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YuclieHHbIe PacYEThl
Numerical calculations
YK 693.94.056.53 DOI: 10.37538/0039-2383.2025.1.2.8
IL.T. POMAHOB, K.T.H., 10ueHT CeBepo-Bocrounplii penepanbuplii ynusepcurer um. M.K. AMmocosa; e-mail: pg.romanov@mail.ru
YUCJEHHOE MOJIEJIMPOBAHUE HAIIPSI)KEHHO-JIE®OPMUPOBAHHOI'O COCTOSIHUS Y3J1A COEAUHEHMS AIK-ITAHEJEMN...2
BhInosHeHo yucieHHoe MOJICIIUPOBaHUE HaHpi{)i(eHHO-He(i)ole/lpOBaHHOFO COCTOSTHMA y3J1a COCTUHECHUA LlHK/CLT-naHeneﬁ B IIPOLIECCE CONMPOTUBIICHUA CABUTAIOIINM YCHITUAM.
CpaBHeHPIe PE3YJIBTATOB YUCJICHHOI'O 3KCIIEPUMEHTA C PE3yJIbTaTaMH HATYPHBIX HCIBITAaHUN BBISIBUIO COOTBETCTBUE XapakTepa 00BEMHOT0 He(i)Ole/IpOBaHI/Iﬂ CTAJIBHOI'O 3JICMCHTA.
Hcnonp3oBaHHOE 3D-CKaHI/Ip0BaHI/Ie CTaJIBHBIX 3JIEMEHTOB 10 U I1I0CJIE UCIIBITAHUA CKaHEPOM MapKH Artec Space Spider C TOYHOCTBIO 0,05 MM ITIOKa3aJIO IEPCIIEKTUBHOCTH JaHHOTO METOAa
JUIA aHalin3a ae(bopMaunﬁ HCIIBITAHHBIX 06pa3u013. Honyqu MacCCHB JIaHHBIX JJIA pa3p360ﬂ<n, KOPPEKTUPOBKH aHaJIM3a pe3yIbTaTOB UCIIBITAHUA YUCJICHHOW MOJICIIH. Cnenaﬂ BBIBO/] O
HEOOXOIMMOCTH KOMILJIEKCA MCCIIEIOBAHU, MTOCBSICHHBIX N3y4YeHHI0 ypyrux cBoictB ATTK-KOHCTPYKIMiA, IPOCTPaHCTBEHHOH H3MEHYUBOCTH MOJYJISL YIIPYTOCTH OTHOCHTEIIBHO
rnaBHbIX oceit JIITK-koHCTpyKIHid.

KuoueBble ciioBa: uncinenHoe monenuposanue, I1K-nanenu, 3D-ckanupoBanue, Moayiab yiupyroctu JIK-koHCTpyKImii.
UDC 693.94.056.53 DOI: 10.37538/0039-2383.2025.1.2.8. Numerical modeling of the stress and strain state of the joint of clamped panels. P.G. Romanov, Northeastern Federal
University named after M.K. Ammosov; e-mail: pg.romanov@mail.ru
Abstract. Numerical modeling of the stress-strain state of the CLT (Cross Laminated Timber) panel connection node during resistance to shear forces was performed. Comparison of the
numerical experiment results with the results of full-scale tests revealed the correspondence of the nature of volumetric deformation of the steel element. 3D scanning of steel elements
before and after testing with an Artec Space Spider scanner with an accuracy of 0,05 mm was used, which showed the prospects of this method for analyzing the deformations of the tested
samples. An array of data was obtained for the development and correction of the analysis of the test results of the numerical model. A conclusion was made about the need for a set of
studies devoted to the study of the elastic properties of CLT structures, spatial variability of the modulus of elasticity relative to the main axes of CLT structures.
Keywords: Numerical modeling, CLT panels, 3D scanning, modulus of elasticity of CLT structures.

Y]IK 694.1 DOI: 10.37538/0039-2383.2025.1.9.12
B.IIL INAMCYTIAHOB, B.JI. COKOJIOB?, k.1.1., A.Il. MOXUPEB?, 1.1.1., 1.B. XPAMOB?, A.JI. TY30BATOBA? , 1000 «MHUII «3KOBJIOK», *Cuéupcknii
(enepanabHbIii ynusepeurer; e-mail: igor.07.06@mail.ru
PACYET TEILIOBBIX XAPAKTEPUCTUK KJIEEHOI'O JIEPEBSIHHOI'O CTPOUTEJILHOI'O BJIOKA C BHYTPEHHEW IIOPU3ALIMEMN...9
Kiteensle epeBsiHHbIC CTPOUTEIBHBIE OJIOKH C YIy4IICHHOH TEIION30sIIueii IpeAnaraloT MHOIOYHCIICHHbIE IPEUMYIIECTBA B CTPOUTEIBCTBE M3-3a X IPOYHOCTH, YCTOHYMBOCTH K
BHEIIHUM aTMOC(EPHBIM BO3ACHCTBHAM M CTETHYECKON MPHBIICKATEILHOCTH. BHYTPEHHSIs1 OPH3alust H CO3JaHNUE BO3LYLIHBIX ITyCTOT BHYTPHU 0J0Ka JOMOJIHUTENBHO ITOBBIIIACT €ro
TEIION30JISILIMOHHBIC CBOMCTBA, CHIDKAS OTPEOJICHHE YHEPTHH U yiTydIas KOMPOPT B HOMELIEHNH. DTa CTaThsl OIMCHIBAET KIIIOYEBBIE ACIEKThI PACYeTa TeIUIOBBIX XapaKTePUCTHK
JACPEBAHHBIX CTPOUTCIIBHBIX 6HOKOB.

KuaioueBbie ciioBa: I[CpeBS{HHBIﬁ CTpOI/ITeHBHHﬁ 6]‘[01{, TCIUIOU30JIANS, ITOPU3aIHs, TETIONIPOBOAHOCTD.
UDC 694.1 DOI: 10.37538/0039-2383.2025.1.9.12. Calculation of thermal characteristics of glued wooden building blocks with internal porosity. V.Sh. Shamsutdinov?, V.I.
Sokolov?, A.P. Mohirev?, I.V. Khramov?, A.D. Guzovatova?, ‘MIP “EKOBLOK” LLC, 2Siberian Federal University; e-mail: igor.07.06 @mail.ru
Abstract. Glued wooden building blocks with improved thermal insulation offer numerous advantages in construction due to their strength, resistance to external weather conditions and
aesthetic appeal. Internal porization and the creation of air voids inside the unit further increases its thermal insulation properties, reducing energy consumption and improving indoor
comfort. This article describes the key aspects of calculating the thermal characteristics of wooden building blocks.
Keywords: Wooden building block, thermal insulation, porization, thermal conductivity.

Pacyersl Ha ycTOWYMBOCTD
Stability calculations
VK 69.07 DOI: 10.37538/0039-2383.2025.1.13.23
HN.N. BEJSIKOB, a.1.4., npod., I.B. KOHUH, k.1.1., A.P. OTYPOMBHU, k.1.H., L.HU. TOMAMJIBI, HHUNCK um.B.A Kyuepenko AO «<HUL «CrpoureancrBoy; e-mail:
i.tomaily@bk.ru
MPOJIOJIBHASL YCTOMYUBOCTD CTEPKHS C YYETOM PEAJIbHOM JJUATPAMMBI PABOThBI CTAJIN...13
B crarbe paccMOTpEeH pacqér yCTOﬁqHBOCTH CTEPIKHSA C y‘iéTOM @aKTH'{eCKOﬁ pa60T1>1 cramu. Ha ocHoBe OKCIIEPUMCHTAJIBHBIX JaHHBIX PACTIKCHUA 06pa3u03 CTaJIn 6BUI C(bopMHpOBaH
MacCCHB, HCITOJIb30BaHHBIA JUI IOCTPOCHU ST KyCO‘-IHO-J'lHHeﬁHOﬁ JAuarpaMMbl MaTepuasia. Ora AuarpamMma npuMeEHsJIach IpHU YUCJIICHHOM MOJCIIUPOBAHUN CTCPIKHSA C KOHEYHOM 5K€CTKOCTBIO
B ITK ANSYS Mechanical. ITpoBeieHbI pacuéThl yCTOIYUBOCTH CTEPIKHS ¢ Y4ETOM pealibHOI paboThI CTan (KyCOYHO-IUHEIHAs AUarpaMMa) 1 ¢ UCIOJIb30BaHHeM OMIIMHEHHOI
nuarpammebl 1o [Ipasarmo cormacuno CIT16.13330 (manee CIT16) st crepskHel ¢ ycnoBHOM ruOkocTbio oT 1 10 7. [l cpaBHEHNMS: MaKCUMaIIbHAs! KpUTHYECKast Harpy3Ka CTEp KHS
Obl1a TaK:Ke paccunTaHa 1o aHaJIMTUHICCKUM Q)opMynaM CIT16 kax JUISL HEHTPAJIBHOTO, TaK 1 BHCIICHTPEHHO CKAaTOr0 CTCPIKHA. HOHy‘-{eHHBIe Ppe3yabTaThl IOKa3ajIu, 9To y‘{eT (baKTH‘IeCKOﬁ
PabOTBhI CTaJ CYIIECTBEHHO BIMSET HA TOYHOCTh pacuéra. Kpome Toro, Obu10 3aMeueHo, 4To pacuérsl mo CIT16 NpuBOIAT K 3aBBILIEHUIO KPUTHYECKON HATPY3KU IS LIGHTPAIIBHO CKaTOro
CTEpIKHS, 4TO TPeOyeT IepecMoTpa TeKyIIeil peakiyu st 6oJiee TOYHOM OLEHKH 00mieil ycroifunBocTH. [Tokazana BO3MOXXHOCTb armpoKCHMALMH 00JIaCTH yIPYTrOIIaCTHYECKOM paboTh
CTaJI KyCOYHO-TMHEHHON JuarpaMMoit.

KiioueBble cjioBa: craib, yCTOIHYMBOCTD, AMAarpamMmMa paboThl CTANIH, KPUTHYECKAst HArpy3Ka, AuarpamMma 1o IIpaHTiiio, CKaThli SJIeMeHT.
UDC 69.07 DOI: 10.37538/0039-2383.2025.1.13.23. Longitudinal stability of the rod, using actual diagram of steel. I.I. Vedyakov, D.V. Konin, A.R. Olurombi, I.1. Tomaily, TSNIISK
named after V.A. Koucherenko, JSC Research Center of Construction; e-mail: i.tomaily@bk.ru
Abstract. The article considers the calculation of the stability of the rod, taking into account the actual work of the steel. Based on experimental data on the stretching of steel samples, an
array was formed that was used to construct a piecewise linear diagram of the material. This diagram was used in numerical modeling of a rod with finite stiffness in an ANSY'S Mechanical
PC. Calculations of the stability of the rod have been performed taking into account the actual work of steel (piecewise linear diagram) and using a Prandtl bilinear diagram according to
SP16.13330 (hereinafter SP16) for rods with conditional flexibility from 1 to 7. For comparison, the maximum critical load of the rod was also calculated using the analytical formulas SP16
for both the central and off-center compressed rod. The results showed that taking into account the actual work of steel significantly affects the accuracy of the calculation. In addition, it
was noted that the calculations for SP16 lead to an overestimation of the critical load for a centrally compressed rod, which requires a revision of the current version for a more accurate
assessment of overall stability. The possibility of approximating the area of elastic plastic work of steel by a piecewise linear diagram is shown.
Keywords: steel, buckling, material stress-strain curve, critical load, Prandtl’s diagram, compressed element.

VYK 624.01.7 DOI: 10.37538/0039-2383.2025.1.24.32
WM. BEJSAKOB?, 1.1.1., npod., A.B. IOTAIIOB?, k.1.1., E.B. BAXKHUHA?, k.1.1., 'IIHAUCK um. B.A. Kyuepenko AO «HHUII «CTponTteberBoy; e-mail: Imk-
potapov@rambler.ru, HUY MI'CY
HCCJEJOBAHME PE3EPBOB HECYIIE CIIOCOBHOCTH 3JIEMEHTOB METAJIIMYECKOI'O KAPKACA 3JAHHUI, UCIIBITBIBAIOIIIAX C)KATHE C
JABYXOCHBIMU OKCHEHTPUCUTETAMMN...24
Cratbs TIOCBSIIIEHA UCCJIEAOBAHUAM PE3EPBOB Hecymeﬁ CITIOCOOHOCTH 3JIEMEHTOB METAJUIMYECKUX KapkKacoB 3ﬂaHHfI, HMCIBITBIBAIOIUX CKATUE C IBYXOCHBIM
9KCLEHTPUCUTETOM. BHELIGHTPEHHO CXKAThIC HIEMEHTHI META/UINYECKOr0 KapKaca ClIOCOOHBI COXPAHATh YacTh HECYIIEH CIOCOOHOCTH MPU KPATKOBPEMEHHOM ACHCTBHN HArpy30K,
MPEBBIAIONMX KPUTHUCCKHE 3HAYCHUS. 3aKPUTHIECKast HECYIasi CTOCOOHOCTh TAKHX HJIEMEHTOB OKa3bIBACT CYLIECTBEHHOE BIMSHUE HA yCTONYMBOCTH Kapkaca. [IpuBeeHbI
JOIOJHUTECIBHBIC UCCIICA0OBAHUS BIIMAHUSA IIJIACTHICCKUX ).IC@)OpMaHI/Iﬁ Ha NMOBCJCHHUEC MCTAJINIMYCCKUX KOHCprKIIPIﬁ, BEAYIUE K YCOBEPIICHCTBOBAHNIO METOAUK PAaCcY€Ta HA BBISIBICHUE
pe3epBoB HecyieH crocooHocTH. OOBEKTOM HCCIIEIOBAHMS SIBISIETCS] YCOBEPIICHCTBOBAHUE M KOPPEKTUPOBKA HH)KEHEPHOH METOAMKHU pacyeTa Ha YCTOHYNBOCTh CTEPIKHEH HIBEIUIEPHOTO
CEUYCHMUS, CKATBIX C IBYXOCHBIM OKCIEHTPUCUTETOM. l'[pe)mon(emﬂ pemeHus 1o aKTyaJln3allii HOPMaTUBHBIX TEXHUYCCKUX U METOANYCCKUX JOKYMEHTOB, B YaCTHOCTH IIPH MTOATOTOBKE
n3meHeHnit B ceoj pasuit CIT 294.1325800.2017 «KoncTpykimu cranbHble. [IpaBuia mpoekTHPOBaHHSD.

KiioueBblie ciioBa: KOHCTPYKIIMH CTAJIbHBIC, PE3€PBHI Hecymeﬁ CHOCO6HOCTI/I, OKCHEHTPUCHUTET, yCTOﬁ‘IPIBOCTI:, YW CJICHHBIC UCCJICIOBAHNWA.
UDC 624.01.7 DOI: 10.37538/0039-2383.2025.1.24.32. Investigation of the reserves of the bearing capacity of the elements of the metal frame in buildings experiencing
compression with biaxial loading eccentricities. I.I. Vedyakov', A.V. Potapov?, E.V. Bazhina?, ‘TSNIISK named after V.A. Koucherenko JSC Research Center of Construction, 2Moscow
State University of Civil Engineering (National Research University); e-mail: Imk-potapov@rambler.ru
Abstract. The article is devoted to the research of reserves of bearing capacity of elements of metal frames of buildings experiencing compression with biaxial eccentricity. The non-
centrally compressed elements of the metal frame are able to retain part of the load-bearing capacity under the short-term action of loads exceeding critical values. The supercritical bearing
capacity of such elements has a significant impact on the stability of the frame. Additional studies of the effect of plastic deformations on the behavior of metal structures are presented,



leading to improved calculation methods for identifying load-bearing capacity reserves.The object of the study is the improvement and correction of the engineering calculation method for
the stability of rods of channel section compressed with biaxial eccentricity.Solutions have been proposed to update regulatory technical and methodological documents, in particular, when
preparing amendments to the code of rules of SP 294.1325800.2017 “Steel structures. Design rules”.

Keywords: steel structures, reserves of bearing capacity, eccentricity, stability, numerical studies, steel structures, reserves of bearing capacity, eccentricity, stability, numerical studies.

V]IK 539.3 DOI: 10.37538/0039-2383.2025.1.33.44
W.E. MAJIBITUHA, k.1.1., [.A. MAHYIJIOB, k.1.1., nouent PYT (MHMHUT); e-mail: malygina_i.e@mail.ru
KJIACCUD®UKALMA HEJJMHEMHBIX PELIEHUAM 3AJJAYH YCTOMYMBOCTHU NOJKPEIMVIEHHBIX IVIACTHUH C YYETOM B3AMMO/JIEMCTBUSI IBYX
@®OPM NOTEPU YCTOMYUBOCTHU U BJUSHUSA HAYAJIbHBIX HECOBEPIIEHCTB (YACTBD IIEPBASI)...33
B HaCTOS{H.ICﬁ CTaTb€ paCCMOTPCHA 3a/1a4a yCTOﬁ‘IHBOCTH TOHKOMH HOHKPCHHCHHOﬁ IUTAaCTUHBI C YIETOM B3aPIMOI(€I>’ICTBPIS[ ¢)0pM U BJIMSIHHAS Ha9aJIbHBIX TCOMETPUYICCKUX HCCOBCPIICHCTB,
IIpEeACTaBJICHA ITOJTHAS Knaccn@)m(auvm HEJTUHCHHBIX pCIHCHI/[ﬁ 3agaqyu yCTOI)’[‘II/IBOCTPI, TIOKa3aHa CBA3b MCKAY MOSABJICHUEM CHHTYJISIPHBIX TOUCK U PAHI'OM pacmnchHoﬁ MaTpHULbI FCCCC,
TTOJTyICHBI 3HAYCHUS GHQ)ypKaLIHOHHLIX HarpysokK B JIMHEHHOW TTOCTAaHOBKE 3amavuu.

KunoueBsble cJioBa: IIOAKPCIITICHHAA IUIaCTHHA, [HarpaMMa paBHOBECHBIX COCTOS{HI/Iﬁ, TOYKa GI/ICI)ypKaLII/II/[, IIpeaeiabHas TO4Ka, yCTOi’IqHBOCTL paBHOBECHS, MaTpULla T'ecce.
UDC 539.3 DOI: 10.37538/0039-2383.2025.1.33.44. CLASSIFICATION OF NONLINEAR SOLUTIONS OF THE STABILITY PROBLEM OF STIFFENED PLATES TAKING
INTO ACCOUNT THE INTERACTION OF TWO FORMS OF STABILITY LOSS AND THE INFLUENCE OF INITIAL IMPERFECTIONS (PART ONE). I.E. Malygina,
G.A. Manuilov, Russian university of transport (MIIT); e-mail: malygina_i.e@mail.ru
Abstract. In this paper we consider the stability problem of a thin reinforced plate taking into account the interaction of shapes and the influence of initial geometrical imperfections, present
a complete classification of nonlinear solutions of the stability problem, show the relationship between the appearance of singular points and the rank of the extended Hesse matrix, and
obtain the values of bifurcation loads in the linear formulation of the problem.
Keywords: stiffened plate, equilibrium state diagram, bifurcation point, limit point, equilibrium stability, Hesse matrix.

Z[P[HaMP[‘{eCKI/Ie pacyuCThI
Dynamic calculations
VK 624.07 DOI: 10.37538/0039-2383.2025.1.45.54
U.A. UBAHYEHKO, a.T.H., npogeccop Poccuiickuii ynusepcurer tpancnopra (MUHUT); e-mail: ivaii0ll@mtu-net.ru
KPUTHYECKHUE CKOPOCTM IIPU JIBUKEHUU CUJIOBOM HAT'PY3KH 110 NPSAMOYT'OJbHOM IIJIACTUHE BECKOHEYHOM JJIMHbI U
CBOBO/IHO OITEPTOM IO KPASIM...45
PaCCManI/IBaCTCSI MCTOAMKA OIPECACIICHHU ITaKEeTa KPUTHICCKUX CKOpOCTCf[ B CiIy4ac IBMKCHUS CHJIOBOM Harpys3ku 1mo HpHMOyFOJIBHOi'I IIACTUHC GCCKOHC‘IHOﬁ JJINHBI, CBOGOZ{HO OHCPTOfI
10 KpasiM Ha yIPYroM OCHOBaHHH. PelieHne cTpouTes Kak ¢ MCIOJIb30BaHUEM BOJIHOBOTO MO/IX0/A K PEIICHHIO MPOOJIEMBI, TaK U C UCIOIB30BAHUEM PE3YJIbTaTOB IPHMEHEHHS
MHTETPaJIbHBIX PeoOpa3oBaHUi JUIsl CIydasi yCTAaHOBUBIIETOCS JABHKEHUS KOJIeOATeNIbHOMH CUCTEMBI IIPU IBUIKSHUH CHIIOBOH Harpy3kH. PaccMoTpeHO nmotyueHHe pereHus i CUCTEMBbI C
napameTpamHu a’poJpOMHOI onockl. [IpoBeaeHo cpaBHEHHE PE3yJIbTATOB IO ONPE/EICHHUIO IIPOrHOO0B U H3rHOAIOIIMX MOMEHTOB /ISl IUIACTUHYATOM MOJIOCH! HA YIPYTOM BHHKJIEPOBCKOM
OCHOBAHUH U 6e3 Hero NpH JIBKEHUN CHIIOBOM HAarpy3KH.

KiioueBble ciioBa: u3ruGHble KonebaHus INIACTUH, YIPYTOoe OCHOBAHHE, KPUTHYECKasi CKOPOCTb, BOJIHBI, UCTIPCHs, (ha30Basi U rPYIIOBAsi CKOPOCTH.
UDC 624.07 DOI: 10.37538/0039-2383.2025.1.45.54. CRITICAL SPEEDS WHEN A FORCE LOAD IS MOVING ALONG A RECTANGULAR PLATE OF INFINITE LENGTH
AND FREELY SUPPORTED AT THE EDGES. I.1. lvanchenko, Russian University of Transport (MIIT); e-mail: ivaii011@mtu-net.ru
Abstract. A technique for determining a package of critical velocities in the case of a force load moving along a rectangular plate of infinite length, freely supported along the edges on an
elastic base, is considered. The solution is constructed both using a wave approach to solving the problem and using the results of applying integral transformations for the case of steady
motion of an oscillatory system when a force load is moving. Obtaining a solution for a system with airfield strip parameters is considered. The results of determining deflections and
bending moments for a lamellar strip on an elastic Winkler base and without it during the movement of a force load are compared.
Keywords: bending vibrations of plates, elastic base, critical velocity, waves, dispersion, phase and group velocities.

SKCHeDI/IMeHTaHBHHG HCCIICIOBAHUA
Experimental studies
VYK 69.07:624.04 DOI: 10.37538/0039-2383.2025.1.55.64
A.P. TycHuH , 1.T.H., 1po(., 1.B. MbuibHuKoB HUY MI'CY; e-mail: miv_2499@mail.ru
MCCJIEJOBAHUE KOHTAKTHOI'O CTBhIKA KOJIOHH B CTAJIBHBIX KAPKACAX MHOI'O9TAKHBIX 3JIAHHIA...55
B crarbe npuBesieHb! pe3yabTaThl pa3padoTKH M UCCIIEIOBAHUS KOHTAKTHOIO CThIKA KOJIOHH M3 KBAJIPaTHBIX CTAIBHBIX TPYO. B kauecTBe BO3MOXKHOTO Kapkaca pacCMOTPEHBI paHee
pa3paboTaHHbIe KOHCTPYKTUBHBIC PEIICHUS JUISI MHOTOITaXKHBIX 3[jaHUil BHICOTOM 10 5 oTaxkel. IIpuBOIATCS pe3ysibTaThl paHee BHIIOIHEHHBIX YKCIIEPUMEHTAIBHBIX Pa0OT MO UCHBITAHUIO
CTBIKOBBIX y3/10B 0€3 (JMKCUPYIOIINX 3JIEMEHTOB. ABTOPaMH paccMaTpUBAeTCs ObICTPOCOOPHBIIT KOHTAKTHBIH CTHIK KOJIOHH U3 CTANIbHBIX KBaJpaTHBIX TpyO. MccneaytoTes nsrubarommue
MOMEHTbI, BO3HHKAIOLINE B KPaliHel KOIOHHE KapKaca OT JeiiCTBUS BETPOBOH HATPY3KHU, KPEIIEHHs 0aI0K, BO3BHMKHOBEHHs (PUKTHBHOI IONEPEUHOI CHIIbI, HAIMYMS CITy4aiHbIX
OKCLHEHTPUCUTETOB. Houmepxuaercx, YTO KOHTAKTHBIN CTHIK KOJIOHH MOYKHO pacrionarath Kak B YypOBHE neperumﬁ, TaK U B CEPEANHE KOJIOHHBI. ONHUCHIBAIOTCS YUCIIEHHbIE
HCCIIEIOBaHUsI KOHTAKTHOTO y3J1a ¢ ucronb3oBanreM Femap with NX Nastran npu pa3iMuHbIX SKCLEHTPHCUTETAX JEHCTBUS MPOAOJIBHON cuuibl. TIpencraBieHa KOHCTPYKIHS
BKCHepI/IMeHTaHBHOﬁ YCTaHOBKH U MECTOAHWKA TPOBEACHUS HMCIIBITAHUIN OIMBITHBIX 06pa3u03 JUIA OHEHKHU MPOYHOCTH KOHTAKTHOI'O CTHIKA. HpHBOI[S{TCﬂ TIPEATIOJIOKECHUS O
BO3MOXHBIX OTKJIOHCHUAX @aKTH'{eCKHX PE3yNAbTAaTOB DKCIICPUMEHTA OT TCOPECTUUCCKUX U3-3a HOI‘peLHHOCTeﬁ H3TOTOBJICHUA U MOHTa)Xa. CpaBHeHHe PE3YIBTAaTOB MOACINPOBAHUSA
YCTaHOBKH B paCUY€THOM KOMINICKCE U ITOJTYUCHHBIX OKCIICPUMEHTAJIBHBIX TaHHBIX ITO3BOJIUT IIOATBEPAUTH BO3MOKHOCTD IPUMEHEHH ST KOHTAKTHOI'O CTBIKAa KOJIOHH KBaJIpaTHOI'O CEYCHHUA B
CTaJIbHBIX KapKacaX MHOT'O3TaXHbBIX SZ[aHI/Iﬁ 1 BBIIBUTH YCJIOBHS, IIPU KOTOPBIX KOJIOHHA, COCTOSAIIAsA N3 KOHTAKTHO B3aHMOIleI7[CTBy}O[HHX Apyr ¢ Ipyrom ‘{aCTeﬁ, 6y}1eT pa60TaTI> Kak
eL[I/IHBIﬁ CTEPIKECHbB.

KaioueBble ci10Ba: cTajibHOM Kapkac, BHCLICHTPEHHOEC C)KaTue, HavaJIbHbIH OKCHEHTPHUCUTET, CTBIK KOJIOHH, GBICT‘pOCﬁOpHHf/i y3€J1, KOHTaKTHBIC HAIIPSHKCHUS.
UDC 69.07:624.04 DOI: 10.37538/0039-2383.2025.1.55.64. STUDY OF THE CONTACT JOINT OF COLUMNS IN STEEL FRAMES OF MULTI-STOREY BUILDINGS. AR.
Tusnin, 1.V. Mylnikov, Moscow State University of Civil Engineering (National Research University); e-mail: miv_2499@mail.ru
Abstract. A brief description of prefabricated buildings from lightweight metal structures (LMS) is provided. A steel frame with a typical cell of the accepted size (6,0x6,0x3,0 m) is
considered. The accepted cross sections of columns and beams are described, which taken from these articles by other authors. An overview of the tests of cross-section columns with a joint
without fixing elements, researched in 1949 by the Central Research Institute of Industrial Structures, is given. The bending moments arising in the extreme column of the frame from the
action of wind load, beam fastening, the occurrence of a fictitious transverse force, and the presence of random eccentricities are studied. It is confirmed that the contact joint of the columns
can be located both at the floor level and in the middle of the column. The quick-assembly contact joint of columns is considered. A theoretical study of a joint in Femap with NX Nastran,
which is subject to the maximum permissible load, is described. The diagrams of the test facility in the laboratory are shown, and the procedure for conducting tests is given. Assumptions
are given about possible deviations of the actual experimental results from the theoretical ones due to manufacturing and installation inaccuracies. A comparison of the simulation results of
the installation in the calculation complex and the experimental data obtained will allow us to assert whether it is possible to use the contact joint of square columns in steel frames of multi-
storey buildings. It is important to establish whether a column consisting of parts stacked on top of each other is capable of working as an entire rod.
Keywords: steel frame, off-center compression, initial eccentricity, column joint, quick assembly connection, contact pressure.

B nopsijike 00cysk/1eHus
To the discussion
YK 624.9, 614.838, 614.839 DOI: 10.37538/0039-2383.2025.1.65.75
JI.C. CABUTOB!, 1.1.1., M.A BAKHPOBA?, K.I'. AIYIIKWH®, H.U. POMUH®, k.T. 1., nouent, M.H. BEJISIKOB*, P.M. KAPIIOB® , ‘HUY MI'CY, lIAO «Murep
PAOy, *MunucTepeTBO NPOMBINLIEHHOCTH H Topropan Pecny6ankn Taraperan, ‘HIHAMCK nm.B.A Kyuepenko AO «HULL «CTpPOHTEILCTBOY, °Ypanbeknii denepaibHblii
yHuBepcuTer nMenu nepsoro Ipesuaenta Poceun B.H. Easuuna; e-mail: 79126251270@yandex.ru
PA3PABOTKA KOHCTPYKTUBHO-TEXHOJIOTMYECKUX PEINEHUM IO 3ALIATE OBBbEKTOB SHEPTETHUKH OT ATAK BILJIA...65
Ha ¢oHe NOCTOSHHO yBEINYMBAIOIMXCS TEPPOPUCTHUECKNX aTaK HA OOBEKTBI SHEPIETHKH, B TOM YHCIIE C Hcnonb3oBanueM BILIA, oTMeuaercs: akTyabHOCTb Pa3pabOTKH TEXHUYECKUX
PpeLIeHH I [0 3alUTe JaHHBIX 00bekTOB. ONuCaHbl OTACIbHBIC HeyJauHble mpuMepbl 3aiuTsl oT BIUIA. Ilenb — pa3paboTka KOHCTPYKTHBHO-TEXHOJIOTHYECKUX PELICHHIT 10 3aIiuTe
00bekToB dHepreTuku oT artak BIUTA. Jlenaetcs akieHT Ha pa3paboTKy peLIeHHi, KOTOpbIe 00J1a1al0T BEICOKON TEXHOIOIHUECKOH Ha/IeKHOCTBIO, BHIPAKECHHON BO3MOYKHOCTBIO
Ppa3MeIeHHs 3alUTHOTO COOPYKEHHS B CTECHEHHBIX YCIIOBHSX IPOMBIIUIEHHBIX IUIOMA0K. V3y4eHa CyIecTByoas HOpMaTHBHAs JTUTEPATypa, OTMEUEHa BaXKHOCTb Pa3paboTKu CBOJA
TIPaBMII 110 MIPOSKTHPOBAHHUIO COOPYKEHHIA 3a1uThl. [Ipoanann3upoBaHbl aHAJIOTUYHBIC HEJIABHO BO3BEICHHBIC 3aIUTHBIC COOPY)KEHHS, OTMEYEHBI HX JOCTOMHCTBA M HEJOCTaTKH, MPHHST
BO BHHMAaHHE OMBIT 00CIIeI0BaHMS y)Ke MOIBEPIIINXCs aTake coopyxeHuit. [IpenBapurenbHbie pacyeThl H OlleHKa HalpsHKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS KOHCTPYKIINH
BBITIOJTHSUTMCH B IPOrpaMMHOM KoMIuiekce ceMeiicTBa JIMPA. Pa3paboTana nuHelika TeXHUUECKUX PelIeHuH 110 3amuTte 00bekToB oT atak BITIA. Pemenus paspaboransl 171 00beKTOB
PpasIMYHON KOH(Urypamyu: IPSIMOYTOJIBHOM, TPEYToJIbHOM (OPMBI U GIIM3KOI K OKpyXHOCTH. KiTloueBoit KOHCTPYKTHBHO-TEXHOJIOTHYECKOH 0COOEHHOCTBIO PEeIIeH it
SBIISIETCS] 0OecedeHne Hecylel CrtocOOHOCTH, TPOCTPAHCTBEHHON YCTOHUMBOCTH U ’KECTKOCTH 6€3 MCTIONB30BAHUS OTTSKEK OIIOp, 4TO JIeNaeT pa3paboTaHHbIe pelIeH:s] KOMITAKTHBIMU U
CTTOCOOHBIMH Pa3MeIaThCsl B CTECHEHHBIX YCIOBHAX CYIIECTBYIONIMX MPOMBIIIICHHBIX TToma oK. Ha Bce pa3paboTaHHbIe 3aIIUTHBIE COOpYKEeHHsT 0OPMIICHBI 3asBKH Ha BBIIAUy
MaTeHTOB Ha U300peTeHus. PaspaboTanbl KOHCTPYKTHBHO-TEXHOIOTHYECKHE PEIIEHHUS 110 3amuTe 00bekToB oT arak BIIJIA. OTMeuaercs, 4To nocieayonue UCCIIe10BaH|s MOTYT ObITh
HAIpPaBIEHbI HA JAJIbHEHIYI0 IeTalbHyI0 NPOopaboTKy pa3pabOTaHHbBIX PEIICHHH, B TOM YMCIIe KOHCTPYHPOBAHHE OCHOBHBIX Y3JI0B CONPSDKEHHS, @ TAKXKE Ha POBEJCHUE HATYPHBIX
HCHBITAaHUH Pa3pabOTaHHBIX 3aIUTHBIX COOPYKEHUH 171 HOATBEPIKICHUS X HECYIeil CHOCOOHOCTH.

KiroueBble cj10Ba: 3alUTHBIC COOpYKeHHs, 3amuTa oT BITJIA, 00beKThI SHEPreTHKH, CTECHEHHBIE YCIIOBHS, pelIeTyaTast OIopa, 3aluTHas CeTKa, CHIIOBOII TPOC.
UDC 624.9, 614.838, 614.839 DOI: 10.37538/0039-2383.2025.1.65.75. Development of engineering solutions to protect energy facilities from UAV attacks. L.S.Sabitov?,
M.A Zakirova?, K.G.Adushkin®, N.I.Fomin®, M.1.Vedyakov#, R.M.Karpov?, *Moscow State University of Civil Engineering, 2PJSC Inter RAO, 3Ministry of Industry and Trade of the




Republic of Tatarstan, JSC Research Center of Construction, SUral Federal University named after the first President of Russia B.N. Yeltsin; e-mail: 79126251270@yandex.ru
Abstract. With the constant increase of terrorist attacks on power engineering facilities, including those using UAVs, the article notes the urgency of developing technical solutions to
protect these facilities. The article describes individual unsuccessful examples of protection against UAVs. The goal is development of constructive and technological solutions to protect
energy facilities from UAV attacks. The emphasis is placed on the development of solutions with high technological reliability, expressed by the possibility of placing a protective structure
in the confined nature of industrial sites. The existing regulatory literature has been studied, the importance of developing a set of rules for the design of protective structures is noted.
Similar recently constructed protective structures have been analyzed, their advantages and disadvantages have been noted, and the experience of investigated structures that have already
been attacked has been taken into account. Preliminary calculations and evaluation of the stress-strain state of structures were performed in the software package of the LIRA family. A
range of technical solutions has been developed to protect objects from UAV attacks. The solutions are designed for objects of various configurations: rectangular, triangular and those close
to a circle. The key engineering feature of the solutions is ensuring load-bearing capacity, spatial stability and rigidity without using support rods, making the developed solutions compact
and capable of being placed in the confined nature of existing industrial sites. Applications for patents for inventions have been submitted for all the developed protective

structures. Engineering solutions have been developed to protect objects from UAV attacks. The article suggests that subsequent studies may be aimed at further detailed elaboration of the
developed solutions, including the design of the main conjugation joints, as well as conducting field tests of the developed protective structures to confirm their bearing capacity.
Keywords: protective structures, defense against UAVs, power engineering facilities, confined nature, lattice support, protective net, power cable.
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YucneHHble PacuCThI
Numerical calculations
YK 69.04 DOI: 10.37538/0039-2383.2025.2.2.8
B.IL. ATATIOB!, 1.1.1., A.C. MAPKOBUY'2, a.1.1., E.A. JAPUOHOB? , 1.1.1. 'Poccuiickuii ynusepcuter apy#6bi napoaos um.Iatpuca JTymymon1, 2Hauuonassublii
uccaenoBaTebeknii MoCKOBCKHIl rocy1apcTBeHHbII CTpONTeIbHbI yHUBepeuTeT; e-mail: markovich-as@rudn.ru
Metoauka pacyeTa apMUPOBAHMSI 5KeJ1€300€TOHHBIX ILIHT METOJ0M KOHEUHBIX 3JIeMEHTOB ¢ AHAJIN30M (PAKTHYECKOIi IPOYHOCTH...2
B craTbe onucana Merouka noaoopa apMUPOBaHHS M pacyeTa HeCyIlel ClIoCOOHOCTH yKele300eTOHHBIX TUIHT, peain3oBaHHas B iporpamme [IPUHC. Pacuer ocymiectBisiercs B
COOTBETCTBHH C HOPMaTUBHBIMH JJOKYMEHTAMMU I10 PEACIIBHBIM COCTOAHUAM nepBoﬁ u BTOpOﬁ TpynIibl B Ba JTaria. Ha TIEPBOM ITarl€ MPOBOJAUT CA JIMHEHHBINA CTaTUYECKUI pacuet
KOHCTPYKIMHU Oe3 ydeTa apMUpPOBaHMs, B X0/I¢ KOTOPOT'O ONPENeISIFOTCS BHYTPEHHUE YCHIIMS U TpedyeMas IUIoma b apMaTypsl. Ha BTOpoM 3Tare BBIIONHSICTCS HEMHEHHBIN CTaTHYeCKHi
pacyeT ¢ 3aJlaHHBIMHU MMapaMeTpaMH apMUPOBaHHKsA, B XOA€ KOTOPOT'O IIPOU3BOAUTCA OLICHKA MMPUHATOI0 Ha IIEPBOM 3TaIl€ KOJIMYECTBA apMaTyphbl B DJIECMEHTaX KOHCTPYKIIHUH 110 KPUTECPUAM
IIPOYHOCTH U IlecbopMaTI/lBHOCTH U TIpA HCO6XOL[]/IMOCTI/I OCYILICCTBIIACTCA €€ KOPPECKIHSL. HpI/IBCI(BHHLIC B HOPMATHUBHBIX TOKYMCHTaxX (1)OpMyJ'[I>I JUIA OIPEACIICHUSA T‘pCGyCMOFO KOJIMYCCTBa
apMaTypel B )KSJ'[C3066TOHHHX KOHCTPYKIHUAX SIBJISIOTCS HpH6J’[H3HTCJ’[LHI>IMI/I, HO 3a CHUCT UCIIOJIB30BaHUS MPUBCACHHBIX IIPOYHOCTHBIX XapaKTCPUCTHK MAaTCPHAJIOB 1 Pa3IIMIHBIX
OMITUPUICCKHUX TTOIMPABOYHBIX KO3(1)¢)I/ILIH€HTOB TIOCJIICOHUC 06GCHC‘{HBaIOT IIOCTaTO‘-[HI:Iﬁ 3arac nNpoOYHOCTH. OZ[HaKO q)aKTI/I‘-IecKI/Iﬁ KOE)(i)(i)HLII/IeHT 3araca MpOYHOCTH KOHCTPYKIIMH OCTACTCA
HEONIPECACIICHHBIM. Tem cambiM B HEKOTOPBIX ClIydasx ITOJIydC€HHas 10 pEKOMEHAAINAM CTPOUTEIBHBIX HOPM IUIOIIaAb apMHUPOBAHUS MOXKET 6LITI> HC[[OCTaTO‘-IHOﬁ, a B IPYrux ciryvdasx —
I/I36£ITO‘-IHOﬁ. MeTOIlI/IKa pacucTta apMHUPOBaHUSA JKe1e300€TOHHBIX KOHCprKLIHﬁ, H3JI0KCHHAA B I[aHHOﬁ CTaThe, MMOCBANICHA YCTPAHCHUIO 3TOI0 HEAOCTAaTKa. B pa60Te TIPUBOIUTCA
METOMKa pacueTa apMUPOBaHUA ’K€eJ1e300€ TOHHBIX TUTUT IO PEKOMEHAANUAM CTPOUTEIIBHBIX HOPM C ITOCIICAYIOIINM OIIPEACIICHUEM PEAJIbHOTO 3arraca IpOYHOCTH KOHCTPYKIINH 1
KOpPEKIHel KOIn4ecTBa apMaTypsl (Ipu Heooxoaumocth). [IprBeieH TecToBBIH mpuMep o00pa apMHPOBAHHUS M pacueTa HEeCyIe CiocOOHOCTH KelIe300eTOHHON TUTHTHI 10
npepraracMomMy METoay. Breruucnurenshbiii komiuieke [IPUHC moxer GLITL Sq)q)ekTI/IBHO HCIOJIB30BaH HHXCHEPAMH IIPOCKTHBIX U HAYIHBIX opraHmaum‘«'l JUIA pCIICHUSA HHKCHCPHBIX
3aj1a4, CBA3aHHBIX C PACUECTOM JKEJIe300€TOHHBIX KOHCTPYKIIHH.

KiioueBble cj10Ba: METO/I KOHEUHBIX YJIEMEHTOB, BhIuHcIUTebHbI Komuieke [IPUHC, crpouTenbHble KOHCTPYKIIMH, JKEIe300€TOHHBIE IITUTHI, (U3HIeCcKasi HEIMHEHHOCTb, IPOYHOCTD,
MeXaHHKa 1e(OopMUPYeMBIX Tell.
UDC 69.04 DOI: 10.37538/0039-2383.2025.2.2.8. Methodology for calculating the reinforcement of reinforced concrete slabs using the finite element method with fracture
analysis. V.P. Agapov! , A.S. Markovich'?, E.A. Larionov* , Peoples’ Friendship University of Russia (RUDN University), 2National Research Moscow State University of Civil
Engineering; e-mail: markovich-as@rudn.ru.
Abstract. The article describes a methodology for selecting reinforcement and calculating the load-bearing capacity of reinforced concrete slabs, implemented in the PRINS computing
complex. The calculation is carried out in accordance with the Russian standard for limit states of the first and second groups in two stages. At the first stage, a linear static calculation of the
structure without reinforcement is carried out, during which the internal forces and the required reinforcement area are determined. At the second stage, a nonlinear static calculation is
performed with given reinforcement parameters, during which the accepted amount of reinforcement in structural elements is analyzed according to the criteria of strength and
deformability. If necessary, it is corrected. Relevance. The formulas given in the reinforced concrete standards for determining the required amount of reinforcement in reinforced concrete
structures are approximate, but through the use of the given strength characteristics of the materials and various correction factors, they provide a sufficient margin of safety. However, the
actual safety factor of the structure remains uncertain. Target. The article provides a method for calculating the reinforcement of reinforced concrete slabs according to the recommendations
of concrete standards, determining the real safety margin of the structure and adjusting the amount of reinforcement (if necessary). Results. A test example is given for calculating
reinforcement and analyzing the bearing capacity of a reinforced concrete slab using the proposed method. Conclusions. The PRINS computing complex can be effectively used by
engineers of design and scientific organizations to solve engineering problems related to the calculation of reinforced concrete structures
Keywords: finite element method, PRINS computing complex, building structures, reinforced concrete slabs, physical nonlinearity, strength, mechanics of deformable bodies.

Henuneiinble pacyeTsl
Nonlinear calculations

VK 517.972.5+624.04+624.07 DOI: 10.37538/0039-2383.2025.2.9.16
EPMAKOBA A.B., k.T.H., 1oueHT ®I'AOY BO «lO:kH0-Ypanbckuii rocynapersennsiii yausepeuter (HAY)»; e-mail: annaolgall@gmail.com
BCIIOMOTATEJBbHBINA KPUTEPUIA CXOJAUMOCTHU UTEPAIIMOHHOI'O ITPOLIECCA METO/IA JIONIOJTHUATEJIBHBIX KOHEUHBIX 3JIEMEHTOB...9
B crarbe TIPETIOKEH BCIIOMOTaTeIbHBIN Kp]/ITepI/Iﬁ CXOOUMOCTH UTEPALTMOHHOI'O IIPOIecca, IIPUMEHAEMOr0 Il pCIICHUS OCHOBHOM CHCTEMBI ypaBHeHnﬁ METOJ1a TOTTOJTHUTECIIBHBIX
KOHEeuHBIX d5eMeHToB (MJIKD). DToT BapnaHT MeTo/1a KOHEUHbIX 21eMenToB (MKD) 6b11 paspaboran st pacuera N-HeIMHEHHBIX CHCTEM, PaOOTAIOMINX B YCIOBHUSX IIOCTENIEHHOTO POCTa
npnnaraeMoﬁ Harpys3ku 1 4uciia IposBIIIEMbIX (bl/BI/l‘{GCKH HEJTMHEWHBIX CBOMCTB IO MEPE TOCTHIKEHUS MPEACIIBHOIO COCTOSTHUS. I/ITepaHI/IOHHHﬁ Tporecc MI[K:) Hapsanay ¢
TPaZuIUOHHBIM KPUTECPUEM CXOAUMOCTH HYKIACTCSA U BO BCIIOMOIaTCJIbHOM KPUTECPHUH. HeO6XO}Z[I/IMOCTI> 9TOIro 06ycnosnena BBCJICHUCM TaKHX 0COOEHHOCTENH MaTEMAaTHYECKOTO
anroputma MJIKD, kak 10onmoMHUTENbHbII KOHEUHbIH dnemenT (JIKD), nononnurensHas pacuerHas cxema (JIPC) n nneansnas mozens paspymennst (MMP). BeriomorarensHelit kpurepuii
CXOANMOCTH YMEHBIIACT BO3MOXXHOCTB ITOABJICHUS PACXOAAIICTOCS UTEPALTMOHHOT'O ITpoIecca Npu peIeHun KJIFOYEBOM CHCTEMBI JIMHEHHBIX anre6panqecr<nx ypaBHeHHﬁ.

KioueBble ¢j10Ba: BCIIOMOTaTeIbHBIN KpHTepI/lﬁ CXOAUMOCTH, CHCTCMa ypaBHeHHﬁ, METOJ JOIMOJHUTCIIBHBIX KOHCUYHBIX 2JICMCHTOB, MCTOL KOHCYHBIX 3JICMCHTOB, Z[OHOHHHTGHBHBIﬁ
KOHCYHBIN DJIEMEHT, JOMOJHUTEIbHASA paCU€THAA CXEMa, HcajibHas MOACIIb Pa3pyLICHUS, IIPEACTIBHOE COCTOSHHUE.
UDC 517.972.5+624.04+624.07 DOI: 10.37538/0039-2383.2025.2.9.16. SUBSIDIARY CONVERGENCE CRITERION FOR ITERATIVE PROCESS OF ADDITIONAL FINITE
ELEMENT ME. A.V. Ermakova, Federal State Autonomous Educational Institution of Higher Education “South Ural State University (national research university)”; e-mail:
annaolgall@gmail.com.
Abstract. The paper presents the subsidiary convergence criterion for iterative process of Additional Finite Element Method (AFEM). This variant of Finite Element Method (FEM) was
created for analysis of N-nonlinear systems when applied load and number of their physical nonlinear properties are increased due to way to limit state. AFEM iterative process needs not
only traditional but also subsidiary convergence criterion. The necessity is stipulated such singularities of AFEM mathematical algorithm as additional finite element (AFE), additional
design diagram (ADD) and ideal failure model (IFM). The subsidiary convergence criterion decreases the possibility of appearance of non convergence iterative process for solving the key
set of linear algebraic equations.
Keywords: subsidiary convergence criterion, set of equations, additional finite element method, finite element method, additional finite element, additional design diagram, ideal failure
model, limit state.

Pacuersl Ha VCTOﬁQMBOCTL
Stability calculations
YK 539.3 DOI: 10.37538/0039-2383.2025.2.17.32
WU.E. MAJIBITUHA, k.T. 1., [.A. MAHYIWIOB, k.1.1., nouent PYT (MHMT); e-mail: malygina_i.e@mail.ru
KJACCUOUKALMS HEJTUHENHBIX PEIIEHUM 3AJIAYA YCTOMUYUBOCTH MOJAKPEIVIEHHBIX IVIACTHH C YYETOM B3AUMOJENCTBUS JIBYX ®OPM
MNOTEPH YCTOMYMBOCTH U BIIUSIHUSI HAYAJIbHBIX HECOBEPIIEHCTB (UACTh BTOPASI)...17
B nacrosieii cratbe pa3paboTaH alNropuT™ peLIeHUs HETMHEHHBIX YPABHEHNH PABHOBECHUSI H BHIBE/ICHBI BBIPAXKEHUSI JULSl ONPEICNICHHsI HATPY30K M NepeMEIeHHiT B Toukax Oudypkanun u
NPEACTIbHBIX TOYKaX. BnepBue TIPEICTaBIICHBI l'IO,Hp06HbIC JAarpamMmbl paBHOBECHBIX COCTOSTHUI JJI1 3a1a4 yCTOﬁ‘{HBOCTH TIOAKPEIUICHHBIX IIJIACTUH, BKIIIOYAs IJIACTUHBI C ABYKPATHBIMU
KPUTUYECKMMHU HArpy3KaMu.

KiroueBble cj10Ba: MOAKPEIJICHHAS [UIACTUHA, {MarpaMMa PaBHOBECHBIX COCTOSIHMIL, TouKa Oudypkanuu, npeaeabpHas Touka, yCTOHIHBOCTh PaBHOBECH:, MaTpuia I'ecce.
UDC 539.3 DOI: 10.37538/0039-2383.2025.2.17.32. CLASSIFICATION OF NONLINEAR SOLUTIONS OF THE STABILITY PROBLEM OF STIFFENED PLATES TA KING
INTO ACCOUNT THE INTERACTION OF TWO FORMS OF STABILITY LOSS AND THE INFLUENCE OF INITIAL IMPERFECTIONS (PART TWO). |.E. Malygina,
G.A. Manuilov, Russian university of transport (MIIT); e-mail: malygina_i.e@mail.ru.
Abstract. This paper develops an algorithm for solving nonlinear equilibrium equations and derives expressions for determining loads and displacements at bifurcation and limit points. For
the first time, detailed equilibrium diagrams for stability problems of reinforced plates, including plates with twofold critical loads, are presented.
Keywords: stiffened plate, equilibrium state diagram, bifurcation point, limit point, equilibrium stability, Hesse matrix.




ﬂHHaMHLIECKI/Ie pacyYeThI
Dynamic calculations
VYK 624.072.2/7:624.042.7.001.5 DOI: 10.37538/0039-2383.2025.2.33.42
O.I'. KYMIISIK, a.1.1., 3.P. TAJITYTIUHOB, a.1.1., I.P. TAJISIYTAAHOB, k.T.H. ToMcKuii rocyiapcTBeHHbI ApXHTEKTYPHO-CTPOUTEIbHbII yHHBepcuTeT; e-mail:
DaudG@yandex.ru
Ouemca BJIUAHHA pacnopa B IVIAaCTHYECKH ued)opMﬂpyeMbe JKeJIe300e TOHHBIX 0ajIKax Ha MOJAAT/IMBBIX ONOpPax NPpH KPATKOBPEMEHHOM THHAMHYECCKOM Harpymennn...SS
TIpoexTHpoBaHNe HECYIMX KOHCTPYKIHII 3aIIUTHBIX COOPY)KEHHI IPaXKTaHCKOH 000POHBI OCYIIECTBISICTCS C BO3MOXKHOCTBIO Ie(hOPMHPOBAHNUS B INIACTUYECKON CTAUU [IPH
HWHTCHCUBHOM JHHAMHWYCCKOM Harpy>KCHUH. OL[HI/[M us3 CHOCOGOB AKTHBHOU 3alIUTHI ABJIICTCS IIPUMEHCHHUEC ITOAATINBBIX OIIOP, ITO3BOJIAIOIINX B CyLHCCTBCHHOf[ CTCIICHU CHU3UTH
KO3CIJCIJI/IIH/ICHT JAUHAMUYIHOCTH, B YaCTHOCTH, YCHIINSA U IICPEMCIICHUS HECYIIUX 3JIEMCHTOB IIPU KPATKOBPEMEHHOM IUHAMHUYCCKOM HArpy>XCHUH. OI[HE[KO Ipu JTMHaAMHUYICCKOM
L[C(i)OpMP[pOBaHP[P[, BCJICACTBUC OIPaHUYICHUSA T'OPU3OHTAIIBHOTO CMCIIICHUST KOHCprI(HHf[, BO3HHKACT pacIiop, KOTOpLIf[ NPUBOJUT K 3HAYUTCIIBHOMY YBCINICHUIO HCCyH.ICﬁ CHOCOGHOCTH
u3rnbaeMbIX 5JEMEHTOB. B paﬁoTe PacCMOTPEHO HAJIMINE PCAKIIUU pacIiopa Ha U3MCHCHHUC KO3CI)¢)I/IIH/[6HTH JAUHAMHUYHOCTH yIPYTOINTACTUICCKUX )I(€H€306€TOHHBIX 68.!'101( Ha MoaaTJINBBIX
oropax. Brnusiaue pacmopa Ha pa60Ty KOHCpr](I_II/Iﬁ C BCpTP[KaJ'ILHOf[ NOJAaTIMBOCTHIO IIPH KPATKOBPEMCHHOM JUHAMHYCCKOM HAIrpy>XCHUH aHAITU3UPOBAJIOCH HA OCHOBAHUH YHCIICHHO-
TCOPETUYCCKUX uccienoBanuii. 1o pe3ysibTaTaM TEOPETHICCKUX HCCIIeIOBaHUI pa3pa60TaH AJITOPUTM JUHAMHUYECKOI'o pacyera JKeJIe300€TOHHBIX 0AJI0K C pacriopomM Ha NOAATIUBBIX
OIopax, Ha OCHOBaHHWH KOTOPOTI'O BBIIOJIHEHA YUCJICHHAsA OLICHKA YIIPYTOMJIaCTUYCCKUX KOHCprKHI/Iﬁ C pacriopoM Nnpu pas3jIu4yHbIX YCIOBUAX aeﬁbopanosaI—mx IONaTJIMBBIX OIIOP.
Pacueramu TIOKa3aHOo, YTO YUYET pCaKIMU pacriopa st 0aJIoK Ha TOAATJIMBBIX OIOpax BHE 3aBUCUMOCTH OT CTaAUH ue(bopMupOBaHm TMOCJICAHUX MPU KPATKOBPEMEHHOM JTMHAMHUYECCKOM
Harpy>X€HHH I1O3BOJIACT CHU3UTH KO3(1)(1)I/ILIPI€HT JVAHAMUYHOCTH KOHCTPYKIIAH, a TAKXKE paCIIMPUTH 06J‘IaCTL, B IIpeaeiiax KOTOpOﬁ HaGn}onaeTcx CHHUKCHHE KO3(1)(1)I/ILH/ICHT& JUHAMHYHOCTH
KOHCTPYKIIMM OTHOCHTEIBHO KOHCTPYKIMH 6e3 pacropa. Pabora BeimoiHeHa npy OIEpKKe roc3aianusi MUHHCTEpCTBa HAayKH M Bbiciiero oopasoBanust PO FEMN-2022-0004.
KioueBble ciioBa: KpaTKOBpPEMEHHAas JUHaMHUYECKas Harpy3Ka, ypaBHCHUE NBUKCHUA, KO3(1)(1)I/ILII/[€HT JUHAMUYHOCTH, ITOAaT/IMBas ornopa, pacrop, (byHKIII/U{ JAHAMHW4YHOCTH,
JKeNe300eTOHHAs yIIpyroIiacTHaecKkas oaska.
UDC 624.072.2/7:624.042.7.001.5 DOI: 10.37538/0039-2383.2025.2.33.42. Assessment of the influence of thrust in plastically deformable reinforced concrete beams on yielding
supports under short-term dynamic loading. O.G. Kumpyak, Z.R. Galyautdinov, D.R. Galyautdinov, Tomsk State University of Architecture and Building; e-mail: DaudG@yandex.ru.
Abstract. The design of load-bearing structures of civil defense protective structures is carried out with the possibility of deformation in the plastic stage under intense dynamic loading.
One of the methods of active protection is the use of pliable supports, which make it possible to significantly reduce the coefficient of dynamism, in particular the force and movement of
load-bearing elements under short-term dynamic loading. However, during dynamic deformation, due to the limitation of horizontal displacement of structures, thrust occurs, which leads to
a significant increase in the load-bearing capacity of the bending elements. The work examines the presence of a thrust response to a change in the dynamism coefficient of elastoplastic
reinforced concrete beams on yielding supports. The influence of thrust on the performance of structures with vertical compliance under short-term dynamic loading was analyzed on the
basis of numerical and theoretical studies. Based on the results of theoretical studies, an algorithm was developed for the dynamic calculation of reinforced concrete beams with thrust on
yielding supports, on the basis of which a numerical assessment of elastoplastic structures with thrust was carried out under various conditions of deformation of yielding supports.
Calculations have shown that taking into account the thrust reaction for beams on yielding supports, regardless of the stage of deformation of the latter under short-term dynamic loading,
makes it possible to reduce the dynamic coefficient of the structure, as well as expand the area within which a decrease in the dynamic coefficient of the structure is observed relative to
structures without thrust.
Keywords: short-term dynamic load, equation motion, dynamic coefficient, yielding support, thrust, dynamic function, elastic-plastic reinforced concrete beam.
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VK 691-417.2 DOI: 10.37538/0039-2383.2025.2.43.47
W.H. BEISAKOB! , n.1.1., npodeccop, O.E. HOBOTPYICKHI? , k.1.1u. 'IIHUACK um.B.A.Kyuepenko HUII «CTponTesnetBoy, 2000 «Moayn-TIpoexT»; e-mail:
onovogrudskiy@mail.ru
JONMMYCTUMAS HATPY3KA HA Z[BYXHPOJIETHBIﬂ CTAJIbHOM MPO®JIUCT 11O HPEJABIAYIIUM U ,Z[EﬂCTBYIO]J.[I/IM HOPMAM.. 43
B cratee paccMaTpuBacTCA OAOITYCTUMAsA Harpyska Io npeabIIyinuM 1 HeﬁcTBy}OLHHM HOpMaM Ha JABYXIIPOJICTHBIC HpO(i]J'[I/ICTLI, KOTOPBIC ITUPOKO IMIPUMEHAIOTCS B 6€CHp0FOHHI>IX
TTOKPBITUAX 3HaHHﬁ. HpI/I OTOM YYHUTBIBACTCS q)aKT, SaKHIOqa}OH_[HfICﬂ B ITOJIOJKUTCIIBHOM OIIBITE IIPUMEHCHUS ABYXIIPOJICTHBIX HpO(lJHI/ICTOB C HOHyCTHMOﬁ Har‘pysfcoﬁ 110 NIPEABIAYIITNM
HOpMaM. yCTaHOBHCHO, YTO DOITyCTHMas Harpy3kKa Ha ABYXIIPOJICTHBIC HpO(i]J'lHCTBI mo Z[CﬁCTByIOHlHM HOpMaM Bceraa 6y/:[eT MCEHBIIEC, YEM I10 ITPE ABIAYIIIUM HOpMaM. IT0 00CTOATETHCTBO
IIPUBEICT K HCOMIPAaBAaHHOMY YBECINYCHHUIO TOJIIWHBI ABYXITPOJICTHBIX l'lp()q)J'[I/ICTOB TIIpU IIPOCKTUPOBAHUHU I10 Z[CﬁCTByIOHlHM HOpMaM U BBI3OBET HOHOHHHTCHLHHﬁ HCO]’[paBZ[aHHHﬁ
pacxoz cTany Ha GeCrpOroHHbIe IOKPHITHS 34aHni. CiesiaH BBIBOJ 0 HEOOXOANMOCTH BBIIOJIHEHHS PaOOT 10 YTOYHEHHIO JOIIyCTUMOI Harpy3Ky Ha ABYXIIPOJIETHBIC IPOIIHCTHI C
1oceayomel KOppeKTHPOBKOH JEHCTBYIOIMX HOPM.

KinoueBble cj10Ba: 101MycTUMAst HATPY3Ka, JIBYXIIPOJICTHBIN HPOQIUCT, IPEABLLYIHE HOPMBI, ACHCTBYIOIINE HOPMBIL.
UDC 691-417.2 DOI: 10.37538/0039-2383.2025.2.43.47. PERMISSIBLE LOAD ON A TWO-SPAN STEEL TRAPEZOIDAL SHEET ACCORDING TO PREVIOUS AND
CURRENT STANDARDS. I.I. Vedyakov! , O.E. Novogrudsky? 1, TSNIISK named after V.A. Koucherenko JSC Research Center of Construction, 2Modul-Project LLC; e-mail:
onovogrudskiy@mail.ru.
Abstract. The article discusses the permissible load according to previous and current standards on two-span trapezoidal sheets, which are widely used in non-slip coatings of buildings.
This takes into account the fact that there is a positive experience in using two-span trapezoidal sheets with a permissible load according to previous standards. It has been established that
the permissible load on double-span trapezoidal sheets according to current standards will always be less than according to previous standards. This circumstance will lead to an unjustified
increase in the thickness of double-span trapezoidal sheets when designing according to current standards and will cause additional unjustified consumption of steel for non-slip coatings of
buildings. It is concluded that it is necessary to carry out work to clarify the permissible load on two-span trapezoidal sheets, followed by an adjustment of the current standards.
Keywords: permissible load, two-span trapezoidal sheet, previous standards, current standards.

VK 69.001.5 DOI: 10.37538/0039-2383.2025.2.48.53
M.O. [TABJIOBA!, k.1.1., 10.®. MAHYEHKO?, k.1.1., nouent, A.A. BAPAHOBCKHI*, A YO. TO30POBA® 'INHUMUCK nm.B.A. Kyuepenko AO «HHUILL «CTpoHTeIbCTBOY;
e-mail: mp1552@mail.ru, 2Gr’BOY BO «TioMeHcKHii HHAYCTPHATLHBII yHHBepcHTeT», *000 «B3KI» 4 000 «BpaepcTpoii»
3ABUCHUMOCTH ITIPOYHOCTH KJIAJOYHBIX CTEHOBBIX U3JIEJTAMA OT BBICOTHI, TYCTOTHOCTH U IVIOIUAEA HATPYKAEMBIX IOBEPXHOCTEM
HNCHBITBIBAEMbBIX OBPA3IIOB...48
B nanHoIi cTaThe paccMOTpeH (aKToOp BIMSHUS TEOMETPHIECKUX Pa3MepoB (LLMPHHA, JUIMHA, BBICOTA) HA IPOYHOCTh MCIIBITBIBAEMBIX 00PA3I0B KIaA0YHbIX CTEHOBBIX N3Nl
OtmeuaeTcst HeOOX0MMOCTh KOPPEKTUPOBKH Tabutuibl KoddduuneHto Gopmsl, npuseneHHoi B EN 772-1. TpeOyeTcs y4er pa3MepoB HCIIBITBIBAEMbIX 00pa310B IPH ONPEIeICHUH HX
MPOYHOCTH, & TAKIKE IMMYCTOTHOCTH KJIaJOYHBIX muennﬁ 1 MaTepualia, u3 KOTOpOro OHA U3roTOBJICHBI. HpOBeLleH]:I OKCIIEPUMEHTAJIbHBIC UCCIIENOBAHUS U CpaBHI/ITCHbHHﬁ aHaJm3
poccuiickux U 3apyoexHbIx HopM. ITo pe3ysbTaTtam HPOBEACHHbBIX HCCICA0BAHHI CHIYKEH MOBBILIAMOIMN KO()GUIMEHT pU Onpe/ieNeHnH IPOYHOCTH YTOJIIEHHOro Kupiuya, a B CIT
15.13330 BBezeH noBbIIatOMNi KO3GQUIHEHT IPH ONpeeIeHNH POYHOCTH KiIaaku. OTMedaeTcs, 4To HCHOb30BaHUe Kod(dHIeHTOB (HOpMBI, TpUBEeHHBIX B Tabnuue EN 772-1,
HeobocHOBaHHO. Tpebyercst pa3paboTaTh crennaIbHble TabInIb! yueTa GOpMBI, TyCTOTHOCTH M MAaTEpPHIIA KJIaJ04HOTO U3EIHSL.

KimoueBsbie c1oBa: Kiiaj0uHoe uszaenue, kodduuneHt Gopmbl, FreOMETpUUECKHE TapaMeTphl, TyCTOTHOCT.
UDC 69.001.5 DOI: 10.37538/0039-2383.2025.2.48.53. THE DEPENDENCE OF THE STRENGTH OF MASONRY WALL PRODUCTS ON THE HEIGHT, VOIDNESS AND
AREAS OF THE LOADED SURFACES OF THE TESTED SAMPLES. M.O. Pavlova' , Yu.F. Panchenko?3, A.A. Baranovsky* , A.Y. Dozorova® , 'TSNIISK named after
V.A.Koucherenko JSC Research Center of Construction, 2Industrial University of Tyumen, 3VZKG LLC, “Braerstroy LLC; e-mail: mp1552@mail.ru.
This article considers the influence of geometric dimensions (width, length, height) on the strength of the tested samples of masonry wall products. It is noted that it is necessary to adjust
the coefficient table of the form given in EN 772-1. It is necessary to take into account the dimensions of the tested samples when determining their strength, as well as the voidness of
masonry products and the material from which they are made. Experimental studies and comparative analysis of Russian and foreign standards have been conducted. According to the
results of the conducted research, the increasing coefficient has been reduced in determining the strength of thickened bricks, and in SP 15.13330, an increasing coefficient has been
introduced in determining the strength of masonry. It is noted that the use of the shape coefficients given in the EN 772-1 table is unjustified. It is required to develop special tables for
accounting for the shape, voidness and material of the masonry product.
Keywords: masonry product, shape coefficient, geometric parameters, voidness.

3KC1’IC| DUMCHTAJIbHBIC MCCJICIOBAHUS

Experimental studies
VY]IK 624.016 DOI: 10.37538/0039-2383.2025.2.54.63

A.JI. DPEOKTHCTOB ITAO «Ceepcraiby»; e-mail: al.feoktistov@severstal.com
AHAJIN3 PE3YJIbTATOB MEX/IYHAPO/JHBIX I/ICC.JIE,I[OBAHI/IFI CTEPXXHEMN YIIOPOB W3 APMATYPBI B KOMBUHNPOBAHHBIX BAJIKAX...54
B CTaTb€ JaHa KpaTKas KIIaCCH(l)HKaHI/IH KOM6I/IHHp0BaHHHX 63]’[0](, TIPUMEHSACMBIX B «TICPEKPBITHAX MaJ'lOﬁ BBICOTBD). B Ka4yecTBe 06’56](’1‘3 HCCJICIOBAHUSA BLI6paHLI 6am<n CO CTCPIKHAMH -
yrnopamu U3 apMaTypel, HpOl’lyU.[eHHOﬁ YE€pE3 CTCHKU CTAITBHBIX l'lpO(bPU'leﬁ. )IaHO OIIMCAaHUEC MEXaHHUKH paﬁOTLI TPOTUBOCABUIOBOI'0 COCTUHCHM S, KOTOPYIO ONPEACIIAIOT: TPEXOCHOE CIKATHE
6eTOHa BHYTPH OTBEPCTHS, pa60Ta apMaTyphbl KaK Harejid 1 Tp€HUE, BOSHUKAIOIIEEC 110 KOHTaKTy CTaJ'[B-ﬁeTOH‘ I/I3yqu OIIBIT HCHBITaHHﬁ 06pa3u0B Ha CABUI B .HIOKCeM6ypI‘e, KnTae,
Benmkobpuranun. [IponeMoHcTprpOBaHb! TpH GOPMYJIBI, COOTBETCTBYIONIHE KaXKJOMY UCCIIEI0BaHHIO. B pe3yibTare COmocTaBUTEIFHOTO CPABHEHHSI PE3YIIbTaTOB PACUETOB 110
NPEIOKEHHBIM (hopMyIaM HaiieHa Koppensius MeToauk u3 Kuras n BennkoOpuranun. O0nacThio NPUMEHEHUS COSAUHEHUS MOTYT CITY’KMTb HEPEKPBITUS KUIIBIX, OOILECTBEHHBIX U
MPOU3BOJCTBEHHBIX 31aHUI. B KauecTBe mprMepa IpoIeMOHCTPUPOBAHBI MATEPHAIIBI U3 IPOEKTA JKHUIIOTO 31aHHS C UCTIOIB30BaHHEM KOMOHHUPOBAHHBIX 0AJIOK C HOBBIM BHIOM yIIOpOB. B
3aKJIFOYEHUH TTPOBEICHHOT0 aHan3a CHOPMUPOBAHBI IPEATIOKEHHUSI 110 MPOIODKEHHIO HCCIeI0BaHIH KOMOHHIPOBAHHEIX 0AJIOK CO CTEPIKHAMU-YIOPAMH U3 apMaTyphbl IyTeM U3y4CHHUS HX
PadOThI IPU HATMYHU COBMECTHOTO JACHCTBHS MPOJOIBHBIX CHII M M3rHOAIOIIMX MOMEHTOB, a TAKXKE IIPU HAIMYUU BUOPALIMOHHOTO BO3ACHCTBUS OT TEXHOJIIOTHYECKOr0 000pYI0BaHHs.
KiioueBble cii0Ba: crajiexene300eToH, KOMOMHUPOBaHHbIE OANKH, YIOPBI, apMaTypa, LIIMOHKA, HAresb, y3el, HCIIBITaHus.



UDC 624.016 DOI: 10.37538/0039-2383.2025.1.54.63. ANALYSIS OF INTERNATIONAL TESTING EXPERIENCE OF REINFORCED CONCRETE DOWELS IN
COMPOSITE BEAMS. A.L. Feoktistov, Severstal PJSC; e-mail: al.feoktistov@severstal.com.

Abstract. The article shows a brief review of composite beams used in slim-floors systems. The object of the research are composite beams with reinforced concrete dowels. The article
describes of the dowel action behaviour as a shear connector, which consists of the triaxial compression of the concrete inside the web hole, the rebar component as a dowel, and the friction
between the concrete and steel element. The experience of push-out tests in Luxembourg, China, UK has been studied. According to the results of the tests, the authors proposed a
methodology for calculating the design resistance of a reinforced concrete dowel. As a result of comparing calculations using the proposed equations, a correlation between the
methodologies from China and the UK is found. Universality has been defined for the reinforced concrete dowels: the scope of application be able to slim-floors systems for residential,
public and industrial buildings. As an example, the author of the article demonstrates the project characteristics of the residential building. The conclusion of the analysis is a proposal to
continue the research of composite beams with reinforced concrete dowels by studying their operation in cases of combined axial forces and flexure, as well as in the presence of vibration
effects from the equipment.

Keywords: composite members, composite beams, shear connectors, dowel action, reinforcement, connection, push-out tests.

B IIOMOMIb ITPOCKTUPOBINUKY

To help the designer

YK 624.07 DOI: 10.37538/0039-2383.2025.2.64.70

M.B. AJIEKCAH/JIPOBCKMHIA, k.1.1., C.A. MAPTIOILIEBA, C.B. MEPKYJIOBA HUY MI'CY; e-mail: utals@yandex.ru

IIECTUIIPOJIETHAS BAJIKA C OAMHAKOBOM TPOYHOCTBIO...64

B pabote nccienyercs MHOTONpoJIeTHAsI paBHOINPOYHAsE Oalika, HCI0JIb3yeMasi B COBPEMEHHOM CTPOUTEIBCTBE JUISl CO3aHHs YCTOMYMBBIX M A(P(HEKTUBHBIX KOHCTPYKLUIA. PaccMOTpeHbI

OCHOBHBIC XapaKTCPUCTHUKH PAaBHOIIPOYHBIX 6an01<, HX IPEUMYLIECTBA U obnactu TIPUMECHEHHUA. Beiosnen pacyeT MaKCUMaJIbHOT'O HAIIPSHKECHUS. B cratbe TIOAYEPKUBACTCA BaXXHOCTh

NPUMEHECHHA COBPEMEHHBIX METOJ0B ONITUMHU3ALIMN B IIPOCKTUPOBAHUU PABHOIIPOYHBIX MHOTI'OIIPOJIETHBIX KOHCprKHHﬁ, 4TO CHOCO6CTByeT TIOBBIICHUIO UX HAACKHOCTHU U JIOJITOBCYHOCTH.
KioueBble ciioBa: MHOT'OITPOJIETHAS 6am<a, PaBHOMEpHO-pacIIpeACIICHHaA Harpy3kKa, METOA ONITUMU3AIINH, HOPMAJIbHOEC HAIIPSHKEHUE, KacaTCIbHOC HAIIPSHKEHUE, paCYETHOC

HaTpspKEHUEC, HAarpyskKa, IIpoJieT GHHKH, HarmpspKCHUC.

UDC 624.07 DOI: 10.37538/0039-2383.2025.1.64.70. A MULTI-SPAN BEAM WITH THE SAME STRENGTH. M.V. Alexandrovsky, S.A. Martyusheva, S.V. Merkulova, Moscow

State University of Civil Engineering (National Research University); e-mail: utals@yandex.ru.

Abstract. The paper examines a six-span equal-strength beam used in modern construction to create stable, more reliable and efficient building structures. The main characteristics of equal-

strength multi-span beams, their advantages and applications are considered. A numerical calculation of the maximum design voltage in the Python programming language has been

performed. Graphs of the dependences of normal and tangential stresses on the height of the span section of an equally strong multi-span beam are constructed. The dependence of stresses

in the cross section of an equal-strength six-span beam on the height of the cross section of its span is established.

Keywords: multi-span beam, evenly distributed load, optimization method, normal stress, tangential stress, design stress, load, beam span, stress.

VK 624.072.2.014 DOI: 10.37538/0039-2383.2025.2.71.78

A.C. MAPYTSIH, k.T.H., nouent IIsituropckuii uncrutyt Ceepo-KaBka3sckoro deaepanbnoro ynusepeurera; e-mail: al_marut@mail.ru

ONTUMM3BALIUSA NEPENIPO®UIMPOBAHUS KPYIJIBIX TPYE B LIECTUYT'OJIbHBIE PABHOKATETHBIE BAJIOYHOM MOJU®UKALIN...71

TIpencrasinen cnocod nepenpoduiIMpoBanus KPYIIIbIX TPYO B IIECTHYTOJIbHBIC PABHOKATETHBIC C OTHOLIEHHEM ra0apuTOB IIMPHHBI U BBICOTHI 1/6,792 1o cpeiHell IMHUK PacueTHOrO
CEYEHHUs], YTO MAKCHMAJIBHO ITOBBIIIAET X HECYILYIO CIIOCOOHOCTB CHIIOBOI'O CONMPOTHBIICHUs N3rudy. Ero opuruHaabHOCTb MOATBEPIKICHA MATEHTHOI dKkcnepTu3oi. TpyOuaTsie npoduu
OTJIMYAIOTCS LIECTHYTr0JIbHOM (OPMOii, cocTosiIei U3 paBHOBBICOKMX CTEHOK M PaBHOKATETHBIX rpaHeil. [IpuBeeH pacuyeT onTHMabHBIX TAPaMETPOB TOHKOCTEHHBIX CEUCHHIT TaKoi
('b()pMI:I mo HpI/IGHI/I)l(eHHOfl MCTOJUKE, HpOTeCTHpOBaHHOﬁ Ha KBaJIpaTHOM HPO¢HHC C BepTHKaJ'[LHOﬁ " FOpHSOHTaJTLHOfI JAHaroHaJIIMH. Tloka3ana Bcst AuarpamMma HW3MEHEHUIH PacuCTHBIX
mapaMeTpOB HICCTUYT OJIbHBIX pr6 npu Tpchd)opmaqu HX IOIICPEIHBIX CEUYECHHI OT BCPTHKAIBHBIX KOH(iJPII‘ypaLII/Iﬁ K TOPU3O0HTAJIBHBIM, BKJIFOYAs IIEPEXOT 4€peE3 MOZ[I/I(lJI/IKaI_H/IIO C
PaBHBIMH I‘aGapI/ITaMI/I HIMPHUHBI U BBICOTBI, OUCPTAHUSA KOTOpOﬁ HUMCIOT KBaIpaTHYIO (i)OpMy. BrisBriena BOCTpeﬁOBaHHOCTL HICCTUYTOJIbHBIX PABHOKATECTHBIX HpO¢HHLHLIX pr6 HC TOJIBKO
B METAJUIMYECKUX, HO U B TPYOOOETOHHBIX KOHCTPYKIMSIX, BKIIOUasi X MOAH(UKALMHU, pa3BepHyThIe Ha 45° 1 90°. BBINOIHEH CPaBHUTENBHBIN aHAIH3 PACYCTHBIX MapaMeTPOB
ONTUMHU3UPOBAHHBIX CEUYCHMIA HpOCbeUILHLIX ’I‘py6 6aJ'[0‘IH0]7I MOI[H@)HKaLII/IH OBJIBHBIX, INIOCKOOBAJIBHBIX, MTOJIYIINIOCKOOBAJIBHBIX, ITPIMOYT'OJIBHBIX, BOCBMU YT OJIbHBIX, IIECTUYT OJIBHBIX
OYepTaHMii, IePenpOPUIMPOBAHHBIX U3 KPYTIIBIX MIIH CIIPOQUIMPOBAHHEIX 0€3 cTajuu GOPMOBKH KPYTJIBIX.

KuoueBble cJ10Ba: niepenpouiiMpoBaHie KPYyTIIbIX TpyO, TpyOdaThie mpodmin, mpodHIbHbIE TPYObI, 3aMKHYThIE THYTOCBapHbIC MPO(GWIIH, OBaJI, IIIOCKOOBAII, TIOJyIIIOCKOOBAI,
MIPSIMOYTOJIBHUK, BOCBMUYT'OJIBHUK, IECTUYTI'OJIbHUK, ONITUMH3ALNI CC'{SHI/II)’I, pacuceT ONTUMAJIBHBIX ITapaMeTpoOB, GastouHbIe KOHCTPYKIHNH, T‘py606€TOH‘

UDC 624.072.2.014 DOI: 10.37538/0039-2383.2025.2.71.78. OPTIMIZATION OF THE CONVERSION OF ROUND PIPES INTO HEXAGONAL EQUAL-ROLLED GIRDER
MODIFICATIONS. A.S. Marutyan, North-Caucasus federal university, e-mail: al_marut@mail.ru.

Abstract. A method is presented for converting round pipes into hexagonal equal-rolled pipes with a ratio of width and height of 1/6.792 along the median line of the design section, which
maximizes their bearing capacity of bending strength. Its originality has been confirmed by a patent examination. Tubular profiles are distinguished by a hexagonal shape consisting of
equally high walls and equally rolled faces. The optimal parameters of thinwalled sections of this shape are calculated using an approximate method tested on a square profile with vertical
and horizontal diagonals. The entire diagram of changes in the design parameters of hexagonal pipes during the transformation of their cross-sections from vertical to horizontal
configurations is shown, including the transition through a modification with equal dimensions of width and height, the outlines of which have a square shape. The demand for hexagonal
equal-rolled profile pipes has been revealed not only in metal, but also in pipe-concrete structures, including their modifications deployed at 45° and 90°. A comparative analysis of the
design parameters of optimized sections of profile pipes of the beam modification of oval, planar, semi-planar, rectangular, octagonal, hexagonal shapes, repurposed from round or profiled
without the forming stage of round is performed.

Keywords: reprofiling of round pipes, tubular profiles, profile pipes, closed bent-welded profiles, oval, planar, semi-planar, rectangle, octagon, hexagon, optimization of sections,
calculation of optimal parameters, girder structures, pipe concrete.



