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The axiomatic and the asymptotic methods are the most important techniques to construct structural
models, such as beam, plate, and shell theories. The axiomatic approach exploits the intuition of an Em-
inent Scientist to build a model. Well-known examples are the Kirchhoff and the Reissner-Mindlin the-
ories [1–3] which are the classical models for plates. Reviews on refined theories based on an axiomatic
approach can be found in [4–7]. The asymptotic method [8–10] uses a perturbation parameter to evaluate
which terms of a theory have to be retained. A typical perturbation parameter is the thickness-to-length
in the case of plates/shells. All the retained terms are those which have the same order of magnitude as
the introduced perturbation parameter when the latter vanishes. Both methods present some drawbacks.
While the error estimation and the convergence properties are difficult to be considered in the axiomatic
approach, the asymptotic one requires ad hoc analyses to deal with different structural problems.
This work presents a mixed axiomatic/asympthotic approach to construct refined plate theories. This ap-
proach furnishes asymptotic-like results starting from a preliminary axiomatic choice of the plate model.
This technique is based on the Carrera Unified Formulation (CUF) [11] which is used to implement
any-order plate theories and obtain closed-form solutions. Taylor-type polynomials are adopted to model
the displacement field along the thickness direction of the plate. The role of each displacement variable
in the solution is investigated by measuring the loss of accuracy due to its neglect, if the loss is null, a
term will be considered ineffective, i.e. negligible. 3D solutions are considered as references. Reduced
kinematics models, based on a set of retained displacement variables, are then obtained. Different con-
figurations are considered to evaluate the sensitivity of various plate theories with respect to variations in
geometry, orthotropic ratio, and stacking sequence. In this work additional results are presented on the
base of those in [12].
A simply supported plate has been considered. Four different types of material have been addressed:
isotropic, orthotropic, composite, and bi-metallic. A bi-sinusoidal distributed load has been applied to
the top surface of the plate. In the case of isotropic material, four different length-to-thickness ratios
are considered: 100, 10, 5 and 2, that is, thin, moderately thick, thick and very thick plates are consid-
ered, respectively. In the orthotropic material case, four different orthotropic ratios, EL/ET , have been
assumed: 1, 5, 10, 50 and 100. EL stands for Young’s modulus along the longitudinal direction, ET

indicates the Young’s modulus along the transverse direction. The composite plate have been analyzed
considering three stacking sequences: two symmetrical 0◦/90◦/0◦ and 0◦/0◦/0◦, and one asymmetrical
0◦/0◦/90◦. The bi-metallic plate has been modeled using an aluminium layer together with a titanium
one.
The reduced plate models are presented using a graphical scheme based on Table 1 where each term of
the full fourth-order model is placed. z is the thickness coordinate of the plate. White and black triangles
are used to indicate the status of a displacement variable: white color means that a term is non-active,
black color indicates that a term is activated. Table 2 is referred to the plate model which has the dis-
placement variable uy3 non-activated.
An example of typical result which is obtainable with the mixed approach is shown in Table 3: the kine-
matics models which are able to furnish the same accuracy as the 3D model for thin and very thick plates
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in case of isotropic material. Me states the number of effective displacement variables, that is, the com-
putational cost of a plate model. It is evident the increase of Me as the plate become thicker. Moreover,
each output variable needs its own plate model to accomplish the accuracy requirement.
It has been found that the terms that have to be used according to a given accuracy varies from problem to
problem, but they also vary when the variable that has to be evaluated (displacement, stress components)
is changed. Features as the asymmetrical lamination, anisotropy, and a small length-to-thickness ratio,
require a large number of displacement variables. Thus, in these cases, a full implementation of CUF is
recommendable.

Tables

N = 0 N = 1 N = 2 N = 3 N = 4
ux1 ux2 z ux3 z2 ux4 z3 ux5 z4

uy1 uy2 z uy3 z2 uy4 z3 uy5 z4

uz1 uz2 z uz3 z2 uz4 z3 uz5 z4

Table 1: Locations of the displacement variables within the tables layout

N N N N N
N N △ N N
N N N N N

Table 2: Symbolic representation of the reduced kinematics model with uy3 deactivated

uz σxx σxz σzz COMBINED
a/h = 100

Me = 4 Me = 4 Me = 5 Me = 4 Me = 7
△ N △ △ △
△ N △ △ △
N △ N △ △

△ N △ △ △
△ N △ △ △
N △ N △ △

△ N △ N △
△ N △ △ △
N △ N △ △

△ △ △ △ △
△ △ △ △ △
N N N △ N

△ N △ N △
△ N △ △ △
N N N △ N

a/h = 2
Me = 13 Me = 14 Me = 7 Me = 13 Me = 15

N N N N △
N N N N △
N N N N N

N N △ N N
N N N N N
N N N N N

△ N △ N △
△ N △ N △
N △ N △ N

N △ N N N
N △ N N N
N N N N N

N N N N N
N N N N N
N N N N N

Table 3: Comparison of the sets of effective terms for isotropic plates with different a/h
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