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Abstract

Multi-layered thin-walled constructions of plate and shell type are increasingly
widely used in various fields of engineering. In construction, all this is caused by the
necessity of high strength of constructions and significant reduction of weight. This is due

to the provision of heat, sound and vibration insulation requirements.

The combination of these necessary features is ensured by the use of different types
of fillers for individual layers of multi-layer constructions. Not only metals and their alloys,

but also composite materials are used for bearing layers.

As a rule, fillers and composite materials are characterized by low shear stiffness,
which is their negative feature. This circumstance should be taken into account in the
calculation theory of multilayer shells and plates. Characteristic factors such as the
influence of normal shear stresses and shear strains are neglected in many theories. But the
latter is known to increase with the relative thickness of the shell and may be important

when using fillers that are resistant to shear and shear stress.

In this regard, the creation of a theory of multilayer shells and plates, which fully
takes into account higher-order factors and at the same time will be relatively simple, is a

very urgent problem.

In our research, a stiffness matrix for multi-layered plates was studied and
constructed, which is the best means of analysis for both the mentioned and different classes
of problems. In our research, we limited ourselves to thin-walled spatial systems, flat

rectangular and triangular elements.

The project mainly uses a mixed-type finite element model, the use of which was

determined by the simplicity of the model and its high accuracy.

The methodology for calculating the strength of layered flat elements with holes is still
insufficiently developed. In this regard, using layered thin-walled spatial constructions with
holes is quite difficult, relevant and requires the development of a special method of

calculation.
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The method of compiling the matrix of laminate stiffness in the case of different
material layers and orientations, the method of its simplification in special cases, in the
conditions of non-linear deformation, for the calculation of layered thin-walled

constructions with holes were discussed.

The problem of determining the critical working load for three-layer plates made
with holes was solved using the theory of thin plates and the theory of generalized

functions.

The stiffness matrices of the finite element method for shells and plates were

obtained, taking into account transverse displacement.

A special methodology for the numerical investigation of problems of the strength
of thin-walled spatial constructions with holes was developed in the case of normal and

lateral forces acting on the contour, as well as local impact of bending forces.

A package of application programs compiled on the basis of the developed method

can be used in design organizations and construction companies.

An experiment was conducted on the strength of the plate where the fibers are
ribbons of basaltoplastic laminate. Analysis of theoretical studies, calculations and

experimental results was presented.
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