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Optimization of Fiber-Reinforced Composite Plate for
Maximum Buckling Strength
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Abstract:
An advantage of composite materials over conventional ones is the paossibility of
tailoring their properties to the specific requirements of a given application, The
tailoring is mostly achieved by maximizing the mechanical properties as a result of
selecting the fiber angles of the layers optimally so A numerical study was carried
out, First to determine the effects of symmetric and anti-symmetric laminate
configuration and various boundary conditions on the buckling behavior of
B/glass-epoxy composite plates using two different initial laminate configurations
([90/45/-45/0],s and [90/45/-45/0];) as initial fiber orientation, Second to optimize
the fiber orientation (ply angles) for maximizing the critical buckling load of
E/glass-epoxy composite plates, Finally the initial buckling values and initial fiber
angles were compared with optimum buckling values and Optimum fiber angles
for the same boundary condition. The four boundary conditions in this study are
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(clamped-clamped [CC], clamped-pinned [CP], pinned-pinned [PP] and
Clamped-Free [CF]). The results mirrored that the buckling load have great effect
by changing the boundary conditions. The maximum critical buckling load value is
for clamped clamped boundary condition and the minimum value is for clamped
free boundary condition. The buckling loads and fiber orientations of the laminated
composite were calculated and optimized by ANSYS finite-element computer

code,

Keywords: Laminated compasites; buckling strength; Finite element analysis; Stacking
sequence optimization; fiber orientation optimization.

1 Introduction

Fiber reinforced composites are used
extensively in the form of relatively thin
plate, and an important failure mode for
these structures is buckling under in-
plane loading [1]. The in-plane load
carrying capacity of these structures can
be maximized by using the fiber ply
angle as a design variable and
determining  the  optimal  angles.
Optimization of composite structures
with respect to ply angles to maximize
the critical buckling load is necessary to
realize the full potential of fiber
reinforced materials. The load carrying
capability of composite plate against
buckling has been intensively considered
by researchers under various loading and
boundary conditions.

B. Okutan Baba and A. Baltaci {2]
carried a numerical and experimental
study to determine the effects of anti-
symmetric laminate configuration, cutout
and [ength/thickness ratio on the
buckling behavior of E/glass-epoxy
composite plates. They concluded that
the buckling loads of anti-symmetrically
laminates are higher as compared to
symmetric ones. The highcst buckling
load is provided by the imperforated
[90/45/~45/0)as  composites  under
clamped boundary  condition for

L/=37.5. The buckling loads for
clamped boundary conditions are higher
than those for any simply supported
conditions.

The optimum laminate configurations are
anti-symmetric of long laminated
composite cylindrical shells subjected to
combined loads of axial compression and
torsion (3], Umut Topal and Umit
Uzman [4, 5] presented optimal design of
simply supported laminated composite
plates with and without central circular
hole subject to given in-plane static loads
for which the design objective is the
maximization of the buckling load and
the design variable is considered as the
fiber orientation. The critical buckling
loads are higher for laminates without a
hole than those for laminates with a hole.
As the number of layer increases, the
differences of critical buckling load
between with and without a hole
decrease. The optimum fiber orientations
are the same for laminated plates with a
hole for all number of layers. H.-T. Hu
and B.-H. Lin [6] maximized the
buckling resistance of symmetrically
laminated plates with a giyen material
system and subjected to uniaxial
compression with respect to fiber
orientations by using a sequential linear
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programming method together with a
simple move-limit strategy. The optimal
fiber angles and the optimal buckling
loads of thin square composite plates
with a cenfral circular cutout are
influenced significantly by the end
conditions. For thick square composite
plates with a central circular cutout, the
results of optimization of plates with two
simply supported ends and two fixed
ends are the same as those of plates with
four fixed ends. M. G. Joshi and S. B.
Biggers, Jr [7] modeled Isotropic plates
and composite laminated plates using
variable thickness, shear deformable,
fintte plate elements. The method of
feasible directions is used to determine
optimal thickness distributions over the
plates that yield maximum uniaxial and
biaxial buckling loads. Optimization
produces increases in uniaxial buckling
loads of over 200% for isotropic plates
compared to upiform plates. Much
smaller improvements are possible when
biaxial compressive loads are present.
Composite materials also allow for
increased efficiency in the redistribution
of loads and stiffnesses. M. Walker
(9,10} presented a Finite element
solutions for the optimal design of
symretrically laminated rectangular
plates with central circular cut-outs
subject to a combination of simply
supported, clamped and free boundary
conditions. The design objective is the
maximization of the biaxial buckling
load by determining the fiber orientations
optimally with the effects of bending-
twisting coupling taken into account. The
results show that the difference in the
buckling loads of optimal and non-
optimal plates could be quite substantial,
emphasizing  the  importance  of

optimization for fiber composite
structures. B. Liu et al. [12] investigated
a confinuous variable optimization
approach based on lamination parameters
for the maximization of buckling loads
for composite laminates and have
compared its results with the
combinatorial design of the stacking
sequence via a genetic algorithm. It is
shown that only for very thin panels with
low aspect ratios is there a significant
difference between the continuous and
discrete solutions. O. Erdal and F.O.
Sonmez [13] presented a method to find
globally optimum designs for two-
dimensional composite structures subject
to given in plane static loads for which
the critical failure mode is buckling, The
aim is to maximize the buckling load
capacity of laminated composites.

The results presented in literature
indicate that the interaction among
stacking sequence on the buckling
behavior of laminated composites is
needed to investigate in more detail. The
aim of this study is to identify the effects
of boundary conditions and to assess the
impact of changing from a symmetric
laminate to the anti-symmetric laminate
on the buckling response of laminated
composites and to maximize the buckling
strength by changing the stacking
sequence and the fiber ply angle for
symmefrically and anti symmetrically
laminated composite for different
boundary  conditions.  Numerically
predicted and optimized results are
presented using a powerful and widely
used commercial finite element software
ANSYS and APDL (Ansys Parametric
Design Language) is used to build the
parameterized finite element model
necessary for the optimization loop. The
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results obtained from this study will be
beneficial to further studies about
buckling characteristics of symmetric
and anti-symmetric plates. Especially, it
will be used to provide a comparison for
new theoretical investigations.

2 Problem description

Two  different  initial  laminate
conFigurations  ([90/45/-45/0], and
[90/45/~45/0),s) were considered in this
study, in order to investigate The
buckling loads (Pg,.) of E-glass/epoxy
rectangular composite plates under
uniaxial compressive loads. Although
most laminates in use today are
symmetric, the anti-symmetric laminated
composites are also occasionally used to
achieve the design requirements in
special structure applications. Therefore,
the symmetric and anti-symmetric
laminated plates were selected in this
study: The geometry of the E-
glass/epoxy composite plate used in this
study was shown in Fig. (1) the plate
length, width and thickness were defined
as L, W and t, respectively. The model
used is a rectangular laminate of constant
thickness 2 mm and constant width 25
mm with the 0° ply fiber axis
Perpendicular to the length, The ratios of
length to thickness (L/t) are chosen as
75. Eight-layered composite plates under
clamped—-clamped (CC), clamped—
pinned (CP), pinned-pinned (PP) and
Clamped-Free (CF) boundary conditions
were considered as shown in Fig. (2) The
thickriess of each layer is 0.25 mm. The
material considered in this paper is
E/glass-epoxy with the following
mechanical  properties  E1=39(Gpa),
E1=E2=8.2(Gpa), G12=G23=G13=2.9
(Gpa),v12=v23=v13=0.29,

Flber directlon

Lo |
L,

Fig. (1). Rectangular plate configuration for this
study

3 Finite Element and
Optimization Modeling
Buckling behavior of composite plates
was investigated using finite element
method. Ansys commercial software
package were used to analyze the
rectangular plate. Fig. (3) Shows
boundary conditions and typical finite
element meshes employed for the plates.
The plate elements lic in the Xy plane
and Z axis i3 the plate normal. To
simulate clamped loaded edges, the
displacements U, v, w and the rotations
by, Gy, ¢, of all nodes at edges were set
equal to zero and, to simulate pinned
edges, the displacements u, v, w along
the edges were constrained. The plates
were subjected to axial compressive load
acting downward. The plates were
modeled using eight noded multilayered
shell elements (SHELL 91), having six
degrees of freedom at each node
(translations in the nodal X, y, and z
directions and rotations about the nodal
X, ¥, and Z-axes)
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(@) One fixed end,
one frec end pinsed

{1 Both ends

{¢) One fixed end,

(d) Both ends
one pinned end fixed

Fig. (2) Various boundary conditions

The optimization problem considered is
to find the optimal fiber ply angles and
stacking sequence of the laminated
composite plate to have the maximum
buckling  strength.  Therefore the
objective of this optimization problem is
to maximize the buckling sfrength and
the fiber orientations are taken as design
variables,

4 Numerical Results and

Discussions

Numerical results were presented to
illustrate the changing parameters such
a5 anti-symmetric and ply angles. The
finite element analysis and optimization
procedure arc carried out to study the
critical buckling load of laminated
composite plate. The initial stacking
sequence for E-glass/epoxy rectangular

composite plates is ([90/45/-45/0); and
[90/45/-45/0]y) then optimization is
used to maximize critical buckling load
through changing the ply angles.

All optimized buckling values are greater
than initial one, as illustrated as the
following.

1- The critical buckling loads of
Clamped Clamped boundary condition
are shown in Fig. (4). It is shown that for
Symmetric plate the critical buckling
load increased from 392 N in initial
design [90 45 -45 0}, to 1287 N in
optimal design and for anti-symmetric
plates the critical buckling load increased
from 677 N in initial design [90 45 45
0.5 to 1295 N in optimal design.

2- The critical buckling loads of
Clamped Pinned boundary condition are
shown in Fig. (5). It is shown that for
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Symmetric plate the critical buckling
load increase from 192 N in initial design
to 490 N in optimal design and for anti-
symmetric plate the critical buckling load
increased from 332 N m initial design to
536 N in optimal design.

3- The critical buckling loads of Pinned
Pinned boundary condition are shown in
Fig. (6) 1t is shown that for Symmetric
plate the critical buckling load increase
from 91N in initial design to 285 N in
optimal design and for anti-symmetric
plates the critical buckling load increased
from 156 N in initial design to 259 N in
optimal design.

4- The critical buckling loads of
Clamped Free boundary condition are
shown in Fig. (7) Tt is shown that for
Symmetric plate the critical buckling
load increased from 23 N in initial design

to 75 N in optimal design and for anti-
symmetric plate the critical buckling load
increased from 40 N in initial design to
66 N in optimal design.

The comparison between initial and
optimal buckling loads for symmetric
and anti-symmetric plates with different
boundary conditions compiled in Table
(1) which represents also the optimal
fiber ply angles in symmetrically and
anti-symmetrically laminated plates for
all boundary conditions.

The result indicate that the greatest
buckling load is for anti-symmetric plate
under CC boundary condition for initial
and optimal design and the lowest
buckling load is for symmetric plate
under CF boundary condition for initial
and optimal design as shown in Fig. (8)

Clamped-Clamped Clamped-Pinned
(CC) (CP)
V=W=0

P, =, =0 V=W=0

U=V=W=0

D= Oy = O, =0

Pinned-Pinned Clamped-Free

(PP) (CF)

V=W=0

U=V=W=0

U=V=W=0 ®,=D,=D,=0

Fig. (3) Boundary conditions and finite element meshes of laminated plates
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‘Cl"lt"lcal Buckling Load

Symmetric Anlsymometric

Fig. (4) Initial and optimal critical
buckling load for symmetric and anti-
symmetric laminated compaosite

(Clamped - Clamped)
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Fig. (6) Initial and optimal critical
buckling load for symmetric and anti-
symmetric laminated composite
{Pianed - Pinned)

[t was observed that for the initial design
(the same ply angles) the buckling loads
of anti-symmetrically laminated plates
are  higher than those of the
symmetrically laminated plates for all
boundary conditions; this is due to the
effect of coupling stiffness which is
associated with anti-symmetric laminate
configuration. The increases percentage
of critical buckling load between the
initial  anti-symumetric  and  initial
symruetric design is about 72% for all
boundary condition. As shown in Table

Critical Buckli g
8 B

o B

Critical Buckling Load
%

B

Fig. (5) Initial and optimal critical
buckling load for symmetric and anti-
symmetric laminated composite
(Clamped - Pinned)

80 o
DI — _ ——
9
— 60 - “Winftial
£ 5o - - -#Optimal

|3
(=]

Symmaetelc

Antisymmetrc

Fig. (7) Initial and optimal critical
buckling load for symmetric and anti-
symmetric laminated composite
(Clamped - Free)
(1). The increase percentage between
initial buckling load and optimal
buckling load varies with respect to the
boundary condition and the plate type. It
has the maximum value of 228% in
clamped clamped symmetric plate, and
the minimum value of 61% in clamped
pinned anti-symmetric plate.
The ratio of the initial buckling load
between symmetric and anti-symmetric
sequence is similar and equal to 1.7 for
all boundary conditions. ©1 and ©2
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equal zero for all boundary conditions in
initial and optimized plate.

5 Conclusions
An optimization of E-glass epoxy
rectangular  composite  plates s
investigated under uniaxial compressive
load. It is found that the stacking

Abdou Abdel-Samad, N. Fouda and M. Hussein

sequence and the boundary conditions
are the most significant, parameters
influencing the critical buckling load. It
is concluded from the finite element
analysis and the optimization procedure
that; the buckling loads for clamped
clamped boundary conditions are higher

i ‘1400 —
1200
=]
]
_o. 1000 i
oo
=
= 800 -
>
| 3
'@ oo |
— |
8 '
com G400 -
S
200 HEN--

o C-C

C-P

Fig. (8): Initial and optimal buckling load for all boundary conditions.

Table (1): Comparison between initial and opfimal buckling load.

|Optimal ply 1 Ratio
. ' 8.IlglCS i::mr;f;g:f between ini‘liial'r Pme:liaguac im
11 1 . - | buckling load of | of initial | ing.
B.C. Plateﬁ;g:ence éz;t:;i Y gg:g‘:lm sequence ”",’g‘&”ﬁo":"s Symmeirc | botween Symmeti
optina . N o A K
) el ez 63 94 d%sign - Ant:;lsg;emc A:Tn-symmetncdwm
H [+)
(C-C) __Symmctrlc\ 392 1287 2100124 228% 17 3%
|Anti-symmetric| 677 1295 [2]0{0]1] 91%
: 4 0,
(C-P) S'ymmetnc. 192 490 (21100 |11| 155% 1.7 3%
Anfi-svmmetric| 332 536 175|004 | 61%
. _ o
®-P) Symmetric 91 285 1210|0125 211% L7 1%
¢ Anti-symmetric| 156 259 |20|010(2| 66% .
; o .
(C-F) S'ymmetno. 23 75 2101025 226% 17 249,
Anti-symmetric| 40 66 18710|0[8] 65%
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thaa those for simply supported
conditions for initial and optimal design.
The greatest buckling loads were
recorded in anti-symmetric plates under
CC boundary condition, and the lowest
buckling loads were recorded in
symmetric plates under PP boundary
condition.The  maximum  increase
Percentage between initial buckling load
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