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GENERAL DESCRIPTION OF WORK

Relevance of the topic. The recently increased pace of construction
largely determines the ever-increasing use of metal structures, which
is explained by their versatility, high strength and appropriate
plasticity. In addition, their use significantly reduces costs and
construction time. As the analysis of buildings built in recent years
shows, in the construction of shopping malls, sports halls, warehouse
facilities, and especially in the reconstruction of old buildings, either
completely metal structures are used, or most of the structures are
metal.

As usual, during the period of operation, buildings and structures
are affected by both constant (own weight of structures, weight of
technological pipelines, weight of various equipment, etc.), and
temporary (wind, snow) loads.

When designing, calculating metal structures and developing their
manufacturing technology, it is necessary to use such metal materials
that will significantly reduce the weight of the structure, which, in
turn, will reduce the load on the structure. This issue is especially
relevant in the reconstruction of old buildings and is even more
important when installing attic floors on old buildings, since the
foundation of such buildings has a limited (limited) margin of safety.

In this direction, in recent years, the use of light thin-walled
structures has been actively carried out, for the manufacture of which
a variety of both open and closed thin-walled profiles are widely used,

including squares, I-beams, channels, square or round pipes, and
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others. Although there are still questions regarding their use and
reliability.

The interest in these issues and the beginning of scientific research
was primarily due to the observations and accumulated experience of a
student of the Department of Construction and Transport of the
Faculty of Engineering and Technology of Akaki Tsereteli State
University, which during our joint participation in conferences and
joint educational work contributed to the desire to more deeply study
the advantages and disadvantages of using thin-walled steel materials.

It should be noted that this problem is relevant at the present time
and is of interest to researchers.

The conducted studies revealed that when using thin-walled steel
structures:

1. There is no need to prepare bases (foundations) of large sizes;

2. Due to the light weight of the profiles, the structure can be
assembled relatively easily and quickly;

3. There is no need to use large-sized trucks;

4. The absence of so-called "wet work" allows you to work
throughout the year;

5. There is a possibility of effective repair and reconstruction.

6. The weight of the structure has been reduced.

7. Materials are used ecotomically.

The studied empirical material is a bar metal structure used for
building floors (Fig. 1), the span of which is 7020 mm. The height of
one side of the ceiling is 1841 mm, and the second - 2500 mm (Fig. 2).
The overlap slope is 2500-1841=659 mm.
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When covering buildings and structures, as well as in enclosing
structures, a large proportion falls on roof trusses and rods made up of
two squares, which are interconnected with gussets, are widely used.
This traditional solution allows you to design different types of trusses
and, taking into account all the loads, select the cross-sectional area,
effective joints, etc.

When selecting a section, they try to ensure that the number of
squares of different profiles does not exceed 4-6 for the entire farm.
Although often the cross-sectional area of \u200b\u200bthe square and
the safety factor are significantly increased.

Both in our country and abroad, the accumulated experience
regarding production, design and operation shows that the use of pipes
instead of double angles in trusses not only reduces metal losses, but
also helps to reduce the complexity of manufacturing the structure,

increase its reliability and strength.
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Thin-walled profiles in the form of square and rectangular pipes
are more constructive and manufacturable than round pipes, since their
use greatly simplifies the nodal connections of the rods and
manufacturing technology.

Another advantage of thin-walled rectangular profiles is that their
cross sections can be easily unified.

Today, in the context of the development of such technologies, it
is very important, along with the analytical method, to use numerical
methods to solve the problems we have set. The use of a modern
computer software package, in particular the MathCAD software
package, allows you to quickly perform the great work that is necessary
to solve the structure under study by calculating by analytical methods.
These programs are open to researchers and practitioners. They are
widely introduced into the educational process in the training of
engineers, which, in our opinion, is a solid foundation for the system
we have selected.

The purpose of the dissertation work was determined by those
specific tasks that emerged in the process of research and determined
further scientific work. In order to significantly reduce construction
costs and deadlines, despite the widespread use of reinforced concrete
in construction, the consumption of metal is increasing, especially in
those constructions where the use of reinforced concrete is irrational
and unjustified.

At the modern stage, the technical-economic justification of the
selection of the type of building constructions is the most important
stage during the design of buildings. The presented thesis is dedicated

to the research of the mentioned issues.
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In the work, it is studied in a complex way:

1. Advantages and disadvantages of thin-walled light steel
constructions;

2. Types of metal welded constructions (farms) for roofing of
buildings, their outline and lattice schemes;

3. To ensure the strength, stiffness and stability of rod spatial
constructions, selection of rod sections-calculation based on the
calculation model;

4. Solving the system of equations numerically using standard
programs with built-in functions in personal computers, namely the
MathCAD system;

5. Steels and welding materials used in construction;

6. Types of various connections used for making light
constructions;

7. Selection of welding method and technique;

8. Selection of welding modes and processing of the optimal
variant;

9. Optimum technology of manufacture and installation of
Nivniva farm.

10. Determination of residual stresses and deformations in the
elements of thin-walled constructions with the help of tensometry
method.

Scientific news. The paper discusses the manufacturing of
construction structures by welding from thin-walled light steel profiles
and the possibility of their use during the performance of various types
of construction and reconstruction works; The advantages of thin-

walled steel light constructions are shown at the expense of reducing
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the loads caused by their own weight in buildings and their significant
economic effect in reducing materials, constructions, installation time,
and also when performing installation works without heavy
equipment.

Theoretical and practical significance of the work. The research
presented in the paper and its results will be useful and useful for the
development of such an important field in the country as construction
and for researchers interested in the topic of light thin-walled steel
materials, for its more complete study.

The results of the research presented in the paper can be used for
the production of real constructions, an example of which is the roofing
trusses made with the technology processed according to the results
obtained by us, in the city of Arrangement of the roof of the shopping
center under construction on #186 Tsereteli Avenue in Kutaisi.

Research methodology. The methodological and theoretical basis
of the work is the scientific works of researchers studying the reliability
of building structures made of metal materials, technical scientific
literature, where the theoretical and practical issues of light thin-
walled steel materials are discussed, the latest methodological
approaches are used in the research process: their essence is thoroughly
discussed in the doctoral thesis based on the experimental part.

Material and technical base of the research: during the period of
work on the dissertation, it was possible to experimentally confirm the
theoretically obtained results in the laboratories of the Department of
Construction and Transport of the Engineering-Technical Faculty of
Akaki Tsereteli State University and In Kutaisi, at the construction site

of Tsereteli #186 shopping center under construction.
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We present the following provisions for protection: the possibility
of making constructions by welding; Calculation of the rod metal
construction of the building roof; Selection of cross sections of Nivniva
truss elements made of thin-walled metal profiles; Numerical solution
of basic equations in MathCAD system; Selection of the welding
method and method, taking into account the optimal cooling rate and
heat transfer from the welded joint; optimal welding modes, which
allows us to obtain a defect-free welded joint equivalent to the base
metal; the sequence of execution of seams, which ensures the minimum
value of residual deformations and stresses; Methodology of
experimental research of analysis of stresses and deformations using
tensometry method.

Proofreading and publication of the paper. I gave a report on the
issues discussed in the thesis at university and international scientific
conferences. The results of the investigations were systematically
reported to the Department of the Engineering-Technical Faculty. The
finished paper was discussed and reviewed at the joint meetings of the
Construction and Transport Department of the Engineering-Technical
Faculty of Akaki Tsereteli State University.

The main results of the research were presented in the form of
reports at IV international conferences "Energy: regional problems and
development prospects”, Akaki Tsereteli State University, Kutaisi; IX
international conference "Modern problems in architecture and
construction”, Shota Rustaveli Batumi State University.

Publications on the main results of the thesis have been published

in five scientific papers.
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Volume and structure of the work:

The work consists of an introduction, four chapters and a
conclusion. A list of used literature and addresses of materials found on
the Internet will be attached to the work.

In the introduction, the purpose and tasks of the selection of the
dissertation topic are justified, the relevance, theoretical and practical
value are investigated, the problem is defined, the methods used in the

research process are specified, and the main provisions are established.

SHORT SUMMARY OF THE WORK

In the first chapter - "Review of building structures made of metal
materials used in construction and their comparison with building
structures made of modern light steel thin-walled materials" (consists of
six sub-chapters) a brief historical overview of building structures made
of metal materials is given. Types and types of load-bearing metal
constructions available to date and review of scientific literature related
to the research topic. Based on the critical analysis of the existing
scientific works, research tasks are formulated. The main advantages of
thin-walled light constructions over traditional brick, reinforced
concrete, wood, and also steel (from the so-called hot-rolled "black"
metals) constructions are noted:

1. Compactness of constructions "in agreement" with strength and
stability, reduction of loads due to own weight;

2. Increased stability of seismic and other dynamic impacts.

Buildings made of thin-walled light structures can withstand a nine-
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point earthquake on the Richter scale, which can be explained by the
elasticity of the steel frame of the building;

3. Reduction of transport costs due to the small mass of
constructions. delivery of a complete set of constructions and their
elements to the construction site by any means of transport;

4. Reduction of labor costs and energy consumption during
installation;

5. Reduction of construction terms due to reduction of time of
construction, delivery and installation;

6. minimal use of construction vehicles, especially heavy-duty
crane-transport vehicles;

7. Almost complete absence of "wet" technological works, which
allows works to be carried out at any time of the year, in any weather;

8. No need for a deep foundation (1.5-2.0 m). For the frame of light
thin-walled steel constructions, it is enough to arrange a small
foundation;

Along with the advantages, their disadvantages are discussed for
light thin-walled steel constructions:

1. The service life of light thin-walled steel constructions in an
aggressive environment does not exceed 25 years;

2. low stability of roofs, which is related to their deformability and
small mass;

3. Low fire resistance of constructions;

4. Greater probability of damage to steel light thin-walled
structures during their transportation, loading and unloading and

installation.
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The second chapter - "Calculation methods of spatial rod systems"
(consists of three sub-chapters) discusses the calculation methods of
spatial rod systems, the main equations of the method of calculating the
rod metal construction of the building roof, its calculation, the
numerical solution of the main equations in the MathCAD system.
From the methodological point of view, it was important to present the
difference between statically stable and statically uncertain systems
and to develop calculation methods. for statically uncertain systems.
These are: force method, displacement method, mixed method,
processing of numerical methods, finite element method. Disruption of
individual elements in a structurally indeterminate system does not
lead to a catastrophic failure of the structure. However, each element
is associated with additional costs, and if it is possible to ensure the
strength and rigidity of the structure with a statically clear and
kinematically invariant rod system, we should make a choice on it.
Such constructions are light and more technological in terms of
installation work. In statically clear load-bearing structures, no
additional stresses are generated due to the settlement of supports. In
trusses, the rods are joined at the nodes either by riveting, or by
welding, i.e. rigidly. As the calculations show, in the case of forces
acting on metal trusses at the nodes, the forces induced in the truss rods
during rigid connection are slightly different from the forces induced
in the rods during the soft connection at the nodes. Therefore, in the
calculation, we consider a truss, all elements of which are connected at

the nodes in a rigid manner (with ideal joints).
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To determine the internal forces in the rods, we used the knot

cutting method.
The equilibrium equations, which contain unknowns and take

into account external forces, are presented in the following form:

ay Xy TapX, Toax, =V,
. . . 1
Ay X T apX, +..4y,%, =V, @

B R R R R R R R R R R R R B R R R R R PR AR R R R R R R AR R R R

kanlxl + an2x2 + '“a}mxn - yi}p
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The system of equations can be presented in vector matrix form

AX =B
X alla:l"’ . aln -ylp
|t 4 Ay 1yt Ay, B Yap @

X anlawl o aam yn:p

X, Psina

X, —Pcosa

X5 — Psing

X, —Pcosa

X —Psina

X —Pcosa

X, Psina (3)

X X , B —Pcosa

X, 0

X, 0

X, Psina

X, —Pcosa

X, 0

X, 0

le 0

X 0 J
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0 cosa 0 0 0 0 0 0 0 0 00 0 O0O00O0
1 sina 0 0 0 0 0o 0 0 0 00 0 000
0 0 0 0 0 0 0 0 0 cose 00 0O 00O
0 0 0 0 0 0 0 0 0 —-snexl1 0 O 00O
0 cosa sinf —cosax —sinf 0 0 0 0 0 00 0 O0O00O0
0 —sine cosfS sina cosf 0 0 0 0 0 00 0 O0O00O0
0 0 0 —cosax 0 cosdt 0 o 0 0 000 00O

;I:-U 0 0 -—sina 0 sin o 0 1 ‘U 0 00 000 0) (4)
0 0 0 0 0 0 0 0 sinpy 0 01 0000
0 0 0 0 0 0 0 0 cosyp O 100001
0 0 0 0 0 —cosez —siny 0 smy cos¢ 0 0O O 0O 0 O
0 0 0 0 0 —sinag cosy 0 cosy sma OO O 0O O
0 0 0 0 cos3 0 cosy 1 0 0 000000
0 0 0 0 —sin G 0 smy 0 0 0 01 -1000
1 0 cosf3 0 0 0 0 0 0 0 000100
0 0 sin G 0 0 0 0 0 0 0 001010

The system of linear algebraic equations is efficiently solved
numerically by the Gaussian method. After finding the numerical
solution of the system of algebraic equations, we determine the rod in
which the absolute maximum normal force is induced and calculate the

value of the maximum voltage
I::r'.'nmq = fll'.'l'.'l.'lx. P A {A - cross-sectional area } (5)

Accordingly, from the strength condition we have:

/_Y imax
O-dn (6)

A n
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Therefore, we can determine the magnitude of the force P if the
cross-sectional area of the rod is given or vice versa.

Solving the system of equations is convenient numerically. Even
standard programs for solving systems of linear equations, built-in
functions are compatible with all systems for personal computers. We
chose the Mathcad system.

For the numerical calculation, it is necessary to enter the
geometry parameters of the farm. The A and B matrices must also be
included. The maximum difference between the numerical calculation
and the analytical solution is less than 3%.

According to the numerical calculation results:

szax = 2,038

Z‘X3

In our calculation, |Ximax| it was equal to 1.98.

The program compiled in the Mathcad system significantly
reduces the amount of calculation and allows to perform numerical
experiments in an automated mode.

The third chapter - "Development of optimal technologies of
welded constructions made of thin-walled profiles" (consists of nine
sub-chapters) contains the development of optimal technologies of
welded constructions made of thin-walled profiles, namely:
construction steels and their classification, chemical composition and
mechanical properties of steels used in construction, welding wire and
Selection of electrode, welding method, method, modes and processing
of the optimal option, selection of welding equipment, manufacturing

and installation technology of Nivniva farm.
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In the manufacture of metal structures, welding, bolting and
riveting connections are used to connect its individual elements
together. The selection of the type of connection depends on the shape
of the elements to be connected, the working conditions of the
connection, the arrangement of the construction elements, and others.

Of the mentioned types of connections, the most common is the
welding connection. If it is used, it takes much less time to make metal
structures than when bolted and riveted connections are made. When
using the welding connection, it is possible to make a structure of any
complexity. The use of welding ensures the high strength of the
connection, the automation of the process, the high quality of the
welded connection, the performance of the work not only in factory
conditions, but also for the installation work on the construction site.
This makes it possible to use it for the production of all types of metal
constructions. More than 80% of manufactured metal structures are
joined by welding. The main method of welding for the production of
metal structures is electric arc welding.

The chemical and mechanical properties of steels (metals) have a
significant impact on the process of designing, manufacturing and
operating construction structures.

The performance of metal in building constructions is
characterized by its strength, plasticity, ductility, weldability and other
mechanical properties, which significantly depend on the chemical
composition of these steels.

One of the determining factors for the use of steel in building
constructions is their considerable plasticity along with high strength.

The mechanical properties of structural steels significantly
depend on the content of harmful impurities (sulfur, phosphorus,

oxygen, nitrogen) in them, which significantly increase brittleness, and
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therefore their content is strictly controlled. It is also important to
control the content of non-alloying elements (nickel, chromium,
molybdenum) in them, which increase the strength, plasticity and
weldability, although the ductility also increases.

Depending on the method of oxidation, quiet and semi-quiet
steels are used in construction.

Based on the norms, based on the great responsibility of building
constructions, G. is used for their manufacture. Steels of the group,
with guaranteed characteristics of chemical composition and
mechanical composition and mechanical properties.

According to mechanical properties, structural steels are divided
into: ordinary (C 235 - C285), high (C345 - C 390) and high strength
(C440 - C 590) steels.

In construction, the following structural steels are most often
used - C 235 (B CT3KN2), ¢245 (BCT3nc6), C255 (BCT 3cn5) and high
strength steels - C 345 (09T'Z), C 345 (14 I'Z), C 345 (09 T'ZC), C 390
(10T2C1), C 390 (10 XCHD).

Metal fatigue has a particularly dangerous effect on building
constructions, which is manifested in metal breakage when exposed to
repeated, sign-changing + loads. In such a case, the failure of the
structure is usually instantaneous due to brittle failure.

In the production of metal structures, the correct selection of
welding materials is of great importance in order to obtain a defect-free
welded joint equal to the base metal. The selection of welding materials
is made taking into account the already selected welding technique and
method. Semi-automatic welding in shielding gases and manual
welding with a melting electrode were selected by us for the

production of trusses and their installation.
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The practice of operation of welded structures shows us that in
most cases welding stresses do not reduce the tensile strength of
structures, but even such a plastic metal as low-carbon steel under
certain conditions (low temperature, stress concentration, presence of
defects) can be in a brittle state (not subject to a plastic state) and which
can lead to reducing its carrying capacity.

Taking into account the mentioned, the technology of assembly
and welding of building constructions needs to be processed taking into
account the minimum value of welding voltages.

If the value of welding voltages reaches the limit of metal flow,
they will cause its plastic deformation and, as a result, a change in the
size and shape of the welded construction, or deformation (cracking).

The magnitude and nature of welding stresses and deformations
are related to many factors, including the welding method and method:
basic and welding materials; welding modes; performance equipment;
Fastening of details to be welded; Set performance order and more.

Taking into account these factors and making the right decisions
significantly determines the workability and reliability of building
structures made of thin-walled profiles, as well as the visual side.

Based on the above, the simplicity of the process and the welding
equipment, good formation and reliability of the welding seams,
resistance to the formation of defects in the welding joint, etc.

In construction, various ways and methods of basic electric arc
welding are used to manufacture metal structures.

In terms of seam formation, its quality and reduction of the
plastic deformation zone, automatic welding in flux coating gives the
best results. Manual electric arc welding and semi-automatic welding
in shielding gases can be considered more convenient and rational

compared to electric arc welding in a flux shield. Semi-automatic
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welding in shielding gas provides better results in the truss fabrication
process. Considering its economy, speed and quality, however, manual
electric arc welding should be preferred during installation work. The
advantages of manual electric arc welding can be considered the
simplicity of the device, the possibility of welding in all spatial
locations and the use of power sources that work on both alternating
and direct current.

From the calculations carried out at the initial stage and the
selected values of the diameter of the electrode and the current force
in order to prevent the penetrating "set-in", we showed that the
formation of the seam is satisfactory, but for the 1.2 mm electrode wire,
it was necessary to increase the current force to 150 A. However, along
with the quality of the seam, it was necessary to increase the
productivity.

We checked the welding modes obtained from the report in
laboratory conditions. Works were performed using semi-automatic
machines. As well as during semi-automatic welding in shielding gases,
manual e. During arc welding with an electrode diameter of 3 mm, the
quality of the seam is satisfactory and there was no burning and flow
of the seam metal from the welding zone, despite the fact that the
quality and productivity of the seam is better in the shielding gas. It can
be performed in any spatial location, although it should be taken into
account that the quality of the welding connection depends on the
qualification of the welder, and this factor is especially relevant in the
case of thin-walled structures.

The selection and proper operation of welding equipment is one
of the important components in the process of assembling a structure
and to a large extent determines the issue of obtaining a defect-free

welded joint.
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For the work performed in the welding laboratory, a semi-
automatic welding machine was used and for manual welding - a multi-
station power source BDM-1202. At the construction site, a
POWERTEC-5000 semi-automatic welding machine was used in the
process of manufacturing and assembling the truss.

Depending on the location, the defects formed in the welded
joint are both internal (inside the seam) and external (on the surface of
the seam).

In the process of making welded constructions, a change in the
shape of individual elements or maybe the entire construction, which
differs from the dimensions determined by the project, is observed.
These deviations, which are caused by the deformation of the product
or the "squatting" of the seam, are considered defects.

St. In Kutaisi, light thin-walled trusses were manufactured using
the copying method to cover the existing shopping center on Tsereteli
Street. Which is as follows: the first truss, which is made by marking
the given dimensions and then welding, is placed on the rack and it is
used as a template. At the manufacture of each subsequent truss, the
details are arranged in accordance with the details of the template truss
and are mounted on the grips. After all the trusses are assembled, they
are transferred to the welding site according to the recommendations,
which take into account the receipt of flawless welding joints and the
minimum value of residual stresses and deformations. In addition,
during the welding process, the metal of the clamps must be completely
re-melted, although they are made with the same brand of welding
materials with which the seams are welded, but due to the small
volume of molten metal, there is a possibility of defects in them.

Assembling the truss with clamps begins by attaching the fittings
to the marked places of the upper and lower girders, after that, the cut-
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to-size uprights and beams are cut in half with a power saw according
to the dimensions of the fittings and joined, taking into account the
centering of the fittings at the nodes. It is also significant that there is
a place for deformation when cutting the uprights and rails, due to
which there is an uneven gap when they are connected to the fittings,
which can cause defects in the welding connection, so it is necessary to
equalize the dimensions of the gap with the help of mechanical clamps
before mounting them on the clamps.

The welding of the truss nodes begins from its middle to the
supports, which is in a more "lean" position than the middle of the truss,
in this case the stresses in the truss nodes will be minimal. In the case
of seams of different cross-section sizes, the seam of the large cross-
section is welded first, and then the seam of the small cross-section.
The seams located close to each other Cannot be welded one after the
other. It is necessary to cool the area of the base metal on which the
second adjacent seam is to be performed to prevent overheating of the
metal and to reduce welding plastic deformations. The seams should be
performed in the direction of the end of the welded elements.

The visual optical method is mainly used to check the welded
seams of manufactured constructions. The essence of using this control
method is to measure the geometric dimensions of the seams and
visually inspect them. In many cases, the external inspection of the
seams is quite informative, relatively cheap and an operative method of
control. Both with the naked eye and using a magnifying glass, we can
check for cracks, pores, burning, melting of metal, non-welding of the
base seam and others. Some of the listed defects are not allowed in the
welding seam and it is necessary to cut them out and re-weld them.
Inspection can also reveal defects in the shape of the seam, changes in
the height and width of the seam along its length, which can be the
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reason for the change in arc power, as well as uneven surfaces due to
unstable arc burning.

When welding in shielding gases, the seam should be smooth,
shiny and without pits. The geometric dimensions of the seam are
checked with the help of templates or measuring instruments.

In the fourth chapter "Analysis of voltages generated in thin-
walled metal constructions using tensor resistors", the experimental
method of reliability research of welded constructions, in particular the
truss made of thin-walled metal, is discussed.

During the design and operation of welded constructions,
stresses are often generated in their elements, which can be determined
by both theoretical and experimental methods.

Structures and their elements usually work under variable loads,
a complex stress state is formed in their material, which is accompanied
by various fatigue events. At the same time, the constructions are
characterized by complex geometric shapes, where there are many
places of sharp transition from one surface to another, which are the
concentrators of local stresses. As the exploitation practice shows, in
most cases, their rupture occurs in these places. For example, in the
area of switches with average stresses of 300-350 MPa, the greatest
stresses can be 900-1000 MPa. It is clear that the reliability and
durability of the construction is determined by these great stresses.

Theoretical stress calculations are in many cases very
approximate and do not reflect the true picture of the stressed state. In
some cases, the task of determining voltages still does not have a
theoretical solution. In such cases, experimental methods of stress
determination gain great importance, through which it is possible to
determine the true picture of the stressed state, for example, under

different loads. In this regard, experimental methods of stress
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determination as additional (and sometimes even replacing) methods
of theoretical research are gaining more and more importance.
Currently, there are several experimental methods for
determining voltages, of which the tensometric method has found the
greatest use. The tensometric method is based on the direct
measurement of deformations on the surfaces of construction elements
using mechanical, wire and other types of tensometers. The most

universal is the method of electrotensimetry using wire tensiometers.
Experimental and theoretical values are compared with relative
errors

_ N —NE™

-100%

Nie (7)
Comparison of the obtained results showed that the difference
is 8%.

test stand
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The main results and conclusions are given
at the end of the thesis

1) It has been established by calculation and experimentally
verified that it is possible to manufacture a light metal structure for a
roof using squares, which is reliable under operating conditions.

2) It is established that for the manufacture of thin-walled
constructions, it is possible to use welding connections together with
other types of connections.

3) For the selection and calculation of the cross section necessary
to ensure the strength and rigidity of the elements of the rod spatial
construction (Nivniva Ferma), a calculation model has been drawn up
and used.

4) An application program is compiled and problems are solved,
numerical calculations are performed in Mathcad.

5) The optimal welding modes are determined by calculation and
experimentally confirmed, which allow to obtain the required
parameters of the seam.

6) Taking into account the chemical composition and mechanical
properties of the thin-walled profile, welding materials are selected,
which provide the opportunity to obtain a weld joint equal to the base
metal without defects at the specified welding modes.

7) Welding equipment is selected taking into account the
dimensions of the construction, the dimensions of the welding seam
and the spatial location.

8) The starting place of assembling and welding of the Nivniva

truss and the sequence of execution of seams, which ensures the
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minimum allowable value of residual stresses and deformation, is
determined.

9) For manufacturing of thin-walled constructions by welding,
the method and method of welding has been experimentally selected
to avoid heat from the seam and to cool the seams at an optimal speed.

10) The optimal technology for manufacturing thin-walled
structures (Nivniva Farm) by welding has been developed, which
ensures the reliability of the structure, minimal residual deformation,
and obtaining a defect-free welded joint equal to the base metal.

11) The residual stresses and deformations in the eyelash
elements are experimentally calculated and the obtained results are

checked in real constructions.
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