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THE STRAIN TENSOR IN THE DYNAMIC EQUATION IN

DISPLACEMENTS OF THE THEORY OF ELASTICITY

Russian University of Transport RUT (MIIT), Moscow, Russia

Abstract. The aim of the study is to take into account shear deformations in the continuity
equation. The continuity equation for hydrodynamics and elasticity theory was derived by
Euler in 1752, taking into account the tensile and shear deformations of the control figure.
Euler reported his results to the Royal Prussian Academy of Sciences. To simplify the
formulas for the initial period of the formation of continuum mechanics, Euler eliminated
the terms containing shear deformations. They were included in the second and third
invariants of the strain rate tensor of Hydrodynamics and the strain tensor of Elasticity
Theory. In the continuity equation, only the first invariant remains, which contains
the divergence operator of the velocity vector or displacement vector. Only tensile and
compressive strains were taken into account.

Now there is a need for accurate calculations of problems in Hydrodynamics and
Elasticity Theory. L. I. Sedov in his textbook “Continuum Mechanics” pointed out the
need to take into account the second and third invariants of the strain tensor in the exact
expression for the coe9cient of volumetric expansion of elasticity theory. The textbook
"Course of Higher Mathematics"by V.I. Smirnov contains the derivation of the equation of
dynamics in displacements for the Theory of Elasticity. It has the form of an inhomogeneous
wave equation. V.I. Smirnov did not take into account the second and third invariants of
the strain tensor. Taking into account the second and third invariants of the strain tensor
made it possible to obtain a non-uniform wave equation of dynamics in displacements,
in which the non-uniform part increased and increased the generation of vibrations of
the building. Carrying out calculations without taking into account the second and third
invariants is dangerous. A large correction when taking into account the second and third
invariants occurs for buildings that undergo large shear deformations. These are domes
and shells that have thin walls.

Modern lightweight building materials make it possible to construct gigantic buildings
with thin walls. Their calculation must take into account the shear deformations, which
are reflected in the second and third invariants of the deformation tensor. As a result of
the study, the physical meaning of the terms of the continuity equation, which contain
the second and third invariants, was understood. The second and third invariants are the
sources of wave generation in the wave equation.

Keywords: shear deformations, continuity equation, wave equation, oscillation generation.
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