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ABSTRACT

The detailed investigation of buckling analysis
of laminated composite plates using the finite
element software ABAQUS. The obtained results
are validated using the analytical solution from
standard journal papers. The goal of this
research is to determine the critical buckling load
of natural fiber reinforced polymer plates
subjected to uniaxial and biaxial compressive
loading while varying plate parameters such as
a/b (aspect ratio) = 0.5 to 1.5 with 0.5 increment,
a/h (length to thickness ratio) = 10 and 100, and
E1/E2 (orthotropic ratio) = 10 to 40 with 10
increments. The effect of changing the
combination of support conditions on the plate's
edges is investigated for the variables listed
above. The effect of fiber angle orientation on
mesh size for cross-ply and angle-ply with
symmetric and antisymmetric stacking sequences
will be determined by conducting a convergence
test on a plate and changing the mesh size from
coarser to finer until the converged mesh size is
obtained. To determine the variation in critical

buckling loads, the effect of increasing the
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number of lamina for constant Iength to thickness
ratio, aspect ratio, orthotropic ratio, and
boundary condition; for biaxial compressive

loading is carried out.

INTRODUCTION

The main materials used in the modern world are
composites, plastics, and ceramics. Composites have
a significant advantage because they are created
through engineering processes and are primarily
useful for reducing weight and thus increasing
efficiency. A composite material is made up of two or
more materials that are in different phases.
Impurities in metal can be represented in different
phases and by definition considered as a composite
in traditional engineering, but are not considered a
composite because the modulus of strength is nearly
the same as that of pure metal. Natural composites
are the oldest known composites; wood consists of
cellulose fiber in lignin composites, and human bone
can be thought of as osteons embedded in interstitial

bone matrix.
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Composites are macro-scale materials made up of
two or more chemically distinct constituents
separated by a distinct interface. To form a
composite, one or more discontinuous phases are
embedded in a continuous phase [1]. Composites
are primarily made up of two distinct materials,
one of which is in particle, fiber, or sheet form,
that are combined with another material known as
a matrix. Because of its high strength modules,
fiber in composites acts as the primary load
carrying member, while matrix in composites acts
as a load transfer medium between the fibers.
Because of the composite's greater ductility, the
matrix has a high toughness. A different author's

definition can be summarized as follows.

Fiber reinforced composites are advanced
composites made up of a polymer matrix
reinforced with thin diameter fiber. If the
reinforcement is in the form of fiber, the composite
material is known as fiber reinforced composite.
Fiber reinforced composites are advanced
composites made up of a polymer matrix
reinforced with thin diameter fiber. A fiber is
distinguished by a length that is significantly
greater than its cross-sectional dimensions. It is

further classified into two types.

Short fiber reinforced
composites:

It is made up of a matrix that has
been reinforced by a dispersed phase
in the form of discontinuous fibers

(length 100 diameter). Composites
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with long fiber reinforcement It is
made up of a matrix that is
reinforced by a dispersed phase in

the form of continuous fibers.

ABAQUS, Inc. was founded in 1978 and is the
orld's leading provider of advanced Finite
Element Analysis software and services used to
solve real-world engineering problems. The
ABAQUS software suite has an unrivalled
reputation for technology, quality, and
dependability, and it offers a powerful and
comprehensive solution for both routine and
complex linear and nonlinear engineering
problems. ABAQUS provides a unified FEA
environment that is a compelling alternative to
multi-product and vendor implementations. In
October of 2005 Dassault Systems, the world
leader in 3-D and Product Lifecycle
Management (PLM) solutions,
ABAQUS in its entirety. ABAQUS, Inc.
employs over 525 people worldwide, with

acquired

headquarters in Providence, RI, USA, and

research and development centers in
Providence and Sureness, France. ABAQUS
has 29 technical support, sales, and service
offices, as well as a network of distributors in

emerging markets.

Copyright @ 2022 Author



Juni Khyat
(UGC Care Group | Listed Journal)

EXPERIMENT PROCEDURE

Implementation into Abaqus

The PFO model is implemented in Abaqus
explicit via a user subroutine. The explicit solver
allows the strain increment, and deformation
gradient tensor to be fed into the subroutine for
each progressive time step. Then the change of
SCS and the fiber orientations during the current
time step are determined by the user subroutine,
using the deformation gradient tensor, as shown
in figure (8). Next, the stiffness of the PFO can
be obtained once those changes are determined.
And the stiffness needs to be rotated to their
material coordinate. These steps are repeated for
every PFO. When all the PFO stiffness are
rotated to their material frames, they are then

summed up to get overall stiffness.

Multiply the strain increment with stiffness, the

stress increment can be obtained for thetime step.

A flow chart of this process can be seen Figure 9.
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Fig. 1. Methodology for the experimental process.

The natural fiber reinforced polymer tested for
the buckling analysis is first created with giving
dimensions, orientation and thickness and
number of layers for the specimen. And create

the specimen. And create the module.

Fig. 2. Create a rectangular module
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» Create part and create a rectangle and Table.1 Properties of Caryota urens fiber
dimensions 300mm * 300mm and

click on done.

« Now click on module and select

property and select material, El 120000
elasticity and type of engineering N/mm2
cost.

» Give composite lay-up and thickness E2 9000 N/mm?2

of plate of 8 layers with each 0.2mm

thick. And give thickness rotation.

E3 9000 N/mm?2
* Then go to assemble and give the
load conditions and boundary Nul12 0.28
conditions (top plate, bottom plate,
sides... etc)
Nul3 0.28
» Finally run the buckling analysis and
determine the maximum buckling
Nu23 0.40
values. And note it down.
Where Efpiand Efze are the young’s G12 5000 N/mmz2
modulus of fiber in its fiber direction, and
transversedirection. and Gi. are the
Vi v G13 5000 N/mm2
Poisson’s ratio and shear modulus of
fiber. Em vm and Gi2 are the young’s
G23 11000 N/mm2

modulus, Poisson’s ratio, and shear

modulus of the matrix, respectively.
Table.2 Properties of Sisal fiber

And then give the properties to the plate in

the ABAQUS software. By clicking on the
elastic properties. El 120000 N/mm2

E2 9000 N/mm2
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E3

Nul2

Nul3

Nu23

G12

G13

G23

9000 N/mm2

0.28

0.28

0.40

5000 N/mm2

5000 N/mm2

11000 N/mm2

Table.3 Properties of Flax fiber

El
E2
E3
Nul?2
Nul3
Nu23
G12
G13
G23
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120000 N/mm2
9000 N/mm?2
9000 N/mm?2
0.28

0.28

0.40

5000 N/mm2
5000 N/mm2
11000 N/mm2
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Fig 3. Properties window for adding.
Now give the load and boundary condition fpr
the plate and select surface for top and bottom
line. And complete the mesh part for the plat

and finally complete the buckling analysis.

Fig 5. applying load or boundary conditions at top plane
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RESULTS
In the present study, buckling analysis of
laminated composite plate is done using
ABAQUS Software. The  following
investigations were made by calculating
maximum buckling loads carried by the natural
fiber reinforced polymers. Out of the selected
polymers like Caryota urens, sisal and flax we
conclude that Sisal fiber reinforced polymer is
carrying more buckling loads with less lateral

displacement.

T R -
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Fig 7. buckling behavior of Sisal fiber plate
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Fig 8. buckling behavior of Flax fiber plate
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Fig 9. buckling loads of Caryota urens fiber plate
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Fig 10. buckling loads of Sisal fiber plate
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Fig 11. buckling loads of Flax fiber plate
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RESULT COMPARISION graph based on the maximum buckling load

carried by the Various natural fiber reinforced

The buckling analysis of three natural fiber . .
polymers as shown in the below graph or figure

reinforced polymers are studied and plotted a
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Fig 12. comparison buckling loads between sisal fiber and flax fiber

CONCLUSION

The below conclusions are derived from this study

e Based on the experiment done we had come to a conclusion that, flax fiber out of the other
two fibers. Flax Fiber is carrying more buckling loads.

e Caryota urens fibers are subjected to low lateral displacement during loading. But not
carrying more loads.

e Flax fiber had undergone high lateral displacement as well as carrying high buckling loads.
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