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Buckling analysis of skew laminate plates
subjected to uniaxial inplane loads
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Abstract

Elastic stability of skew composite laminate plates subjected to uniaxial inplane compressive
forces has been studied. The critical buckling loads of the skew laminate plates are carried
out by the bifurication buckling analysis implemented in finite element program ABAQUS.
The effects of skew angles, laminate layups, plate aspect ratios, plate thicknesses, central
circular cutouts, and edge conditions on the buckling resistance of skew composite laminate
plates are presented. 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Due to light weight and high strength, the use of fiber-composite laminate
materials has been increased rapidly in recent years. The composite laminate plates
in service are commonly subjected to compressive forces that may cause buckling.
Hence, structural instability becomes a major concern in safe and reliable design of
the composite plates. In the literature, most stability studies of fiber-composite lami-
nate plates have been focused on rectangular plates [1–8]. Less attention has been
paid to skew laminate plates [9,10]. It is known that the buckling resistance of rec-
tangular composite laminate plates depends on end conditions [4,7], ply orientations
[1,2,4,5,7] and geometric variables such as aspect ratios, thicknesses and cutouts
[3,4,6–8]. For skew composite plates, in addition to those factors, the plate skew
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angle,a (Fig. 1), should also be a key factor that influences the buckling resistance
of the plates [9–12].

In this investigation, buckling analyses of skew composite laminate plates sub-
jected to uniaxial compressive forceN (Fig. 1) are performed. The skew anglea of
the plates varies from 50° to 90°. The laminate layups of these plates are [±q]ns

(0°#q#90°), [a/0]ns, [90/0]ns (n=2,10), [90/45/0/245]s and [90/45/0/245]5s. The
plates in analysis have various laminate layups, different end conditions, different
plate aspect ratios, and may contain central circular cutouts. The critical buckling
loads Ncr of the skew laminate plates are calculated by the bifurcation buckling
analysis implemented in the ABAQUS finite element program [13]. Through this
study, the effects of skew angles, laminate layups, plate aspect ratios, plate thick-
nesses, central circular cutouts and end conditions on the buckling resistance of skew
composite plates are demonstrated.

2. Bifurcation buckling analysis

In the finite-element analysis, a system of nonlinear algebraic equations results in
the incremental form:

Fig. 1. Skew composite laminate plates with different edge conditions: (a) simply supported edges; (b)
fixed edges.
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[Kt]d{ u} 5d{ p} (1)

where [Kt] is the tangent stiffness matrix,d{ u} the incremental nodal displacement
vector andd{ p} the incremental nodal force vector.

Within the range of elastic behavior, it is known that when the deformation of a
structure is small, the nonlinear theory leads to the same critical load as the linear
theory [14]. Consequently, if only the buckling load is to be determined, the calcu-
lation can be greatly simplified by assuming the deformation to be small and we can
neglect the nonlinear terms which are functions of nodal displacements in the tangent
stiffness matrix. The linearized formulation then gives rise to a tangent stiffness
matrix in the following expression [15]:

[Kt]5[KL]1[Ks] (2)

where [KL] is a linear stiffness matrix and [Ks] a stress stiffness matrix. If a stress
stiffness matrix [Ks]ref is generated according to a reference load {p} ref , for another
load level {p} with l a scalar multiplier, we have

{ p} 5l{ p} ref (3)

[Ks]5l[Ks]ref (4)

When buckling occurs, the external loads do not change, i.e.,d{ p} =0. Then the
bifurcation solution for the linearized buckling problem may be determined from the
following eigenvalue equation:

([KL]1lcr[Ks]ref)d{ u} 5{0} (5)

wherelcr is an eigenvalue andd{ u} becomes the eigenvector defining the buckling
mode. The critical load {p} cr can be obtained from {p} cr=lcr{ p} ref. In ABAQUS, a
subspace iteration procedure [16] is used to solve for the eigenvalues and eigenvec-
tors.

3. Constitutive matrix for fiber-composite laminae

In finite element analysis, the laminate plates are modeled by eight-node isopara-
metric laminate shell elements with six degrees of freedom per node (three displace-
ments and three rotations). The formulation of the shell element allows transverse
shear deformation [13].

During the analysis, the constitutive matrices of composite materials at element
integration points must be calculated before the stiffness matrices are assembled from
element level to global level. For fiber-composite laminate materials, each lamina
can be considered as an orthotropic layer. The stress–strain relations for a lamina
in the material coordinates (1,2,3) (Fig. 2) at an element integration point can be
written as

{s9} 5[Q19]{ e9} (6)
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Fig. 2. Material and element coordinate systems for a fiber-composite laminate.

{ t9} 5[Q29]{ g9} (7)

where

[Q19]53
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[Q29]5Fa1G13 0

0 a2G23
G (9)

where {s9} ={s1, s2, t12} T, {t9} ={ t13, t23} T, {e9} ={ e1, e2, g12} T, {g9} ={ g13, g23} T. The
a1 anda2 are shear correction factors. In ABAQUS, the shear correction factors are
calculated by assuming that the transverse shear energy through the thickness of
laminate is equal to that of the case of unidirectional bending [13,17].

Let {s} ={sx, sy, txy} T, {t} ={ txz, tyz} T, {e} ={ ex, ey, gxy} T, {g} ={ gxz, gyz} T. Then
constitutive equations for the lamina in the element coordinates (x,y,z) then become

{s} 5[Q1]{ e}, (10)

{ t} 5[Q2]{ g}, (11)

and

[Q1]5[T1]T[Q19][T1] (12)
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[Q2]5[T2]T[Q29][T2] (13)

[T1]53
cos2q sin2q sinq cosq

sin2q cos2q −sinq cosq

−2sinq cosq 2sinq cosq cos2q−sin2q4 (14)

[T2]5Fcosq sinq

−sinq cosq
G (15)

where the fiber orientationq is measured counterclockwise from the element local
x-axis to the material 1-axis.

Let {e0} ={ ex0,ey0,gxy0} T be the in-plane strains at the mid-surface of the laminate
section, {k} ={ kx, ky, kxy} T the curvatures, andh the total thickness of the section.
If there aren layers in the layup, the stress resultants, {N} ={ Nx, Ny, Nxy} T, {M} ={ Mx,
My, Mxy} T and {V} ={ Vx, Vy} T, can be defined as
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or
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wherezjt andzjb are the distance from the mid-surface of the section to the top and
the bottom of thejth layer, respectively. The [0] is a 3 by 2 matrix with all the
coefficients equal to zero.

Prior to numerical analyses, the ABAQUS program has been employed to analyze
the buckling of composite cylindrical panels with cutout and buckling of isotropic
skew plates. These solutions are compared with known benchmark solutions [11]
and satisfactory results are obtained [18].
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4. Results of the numerical analysis

4.1. Laminate rhombus plates

In this section composite laminate rhombus plates subjected to uniaxial compress-
ive forceN per unit length as shown in Fig. 1 are analyzed. The plates do not have
any circular cutouts (d=0). The length and width of the plates area=b=10 cm and
the skew anglea varies between 50° and 90°. Two types of edge conditions are
considered, which are four edges simply supported (Fig. 1(a)) and four edges
clamped (Fig. 1(b)). These end conditions prevent out of plane displacementw but
allow in-plane movementsu and v. The lamina in the plates consists of
graphite/epoxy (Hercules AS/3501-6) and material constitutive properties are taken
from Crawley [19], which areE11=128 GPa,E22=11 GPa,v12=0.25, G12=G13=4.48
GPa,G23=1.53 GPa. The thickness of each ply is 0.125 mm. Eight types of laminate
layups, [90/0]2s, [a/0]2s, [90/45/0/245]s, [±q]2s, [90/0]10s, [a/0]10s, [90/45/0/245]5s,
and [±q]10s are studied. In the finite element analysis, no symmetry simplifications
are made and a 10×10 finite element mesh (100 elements) is used to model the entire
rhombus plate.

Fig. 3 shows critical buckling loadNcr versus the skew anglea for [90/0]2s, [a/0]2s,
[90/45/0/245]s composite rhombus plates. We can see that the critical buckling loads
of the plates generally decrease with the increase of anglea. Under the simply
supported conditions, the [a/0]2s plates, with fibers parallel to edges, always have
the lowest buckling loads and the quasi-isotropic [90/45/0/245]s plates usually have
the highest buckling loads (excepta,60°). When the edges of plates are all clamped,
the results of analyses are quite different. The [90/0]2s, plates have the highest buck-
ling loads and the [90/45/0/245]s plates have the lowest buckling loads.

Fig. 4 shows critical buckling loadNcr versus the skew anglea for [90/0]10s,
[a/0]10s, [90/45/0/245]5s, composite rhombus plates. For plates with simply sup-
ported conditions, except for the magnitude of the buckling loads, the results of
analysis for these thicker plates (Fig. 4(a)) are very similar to those of thin plates
(Fig. 3(a)). Comparing Fig. 4(b) with Fig. 3(b), we can observe that the thickness
does have some influence on the buckling behavior of clamped rhombus plates. First,
the buckling loads of the [a/0]10s plates may increase with the skew anglea when
a.60°. Second, the buckling loads of [90/45/0/245]5s plates may be greater than
those of [a/0]10s plates whena,70°.

Fig. 5 shows the typical buckling modes of [90/0]2s, [a/0]2s, [90/45/0/245]s com-
posite rhombus plates with different edge conditions for plate skew anglea equal
to 50° and 90°. From the figure we can observe that when the skew angle is small,
the buckling modes of the plate tend to have more waves in the inplane loading
direction. In addition, the buckling modes of the plates with clamped edges tend to
have more wave than those with simply supported edges. The buckling modes of
[90/0]10s, [a/0]10s, [90/45/0/245]5s, plates show the similar trend as the thin plates
[18] and are not plotted here.

The last rhombus plates for analysis are the angle ply [±q]2s and [±q]10s laminate
plates, in which 0°#q#90°. Fig. 6(a) shows that if the angleq is fixed, the critical
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Fig. 3. Effect of skew angle on buckling loads of composite rhombus plates with [90/0]2s, [a/0]2s, and
[90/45/0/245]s laminate layups: (a) simply supported edges; (b) clamped edges.

buckling loads of simply supported [±q]2s plates increase with the decrease of the
skew anglea. When the anglea is smaller, this increase in buckling loads is more
prominent. In addition, when the skew anglea is large, the highest buckling loads
of the composite plates seem to take place with fiber angleq close to 45°. However,
when the skew anglea is small, the highest buckling load may occur withq shifting
to high values (say 55°). From Fig. 6(b) we can see that when the plate thickness
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Fig. 4. Effect of skew angle on buckling loads of composite rhombus plates with [90/0]10s, [a/0]10s, and
[90/45/0/245]10s laminate layups: (a) simply supported edges; (b) clamped edges.

is increased, the highest buckling loads of the simply supported [±q]10s plates all
seem to occur withq around 45°.

If the edge conditions of these plates are changed to clamped edges, we can
observe from Fig. 7(a) that the critical buckling loads of the plates still increase with
the decrease of the skew anglea. It seems that the highest buckling loads of most
of the plates take place with the fiber angleq close to 0°. The only two exceptions
are the plates witha equal to 50° and 60°, where the highest buckling loads take
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Fig. 5. Buckling modes of composite rhombus plates with [90/0]2s, [a/0]2s, and [90/45/0/245]s laminate
layups: (a) plates with simply supported edges; (b) plates with clamped edges.

place withq around 40°. If the plate thickness is increased, the highest buckling
loads of the clamped [±q]10s plates almost all take place withq close to 0° as shown
in Fig. 7(b). The only exception is the plate witha equal to 50°, where the highest
buckling load occurs withq around 20°.

Comparing Fig. 6 with Fig. 7, we can observe that the edge conditions have sig-
nificant influence on the buckling behavior of the rhombus plates. In addition, when
the plate thickness is increased, the highest buckling load of rhombus plates with
angle ply laminate layup will more consistently take place at the sameq angle (say,
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Fig. 6. Effect of skew angle on buckling loads of simply supported [±q]2s, and [±q]10scomposite rhombus
plates: (a) [±q]2s plate; (b) [±q]10s plate.

q=45° for simply supported plates andq=0° for clamped plates). Hence, it may be
suggested to useq=45° in the design of simply supported rhombus plates with angle
ply [±q]ns laminate layup and subjected to uniaxial compressive loading. Though, in
some cases, there would have been other betterq angles to achieve higher buckling
resistance of plates. However, as far as simplicity is concerned, the use of the [±45]ns

laminate layup may be a straightforward and practical choice. On the same basis, it
may also be suggested to use the [02]ns laminate layup (all fibers parallel to the
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Fig. 7. Effect of skew angle on buckling loads of clamped [±q]2s and [±q]10s composite rhombus plates:
(a) [±q]2s plate; (b) [±q]10s plate.

loading direction) in the design of clamped rhombus plates subjected to uniaxial com-
pression.

Fig. 8 shows the typical buckling modes of [±0]2s, [±45]2s, and [±90]2s composite
rhombus plates with different edge conditions for plate skew anglea equal to 50°
and 90°. It shows that the buckling modes of the [±90]2s plate usually have more
waves than those of [±0]2s and [±45]2s, plates. Again, the buckling modes of the
plate with clamped edges tend to have more waves than those with simply supported
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Fig. 8. Buckling modes of composite rhombus plates with [±0]2s, [±45]2s, and [±90]2s laminate layups:
(a) plates with simply supported edges; (b) plates with clamped edges.

edges. The buckling modes of [±0]10s, [±45]10s, and [±90]10s plates show a similar
trend as the thin plates [18] and are not plotted here.

4.2. Laminate parallelogram plates with various aspect ratios

In this section composite laminate parallelogram plates subjected to uniaxial load-
ing are analyzed (Fig. 1). The plates do not have any circular cutouts (d=0). The
laminate layups are [±q]ns, in which n=2, 10, and 0°#q#90°. The width b of the
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plates is 10 cm. The lengtha of the plates may be either 5 cm (a/b=0.5) or 40 cm
(a/b=4). The skew anglea of the plates still varies between 50° and 90° and two
types of boundary conditions, four edges simply supported and four edges clamped,
are considered. Again, no symmetry simplifications are made in the analysis. A
10×10 finite element mesh (100 elements) is used to model the plates witha/b=0.5
and a 10×20 finite element mesh (200 elements) is used to model the plates with
a/b=4.

Fig. 9 shows critical buckling loadNcr versus the angleq for [±q]2s and [±q]10s

composite parallelogram plates witha/b=0.5 and with four simply supported edges.
We can see that the maximum buckling loads of the [±q]2s thin plates all take place
when theq angle is equal to 0° (Fig. 9(a)). For thick plates with [±q]10s laminate
layup (Fig. 9(b)), the maximum buckling loads also take place atq equal to 0° for
most cases. The only exception is the plate with skew anglea equal to 50°, where
the maximum buckling load may occur withq around 25°. We can observe that for
both thin and thick plates with largeq angle, the critical buckling loads generally
decrease with the increase of anglea. However, when theq angle is close to 0°,
this trend is totally reversed and the critical buckling loads decrease with the decrease
of anglea.

Fig. 10 shows critical buckling loadNcr versus the angleq for [±q]2s and [±q]10s

composite parallelogram plates witha/b=0.5 and with four clamped edges. For [±q]2s,
thin plates (Fig. 10(a)), the trends of the buckling behavior are similar to those of
plates with simply supported edges except the buckling loads are increased. For
[±q]10s thick plates (Fig. 10(b)), it can be seen that when theq angle is greater than
25°, the critical buckling loads increase with the decrease of anglea. When the
q angle is less than 25°, the critical buckling loads increase with the increase of
anglea.

Fig. 11 shows critical buckling loadNcr versus the angleq for [±q]2s and [±q]10s

composite parallelogram plates witha/b=4 and with four simply supported edges.
We can see that the maximum buckling loads of the [±q]10s, plates take place with
the q angle around 45° and that the maximum buckling loads of the [±q]10s plates
take place with theq angle around 40°. For both thin and thick plates, the critical
buckling loads all decrease with the increase of thea angle. When the edge condition
of the long plates is changed to clamped, we can observe from Fig. 12(a) that the
edge conditions do not have significant influence on the trends of the buckling
behavior of the [±q]2s, thin plates (except the buckling loads are increased). Compar-
ing Fig. 12(b) with Fig. 11(b), we can observe that the clamped edge conditions
shift the optimal fiber angleq from around 40° to around 35°. Finally, comparing
Figs. 11 and 12 with Figs. 9 and 10, we can see that the optimal fiber angleq for
[±q]2s and [±q]10s skew plates is influenced by the plate aspect ratio significantly.
When the plate is short, the optimal angleq is usually close to 0°. However, when
the plate is long, the optimal angleq is usually between 35° and 45°.

Fig. 13 shows the typical buckling modes of [±0]2s, [±45]2s and [±90]2s clamped
composite parallelogram plates with aspect ratioa/b equal to 0.5 and 4 and plate
skew anglea equal to 50° and 90°. It shows that the buckling modes of plates with
large aspect ratio and small skew angle usually have more waves than those of plates
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Fig. 9. Effect of skew angle on buckling loads of simply supported [±q]2s and [±q]10s composite paral-
lelogram plates witha/b=0.5: (a) [±q]2s plate; (b) [±q]10s plate.

with small aspect ratio and large skew angle. In addition, for plates with large aspect
ratio, the buckling modes of the [±90]2s plate usually have more waves than those
of [±0]2s and [±45]2s plates. The buckling modes of thin plates with simply supported
edges as well as thick plates with simply supported edges or clamped edges show
a similar trend [18].
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Fig. 10. Effect of skew angle on buckling loads of clamped [±q]2s and [±q]10s composite parallelogram
plates witha/b=0.5: (a) [±q]2s plate; (b) [±q]10s plate.

4.3. Laminate parallelogram plates with various aspect ratios and circular
cutouts

In this section laminate parallelogram plates with central circular cutouts and sub-
jected to uniaxial loading are analyzed (Fig. 1). The laminate layup is [±q]2s, and
0°#q#90°. The widthb of the plates is 10 cm. The lengtha of the plates may be
either 5 cm (a/b=0.5) or 40 cm (a/b=4). In the analysis, the diameterd of the cutout
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Fig. 11. Effect of skew angle on buckling loads of simply supported [±q]2s and [±q]10s composite paral-
lelogram plates witha/b=4: (a) [±q]2s plate; (b) [±q]10s plate.

is 2 cm (d/b=0.2). The skew anglea of the plates still varies between 50° and 90°
and two types of boundary conditions, four edges simply supported and four edges
clamped, are considered. No symmetry simplifications are made in the analysis. Due
to the presence of cutouts, at least 500 elements are used to model the plates with
a/b=0.5 and at least 800 elements are used to model the plates witha/b=4.

Fig. 14 shows critical buckling loadNcr versus the angleq for [±q]2s composite
parallelogram plates witha/b=0.5 and with cutout. Comparing Fig. 14(a) with Fig.
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Fig. 12. Effect of skew angle on buckling loads of clamped [±q]2s and [±q]10s composite parallelogram
plates witha/b=4: (a) [±q]2s plate; (b) [±q]10s plate.

9(a), and comparing Fig. 14(b) with Fig. 10(a), we can see that no matter what the
edge conditions, theNcr versesq curves of short skew plates with central holes are
very similar to those of plates without holes. The only difference is that the critical
buckling loads of plates with holes are lower than those of plates without cutouts.
Fig. 15(a) shows the reductions (in percentage) of the critical buckling loads for
simply supported plates witha/b=0.5 and with cutout. It seems that under the same
fiber angleq, the plates having smalla angles usually have large reductions in the



70 H.-T. Hu, W.-L. Tzeng / Thin-Walled Structures 38 (2000) 53–77

Fig. 13. Buckling modes of clamped composite parallelogram plates with [±0]2s, [±45]2s, and [±90]2s

laminate layups: (a)a/b = 0.5; (b) a/b = 4.

critical buckling loads. However, this trend is totally reversed for smallq angle.
When theq angle is less than 15°, the plates having largea angles will have large
reductions in the critical buckling loads. Fig. 15(b) shows the reduction of the critical
buckling loads for clamped plates witha/b=0.5 and with cutout. The curves show
similar trends as the plate with simply supported edges. However, the reduction rates
in critical buckling loads of plates with clamped edges are usually smaller than those
of plates with simply supported edges.
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Fig. 14. Effect of skew angle on buckling loads of [±q]2S composite parallelogram plates with a central
circular cutout (a/b=0.5 andd/b=0.2): (a) simply supported edges; (b) clamped edges.

Fig. 16 shows critical buckling loadNcr versus the angleq for [±q]2s composite
parallelogram plates witha/b=4 and with cutout. Comparing Fig. 16(a) with Fig.
11(a), and comparing Fig. 16(b) with Fig. 12(a), we can observe that the curves of
long skew plates with central holes are again very similar to those of plates without
holes. Fig. 17 shows the reductions of the critical buckling loads for plates with
a/b=4 and with cutout. Again, it seems that for largeq angle, the plates having small
skew anglea usually have large reductions in the critical buckling loads. For small
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Fig. 15. Reduction of critical buckling load for [±q]2S composite parallelogram plates with a central
circular cutout (a/b=0.5 andd/b=0.2: (a) simply supported edges; (b) clamped edges.

q angle, the plates having large skew anglea usually have large reductions in the
critical buckling loads. It should be noted that there are some negative values of
reductions in buckling loads for plates with smallq angle and largea angle. This
means that the plates with cutouts may have higher critical buckling loads than the
same plates without holes, which is quite different from our intuition. However, past
research did show (numerically and experimentally) that introducing a hole into an
isotropic plate or a composite plate does not always reduce the buckling load and,
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Fig. 16. Effect of skew angle on buckling loads of [±q]2S composite parallelogram plates with a central
circular cutout (a/b=4 andd/b=0.2): (a) simply supported edges; (b) clamped edges.

in some instances, may increase its buckling load [6,7,20]. This is because the buck-
ling load of a plate is not only influenced by a cutout, but is also influenced by
material orthotropy, end condition, and plate geometry. Comparing Fig. 17 with Fig.
15, we can observe that the changes of critical buckling loads due to the presence
of cutouts for short skew plates are more significant than those for long skew plates.

Finally, Fig. 18 shows the typical buckling modes of [±0]2s, [±45]2s and [±90]2s

clamped composite parallelogram plates with central cutout, with aspect ratioa/b
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Fig. 17. Reduction of critical buckling load for [±q]2S composite parallelogram plates with a central
circular cutout (a/b=4 andd/b=0.2): (a) simply supported edges; (b) clamped edges.

equal to 0.5 and 4 and with plate skew anglea equal to 50° and 90°. Comparing
Fig. 18 with Fig. 13, we can observe that the introduction of cutouts may cause the
buckling modes of long plates to have fewer numbers of waves in the loading direc-
tion than those of plates without cutouts.
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Fig. 18. Buckling modes of clamped composite parallelogram plates with a central circular cutout
(d/b=0.2) and with [±0]2S, [±45]2S and [±90]2S laminate layups: (a)a/b = 0.5; (b) a/b = 4.

5. Conclusions

For the buckling analysis of uniaxially compressed skew laminated plates with
various laminate layups, plate aspect ratios, circular cutouts and end conditions, the
following conclusions may be drawn:

1. For composite plates with the same laminate layups and boundary conditions, the
buckling loads increase with the decrease of the skew anglea. When the angle
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a is smaller, this increase in buckling loads is more prominent. In addition, the
buckling modes of plates with small skew angle may have more waves in the
loading direction than those of plates with large skew angle and the buckling
modes of plates with clamped edges may have more waves than those of plates
with simply supported edges.

2. For composite rhombus plates with simply supported edges and with [90/0]2ns,
[a/0]2ns and [90/45/0/245]ns laminate layups, the plates with [90/45/0/245]ns

layup usually have the highest buckling loads and the plates with [a/0]2ns layup
have the lowest buckling loads. When the edges of plates are all clamped, the
[90/0]2ns plates have the highest buckling loads and the [90/45/0/245]ns plates
usually have the lowest buckling loads

3. The highest buckling loads for rhombus [±q]ns laminate plates usually occur with
q around 45° for simply supported edge conditions and withq close to 0° for
clamped edge conditions. This phenomenon is more consistent when the thickness
of the plate is increased.

4. For skew parallelogram [±q]2s and [±q]10s laminate short plates (a/b=0.5) with
largeq angle, the critical buckling loads generally decrease with the increase of
thea angle. However, when theq angle is close to 0°, the critical buckling loads
decrease with the decrease of thea angle. This phenomenon is more prominent
for plates with clamped edges than for those with simply supported edges.

5. For skew parallelogram [±q]2s and [±q]10slaminate long plates (a/b=4) with simply
supported edges, the optimal fiber angleq usually takes place at 45° for thin plates
but shifts to 40° for thick plates. When the edges of plates are changed to clamped
conditions, the optimal fiber angleq still takes place at 45° for thin plates but
shifts to 35° for thick plates.

6. For rhombus or parallelogram [±q]ns plates, the buckling modes of plates with
large q angle tend to have more waves in the loading direction than those of
plates with smallq angle.

7. The buckling behaviors of short as well as long skew parallelogram [±q]2s lami-
nate plates seem not to be significantly influenced by the central circular cutout
(except that the buckling loads of the plates are reduced). When theq angle is
large, the plates with cutouts and having a small skew anglea would have large
reductions in the critical buckling loads. However, when theq angle is small, the
plates having a small skew anglea would have small reductions in the critical
buckling loads. Under the same skew anglea, the same fiber angleq, the plates
with simply supported edges usually have larger reductions in critical buckling
loads than those with clamped edges. In addition, the changes of critical buckling
loads due to the presence of cutouts for short skew plates are more significant
than those for long skew plates. In some cases, the plates with cutouts may have
higher critical buckling loads than the same plates without holes.

8. The introduction of cutouts in skew parallelogram laminate long plates may cause
the buckling modes of the plates to have fewer numbers of waves in the loading
direction than those of plates without cutouts.
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