ENGINEERING TRANSACTIONS • Engng. Trans. • 54, 1, 71-84, 2006
Polish Academy of Sciences • Institute of Fundamental Technological Research
10.24423/engtrans.407.2006
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A fuzzy-set approach conjugated with finite element analysis is used to investigate the
influence of the variability (random field) of geometrie and materiał properties on buckling
loads understood as one of possible failure modes for composite structures. The uncertainty
(the scatter) of buckling loads is created by the prescribed variations of thickness and in Young's
and Kirchhoff's moduli. The a-cut and vertex methods are utilized to study the sensitivity
of buckling loads to fuzzy parameters variations. Numerical results are presented for axially
compressed angle ply-plates and shallow cylindrical panels.

l. lNTRODUCTION

The use of fibre-reinforced composite materials in modern engineering struc
tural design has become a common practice. However, since more design variables
typically exist when composite materials are employed and the manufacturing
processes for producing composites are more complex, more variability can exist
in a design produced with composites compared to conventional materials. Thus,
the variability of properties that occurs in composite structures leads directly to
a random field of variables describing constructions. A scatter of properties has
a different origin, but, in generał, it may be divided and classified in the following
manner: (1) geometrie properties (imperfections), (2) physical and mechanical
properties, (3) environmental effects (exploitation), (4) technology (understood
in the sense of geometrie dimensions but as an origin of local defects, a scatter
of fibre directions etc.). Therefore, there is a fundamental question: how many
and which of the above factors can (or should) be incorporated in the design
process and how can we manage to take into account the existing variability of
parameters.
Although the majority of available references in literature discussing the de
sign problems of composite structures is devoted to the analysis conducted in
a pure deterministic way, the variety of methods exists that have been adopted in
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Eqs. (4.3) and (4.4). If the value of Young's modulus is not much higher than E2
(the materiał 1), the scatter of fibre orientations is very high. In the second case
(the materiał 2) E 1 is much higher than E2 , the scatter of fibre orientations
is low.
Table 3. Influence fuzziness of Ei, E2 and G12 on fibre orientations 0 for a= 0.5.
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Here e.g. LLR denotes E1L E2L G12R•
4-2. The effects of scatter of mechanical properties

To demonstrate the computational procedure discussed in the previous sec
tion, numerical studies are performed on two multilayered thin composite struc
tures: a compressed square plate and a compressed shallow cylindrical panel. The
aim of the study is to find the buckling load (the response value p- see Eqs. (3.2)
or (3.3)) for structures. The numerical FE analysis is carried out in the elastic
geometrically linear range only, with the use of the four nodded quadrilateral
shell elements (NKTP 32) employing the first order transverse shear deforma
tion plate/shell theory. Buckling loads have been evaluated with the help of the
FE package NISA II [18].
The geometrie and materiał characteristics are given below and shown in
Fig. 7.
Ex

(4.11)

= 280 GPa,

Gx z

t/a

Ey

= 0.6 · Gxy ,

= 12 GPa,

Gxy

= 7 GPa,

= Gxy ,

Vxy

= 0.28,

Gyz

= 0.1, t/L = 0.1, L/R = 0.1,

f /L = 0.1,

where t is the plate/shell thickness, a is the plate length, Lis the cylinder length,
whereas f and R denote the shallowness parameter and the radius of a cylinder,
respectively.
Four parameters have been considered as fuzzy variables (i.e. N = 4): the
total thickness t, the Young moduli Ex , Ey and the Kirchhoff modulus Gxy ·
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FIG. 9. Variations of buckling pressures with fibre orientations for compressed shallow
cylindrical shells.

Table 4. Buckling pressures for compressed shallow cylindrical shells for a= 0°
and 0 = 75°

Combination

LLLL

LLLR

LLRL

LLRR

LRLL

LRLR

LRRL

LRRR

(t, E.,, , Ey , Gxy )

Dimensional
buckling load
[MPa]
Combination

429.300 459.344 486.979 524.699 429.344 459.352 487.027 524.700

RLLL

RLLR

RLRL

RLRR

RRLL

RRLR

RRRL

RRRR

(t, E.,, , Ey , G.,,y )

Dimensional
buckling load
[MPa]

659.152 712.814 738.685 805.717 659.134 712.735 738.675 805.630

where e.g. LLLL - is used to denote t1, Ex1, Ey1, GxyL·
5. CONCLUDING REMARKS
A fuzzy set approach is introduced in conjunction with finite element analysis
to study the uncertainty (variability) in global buckling loads for compressed
angle ply-plates and cylindrical shallow panels. The numerical analysis shows
evidently that:
1. Certain combinations of the fuzzy parameters (understood in the sense
of the left and right ends of the a-cut considered) are more critical than
others.
2. The scatter of the output response can be easily computed in conjunction
with the standard finite element packages.

