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Introduction. Currently it is observed a steady increase in the production of I-beam wooden
beams (IWB) with a wall of OSB in Ukraine. It significantly has reduced the import of these products and
has filled the domestic construction market with light and efficient designs of its own production. We
should notice that composite beams with elements from the OSB board are increasingly used in the
frameworks of low-rise buildings, as well as the quality of elements of coatings and ceilings in stone
buildings. The ease and low cost of such constructions open up new areas of using them in construction [1].

Analysis of recent researches and publications. Analysis of the structural forms of
composite beams, the features of their application in the building framework along with existing
methods for calculating composite wooden beams, indicates that when certain requirements to IWB
[2, 3], they can be used in polygonal arch coverings (Fig. 1) by span of 12-18 m.

Determination of the purpose and objectives of the study. The authors of the study have set
a goal to identify and analyze the stress-strain state of polygonal arch structures with different versions
of their structural elements.

The main part of the study. Calculation of two types of coverings: without supports for a 12
m of span (Fig. 1a) and with supports for 18 m, (Fig. 1b) showed that with the support of a polygonal
arch without puffs on the walls of the building, the efforts of the stay brace are perceived by the walls
of the building. The moments of flection that arise in this case in the walls cause tensile forces on the
inner sides of the cross sections of these walls. In order to perceive these forces, additional
reinforcement must be selected in the reinforced concrete walls; in the brick walls such efforts are
unacceptable. Thus, when using such structures, it is necessary to use stiffen-arched girders or to
provide other solutions aimed at removing the action of the expansion on the walls [4].
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The presence of load-bearing walls between the supports of the structure allows the
installation of additional racks and to increase the rigidity of the structure or to ease it. Also, the
additional racks can be installed on the gables of the building, if it is necessary [5, 6].

Fig.1. Polygonal vaulted coverings: a) by the span of 12 m; b) by the span of 18 m.

The considered polygonal coverings by the span of 12 m are made from wooden I-beams with
an OSB-wall of the following sizes: beam height is 120 mm, belt height is 40 mm, belt width is90 mm,
wall thickness of OSB is 10 mm, length is 1400 mm and more, connected by paired metal plates [1];
when the span is increased to 18 m, the dimensions of the booms are preserved, and the height of the
wall needs to be doubled to ensure the rigidity of the coating structure.

The most common structural form of a composite beam with elements from the OSB board is
a beam with solid wood booms, in which the wall of the OSB board is pasted into a groove arranged in
the girdle of the beam. The disadvantages of this design form are the need for special equipment for
the device grooves and presses to withstand the structure of the beam for the period of drying glue [7].

In the laboratory of wooden structures of OSACEA, tests of composite wooden beams with a
span of 2.4 meters of the following structural solution were carried out: a kefa-fiber beam with a flat wall
pasted into the groove in shelves of solid wood (Fig. 2); Plywood beam with a flat wall and with belts of
wooden bars glued to the sides of the wall; Plywood beam with a wall pasted into the groove in the
shelves of glued wood; a composite beam with belts of wooden bars connected to the wall from the OSB
on the screws. For the test composite wooden beams were calculated theoretical deflection and
maximum load capacity, using existing normative method of calculation of State building standards.
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Fig.2 Wéoden I-beams (IWB): a) beam; b) connection joints
1- shelf of the beam (90x40 mm); 2 - connecting element; 3-wall from OSB (10 mm)

The results of the numerical calculation are presented in the form of isopoles of stress
distribution (Fig. 3) and displacements in the calculated beam model (Fig. 4). According to the type of
stress distribution in the elements of the structure, the following can be said: normal stresses reach the
maximum values of 1/4 span in the junction of the rectilinear structural elements and are close to the
design tensile strength - compression of the OSB plate with a thickness of 10 mm and decrease to the
middle of the span of the arch; the tangential stresses in the wall elements are 4-5 times lower than the
normal stresses with a maximum on the supports and in the places where the load is applied.

For increase the strength of the walls from the OSB and to eliminate their brittle fracture, the
walls were reinforced with thin metal grids.

Conclusions. The carried out theoretical, analytical and numerical studies have shown the
possibility of using IWB with a wall from OSB in the construction of coatings not only of rectilinear, but
also various polygonal outlines. Calculations have showed acceptable reserve factors for such structures.
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Fig. 3. Isopoles of equivalent stresses in wooden elements of arch structure by the span of 12 m
a) throughout the structure; b) in the most loaded joints
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Fig. 5. Isolation of movement in an arched structure with a span of 12 m

To determine the actual stress-strain state of the structure, experimental studies of models of
polygonal arch constructions are conducted in the laboratory of the Department of Metal, Wooden and
Plastic Constructions of OSACEA.
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