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uniaxial, biaxial and triaxial unitary stretch, which is done thanks to an application of the FEM system ABAQUS
with its 20-noded brick and 10-noded tetrahedral solid finite elements [3]. The entire series of solutions is
numerically available in the SFEM context upon application of the Response Surface Method (RSM) [2], where
optimized multivariate polynomial approximations of the homogenized tensor components are recovered in the
system MAPLE thanks to the Least Squares Method (LSM). The RSM is further applied to determine the
additional multivariate polynomial representations of the effective elasticity tensor components with respect to
random volumetric void ratio in the interphase. It is necessary to mention that this void ratio is assumed as
Gaussian with the given expectations and some intervals of the admissible stochastic fluctuations (coefficients of
variation smaller or equal than 0.20 each time). We investigate numerically (1) if the resulting homogenized
characteristics are also Gaussian, (2) how the inhomogeneous spatial distribution (and clustering) of particles
affects the effective stiffness tensor and (3) an effect of rising void ratio in the interphase in the context of
probabilistic analysis. We determine expected values, coefficients of variation, skewness and kurtosis for all
available components of the effective elasticity tensor in 3D homogenization problems— all as functions of the
coefficient of random dispersion for the input random parameter (void ratio). Probabilistic method engaged to this
computation is triple — contains the generalized stochastic perturbation technique of the optimized order, Monte
Carlo simulation as well as semi-analytical technique implemented in the symbolic computer program consisting
in direct determination of probabilistic characteristics from their integral. Optimization of the RSM polynomial
order is done via simultaneous maximization of correlation and minimization of LSM error and variance. Further
SFEM computational studies will concern geometrical parameters of the interphase and its impact on the effective
parameters of the polymer-based composites and also numerical simulation of the RVE with matrix and an
interphase in its hyper-elastic regime.
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21 | Lower bound to the plastic collapse load of structural elements made of nanocomposites
Aurora Angela Pisano (aurora.pisano@unirc.it, University Mediterranea of Reggio Calabria, Italy)
Paolo Fuschi (University Mediterranea of Reggio Calabria, Italy)

Nanocomposite materials, for their better performance with respect to traditional composites, are emerging
materials, widely employed in structural applications of industrial fields such as aeronautical and automotive.
There is a growing literature concerning these materials, however, because of their constitutive complexity, the
evaluation of the bearing capacity of structural elements made up with them is mainly pursued experimentally. In
fact, the difficulties both in characterizing all the mechanical parameters of the material and in correctly
describing its evolution up to collapse or within the post-elastic regime, makes problematic the application of well
known numerical procedures, such those based on step by step analyses. In these cases, it may be more effective
to follow a limit analysis approach that, even if in approximate way, can directly provide the bearing capacity of
the addressed structural elements. On the other hand, it is worth noting that nanomaterials are inherently nonlocal,
so a correct description of their constitutive behaviour can be obtained only by means of nonlocal models. The
latters, making use of internal material parameters, can take into account, at macro-level, phenomena arising at
micro- or nano-level. On the base of the above considerations, the paper proposes a limit analysis numerical
procedure, known, in its original formulation, as elastic compensation method, but here rephrased in a nonlocal
elastic context to evaluate the lower bound to the collapse load multiplier of structural elements made up of
nanocomposites. The procedure, already utilized by the authors in different (local) contexts [1], makes use of
sequences of elastic analyses in order to mimic the behaviour of the structure at collapse. In the nonlocal
framework, here considered, the elastic analyses are nonlocal and performed by means of a nonlocal finite
element code, implemented by the authors in [2]. A nonlocal elastic perfectly plastic constitutive model is
assumed with the further hypothesis that the nonlocal behaviour pertains only to the elastic phase. The nonlocal
elastic description is given by an enhanced version of the Eringen model, namely the strain-difference-based
integral model [3]. The proposed formulation is tested by means of a case study. The obtained results are
discussed with the aim to highlight advantages and drawbacks of the entire numerical approach.
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Composite laminated plates find several structural applications, particularly in the aerospace field. Generally,
these structures follow a laminated construction. This layout aims to take advantage of their specific direction-
dependent mechanical properties, such as their high specific strength and specific elasticity modulus. In order to
achieve a complete reliability on the design of composite laminates, they need to be modelled and simulated.
Treating them as a 3D solid is not a practicable way to deal with complex geometries and arbitrary boundary
conditions. Hence, simplified 2D models (equivalent single layer theories) were developed as an easier
alternative. In this work the displacement field of the composite laminated plate is defined not only by equivalent
single layer theories following different high-order shear deformation theories but also by a layerwise theory. The
solutions obtained from the different plate models are compared for several composite laminates that were
analysed and conclusions are drawn concerning the accuracy and computational cost of both models. This work
considers a radial point interpolation (RPI) meshless method [1] as the numerical tool to obtain the solutions from
the studied plate theories. In the end, the results obtained showed the efficiency and accuracy of the RPI meshless
method.

Keywords: meshless methods, composite plates, layerwise theory, high-order shear deformation theories.
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ANALYSIS OF COMPOSITE BEAMS, PLATES AND SHELLS

860 | Multi-layer composite beam modelling and optimization for high speed mechanical applications
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Multi-layer composite beam applications are known and used to obtain functionally graded mechanical
components whose properties can be tuned to obtain high performance, such as strength, stiffness, light inertia and
damping behaviour. Nevertheless, the technical literature lacks in studies concerning multi-layer dynamical beam
modelling making it possible to identify the model parameters of known solutions and to design new solutions
being able to overcome the limits associated to such solutions. A current research topic concerns high damping
FGM applications in the aerospace field, where standard high stiffness, high strength slender shell components,
such as turbine blades, must show a limited vibrational behaviour in operating conditions, i.e. the material used
should exhibit normally conflicting characteristics, such as high internal hysteresis and high stiffness as well. In
this specific field, some recent applications were explored, mainly based on an experimental approach, and while
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