 99

4. GEO-METRIC MODELLING

The length of rectangular plate (a) is varying fram, 4m, 6m,
8m, 10m, and 12m y-direction and width of the regtdar
plate (b) is 1m, which is fixed in x-direction.

Properties of carbon/epoxy material:

odue | E1= E2= E3=

Pa) 139x103 | 11x103 | 11x103

Poission’s | \15-0.32 | v23=0.46| V13=0.32

ratio

fn'gé‘f}fﬁs G12= G23= G13=
4.7x103 | 3.7x103 | 4.7x103

(MPa)

Then the corresponding “a/b” ratios are 2, 4, 61@®,12. The
thickness of the plate is determined from the rafi¢b/t” and
that is varied as 20, 40, 60, 80 and 100. Thenllyinthe
diameter of the circular hole is 0.5m, which is ipoeed at
different locations like top, center and bottontlod plate. The
modeling includes defining the element type, reahstants,
and material property, meshing and it is followeddolution
includes buckling analysis. In this study, shetiekr layer99
selected as the element type.

5. FINITE ELEMENT ANALYSIS

Finite element analysis includes three steps. {epridcessing
(b) Analysis (c) Post processing Preprocessing udes
modeling of the plate and applying boundary condgi like
constraints, symmetry conditions, and loads.

To model is created with area then the plate ishexdsvith

layered elements after that the load is applietherplate. The
plate is subjected to clamped-clamped boundary itond.

The both ends of the plate are constrained by edfreks of
freedom and to the three ends a buckling load Mfid applied.

Unit loads are usually sufficient (that is, actlesld values need
not be specified). The eigenvalues calculated leykickling

analysis represent buckling load factors. Therefdra unit

load is specified, the load factors represent thekling loads.
Here analysis is done in two stages. In the fitage static
analysis is done and Pre-stress effects [PSTRES]t rha

activated. Eigenvalue buckling analysis requiree Hiress
stiffness matrix to be calculated. In the secorafetEigen
buckling analysis done. After solving the problehe tmode
shapes are observed in the post processor. Thatduym the

solution mainly consists of the eigenvalues, whacl printed
as part of the printed output. The eigenvaluesessgmt the
buckling load factors.

6. MESHED MODEL OF CARBON/ EPOXY PLATE
AND MODE SHAPES:

Casel: The plate has a central circular hole of diametéieate
aspect ratio varies from 2 to 12, in the steps.oN&ture of
buckling load per unit length with respect to aspatio was
studied.
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Fig2: Meshed model of carbon/epoxy plate with centee hol
Applying loads to plate with center hole:
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Applying loads to plate with bottom hole:

Fig3: Meshed model of carbon/epoxy plate with boundary
conditions
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The fifth mode shape of plate with center holehigven in fig.4
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Fig6: mode shape 5 of carbon/epoxy plate with aspeict rat
a/b=2

Case3: The plate has a Top hole, d. Here aspect ratievari
from 2m to 12m, in the steps of 2m. Nature of binzkload
factor with respect to aspect ratio was studied.

Fig4: mode shape 5 of carbon/epoxy plate with aspeict rat
a/b=2

Case2: The plate has a Bottom hole, d. Here aspect raties
from 2m to 12m, in the steps of 2m. Nature of bingklload
factor with respect to aspect ratio was studied.

Fig7: Meshed model of carbon/epoxy plate with aspead rat
a/b=2

Applying loads to plate with top hole:

Fig5: Meshed model of carbon/epoxy plate with aspeat rat
a/b=2.

Volume: 02 Issue: 10 | Oct-2013, Available @ http://www.ijret.org 298




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

HEP LS LS
NErnrna

Fig8: mode shape 5 of carbon/epoxy plate with aspeict rat
a/b=2

7. RESULTSAND DICUSSIONS
7.1 Comparison of Buckling Load for Top, Center

& Bottom Hole:

From the fig.9 it is observed that the bucklingdas high for
plate with top hole. The buckling load values fdatp with
bottom hole are very near to the values of top .hdlee
buckling load values for plate with center hole Bgs when
compared with others.

e center hole

—— bottom hole

top hole

o 2 a s = 10 12
Aspect ratio a'b at b= 20

Fig. 9: Comparison of buckling load with aspect ratio at
various position of hole

Casel: The fig.10 shows variation of aspect rdbdar plate
with center hole. It is observed that as a/b raboeases the
buckling load decreases.
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Fig. 10: Comparison of buckling load with aspect ratio for
plate with center hole at various b/t ratios

The fig.11 is showing the variation of mode5 bucgliload

values at various b/t ratios at aspect ratio a/lh=@. observed
that as the b/t ratio increases the buckling fademreases. As
the b/t ratio increase from 20 to 40 the buckliagtér nearly
decreased by 7.5 times. As the b/t ratio increesa #0 to 60

the buckling factor nearly decreased by 3.3 tinfes.the b/t

ratio increase from 60 to 80 the buckling factorame

decreased by 2.33 times. As the b/t ratio incréasa 80 to

100 the buckling factor nearly decreased by 1.8i&si.So the
buckling factor decreases with the increase inrdtib and at
the initial stages it is high such as 7.5 and atfthal stages it
reduced to 1.97.
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Fig. 11: Comparison of buckling load with b/t ratio for ¢ten
hole at a/b=2
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Case2: The fig.12 shows variation of aspect ratio a/b gtate
with bottom hole. It is observed that as a/b raticreases the
buckling load decreases. The fig.12 is showingviméation of
mode5 buckling load values at various b/t ratioAapect ratio
a/b=2. It is observed that as the b/t ratio inaeeabe buckling
factor decreases. As the b/t ratio increased frOnmo240 the
buckling factor nearly decreased by 7.8 times Hes li/t ratio
increased from 40 to 60 the buckling factor neddgreased by
3.3 times. As the bi/t ratio increase from 60 totl®® buckling
factor nearly decreased by 2.33 times. As thealith increased
from 80 to 100 the buckling factor nearly decreabgdl.95
times .So the buckling factor decreases with tleeeimse in b/t
ratio and at the initial stages it is high such7& and at the
final stages it reduced to 1.95.
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Fig.12: Comparison of buckling load with aspect ratio fitate
with bottom hole at various b/t ratios.
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Fig.13: Comparison of buckling load with b/t ratio for f#a
with bottom hole at a/b=2.

Case3: The fig.14 shows variation of aspect ratio a/b gtate

with bottom hole. It is observed that as a/b raticreases the
buckling load decreases. The fig.14 is showingwvirgation of

mode5 buckling load values at various b/t ratiof\apect ratio

a/b=2. It is observed that as the b/t ratio inaesake buckling
factor decreases. As the b/t ratio increased frGmo240 the

buckling factor nearly decreased by 7.8 times Hes li/t ratio

increased from 40 to 60 the buckling factor neddgreased by
3.3 times. As the bi/t ratio increase from 60 totl®® buckling

factor nearly decreased by 2.33 times. As thealith increased
from 80 to 100 the buckling factor nearly decreabgdl.95

times .So the buckling factor decreases with tloeeimse in b/t
ratio and at the initial stages it is high such7& and at the
final stages it reduced to 1.95.
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Figl4: Comparison of buckling load with aspect ratiofitate
with top hole at various b/t ratios.
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Figl5: Comparison of buckling load with b/t ratio for f#a
with top hole at a/b=2
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CONCLUSIONS

This study considers the buckling response of |ateih

carbon/ epoxy with clamped-clamped boundary comatti The

laminated composite plates have varying aspea, ragirying

breadth to thickness b/t ratio, cut out shape &@ahging places

of holes are considered. From the present analybis,

following conclusions are made:

* It was noted that the buckling load/unit length réeses
with increases of aspect ratio

» Asthe b/t ratio increases the buckling load desgea

* The plate with top hole had more buckling loadt lemgth
compared with bottom and center hole.

* The study is useful in selecting the above saidpeters
in designing the laminates in buckling point ofwie

FUTURE SCOPE OF WORK

1. Providing multiple notches & removal of matedabund the
discontinuity is to be done.

2. Study Post buckling behavior of laminated contpos
material, for which a nonlinear analysis is to leefprmed.
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