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ABSTRACT: This paper deals with optimization of the buckling load for laminated composite structures. A
new methodology has been developed where thermal residual stresses introduced in the manufacturing process
are included in the buckling analysis. The thermal effects are also included in the calculation of the buckling
load sensitivities, and it is therefore possible to “tailor” the thermal residual stresses in order to increase the
buckling load. Rectangular plates and circular cylindrical shells subjected to axial compression are considered.
The structures are optimized twice; the first time the thermal residual stresses are ignored in the optimization,
and the second time the thermal residual stresses are included in the optimization. These two sets of
optimizations give two important results. Firstly, it is possible to increase the buckling load for the structures
significantly when the thermal residual stresses are taken into account. Secondly, structures which have been
optimized ignoring the effects of thermal residual stresses, may have a buckling load which is much less than
expected when the effects of the thermal residual stresses are included.
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PARTIAL INTRODUCTION: When considering a structural system, perhaps one of the crucial problems
facing the designer is the identification of those phenomena that are important. For example, there are quite

different concerns if the predominant loads are compressive rather than tensile; compressive loads may lead to
crushing, whereas tensile load may lead to necking phenomena. If materials are ductile or brittle there are
different concerns; questions of yielding and flow may dominate for ductile materials, whereas flaw sensitivity
may dominate for brittle materials. This is the context within which buckling or stability considerations should
be taken. The conditions that always give the warning when a stability analysis may be necessary can be
summarized quite easily: the structure must be subjected to compressive loads, and the structrure must be thin.
As contradictory as it may seem, these criteria are very precise and yet often ambiguous. Although thinness is
absolutely essential for buckling, how”thin” is thin may be debatable. In a similar manner, identifying
compressive loading situations may seem straightforward. Howerver, some care must be exercised because a
variety of loading situations may lead to compression. For example, shear buckling is quite common; in terms
of principal stresses a pure shear results in a biaxial stress state with tensile and compressive principal normal
stresses. It is the compressive component that causes buckling….
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ABSTRACT: The optimal design of composite sandwich plates in which the facesheets are composed of a
carbon fiber/epoxy net is considered. The objective of the work is to obtain minimum mass designs while
maintaining constraints on the first natural frequency and selected facesheet stress components. The facesheets
are assumed to be composed of an orthotropic net of unidirectional composite fiber strips and the optimal
design (the least mass design) is achieved by changing the strip widths and the spacings between them. It is
demonstrated that varying the spatial fiber strip distribution can lead to significant structural advantages; in the
example presented, a 32% facesheet mass reduction is achieved.
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ABSTRACT: The concept of almost sure sample stability and sample stability in probability are formulated for
elastic systems. Using a Koiter type approach these concepts are used in the analysis of imperfection sensitive
structures. The applied load and the initial geometric imperfections are introduced into the analysis as random
quantities. A compressed beam of finite length on a nonlinear elastic foundation is used in an example
calculation.
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ABSTRACT: The buckling of an axially loaded cylindrical shell is considered when imperfection components
corresponding to all of the classical buckling modes are taken into consideration. The analysis represents an
extension of Koiter's axisymmetric solution and in the asymptotic sense due to Koiter the imperfections
considered are as general as possible. The results obtained reveal many interesting aspects of shell buckling
which arize for various imperfection forms. The buckling behaviour which results is associated with both
bifurcation and limit point critical states.
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ABSTRACT: A recent test has provided significant results important for laminate composite shell design. The
buckling load of composite shells may be increased substantially through the careful choice of laminate
configurations. An increased buckling load capability may be combined without paying a severe penalty with
regard to imperfection sensitivity, and the presence of imperfections can cause a change in failure mode from
global to local. This characteristic has been observed experimentally and is consistent with analytical
predictions.
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ABSTRACT: This report presents an overview of the development of a computer model for analysing the crash
response of stiffened composite fuselage structures together with the experimental validation program. Using a
finite element formulation based on Reissner/Mindlin plate theories, the numerical model can treat stiffened
laminated shell buckling, large deflections, nonlinear material behaviour and element failure. Numerical results
are presented for several 'test cases', although experimental comparisons are not yet available. Details on the
design and construction of our first prototype composite fuselage model are also provided together with a
description of the crash test facility.
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ABSTRACT: This paper proposes a technique to optimize structural components for buckling when the applied
loads are partially unknown or unpredictable. As opposed to the traditional buckling optimization situation
where the loading configuration is specified, the load ratios are assumed uncertain and are incorporated as
variables in the optimization problem formulation. As a result, the optimal designs obtained are insensitive to
load variations within an admissible convex set. Additionally, in order to generalize the results and therefore
provide a systematic solution procedure, a theorem concerning the shape of the stability boundary of structures
whose buckling loads are the solution of linear eigenproblems is stated and proven.
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ABSTRACT: Optimal elastic buckling loads of composite axisymmetric circular cylinders under uncertain
loading conditions are investigated. The mechanical loads applied to the cylinder are a combination of axial
compression, lateral pressure, and torsion. Additionally, these loads are allowed to vary within a certain class of
admissible loads during the optimization search, as opposed to the restriction of fixed loads in the traditional
optimization. The consideration of a degree of uncertainty in the mechanical loads leads to optimal designs
which are inherently insensitive to perturbations and/or randomness in the applied loads.
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