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SOLUTION TO THE TASK OF ELASTIC AXIAL COMPRESSION–TENSION

OF THE COMPOSITE MULTILAYERED CYLINDRICAL BEAM
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The authors present an accurate solution to the task of elastic axial compression (tension) of the

multilayered cylindrical beam with axial orthotropic layers surrounding a central core. The

description of the geometry and structural framework of the beam requires the employment of the

circular cylindrical system of coordinates where the mechanical characteristics of its inhomogeneous

materials serve as the functions of the only variable. The task is solved via direct integration of the

entire system of equations of the theory of elasticity within the selected system of coordinates upon

the condition of rigid contact at the interfaces of the layers. The analytical relations for all the

components of the features of the stress-strain state are obtained, their application is illustrated by

the results of the solution to the test task of compression of the four-layered beam with the isotropic

core.
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Introduction. Beams in the central elastic compression–tension are one of the most common structural

elements in mechanical engineering, as well as in industrial and civil structures, which determines the topicality of

the issue of their enhancement and assurance of their operational reliability. One of the ways to address the issue is to

manufacture the structural elements using the materials with an inhomogeneous structural configuration [1]. The

advantages of the pipe concrete, which is defined as a steel cylindrical casing filled with concrete, were investigated

in [2, 3]. Currently, there are many papers devoted to the investigation of inhomogeneous composite cylinders and

columns reinforced with composite castings under different types of loading [4–10]. However, the efficient design of

such structural elements is possible only if there are appropriate calculation methods based on solving the tasks of

mechanics of deformation of inhomogeneous anisotropic beams.

Under the action of load along the reinforcing fibers, fiber composites are characterized by the linear

dependence between the stresses and strains up to the moment of fracture [11]. This allows one to use the methods of

the linear theory of elasticity to investigate the stress-strain state (SSS) of composite elements, as well as the

mechanics of their fracture. Therefore, it is crucial to obtain analytical solutions to the issues of elastic deformation

of composite beams.

The task of compression–tension of the inhomogeneous beam made of the materials that are isotropic and

have the identical Poisson’s coefficient was considered in [12]. Such an assumption simplifies its solution greatly

since here only normal longitudinal stresses will differ from zero, the distribution of which in the cross section is

proportional to the distribution of the longitudinal elastic moduli of materials of the constituent regions of the beam.

However, the practical application of this assumption is rather limited since stresses can often cause critical

conditions, especially for brittle materials, due to the different growth rate of transverse strains.
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