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BUCKLING OF POROUSELASTIC SANDWICH PLATES
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Summary In the framework of a general stability theory for three-dimional bodies, the buckling analysis has been carriefdoto
common types of sandwich plates: a circular plate subjedd@l compression and rectangular plate subject to Hiagiapression.
The size effect and influence of coating properties on thalgteof elastic sandwich plates with a porous core havenbaealyzed.

EXTENDED SUMMARY

The problem of equilibrium stability for deformable bodissof major importance both from theoretical and practical
points of view, because the exhaustion of load-carryingbaity and collapse of buildings and engineering struesur
quite often occurs due to buckling under external loadshéncase of elastic medium, the stability theory is extehgive
developed for classic non-polar materials. There is latgmabrer of studies on stability both for thin and thin-walled
bodies in the form of rods, plates and shells, and for mag#ivee-dimensional) bodies. However, due to the increasin
number of new structural materials, the problem of stabditalysis for bodies with a microstructure becomes relevan
The example of such materials are porous materials. Engimgeeonstructions made of porous materials, especially
metal and polymer foams, have different applications indlsedecades [2, 3, 5, 7]. The reason for this is the advastage
of such materials: better density-stiffness ratios in carigon with classical structural materials, the possibit absorb
energy, etc. As a rule, these constructions have a compbsitgture (porous core covered by hard and stiff shell)ctvhi

is necessary for corrosion or heat protection, and optitisizaf mechanical properties in the process of loading.

Problem statement and methods of solution

The foams are cellular structures consisting of a solid h{&ta example aluminium, steel, copper, etc.), or polymer
(polyurethane, polyisocyanurate, polystyrene, etc.) @daining a large volume fraction of gas-filled pores. Ehare

two types of foams. One is the closed-cell foam, while th@sdmne is the open-cell foam. The defining characteristic of
metal and polymer foams are the very high porosity: typjcalkell over 80%, 90% and even 98% of the volume consists
of void spaces. From the mechanical point of view, foam isrg eemplex material, and it seems appropriate to describe
it using a model of a micropolar medium or Cosserat contin{ium, 6, 8, 10, 15]. For this model, the kinematics of a
body is more complex then in the classical non-polar continueach material particle of the micropolar medium has an
additional inner degree of freedom — a microrotation. Beeanf this, a deformation in the Cosserat theory of elagtisit
described not by one, but by two strain measures [11, 12] sttieéch tensor and wryness tensor. In general case, these
tensors are nonsymmetrical, which considerably comg@ittat solution of stability problems for micropolar mediis
approach allows, in particular, modeling the size effetticl is typical for foams and consists in dependence of rizter
behavior on the ratio between the foam cell size and sanipde si

In the present research, the stability of porous elastidwaih plates have been studied in the framework of a general
stability theory for three-dimensional bodies. We haveiedrout the buckling analysis for two common types of plates
a circular plate subject to radial compression and rectanglate subject to biaxial compression. For the modelihg o
sandwich plates with a porous core, a special approachds[t8¢14]: the behavior of the porous core has been studied
in the framework of the Cosserat continuum, while the ctaghon-polar) continuum model is used to describe theprop
erties of the upper and lower coatings. The semi-inversbadetf nonlinear elasticity is used to determine the suilatit
stress-strain state of sandwich plates under finite strainthe case of physically linear model of isotropic matii$é,

the initial state of equilibrium for the considered probkehas been found analytically. Using the linearization roéth

in a vicinity of an initial state [16], the neutral equililbrn equations are derived, which describe the perturbee sfat
sandwich plates. For a few commonly used materials thesatiegs are solved numerically [13, 14]. The spectra of
the critical values of radial compression (for the circydéate) and the critical curves in the plane of loading patanse
(for the rectangular plate) have been found, as well as thregponding buckling modes. The stability regions haveabee
constructed.

Main results

We have studied in detail the influence of elastic proped®svell as plate geometry on the loss of stability. Special
attention has been given to the analysis of how the coathigkress and rigidity affects the stability of sandwichteta
with a porous core. It has been found that a decrease in tt@k&plate increases its stability, and for plates with a les
rigid coatings the size effect on the stability would be nmeubstantial than for plates with a more rigid one. Such biehav
is due to the influence of couple stresses and confirms thetndelle the microstructure into account when analyzing
the stability of bodies and engineering structures madegbfiy1porous materials if objects of study are relativelyadim

At the same time, according to the results, the influenceehtfcrostructure of porous material on the stability of &arg
sandwich plates and sandwich plates with thick rigid cagis very small and, if necessary, it can be neglected.
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It should be noted that the qualitative results, obtainethig research for highly porous materials, can be geneidliz
to larger class of materials with complex microstructuee describing the behavior of which the model of a micropolar
medium or Cosserat continuum is used.
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