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Abstract: Modern construction, carried out in conditions of dry hot climate, is one of the most material-intensive industries. The article suggests the need to use available, comprehensive reserves to reduce material intensity, reduce labor and energy costs for the manufacture and construction of spatial wooden structures. In this regard, a solution to the problem with a wider use of lightweight materials, in particular wood, is proposed. Attempts are made to develop methods for calculating and designing spatial wooden systems. Issues related to the theory of deformation and resistances of wood under long-term impacts are considered. Data on the effect of humidity and temperature effects on wood in modern conditions of dry and hot climate are provided. The possibility of reducing material costs for the structure is attracted taking into account the long-term action of loads from 10 to 25%, a qualitative picture of the peculiarity of long-term deformation of wooden structures is explained.
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Introduction
Increasing the efficiency of using wooden structures is closely related to such concepts as reliability and durability. However, these two indicators are not always ensured when using wooden structures under constant load and the action of the dry hot climate of Central Asia. Despite the widespread use of wooden structures, they do not always meet the strength and durability requirements under the above conditions due to the formation of damage in the form of parallel-fiber cracks and delimitation during operation. The geometric parameters of such damage, depending on the type of structure, the action of long-term load and operating conditions, vary widely, both in the depth of the section and the length of the structure. This is evidenced by the results of a literature review of a number of works by authors in which the problem of long-term loads and dry hot climate has not been studied sufficiently [1, 2, 3 and 4].
The specificity of wooden structures determines their unique scope of application, often where other materials do not meet the requirements, namely, the lightness of the material, the feasibility of using for large-span roofs, the need for which is increasingly increasing in modern conditions. This is especially relevant for regions with aggressive and harsh climates, when exposed to long-term loads. Resistance to aggressive environments, when exposed to long-term loads as large-span elements [3, 4].
It is known that wooden structures do not shrink evenly among all three sides (cross-section, radial and tangential sections, directions x, y and z). Whatever the type of wood, it shrinks the least along its grain z, i.e. per meter (0.1-0.4%), and the most along its cross-section (6-12%). Thermal conductivity of most wood materials under the influence of temperature (T) in a dry state is relatively insignificant. The thermal conductivity coefficient of wood through the cross-section is 0.17 W/m•°C, and along the radial and tangential grains - 0.34 W/m•°C. An increase in wood moisture content (W) increases its thermal conductivity. The ability of wooden structures to absorb moisture in space has a qualitatively negative effect on their strength and deformation. Therefore, it is important to determine the deformation and design resistance of wood over time under the influence of humidity and external temperature [5, 6, 7 and 8]. 
Since the resistance and deformation of wooden structures are affected by long-term constant loads, they have their own order of impacts, so that their natural structure cannot be changed. When exposed to humidity (W) and temperature (T), and then periodic long-term load, it is important to study the deformation of derivative structures and determine their design resistance, which is the main goal of the presented studies.
Normative and design resistance of wooden structures is closed in that ix resistance to the impact of periodic continuous external loads is removed to a certain extent with an increase in humidity.
As a result of increased air humidity on cold winter days, wooden structures tend to absorb moisture from the air. In some cases, due to excessive moisture absorption by wooden structures, their frame may freeze.
Methodology of the research
Wood samples were taken from different species that are exposed to long-term constant load. The samples were chips of lumber of spatial structures. Species of samples are presented in Table 1. Standard samples were made from the chips to determine the moisture content, density and strength of wood. Wood moisture content was determined according to the method of GOST 16483.7-82, density – GOST 16483.1-84 and strength – GOST 16483.10-73, GOST 16483.23-73.
The determination of the ultimate strength for any given duration of load action was carried out using the formula [9]:
	  	 (1)

Where στ is the ultimate strength at a given load duration, MPa; σst is the ultimate strength during standard tests, MPa; τst is the time required for the specimen to fail during standard tests, с; α is the correction number, MPa; The values of σst and α for different types of rock and force action are given in the Guidelines for Technical Materials (GTM) [15].
Research results and their discussion
As a result of the absorption of unbound excess moisture in space, the mass of wooden structures mechanically increases, their volumetric and linear dimensions increase. In addition, a decrease in the elastic modulus (E) of the wood material is observed under the influence of temperature (T) and humidity (W) (Fig. 1).
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FIGURE 1. Tensile and compression strength limits of experimental wood samples under cyclic continuous loading in the direction of the fibers for a period of time (t)

As a result of the above-described monotonous process, repeated over many years, wooden structures become unusable before they reach their service life. Based on the results of the research, a decision was made to determine the standard and design resistance of structures made of wooden materials to tension and compression under the action of a centrally applied periodic continuous load.
Local damage (bending, cracking) occurs in the body of a wooden specimen under a relatively long-term continuous load along the direction of the fibers and in transverse sections. This phenomenon, in turn, has been found to occur over a short period of time.
The stages of strength of structures made of wood in central compression and tension over a period of time are given in table 1.
TABLE 1. Compressive and tensile strength limits along the fibers of samples taken from various types of wood
	Type of wood materials
	Type of test
	Tensile strength, (R*) МПа
	Correction factors, α

	pine (сосна)
	compression
	33,2
	0,44

	
	stretching
	56,4
	0,52

	beech (бук)
	compression
	31
	0,47

	
	stretching
	86,3
	0,44

	oak (дуб)
	compression
	43
	0,6

	
	stretching
	55,5
	0,46

	Native blue poplar
	compression
	36,52
	0,42

	
	stretching
	62,04
	0,54

	Local gio poplar
	compression
	31,5
	0,40

	
	stretching
	53,6
	0,50

	Native California Poplar
	compression
	30,0
	0,42

	
	stretching
	51,4
	0,52


Since wood is considered an elastic material, the mechanical properties of the samples made from it, such as elongation or compression under a central continuous long-term load, bending under a transverse load, and bending under a shear force, were determined and various valuable results were obtained. Since most wooden elements are anisotropic (multidimensional) materials, they change from an elastic state to a plastic state under the action of a force applied to them. Therefore, the transition boundary from an elastic state to a plastic state was studied. In addition, the elastic module of wooden structures also changes during the studies, for example:
- modulus of elasticity along the longitudinal fibers of wood, Ea;
- in the direction transverse to the longitudinal fibers of wood (tangential modulus of elasticity) Et;
- in the direction radial to the longitudinal fibers of wood (radial modulus of elasticity) - Er;
- bending modulus of elasticity of wooden structures - Ebend;
In the following tables (2), (3) we present all the data on the modulus of elasticity according to the types of wood materials used in the studies.
TABLE 2. Modulus of elasticity according to types of wood materials
	Type of wood materials
	Long-term compressed element, MPa
	Long-term stretch element, МПа
	Statically bending element, Ebend, МПа

	
	Еа
	Et
	Er
	Еа
	Et
	Er
	

	 pine (сосна)
	12100
	570
	690
	12100
	500
	580
	12600

	beech (бук)
	14500
	430
	660
	14600
	490
	690
	11000

	oak (дуб)
	14300
	9770
	1340
	14300
	890
	1160
	15400

	 birch (тус)
	16100
	520
	670
	18300
	490
	670
	15400



TABLE 3. Deformation coefficients according to the types of wood used in the research, 
	Type of wood materials
	deformation coefficients, 

	 pine (сосна)
	0,49
	0,41
	0,03
	0,79
	0,037
	0,038

	birch (тус)
	0,58
	0,45
	0,043
	0,81
	0,04
	0,49

	oak (дуб)
	0,43
	0,41
	0,07
	0,83
	0,09
	0,34

	 Spruce (ель)
	0,44
	0,411
	0,017
	0,48
	0,031
	0,025



As is known, wooden products (structures) have not been fully studied to date in terms of mechanical strength and long-term constant load.
According to the research results, it can be noted that: - as a result of increasing deformations of wooden structures under the action of constant loads at a moisture content of the internal structure of wood of more than W > 12%, the phenomenon of slippage or creep of cell membranes under the action of water pressure in the fiber capillaries may occur. In this case, the thin walls of the wood capillaries undergo elastic deformation, and the skeleton of the fibers in the system is deformed. Based on this property of wood, an assumption was made about the presence of elastic-plastic or elastic-sliding deformation in wood [9, 10, 11,12, 13 and 14].
According to the basic theory, the following function can be expressed as a function of the dependence of tension, deformation and time:
	(t)=[(t): t ва ]  	 (2)
here (t) – t is the total relative deformation produced in the time interval t(t) is the stress at any instant of time; t is time;   is the calculated time coordinate.
Discussions
Based on the creep theory, the following concepts and hypotheses were formulated regarding wood deformations under constant long-term load:
- despite the fact that wood is an anisotropic material by its nature, in calculations we assume it to be a homogeneous rigid material;
- we assume that wood is a heterogeneous anisotropic material with non-uniform fibers, sometimes directed in different directions, with uniform deformation indices depending on the action of forces perpendicular to the trunk or at an angle;
- the following relationship exists between the total deformation of wood (elastic deformation and creep deformation) and stress:
- there is a linear relationship between stress and creep deformation;
- there is a negligible relationship between stress and creep deformation;
- it is assumed that the absolute value of deformation depends on the sign of (inelastic) stress;
- it is assumed that creep deformation, as well as elastic deformation occurring at the given moment, is determined by the law of loading. Studies of deformation of wooden structures under long-term action of loads have shown that wood is considered a linearly creeping material in cases where its strength does not exceed the tensile strength, and taking into account the above assumptions and suppositions, linear creep of wood is determined. - for the first time for long-term loaded wood, the relationships between stress intensity factors and tangential stresses, as well as rapid crack propagation under combined action on tension or tearing, are determined.
The possibility of reducing the cost of materials for the structure taking into account the long-term action of loads from 10 to 25% has been established, and a qualitative picture of the peculiarity of long-term deformation of wooden structures has been explained.
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