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The problem of equilibrium stability for deformable bodies is of major importance both 
from theoretical and practical point of view. In the case of elastic medium, the stability theory is 
extensively developed for classic non-polar materials. However, due to the increasing number of 
new construction materials, the problem of stability analysis for bodies with a microstructure 
becomes relevant. Foams are examples of such new materials. They are cellular structures 
consisting of a solid metal (for example aluminium, steel, copper, etc.), or polymer (polyurethane, 
polyisocyanurate, polystyrene, etc.) and containing a large volume fraction of gas-filled pores. 
There are two types of foams. One is the closed-cell foam, while the second one is the open-cell 
foam. The defining characteristic of metal and polymer foams are the very high porosity: typically, 
well over 80 %, 90 % and even 98 % of the volume consists of void spaces.  

Constructions made of foams are used in the modern automotive and airspace industries. 
The reason for this is the advantages of such materials: better density-stiffness ratios in comparison 
with classical structural materials, the possibility to absorb energy, etc. As a rule, these 
constructions have a functionally graded structure. For example, the porous core is quite often 
covered by hard and stiff shell, which can be necessary for corrosion or thermal protection, and 
optimization of mechanical properties in the process of loading. Due to the microstructure influence, 
the behavior of foams cannot be adequately described within the framework of the classical theory 
of elasticity. One approach for creating a mathematical model of the porous elastic body is to use 
the model of micropolar continuum, or Cosserat continuum, i.e. medium with couple stresses and 
rotational degrees of freedom. 

The present research is dedicated to the buckling analysis of nonlinearly elastic rods made of 
porous materials. In the framework of a general stability theory for three-dimensional bodies, we 
have studied the stability of a circular micropolar rod subject to axial compression and external 
pressure. It is assumed that the elastic properties of the rod vary along the radius. Applying 
linearization the neutral equilibrium equations are derived, which describe the perturbed state of a 
rod. These linearized equations have been solved numerically for a few commonly used porous 
materials. The critical curves and corresponding buckling modes have been found, and the stability 
regions have been constructed in the plane of loading parameters. Using these results, we have 
studied the influence of elastic properties as well as the rod geometry on the loss of stability. 
Special attention has been given to the analysis of how the pattern of variation for elastic properties 
of material affects the stability of a micropolar rod. In particular, through the comparison of results 
of stability analysis for the exponential and trigonometric laws of change in the elastic parameters 
along the radius, we have determined that the micropolar rods with the exponential pattern of 
inhomogeneity are more stable with respect to the axial compression, but less stable with respect to 
the external pressure. 
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