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MATHEMATICAL MODELING OF THERMOELASTIC 

DEFORMATION OF MULTILAYER SHELLS 

 

The joint work of heterogeneous materials gives an effect equivalent to the 

creation of a new material, the properties of which differ from those of each of its 

components [1–3]. If the properties of heterogeneous layers depend on temperature, a 

package symmetrical in its physical and geometrical characteristics becomes 

asymmetrical with respect to the median surface under the influence of a temperature 

field inhomogeneous in thickness [4–6]. It is necessary to take into account transverse 

shears, since in a shell with low shear stiffness, in many cases the shear modulus 

decreases more significantly with increasing temperature than Young's modulus [7–9].  

https://www.kpi.kharkov.ua/eng/
https://www.kpi.kharkov.ua/eng/
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In a real structure, the displacement and temperature fields are interrelated, 

which requires the joint solution of the heat conduction and motion equations [10–12]. 

However, the influence of the effect of thermomechanical interaction for metals is 

small, about 2.5 %, so with sufficient accuracy for engineering calculations it is 

possible to solve the unrelated problem, first determining the temperature field and 

then the stress-strain state [13–15]. There are not enough publications devoted to the 

problems of thermal stability of composite shells according to the refined theories. 

Therefore, the problem of investigating the influence of temperature effects on the 

value of the ultimate load in calculations of composite shells by refined theories is 

urgent. 

In this study the efficiency of application of various refined mathematical 

models in the stability problems of multilayer shells is investigated. Conservative 

difference schemes for boundary value problems within the Timoshenko-type model 

are constructed using the variational-difference method on the basis of the basic 

variational equations of the theory of hollow shells. A method of difference 

approximation of odd-order differential operators arising in the theory of multilayer 

shells with asymmetric layer packet is developed. 

The problems of static stability of multilayer orthotropic shells of an arbitrary 

package of layers with the temperature field on the basis of different refined shell 

theories for different curvatures, number of layers and physical and geometrical 

parameters of the layers are solved on the basis of the conducted studies. The 

peculiarities of application of the method in stability calculations of shells with 

asymmetric layer structure are revealed. The results obtained will be useful in creating 

structures with reduced mass [16–18] as a result of solving the optimization problem 

by the hybrid optimization method [19]. 
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