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Due to its high techno-economic characteristics, metal structures are widely used
in various industries. The use of metal structures in construction makes it possible to
design individual assembly elements of buildings and structures that have a relatively
small mass. Despite this, work is constantly underway to reduce the structures own
weight. Recently, thin-walled pipes of quadrangular section have been actively used in
this direction. Although, in the manufacture of structures using welding, there are still
problems in obtaining defect-free welded joints, reducing residual stresses and plastic
deformations, which eventually cause warping of structures. The paper considers ways to

reduce residual stresses and deformations by developing an optimal welding technology.
Keywords: metal structures, welding modes, stress, deformation, construction.

Recently, there has been a trend in construction when shopping centers,
sports halls and other similar buildings do not cover floor structures, which
requires the manufacture of metal structures using welding technologies that
provide high accuracy and minimize residual stresses and deformations, which is
necessary not only in terms of their reliability, but also their appearance.

In the process of manufacturing welded structures, temporary and residual
stresses arise as a result of exposure to a concentrated heat source. The stresses
that exist in the structural elements after welding is completed are called residual
stresses and they are formed as a result of the expansion and shortening of the
metal during its heating and cooling.

The expansion and shortening of the metal is due to the fact that the heated
area is surrounded on all sides by cold metal, the dimensions of which do not
change.

The practice of operating welded structures shows that in most cases welding
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stresses do not reduce the bearing capacity of structures. However, such a ductile
material as low-carbon steel under certain conditions (low temperature, stress
concentration, deformations) can be in a brittle state, which can cause a decrease
in its bearing capacity.

Taking into account the above, the technology of assembly and welding
of the structure must be developed in such a way that the minimum values of
welding stresses are ensured.

If the values of welding stresses reach the yield point of the metal, they will
cause its plastic deformation and, as a result, a change in the dimensions and
shape of the welded structure, i.e. warping.

The nature and magnitude of residual stresses largely depend on the thickness
and properties of the base metal, the sequence of seams, the shape of the seams, etc.
With a decrease in the thickness of the welded metal, the amount of deformation
increases, which is associated with a decrease in the rigidity of the structure.

When changing the shape and dimensions of the structure, its performance
often decreases and its appearance deteriorates. If residual deflorations reach
significant values, they can cause irreparable defect so they must be reduced to
an acceptable level.

As noted in the article, the manufacture of thin-walled welded structures is
associated with difficulties, due to the fact that both in our country and abroad,
self-tapping screws, bolted and riveted joints are mainly used for the manufacture
of such structures. The reason for this may be a conservative views of customers
and designers concerning thin-walled structures. They explain their refusal to
use welded joints by the fact that this increases the volume of such technological
operations as the removal of heat from welded joints, cooling time of the weld
pool and melting rate of the electrode metal.

The magnitude and nature of welding stresses and deformations are associated
with many factors, including: method of welding, the configuration of the seam,
welding modes, fixing the parts to be welded, the sequence of welding seams, etc.
When choosing the method of welding, the possibility of welding in any spatial
positions was taken into account.

The work was carried out using the methods of manual arc welding,
submerged arc welding (automatic and semi-automatic), semi-automatic welding
in shielding gases.

In automatic submerged arc welding, a high concentration of the heat source
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contributed to a decrease in the zone in which plastic deformation occurs,
resulting in reduced deformation of the structure, which is the result of a rapid
movement of the arc.

Semi-automatic submerged arc welding was used only at the initial stage due
to the difficulty of observing the formation of the seam.

When using the same heat input in manual arc welding, the deformation
values were large. Compared to manual arc welding, semi-automatic welding in
shielding gases gives better results.

An analysis of the results obtained shows that automatic and semi-automatic
submerged arc welding, despite small deformations, is unacceptable due to the
small size of the welds. In addition, the possibility of high-quality protection of
the weld pool is reduced if the part is tilted by more than 150.

Asnoted, the best results are obtained by semi-automatic welding in shielding
gases, although its use is difficult when performing installation work. The value
of residual welding deformations directly depends on the heat input during
welding, which is determined by the welding mode and depends on the cross
section of the weld and the number of layers.

To ensure minimal residual deformations in a welded structure, the smallest
possible cross-section of the weld should be obtained (taking into account the
strength conditions of the structure) and the optimal welding mode should be
developed. As part of the work. the authors of the article developed welding
modes, which were then experimentally confirmed and applied in the process of
manufacturing a real structure.

Welding consumables were selected taking into account the methods of
semi-automatic welding in shielding gases and manual arc welding: shielding
gas - carbon dioxide; welding wire - Sv-08G2S and welding electrode for manual
electric arc welding - UONI 13/55.

As noted above, in the manufacture of metal structures, in order to reduce
residual stresses and deformations, it is necessary to choose the correct sequence
for assembling their elements and making welds. As noted in the work, the
manufacture of light thin-walled structures is difficult, especially in cases where
the distance between the spans is not a multiple of 6 meters and when assembling
and welding parts without fixing them, the likelihood of residual stresses and
deformations increases significantly.

In the process of performing the work, we studied two options for assembling
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structural elements, and then the places where welding began and the sequence
in which the seams were made. In both cases, the assembly of the truss with the
use of tacks begins with the attachment of gussets in the marked places of the
upper and lower belts. After that, the racks and braces cut to size are welded to
the gussets in the nodes, taking into account the principle of centering.

From the point of view of reducing deformations, a good result was obtained
with the option when welding of the truss nodes starts from its middle to the
supports. In this case, the stresses in the farm nodes will be minimal. In the case
of welds of different sections, it is necessary first to weld joints with large cross
sections, then with smaller ones.

The adjacent seams must be welded in such a sequence that they do not
overheat, since one of the main problems in the manufacture of thin-walled
structures by welding is the regulation of heat removal in order to reduce
deformations.

With this in mind, adjacent seams cannot be welded sequentially one after the
other. When welding in the truss nodes to the gussets of the posts and braces, it is
necessary to weld the flank seams in the sequence shown in picture. In addition
to the above, the best results are obtained if the truss is welded from the center
simultaneously by two welders, and the seams are made towards the ends of the
elements, using the selected welding modes and welding equipment. Deviations
from these recommendations at all stages of the work caused the appearance of
defects both in the truss plane and out of the plane.

Using the welding modes selected by us and then experimentally confirmed,
taking into account the developed technology, roof trusses were made, which
were used in the construction of the roof of the shopping center building.

As aresult of the work performed, the following conclusions can be drawn: 1.
The technology of assembly-welding of a thin-walled truss has been developed,
which ensures the minimum values of residual stresses and deformations. 2. Using
this technology, metal welded trusses were made, which were used in Kutaisi in a

shopping center under construction for roofing.
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