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LOADING OF RESILIENT STRIPE WITH INITIAL
TENSIONS, INCREASE BY RESILIENT PROTECTIVE
STRAP, HORIZONTAL BY THE COCENTRATED FORCE

Poplavska Olena
Senior Lecturer
Khmelnytsky National University, Ukraine

Research on the influence of initial (residual) stresses began to be actively
conducted in our country and abroad only at the end of the 20th century. It should be
not that, in general, the strict formulation of such problems requires the involvement
of the apparatus of the nonlinear theory of elasticity, which greatly complicates the
construction of analytical solutions.

In this paper, using the relations of the linearized theory of elasticity , the solution
of the contact problem on the contact interaction of an infinite stringer with two
prestressed strips is present. The study was performer in a general form for
compressible and incompressible bodies for the theory of large (finite) initial
deformations and two variants of the theory of small initial deformations with an
arbitrary structure of the elastic potential. In the present article, within the framework
of the linearized theory of elasticity, the formulation and solution of the problem of
loading an elastic strip with initial (residual) stresses with a finite overlay (stringer) in
the case of a horizontal concentrated force acting on it is describe.

Boundary conditions and initial relations. Let only a horizontal concentrated force
act on a thin elastic infinite overlay, which is an analogue of the well-known problem
of Melan [2] for the half-plane of the linear theory of elasticity. Thus, using the solution
of the problem of the distribution of tangential contact stresses caused by the action of
a horizontal concentrated force in an elastic strip with initial (residual) stresses. Taking
into account the law of distribution of the components of the displacement vector and
the strain tensor at the internal points of the elastic band with initial (residual) stresses
from the action of the concentrated tangential force applied to the elastic band. Putting
in the formulas [1, 3] oy =0, ny =0, we obtain the following expressions for the

components of the displacement vector and the strain tensor:
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For specific elastic potentials: harmonic, Treloar according to the formulas [1, 3]
calculations were made and graphs were drawn (Figs. 1).
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Fig. 1 — Contact interaction under the action of a horizontal force in the case of harmonic potential
and Treloar potential
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Here gq(r) — dimensionless contact tangential stresses.

Value:
A, =1 (dotted line on the graphs) - correspond to the classical theory of elasticity

and coincide with the results of work [2];

A, =0,7;0,8;0.9— correspond to the nitial compressive stresses;

A; =L11:1,2;1,3 — correspond to initial tensile stresses

t— dimensionless coordinate of the initial stress state in elastic strips with initial
stresses.

Thus, the research presented in the article makes it possible to draw generalized
conclusions about the influence of initial stresses on the law of distribution of contact
forces under an infinite stringer.

1. In the general case, with equal and unequal roots of the defining equation, for
the class of problems considered in the framework of the linearized theory, a general
method of their solution is formulated, which makes it possible to obtain a solution of
the given problems, if the solution of similar linear (without initial stresses ) problems.

2. The contact stresses along the line of contact with the stringer depend
significantly on the initial stresses. A more significant influence of the quantitative
character of the initial stresses is manifested in highly elastic materials compared to
stiffer materials. Qualitative influence has a similar nature.

3. When the initial stresses approach the value corresponding to the surface
instability, phenomena of a "resonance" nature appear, which consist in the fact that
the stresses and displacements in the contact area change their values sharply, and the
elastic bands with the initial stresses are in a state of neutral equilibrium.
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