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Abstract. Load-bearing elements of buildings and structures of the mining and metallurgical
complex in recent decades need to develop new more effective design solutions due to the
intensification of technological processes, an increase in temperature loads and aggressiveness of
the environment. The main direction of increasing the efficiency of such elements is their design
from economically alloyed steel, which allows to increase the resource of structures and prevent
accidents with a significant increase in temperature. Due to the fact that alloyed steels have higher
mechanical characteristics at elevated temperatures, the question arises of creating lightweight
beam structures from such steels, reducing their material consumption while maintaining the
stability and fatigue strength of beams, the most promising is the use of welded beams with a
perforated wall and composite beams.

The creation of the most effective cross-sectional shape of metal beams with a perforated wall
and welded beams, as well as crane beams in transverse bending, considering strength, local
stability, flat bending stability and fatigue strength is considered. It is shown that an effective
shape of beams with a perforated wall is a box-shaped structure made of perforated channels. A
calculation was carried out to select a rational design made of an assortment of hot-rolled channel
profiles. It is shown that due to the use of the proposed sectional shape, significant savings in the
weight of the structure can be achieved. Considering the three-dimensional stress-strain state, the
fatigue strength of welded metal crane girders operating in severe conditions is estimated. The
efficiency of using a hot-rolled I-beam as the upper chord of such welded beams is shown. The
necessity of using a hot-rolled I-beam and to ensure the fatigue strength of the lower chord is
demonstrated.

The use of the previously proposed combined method for calculating the structures of
industrial buildings and structures and the use of economically alloyed steels allows us to create
new designs of critical elements that reduce their material consumption and increase their
resource. Further research can be carried out for real object designs in order to reduce their cost
and increase reliability during operation in the conditions of mining and metallurgical production.
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1. Introduction

Load-bearing elements of buildings and structures of the mining and
metallurgical complex in recent decades need to develop new more effective
design solutions due to the intensification of technological processes, an
increase in temperature loads and aggressiveness of the environment [1, 2].
The main direction of increasing the efficiency of such elements is their design
from economically alloyed steel, which allows to increase the resource of
structures and prevent accidents with a significant increase in temperature [2,
3]. Due to the fact that alloyed steels have higher mechanical characteristics at
elevated temperatures, the question arises of creating lightweight beam
structures from such steels, reducing their material consumption while
maintaining the stability and fatigue strength of beams, the most promising is
the use of welded beams with a perforated wall and composite beams.

Traditionally, the most effective shape of the cross-section of beams is the I-
section. A large number of studies have been devoted to the creation of various
designs of perforated and composite I-beams [1, 4-7]. It is known that in the
absence of lateral supports, I-beams bent in the plane of the wall may not be stable
enough. If the loads, increasing, exceed certain limits, then such beams lose the
stability of the flat form of bending, and they become unable to resist the load.
Some modern articles take into account loading uncertainties in their calculations
and estimation of stability and strength [9, 10] and it can be continuation of
research in this field. This work uses traditional deterministic raw data.

Loss of stability of thin-walled elements of welded structures is also
possible due to structural deviations arising during manufacture and operation
[7-8]. At the same time, the shape determined by the section of hot-rolled I-
profiles in accordance with GOST 8239-72 is difficult to improve and
facilitate, since the achievement of the limiting conditions of strength and
stability of flat bending occurs for such beams at very close loads. The creation
of lightweight beams with a perforated web and composite beams from parts
of such a profile, although it leads to an increase in the calculated permissible
bending loads, requires the creation of constrained bending conditions to
prevent buckling of the flat deformation form. Although many works [1, 4-7,
11-17] have been devoted to the issues of local stability of beams with cutouts,
the problem of assessing the stability of perforated beams is still far from a
final solution. Compared to experimental data, existing calculation methods in
some cases give deviations reaching 70% [11, 12, 16]. The development of
stable perforated web and polybeam structures is an important area of focus for
more rational structural design.

There are three types of buckling of perforated beams: buckling of flat
bending; loss of local stability of the beam wall, manifested in local bulging of
the wall; loss of local stability of the beam chord [1, 12, 17]. In addition,
beams with a perforated wall have a complex stress-strain state with a stress
concentration in the notch zone [15]. All this necessitates a refined numerical
simulation of the behavior of such beams without the use of simplifying
hypotheses and design schemes. Such a calculation is possible on the basis of
nonlinear modeling in the SolidWorks system [19], which we have
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successfully used earlier for calculating complex structures of the mining and
metallurgical complex [2].

2. Calculation of effective perforated welded beams

To analyze the parameters of the bearing capacity of the beams, the design
scheme of a three-dimensional elastic body under geometrically nonlinear
deformation was used [2, 19].

(b)

Fig. 1. Design scheme of a three-dimensional elastic body:
(a) - grid view, (b) - an example of calculating the stress state in the zone of concentrators

This makes it possible to simultaneously study the local and overall
strength of the beam, the deformation stability of the walls and flanges, and the
maximum deflection of the beam. Loads that did not lead to a loss of bearing
capacity in terms of a set of parameters were considered acceptable. A multiple
calculation was performed for beams of various sizes with the aim of selecting
a beam of minimum weight, corresponding to the conditions of strength and
stability at a given length and load.

The studies were carried out for a perforated I-beam made by cutting and
subsequent welding of beams GOST 8239-72 according to a waste-free
symmetric scheme [17] (Fig. 2).

A preliminary calculation carried out to find a rational design confirmed
the low efficiency of reducing the weight of a perforated beam compared to a
hot-rolled beam of the same bearing capacity due to a decrease in buckling
loads for perforated beams.

Comparison of the coefficient of stability of hot-rolled beams (the ratio of
buckling load to the actual load, buckling factor of safety, Buckl FOS) and the
factor of safety (FOS) shows the practical coincidence of their permissible
level for the same profile number for structural steel 09G2S. In fig. 3 is shown
the dependences of the coefficients for beams with a length of 6 m with a
uniformly distributed load with an intensity of 1.5 t/m and hinged fastening of
the ends made of structural steel 09G2S and economically alloyed steel
10G2FB.
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Fig. 2. Calculation of welded beams with a perforated wall:
(a) - stresses, (b) - displacements with loss of stability
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Fig. 3. Dependence of the values of the stability and strength coefficients
on the serial number of the profile for hot-rolled beams GOST 8239-72
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Fig. 4 shows the dependences of the stability and strength coefficients for
perforated I-beams, made by cutting and subsequent welding of GOST 8239-
72 beams according to a waste-free symmetric scheme, on the serial number of
the profile corresponding to the workpiece from the hot-rolled beam. It is
clearly seen that, despite a significant increase in the strength factor, there is a
simultaneous decrease in the stability factor. This limits the possibility of using
a lightweight beam: under the considered load, a beam with a perforated wall,
equal in strength to a hot-rolled one, weighs only 9.2% less. Such weight
savings do not always justify the additional technological costs of
manufacturing a welded perforated beam.
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Fig. 4. Dependence of the values of the stability and strength coefficients
on the serial number of the profile for welded I-beams with a perforated wall

As an alternative to the design of an I-beam, we propose to use box-shaped
welded beams made of hot-
rolled channel according to
8240-89 wusing waste-free
technology (Fig. 5). Such a
structure is in fact a welded
I-beam with a perforated
wall cut along the wall and
butt-welded along the edges
of the flanges. Calculation
of  box-shaped  welded
beams with a perforated
wall (Fig. 6) showed their
significant advantages over
those previously
investigated.

Fig. 5. Scheme of a box-shaped welded beam
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Fig. 6. Calculation of welded box beams with a perforated wall:
(a) - stresses, (b) - displacements with loss of stability

The stability coefficient for such beams significantly exceeds unity for all
considered cases, which indicates the impossibility of losing the bearing
capacity of such beams due to the loss of stability (Fig. 7).

Under these conditions, the use of beams with perforated walls provides
significant advantages over hot-rolled ones, especially when using
economically alloyed steels. Table 1 shows the comparative parameters of
beams with a minimum weight of 6 m in length at a load of 1 t/m, made of
economically alloyed steel 10G2FB. It can be seen that the weight loss is more
than 31%, which makes it possible to recommend beams of this design for use
in the construction of modern buildings and structures.

Table 1
Comparison of hot rolled and welded box girders

Strength Stability | Weight,

Beam type Profile No. factor factor ke

Hot rolled 22 1,8 1,12 148

Welded box-shaped 16 1,2 4,2 102
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Fig. 7. Dependence of the values of the stability and strength coefficients

on the serial number of the profile for box-shaped welded beams
with a perforated wall 6 m long at a uniformly distributed load of 1.5 t/m and hinged ends

An additional advantage of beams with a perforated wall is the ability to lay
communications in them and provide access to them for preventive and repair
work. This, in turn, allows you to reduce the height of the interfloor spaces.

3. Calculation of effective welded crane girders considering fatigue

strength

It is known that in welded crane girders operating under severe operating
conditions, the most vulnerable point is the longitudinal weld seam connecting
the upper flange with the wall [20, 21]. The location of the welded seam in the
most stressed sub-rail zone is one of the main disadvantages of welded crane
beams, since in this zone the amplitudes of shear stress oscillations are
greatest. The authors of the monograph [21] propose the removal of welds
from the under-rail zone of the beams at a distance where the shear stress
fluctuations attenuate so significantly that they are not able to cause the
initiation and development of cracks. The results of the tests given in [21]
confirm the high endurance of beams with belts made of rolled tees. In beams
with T-belts, the weld seam is removed downward at a considerable distance
from the contact zone of the rail with the beam belt. Therefore, the amplitudes
of fluctuations of local stresses in the weld are significantly reduced, which
minimizes the risk of fatigue cracks in the weld.

Beam designs proposed by the authors [21] that increase the fatigue
strength of longitudinal seams are difficult to manufacture and operate. The
calculations performed in [21] were carried out using the beam scheme and did
not consider the complex stress-strain state of the structure near the load
transfer zone, which requires the use of the design scheme of a three-
dimensional body.
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In order to create a rational design of a —Z = [ |
crane girder and a method for refined
calculation of such beams, we used a
module for calculating fatigue of welded
seams of the SolidWorks complex and a
scheme of geometrically nonlinear
deformation of a three-dimensional elastic gz
body. Welded beams of two types were
considered - a composite beam from a hot-
rolled I-profile No. 20 and a corresponding
welded profile of the same height
(Fig. 8 (a)), and a welded I-beam of the
same height, corresponding in width to a
hot-rolled profile No. 30 (Fig. 8 (b)). @) (b)

A 6 m long beam with rigidly clamped
ends was considered, which corresponds to
the operating conditions of the middle part of
a continuous crane girder loaded with 4 t forces on each of two 15 mm long
sections located at a distance of 1 m in the middle part of the span (Fig. 9).

Fig. 8. Shape of sections of welded
beams

Fig. 9. Design diagram of the crane girder

Initially, the calculation of the static stress-strain state of the beam under
working loads was carried out, confirming the bearing capacity of the beam
(Fig. 9). For the beam under consideration, the maximum stresses close to the
steel plasticity limit were achieved locally in the load zone. Such operating
conditions for the crane girder are difficult.

The change in the load was taken according to a zero cycle according to the
quasi-static load scheme, i.¢., the load changed from the level of its absence to
the maximum value, and possible dynamic processes were not taken into
account. Only the fatigue of the welded seams was considered, since the
fatigue of the upper most loaded flange strongly depends on the conditions of
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contact with the rail, which was not adequately described under the conditions
of this model.

Fig. 10. The stress-strain state of the crane girder

Calculation of weld fatigue for a solid welded beam (Fig. 11) confirms the
conclusions [21]. The zone of minimum fatigue strength extends over the
entire thickness of the upper flange of the beam and sections of the welded
seam in the load zone. Under the given conditions, corresponding to the
conditions of static strength, the welded seam is able to withstand only about
32 thousand cycles, which is significantly lower than the standard resource.
This confirms the need to calculate the material and welded seams of crane
girders for fatigue strength in the design of industrial facilities.

Fig. 11. Distribution of fatigue strength zones of a welded beam

The stress-strain state of a composite beam practically does not differ from
the state of an I-beam welded beam (Fig. 12).
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Fig. 12. Stress-strain state of the composite welded crane girder

It is clearly seen that the welds between the beams are in the zone of
minimum deformations and do not determine the fatigue strength of the
structure. This is confirmed by the calculation of fatigue (Fig. 13): these seams
withstand in such a structure more than 1 million cycles, which is close to the
design standard.

Fig. 13. Distribution of fatigue strength zones of a composite beam

Maximum displacements are now in the weld zone of the bottom flange of
the welded beam. Their resource is about 300 thousand cycles, which
determines the resource of the whole structure. This resource is significantly
lower than standard, but an order of magnitude higher than the resource of the
welded I-beam.

Thus, a detailed calculation based on a three-dimensional model shows that
not only the elements of the upper, but also the lower chord of the crane girder
are subject to replacement with hot-rolled elements. In addition, in order to
ensure the standard fatigue life, it is necessary that the maximum stresses in
the beam be slightly lower than the calculated ultimate stresses in the static
calculation, which should certainly lead to an increase in the mass of the crane
girder.
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4. Conclusions

The use of the previously proposed combined method for calculating the
structures of industrial buildings and structures and the use of economically
alloyed steels allows us to create new designs of critical elements that reduce
their material consumption and increase their resource. Further research can be
carried out for real object designs in order to reduce their cost and increase
reliability during operation in the conditions of mining and metallurgical
production.
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Iezenygeit 10.1., Onescokuii B.1., Boruok /I.J1. Onescokuii O.B.
PO3PAXYHOK BJJOCKOHAJIEHUX CTAJIEBUX BAJIOK BYIIBEJIb I CIIOPY
TTPHAYO-METAJIYPITAHOI'O KOMILJIEKCY

B ocraHHI [AecATHNITTS Hecydi eneMeHTH OydiBenb 1 CIOpYX TipHHYO-METaaypriiiHoro
KOMIUIEKCY HOTPeOyIOTh PO3pOOKH HOBUX O1IbII e)eKTHBHUX KOHCTPYKTOPCHKUX PillieHb B 3B'I3KY 3
iHTeHCH(DIKALIEI0 TEXHOJNOTIYHUX IPOLECiB, 30UIBLICHHSIM TEMIICPATypPHUX HABAHTAXKEHb 1
arpecHBHOCTI cepenoBuia. OCHOBHUM HAIIPSIMKOM ITiIBUIIECHHS ¢()eKTUBHOCTI TAKHX EIEMEHTIB € 1X
KOHCTPYIOBAHHsI 3 €KOHOMHO JICFOBaHOI CTaJIi, IO A03BOJISIE 30UIBLIMTH Pecype CIOpYA i 3amobirTH
aBapiifHiCTh NPU 3HAYHOMY IIABHILEHHI TeMIIepaTypu. Y 3B'SI3Ky 3 THM, LIO JErOBaHi CTand MaloTh
O1IbII BUCOKI MEXaHIUHI XapaKTePHCTUKH MPH MiABHIICHUX TEMIIEPaTypax, BUHUKAE IMUTAHHS PO
CTBOPEHHSI MOJIETIIEHUX 0aJKOBHX KOHCTPYKLIH 3 TaKMX CTayel, 3HIDKCHHS iX MaTepiaJloMiCTKOCTI
1pH 30€pexKeHH] CTIHKOCTI 1 BTOMHOI MIIIHOCTI 0aJIoK, HAHOLIBII MEPCIIEKTUBHUM MPEICTaBIISETHCS
BUKOPHCTaHHSI 3BapHUX 0aJIOK 3 IepHOPOBAHOIO CTIHKOIO 1 CKJIAI0OBHX OaJIoK.

Po3riisiiaeThCss MUTAHHS CTBOPSHHS HaiOinbll e()eKTHBHOI (DOPMH IIOMEPEYHOro mepepizy
MeTajieBiX 0aJIOK 3 Mep(HOPOBAHOK CTIHKOKO 1 MIAKPAHOBUX 3BapHHUX OaliOK, a TAKOXK IMiAKPaHOBHX
6aJIoK MpH IMONEPEYHOMY BUTHHI 3 ypaxyBaHHSAM MILlHOCTi, MICLIEBOI CTIHKOCTi, CTIHKOCTI MIIOCKOL
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¢hopmu BuruHy i BromHol MirHocTi. ITokasaHo, 1o epekTHBHOI (opMoro Oaok 3 HephopoBaHOO
CTIHKOIO € KOopoOuaTa KOHCTPYKIList 3 mepopoBaHuX wiBesnepis. [IpoBeneHo po3paxyHoK aist BUGOPY
paLioHaNbHOI KOHCTPYKLIl, BHUIOTOBJICHOI 3 COPTAMEHTY TrapsdeKaTaHuX NpoQiiiB MIBeJepiB.
IToxazaHo, 10 32 PaXyHOK 3aCTOCYBAaHHs 3aIlPOIIOHOBAHOI (OpMH Iepepisy Moxke OYTH HOCSIrHYyTa
3HaYHA CKOHOMIsl BarM KOHCTPYKIUil. 3 ypaxyBaHHSM TPHUBHMIPHOI'O HAIpy»KEeHO-Ie(OPMOBAHOTO
CTaHy OL[iHEHa BTOMHA MILHICTh 3BAPHUX METAJICBHX MIAKPAHOBHX 0AJIOK, IO MPALIOIOTH Y BAXKKUX
ymoBax. Iloka3zaHa e(heKTHUBHICTP BHKOPHCTaHHS rapsdeKaTaHol ABOTaBPOBOI Oalku B SIKOCTI
BEPXHBOrO I10sica TAKHX 3BapHUX Oaiok. IIponeMOHCTpOBaHO HEOOXiOHICTH 3aCTOCYBAHHS
JIBOTABPOBOI rapsueKaTaHol Oajku i Jist 3a0e31eYeHHs] BTOMHOI MiLIHOCTI HHYKHBOTO 10sica.

3acTocyBaHHS 3alpPOIIOHOBAHOIO HAMM  paHille KOMOIHOBAHOIO METOAY PO3PaxXyHKY
KOHCTPYKILIH MPOMHCIOBUX OyAiBeNb i CIOPYA Ta BHKOPUCTAHHS SKOHOMHO JICTOBAHMX CTaleit
JI03BOJISIE CTBOPUTH HOBI KOHCTPYKIII BIANOBIIaJbHUX EJIEMEHTIB, IO JO3BOJSIOTH 3HU3MTH IX
MaTepialoOMICTKICTh 1 MiABHIMUTH pecypc. Ilomanbiui HOCHIHKEHHS MOXYTh OyTH NpOBeIEHI s
peasibHO TPOCKTOBAHUX OO'€KTIB 3 METOK iX 3[CLICBJICHHS 1 MiIBUIUCHHS HAIIMHOCTI mpH
eKCILTyaTalil B yMOBaX IipHUYO-METaTypriiHOro BUPOOHHUIITBA.

Kurrouogi ciroBa: Ganka, nepopoBaHa CTiHKa, eKOHOMIsl Barl, BTOMHA MILIHICTb.

Tezenygent 10. U., Onescxuii B.U., Bonuox /[.J1., Onesckuii A.B.
PACYET YCOBEPIIEHCTBOBAHHBIX CTAJIBHBIX BAJIOK 3[IAHUI U
COOPYKEHUI TOPHO-METAJTYPTHYECKOI'O KOMILIEKCA

B mocnemHHMe AECATHIICTHS —HECYLIME OJEMEHTBl 3JaHMA M COOPYXKEHHH TOpHO-
METAJUTyprUuecKoro KOMIUIEKCAa HYXIAIOTCI B pa3paboTKe HOBBIX Oosiee  3(D(PEeKTHBHBIX
KOHCTPYKTOPCKUX pEIICHHH B CBS3H C HHTCHCH(MKALMEH TEXHOJOTHYECKHX IPOLECCOB,
YBEJIMUEHHEM TEMIEPAaTypHBbIX HAarpy30K M arpecCUBHOCTH cpeibl. OCHOBHBIM HallpaBlICHHEM
ITOBBIICHU S 3(1)(1)CKTI/IBHOCTI/I TaKUX DJJICMCHTOB SBJIACTCA HMX KOHCTPYUPOBAHHUE K3 SKOHOMHO
JICTUPOBAHHOW CTajiM, 9YTO IO3BOJSIET YBEIMYUTh PECypC COOPYXKEHHH U HPerOTBPaTHTDH
aBapHﬁHOCTb IIpA 3HAYUTCIIBHOM IIOBBIIICHUN TEMIICPATYPhI. B CBA3H C TEM, YTO JICTUPOBAHHBIC
CTajM MMEIOT 0ojiee BBICOKHE MEXaHHYECKHE XapaKTEPUCTHKH MPHU IOBBILICHHBIX TEMIEpaTypax,
BO3HMKAET BOIPOC O CO3JaHHH OOJICTYCHHBIX OAJOUHBIX KOHCTPYKIMII U3 TAKUX CTaJel, CHUKCHUS
UX MaTEPHAJIOEMKOCTH TIPU COXPAHEHUH YCTOMYMBOCTH M YCTAJIOCTHON NPOYHOCTH Oasiok, Hanbosee
HEPCHEKTUBHBIM IIPECTABISICTCS UCIOIb30BAHUE CBAPHBIX 0aloK ¢ mephOpHPOBAHHOI CTCHKOH U
COCTaBHBIX 0aJIOK.

PaccmaTpuBaercss Bonpoc cosfaHus HanOosee 3(QPEeKTUBHOW (GOPMBI MONEPEYHOrO CEUCHHUS
METAJUIMYECKHX OAJIOK ¢ MepdOpHPOBAHHONW CTEHKOH M IOAKPAHOBBIX CBAapHBIX OAlloK, a TaKkke
MOJIKPAHOBBIX 0AaJOK IMpH IONEPEYHOM H3THOE C Y4eTOM IPOYHOCTH, MECTHOM yCTOWYHBOCTH,
YCTOWYHMBOCTH IJIOCKOH (pOpMBI M3rHba U yCTANOCTHOM MpovyHOocTH. ITokazaHo, 4To ek THBHOIM
dopmoit  Ganok ¢ nepdOpUPOBAHHON CTEHKOH sBISiCTCS  KOpoO4aras KOHCTPYKIHMS M3
nep()OpUpOBaHHBIX MIBEIUIEpOB. IIpoBereH pacuer s BbIOOpAa PAllMOHAIBHOW KOHCTPYKLIUH,
M3rOTOBJICHHOM M3 COpPTaMeHTa ropsuyeKaTaHbIx mpoduieil mBeswtepo. IlokasaHo, 4to 3a cuer
HPUMEHEHUS! TIPEIJIOKCHHON (OPMBI CEUCHHUSI MOKET OBITh JOCTHUI'HYTa 3HAYNUTEIbHAS SKOHOMHSI
Beca KOHCTPYKUMH. C y4eTOM TPEeXMEPHOIr0 HaIpsDKEHHO-Ae(OPMHUPOBAHHOIO COCTOSIHHS OLICHCHA
YCTAJIOCTHASI [IPOYHOCTh CBAPHBIX METAJUIMYECKHX MMOJKPAHOBBIX OAlIOK, pa0OTAIONMX B TSDKEIBIX
ycnoBusix. Ilokazana 3()(eKTHBHOCTb HCIOJIB30BAHMS TOPSYCKATAHOW [BYTaBpPOBOH Oainku B
Ka4yecTBE BEPXHEro Iosica TakuxX CBapHbIX Oanok. IIpomeMoHCTpHpOBaHa HEOOXOAUMOCTH
HNPUMEHEHUs JIByTaBPOBOH ropsidekaTaHo Oajku M Uil OOECHEeueHUs YCTaJIOCTHOW IPOYHOCTU
HIDKHET0 T0sIca.

[IprMeHeHNe MpeyIoKEHHOT0 HAMU paHee KOMOMHHPOBAHHOIO METOJA pacdyera KOHCTPYKILIHIl
IPOMBINUICHHBIX 3}13Hl/lﬁ u coopy)Kel-mﬁ U HCIOJIb30BAHUE DSKOHOMHO JIETHMPOBAHHBIX CTaJ'leﬁ
IMMO3BOJIIET CO34aTh HOBBIC KOHCTPYKUHUHA OTBETCTBCHHBIX JJIEMCHTOB, IMO3BOJIAKOIIME CHU3UTH HX
MaTepUaJIOEMKOCTh M MOBBICUTH pecypc. JlanbHelIme UcclieIoBaHusi MOI'yT ObITh IPOBEIACHBI IJIsS
p€ajlbHO NPOCKTUPYEMBIX 06’beKTOB C LCJIBbKO HUX YACUICBJICHUSA W IMOBBIIICHUSA HAACKHOCTU IIPU
9KCILTyaTALUHU B YCIOBUSIX FOPHO-METAJLLYPrHYECKOT0 TPOM3BOACTBA.

KuroueBble ciioBa: 6aska, HeppopupoBaHHasi CTCHKA, CHIDKCHHE BECa, YCTAIOCTHAS TPOYHOCTb.



ISSN 2410-2547 67
Omip marepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2021. Ne 106

YK 539.371:69.04

TIezenysen FO.1, Onescokuii B.I, Bonuok J].JI. Onescokuii O.B. Po3paxyHOK BIOCKOHAJIEHHX

cTajeBHX Oanok OydiBesb i cmopya ripHmyo-MeranypriiiHoro kommiekcy // // Omip

MaTepiaiB i Teopis copya: Hayk.-Tex. 30ipH. — K.: KHYBA. 2021. — Bun. 106. — C. 54-67.
Cmeopenns payionaibHoi KOHCmpYKyii RIOKPanosoi 6anku i MemoOuKu YmMoyHeH020 PO3PAXYHKY 3

BGUKOPUCIAHHAM MOOVJISL PO3PAXYHKY HA 6MOMY 36apHUX weie komniaexcy SolidWorks i cxemu

2e0MemPUUHO HENHIIHO20 0eQOPMYBAHHS MPUGUMIDHO20 NPYICHO0 MINA.

Tab6mn. 1. In. 13. bibumiorp. 21 Ha3B.

UDC 539.371:69.04

Gezentsvey E.I, Olevskyi V.1, Volchok D.L., Olevskyi O.V. Calculation of the improved steel
beams of buildings and structures of the mining and metallurgical complex // Strength of
Materials and Theory of Structures: Scientific-and-technical collected articles. — K.: KNUBA.
2021.—Issue 106. — P. 54-67.

Creation of a rational design of a crane beam and a refined calculation method using the module
for fatigue calculation of welded joints of the SolidWorks sofiware and a scheme of geometrically
nonlinear deformation of a three-dimensional elastic body.

Tabl. 1. Fig. 13. Ref. 21.

YK 539.371:69.04
I'ezenyseii 10. 1., Onesckuii B.U., Boauok /I.JI., Onesckuii A.B. PacueT ycoBepumIEHCTBOBAHHBIX
CTAIBHBIX 0AJIOK 3JaHUH W COOPYKEHMil TOPHO-METAIyPru4ecKoro Komiuiekca //
CorpoTuBIIEHHE MAaTEPUAIIOB U Teopus coopyxenuid. —2021. — Boin. 106. — C. 54-67.

Co3z0anue payuoHatbHOU KOHCMPYKYUU NOOKPAHOBOU OAIKU U MEMOOUKU YIMOYHEHHO20 paciemad ¢
UCNONIL306AHUEM MOOYIAL pACcYema Ha YCMaiocmy ceapHuix wieoe Komnaekca SolidWorks u cxemwt
2eoMempuiecky HeTHEUHO20 0eoPMUPOBAHIsL IPEXMEPHO20 YNPY2020 med.

ABTOp (BY€Ha CTyNeHb, BUEHE 3BAaHHSI, 110Ca/1a): eKCIepT 3 OYiBEIbHOrO IPOESKTYBAHHS
Anpeca podoua: 49000, m. JIninpo, Bya. Kusss SpocnaBa Myxporo, 53, TOB «Metinect
TIxusipinry, TE3EHLBEN ¥Oxum IcaakoBuy

Mo6inbuuii Ten.:+380676115791

E-mail: efim.gezentsvey@metinvestholding.com

ORCID ID: http://orcid.org/0000-0003-1190-5465

ABTOp (BU€Ha CTyNeHb, BUeHE 3BAHHS, 10CAa):

JIOKTOP TEXHIYHUX HayK, 3aBigyBay KaheaApH BUILO] MATEMAaTHKU

Anpeca po6oua: 49005, m. J{Hinpo, np. I'arapina, 8, JIBH3 «YkpaiHcbkuil qepKaBHUME XiMiKO-
TexHonoriuHmi yHisepcurer», OJIJEBCbKUN Biktop Icaakosnu

Mooinbuuii Tea.: +38050340220

E-mail: ileft@i.ua

ORCID ID: http://orcid.org/0000-0003-3824-1013

ABTOp (BY€Ha CTyNEeHb, BUeHE 3BAHHS, 10CAa):

KaHAN/AT TeXHIYHUX HAYK, JOLEHT, JOLEHT Kadeapu OyaiBenbHOI MEXaHiKH Ta OMOpY MaTepiaiB
Anpeca podoua: 49600, m. [luinpo, Byn. YepnuuieBcbkoro, 24a. JIBH3 "IlpuaHinpoBchka
JiepykaBHa akajemist OyaiBHuITBa Ta apxiTektypu, BOJIHOK Jlenuc JleoHigoBuy

Mooinbnuii Teu.: +380667276560

E-mail: Denys.L.Volchok@gmail.com

ORCID ID: http://orcid.org/0000-0002-7914-321X

ABTOp (BY€Ha CTyNeHb, BUeHE 3BAHHS, 10CAa):

ceprudikoBanuii napraep Dassault Systémes SolidWorks (CSWA), uiien ToBapucTsa
HPOMHMCIIOBOI Ta NpHKJIaJHOT MaTeMaThku (SIAM)

Anpeca poooua: 49000, m. J[Hinpo, npocrekt ['arapina, 72, JIBH3 JIHinpoBchbKUil HAlliOHAIBHHI
yHiBepeutet iMeni Onecst T'onuapa, OJIEBCBKHIA Onexcanap Bikroposuu

Mooinbuuii Teu.: +380986325306

E-mail: tigozavr@gmail.com

ORCID ID: http://orcid.org/0000-0002-0245-7106



