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Abstract—Structural instability becomes an important concern in 
the composite plate safe and reliable design. In this research, a 
resistance analysis is carried out on plates made of hybrid 
composite material with and without elliptical cutouts using the 
finite element method. The carbon/epoxy/aluminum laminated 
plates are arranged in the following ordered manner [Al/(θ/-
θ)/Al]. The hybrid plate resistance to buckling submitted to 
uniaxial compression is highlighted. Results indicate that given a 
structural geometry, boundary and loading condition and 
stacking sequence, the buckling resistance of such plates is 
strongly influenced by the ply orientation, the anisotropy ratio, 
and the cutout presence, position and size. The critical load 
reduction is found to decrease linearly with the decrease of the 
geometric ratio a/b. When b=8a, the reduction factor N* 
increased from 1.8% to 7% when φ=90ο

 

and φ=0ο respectively 
regardless of the ply orientation. Maximum reduction of the 
buckling critical load is important when the elliptical cutout is 
located in the middle of the plate. Regardless of the declination of 
the elliptical cutout, maximum reduction of the critical buckling 
stress is obtained when the ratio E2/E1=1. 

Keywords-elliptical cutout; buckling; hybride composite; finite 
element analysis 

I. INTRODUCTION  

Composite materials in the form of laminated plates or 
shells, have found a growing use in many industrial 
applications due to their high resistance to fatigue and 
corrosion and therefore their satisfactory durability. In addition, 
the minimization of the structural mass in the aeronautical 
industry leads directly to reducing the aircraft fuel consumption 
which constitutes an important technological advancement. 
These shell structures however present cutouts that serve as 
access pathways, windows which require some kind of 
reinforcement to overcome the local deformations and stresses 
around them. In addition, these structures may be subjected to 
compressive loadings something that requires an understanding 
of their buckling response in order to determine effective 
designs [1]. Designing structures of this type needs tools to 
model their more and more sophisticated mechanical behavior 
and consideration of their specificities. Numerical methods and 
in particular the finite element methods are essential for sizing 
these complex composite structures. Analysis of laminated 

plate behavior always remains an open research problem, due 
to its complexity [2]. 

The structural instability becomes an important concern in 
the safe and reliable design of composite plates. Several studies 
of laminated plate stability have been concentrated on 
rectangular plates [3-6]. It is known that the rectangular plate 
resistance to buckling depends on the boundary conditions, the 
orientations of the plies and the geometrical ratios [7-10]. The 
widely used thin walled composite structures become unstable 
when subjected to mechanical or thermal loadings leading to 
buckling. Accordingly, their behaviors in buckling are 
significant factors in safe and reliable design [11]. To predict 
the buckling load and the deformation mode of a structure, 
linear analysis remains a valid evaluation technique [12]. In 
general, the laminated plate analysis is more complicated than 
the analysis of an isotropic and homogeneous material [10]. In 
[13] authors performed a buckling analysis of a laminated 
composite rectangular plate having a circular hole at the centre. 
Authors in [14] studied the influence of a cutout on the 
behavior to buckling of symmetrically crossed composite 
laminated rectangular plates having a polymer matrix (PMC) 
using the finite element method. Authors in [15] studied the 
effect of fiber orientation on the critical load of buckling of a 
symmetrical laminated composite plate having a crack 
emanating from a circular cutout. They indicated that the 
buckling critical load reaches its maximum values when the 
plies were oriented in an interval varying from 50° to 90°. In 
[16], authors studied the effect of the presence of an elliptical 
notch on the buckling of laminated boron/epoxy plates 
arranged anti-symmetrically [(θ/-θ]. In this study the buckling 
of composite plates made of hybrid carbon/epoxy/ aluminum 
material with and without elliptical cutouts is analyzed using 
the finite element software ABAQUS 6.11. The effects of the 
cutout size, position, orientation with respect to x-axis, the 
orientation of plies and the rigidity ratio E2/E1 on the buckling 
load have been examined. 

II. FINITE ELEMENT MODEL 

A thin square plate made of hybrid carbon/epoxy/aluminum 
composite material, with length and width 2h=100 mm and 
2w=100 mm respectively and having an elliptical cutout at the 
center is considered. Total thickness is e=1.162 mm. Plate’s 
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lower edge is fixed and the displacement on the upper edge is 
assumed to be free along the y-axis. The plate is subjected to a 
uniaxial compression in the vertical direction under the load 
per unit length σ=1Ν/mm. To solve the problem numerically, 
the finite element tool ABAQUS 6.11 was used with 33328 
S8R quadrilateral elements and 397 STRI65 elements with a 
refined mesh at the vicinity of the cutout. The plate was 
composed of eight plies, six of carbon/epoxy and two of 
aluminum alloy. Carbon/epoxy layer’s thickness is 0.127 mm 
and the plies were symmetrically crossed in an orderly alternate 
manner according to an angle of θ and -θ respectively. 
Aluminum layers were outside the plate and each had 0.2 mm 
thickness. Several mesh sizes were used in the numerical 
calculation to examine the accuracy and the convergence of a 
test case chosen where the ratio of the elliptical cutout is b/a=3, 
and the orientation of the layers is [-45/45]3. A uniform loading 
was applied taking into account the boundary conditions. The 
classical model theory of laminates was implemented using the 
shell elements S4R, S8R of ABAQUS with the composite lay-
up option. The linear and quadratic elements with reduced 
integration S4R and S8R are generally well suited for the 
calculation of semi-thick or thin shells. Mechanical properties 
of the hybrid composite plate are given in Table I. 

TABLE I.  MECHANICAL PROPERTIES OF THE HYBRID COMPOSITE PLATE 

Property Aluminium 2024T3 Carbon/epoxy 

E1 (MPa)
 

72.4 145 

E2 (MPa) - 0 

v12 0.33 0.25 

v23 - 0.25 

G12 (MPa) 27 7 

G13 (MPa) - 7 

G23 (MPa) - 3.7 

 
In real life applications, cutouts could be of different forms, 

according to the design needs. Cutout’s shape has been 
assumed primarily to be an elliptical hole at the centre of the 
plate. However, the effect of different positions for the 
elliptical cutout on the buckling load is highlighted. These 
positions are represented by an angle between the major axis of 
the cutout which is the x-axis by 0°, 15°, 30°, 45°, 60°, 75°, 
and 90°. The dimensions of the main diameters of the ellipse 
are represented by a and b. Parameters a and b vary with 
respect to several chosen ratios. Accordingly, the effect of the 
circular cutout was also analyzed as a special case when a=b. A 
buckling analysis has been performed for various elliptical and 
circular cutouts using different models. In addition, particular 
attention was paid to the number of alternate cross over plies of 
the laminated plate as well as the plies orientation.  

III. RESULTS AND DISCUSSION 

A. Effect of the Cutout Geometric Ratio on the Buckling 
Load 
The influence of the ratio a/b of the elliptical cutout on the 

buckling variation parameter is illustrated in Figure 1 for 
various declinations of the cutout with respect to the x-axis. 
Three configurations of the hybrid composite material were 

studied, namely [Al/(0)3/Al], [Al/(45/-45)3/Al] and 
[Al/(90)6/Al]. In this case, the ellipse major axis is maintained 
constant (2b=20 mm) and the minor axis (a) variable. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 1.  Effect of the ratio a/b on the buckling parameter for (a) 
[Al/(0)3/Al], (b) [Al/(45/-45)3/Al] and (c) [Al/(90)6/Al] configurations. 

Figure 1 shows that the buckling load decreases gradually 
in a linear manner with regard to the increase of the ratio of the 
elliptical cutout. This decrease is noticed regardless of the 
declination angle φ of the cutout. The minimum value obtained 
corresponds to the largest ratio a/b=1, i.e. for a circular cutout, 
and it is almost identical for all cases, while the maximum 
values are obtained for the lowest ratio a/b. This means that the 
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increase of the cutout radius produces the lowest critical 
buckling loads in the plates subjected to compression, which 
makes the bearing capacity of the structure diminish. The slope 
of the trends increases with the increase of φ. Therefore, the 
angle of declination of the elliptical cutout influences the 
buckling critical factor evolution which in turns influences the 
buckling critical load. As the cutout major axis tends to be 
parallel to the applied load, the critical load becomes more 
important. This indicates that an elliptical cutout whose major 
axis is parallel to the applied load does not significantly affect 
the panel’s stability. An inverse behavior occurs for the size of 
the elliptical cutout. In this case, the buckling load importance 
lessens with the augmentation of the cutout size, in other 
words, the buckling load decreases with the increase of the 
cutout size (increase of a/b) which shows that the resistance of 
the laminated composite plate will be reduced. The influence of 
the ratio a/b on the reduction of the buckling critical load for 
different declinations of the cutout with regard to the x-axis is 
shown in Figure 2. 

The reduction factor is defined by: 

wtc

wc

N
NN 1*

     (1) 

where Nwc and Nwtc are the buckling loads for the hybrid plate 
with and without the elliptical cutout respectively. 

It is to be noted that the maximum reduction in the critical 
load is marked for the maximum ratio a/b=1 regardless of the 
configuration of the laminated hybrid composite material 
[Al/(0)3/Al], [Al/(45/-45)3/Al] and [Al/(90)6/Al]. However, the 
value of the maximum reduction of the critical load is found for 
the plies orientation (45/-45) in the configuration [Al/(45/-
45)3/Al]. It is of the order of 10% in comparison with a plate 
without an elliptical cutout. The critical load’s reduction 
decreases linearly with the decrease of a/b. When this equals to 
0.125 (b=8a), the reduction parameter N* passes from 1.8 % to 
7% when φ = 90οand φ = 0ο respectively, therefore the elliptical 
cutout oriented at 0°, reduces the maximum load four times 
more than that when it is oriented at 90o. This observation is 
noticed for all ply orientations cases. 

B. Influence of the Cutout Position 
In this part, the buckling load variation as a function of the 

position of the elliptical cutout center with regard to the applied 
load is shown in Figure 3. The effect of the declination of the 
cutout with regard to the x-axis is highlighted for the three 
configurations of the hybrid laminated composite material 
Al/(0)6/Al], [Al/(45/-45)3/Al] and [Al/(90)6/Al]. The size of the 
elliptical cutout is considered constant; ie. a/b=1/3. It should be 
noticed that regardless of the position (h) of the cutout, there 
are two peaks indicating the critical buckling stress in the range 
20-30mm and 70-80mm, that is to say in the bottom and top 
ends respectively close to the fixed boundary and applied load, 
and a peak of minimum critical stress obtained in the middle of 
the plate (h= 50mm). It is clear that the presence of a cutout in 
the middle of the plate reduces the bearing capacity of the 
hybrid composite plate. It is noticeable that the curves are 
sinusoidal and symmetrical about the plate axis. Also, it is 

worth mentioning that the increase of the angle of declination φ 
of the cutout leads to the increase of the critical buckling load 
where the largest values are obtained for φ = 90ο. Better plate 
resistance is attained when the cutout minor axis is 
perpendicular to the applied load compared to the case where 
the cutout minor axis is parallel to the applied load (φ=0ο). The 
extremum values have the tendency to be amplified when the 
ply orientation angle θ tends toward 90o. For a clear illustration 
of this phenomenon, the reduction parameter of the buckling 
load as a function of the height h is drawn in Figure 4 where it 
could be noticed that the reduction trends of the critical load 
are reversed in comparison with those shown in Figure 3.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2.  Effet of the ratio a/b on the critical buckling load reduction for (a) 
[Al/(0)3/Al], (b) [Al/(45/-45)3/Al] and (c) [Al/(90)6/Al] configurations. 

The maximum reduction of the buckling critical load is 
important when the elliptical cutout is located in the middle of 
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the plate. It reaches 7%, 7.5% and 8.5% respectively for θ 
values of 0ο, 45οand 90o when the cutout is oriented at 0° 
(φ=0ο). Μinimum reduction is attained for the orientation of 
the plies at 90o. The smallest reductions of the critical load 
occur when the cutout is oriented at 90o (φ=90ο) of the order 
of 2%, 3.5% and 2.5% regardless of the hybrid plate 
configuration. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 3.  Effect of the height h on the buckling parameter for (a) 
[Al/(0)6/Al], (b) [Al/(45/-45)3/Al] and (c) [Al/(90)6/Al] configurations. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 4.  Effect of the height h on the buckling load reduction for (a) 
[Al/(0)6/Al], (b) [Al/(45/-45)3/Al] and (c) [Al/(90)6/Al] configurations. 

C. Influence of the Rigidity Ratio 
The effects of the Young modulus ratios are also studied for 

different orientations of the laminated structure with and 
without the presence of the elliptical cutout. Three cases of 
cutout position φ are studied: 00, 45o and 90o. As shown in 
Figure 5, the buckling load increases exponentially with the 
importance of the ply orientations when the Young modulus 
ratios are less than 0.4. Beyond this value, the buckling load 
trends tend to be more and more parabolic. In other words, the 
maximum buckling load will be almost identical for θ=0ο and 
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θ=90ο for a ratio Ε2/Ε1=1, and the minimum load is obtained 
for θ=45ο.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 5.  Buckling load for modulus ratio versus ply orientation angles for 
φ: (a) 00, (b) 45o and (c) 90o. 

It is worth mentioning that the maximum value is obtained 
for θ=90ο regardless of the cutout position. When the 
orientation angle of the elliptical cutout is φ=0ο, the values of 
the critical buckling load are generally lower compared to the 
other orientations, which shows that in that case, the cutout 
presents a greater risk of damage. In the absence of a cutout, 
the hybrid laminated composite plate is more resistant. When 

the two properties E1 and E2 are nearly equal, the critical load 
increases on both sides of the ply orientation angle θ=45ο. The 
critical load decreases with the decreasing value of the ratio 
E2/E1. Emphasizing on the effect of the ratio of the Young's 
modulus on the evolution of the buckling parameter, the 
amplification N* as a function of the fiber orientations for 
different ratios of rigidity is plotted and shown in Figure 6. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 6.  Effect of the ratio E2/E1 on the buckling amplification parameter 
for φ: (a) 00, (b) 45o and (c) 90o. 

It should be noted that for E2/E1=1, all the peaks are 
attained when θ=45ο. Regardless of the declination of the 
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elliptical cutout, the maximum reduction of the critical 
buckling stress is obtained when E2/E1=1. Thus, the maximum 
reduction is obtained when the cutout is oriented at 0° while it 
is minimum when it is at 90°. This shows that the cutout at 0° 
reduces the structure capacity more. The maximum reduction 
of the plate bearing capacity is of the order of 8.5%, 5% and 
3% respectively for the cutout orientations 00, 45o and 90o of φ. 

IV. CONCLUSION 

In this study, the buckling response of a hybrid composite 
square plate in the presence of an elliptical cutout was 
investigated. The effects of the orientation angle of the 
elliptical cutout, the cutout geometry, the orientation of the 
plies of the composite material, the position of the elliptical 
cutout and the rigidity ratio of the material on the variation of 
the buckling load were highlighted leading to the following 
findings: 

 The buckling load increased exponentially with regard to 
the increase of the orientation angle of the composite 
material plies. This increase was much faster and more 
important for θ≥45ο. 

 For all the laminated hybrid composite configurations used, 
the more the size a/b of the cutout is important the less is 
the buckling load. 

 The critical load reduction is found to decrease linearly 
with decreasing geometric ratios a/b. When b=8a, the 
reduction factor N* increased from 1.8% to 7% respectively 
for φ=90ο and φ=0ο regardless of the ply orientations. When 
the elliptical cutout is declined by 0°, it reduces the 
maximum load four times more than when it is declined by 
90o. 

 Regardless of the hybrid plate configuration, the maximum 
reduction of the critical buckling load is important when the 
elliptical cutout is located in the middle of the plate. It 
reaches 7%, 7.5% and 8.5% respectively for θ=0ο, 45ο and 
90ο when the cutout is oriented at φ=0°. 

 When the two properties E1 and E2 are nearly equal, the 
critical load increases on both sides of the ply orientation 
angle θ=45ο, while the critical load decreases with 
decreasing values of the ratio E2/E1. 
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