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ﬂm{amnqecxue pacyEThL
Dynamic calculations
YK 539.3:534.1 DOI 10.37538/0039-2383.2024.1.2.9
E.M. 3BEPSIEB, a.1.H. HTHUUCK um. B.A. Ky4yepenko AO HUILI «CtpouteibeTBo», Poccuiicknii yanBepeuTeT Apy k061 Hapoaos; e-mail: zveriaev@mail.ru
COBCTBEHHBIE YACTOTHI 1 ®OPMbI KOJJEBAHU OBOJIOYEK BPAII[EHUA...2
IIpemnaraercst MeTo MOCTPOCHHMS PEILCHHS 331a491 O COOCTBEHHBIX KOJIEOaHHUAX 000I0YEK BPALICHHUS, OIIMCAHHBIX [0 IIOBEPXHOCTSIM BPAILCHHs BTOPOro nopsiaka. McxonHbie
YpaBHEHUA TEOPUU 060J'10'-I€K BBICTPOCHBI B I1IOCJIEA0BATEIIBHOCTH, HO3BOJ1$I}0LL[€ﬁ BBIYUCJIIATD HEU3BECTHBIC B UTCPALITMOHHOM IIpOLIECCE. Cucrema u3 TNIEPBBIX ABYX
6€3MOMCHTHI)IX ypaBHeHI/[ﬁ " NEPBLIX IBYX ypaBHCHHfI 6CCKOHC‘{HO MaJIbIX I/I3I‘I/I6aHI/II71 B IIPEATIOKECHUH, UTO MOTYT 6];ITI) TIOCTPOCHBI UX OGpaTHBIe OnepaTopbl, MOXKET 6BITI)
CBEJICHA K OJJTHOMY YPaBHEHHIO OTHOCHTEIBHO BEKTOPA TAaHI€HLHAIBHBIX AedopMariiii. BO3MOXKHOCTB Takoro npeacTaBieHus 00yciaoBieHa uccaenopanusaimu B.3. Bracosa
000J104eK BpAILCHHs1, MEPUIHAaHbl KOTOPBIX OIMHCAHbl KPHUBBIMU BTOPOro nopsiaka. [loka3aHo, 4To HpHBEICHHbIC B M3BECTHOM CIIPABOYHHKE MO IIPOYHOCTH, YCTOHYMBOCTU U
KOJ'ICGaHPIHM PpE3YJIbTATHI pacueTa CO6CTBCHHLIX qacToT KOHe6aHHﬁ HE3aKPCIIICHHBIX OGOHO‘JGK SBJISIFOTCS HETIPABUJIIBHBIMH.

KiawueBble ciioBa: O60J’I0‘1Ka, 663MOMCHTHI)IG YpaBHEHUH, 6eCKOHe‘IHO MaJIbIC PI3FI/[63HI/IH, METOI IMOCJICAOBATCIbHBIX ITpHGHPI)l(eHI/If/’I, COGCTBCHHHC YqaCTOTHhI.
UDC 539.3:534.1 DOI 10.37538/0039-2383.2024.1.2.9. DETERMINATION OF SHELL OF REVOLUTION VIBRATION FREQUENCIES AND MODES. E.M. Zveryaev,
Research Institute of Building Constructions (TSNIISK) named after V.A. Koucherenko JSC Research Center of Construction, Peoples’ Friendship University of Russia; e-mail:
zveriaev@mail.ru
Abstract. A method is proposed for constructing a solution to the problem of natural oscillations of shells of revolution described by surfaces of rotation of the second order. The initial
equations of shell theory are arranged in a sequence that allows one to calculate the unknowns in an iterative process. The system of the first two momentless equations and the first two
equations of infinitesimal bending in the proposition that their inverse operators can be constructed, can be reduced to a single equation for the vector of tangential deformations. The
possibility of such a representation is due to the research of V.Z. Vlasov shells of revolution, the meridians of which are described by second-order curves. It is shown that the results
of calculating the natural frequencies of vibrations of loose shells given in the well-known reference book on strength, stability and vibrations are incorrect.
Key words: shell, momentless equations, infinitesimal bending, method of successive approximations, natural frequencies.

Henuneiinbie pacyerst
Nonlinear calculations
Y]IK 624.044.3 DOI 10.37538/0039-2383.2024.1.10.19
B.B. MUILIEHKO AO «JIenruaponpoext»; e-mail: MishchenkoVV@Ilhp.ru
PACYET HEYIIPYTOI'O YIJIMHEHHUS ITPOBO/IOB BO3AYIIHBIX JTUHUIA SJEKTPOIEPEJAYN: TEOPETUYECKOE OBOCHOBAHME
«BBITSIKKW» MPOBOJOB...10
B nelicTByromieit HOpMaTUBHOM JIUTEPATYPE CYLIECTBYIOT «CEPbI€ 30HBI», KOT/Ia 32 TPEOOBAaHUEM YY€Ta IPH MPOESKTUPOBAHUHM U3BECTHOIO M MOATBEP)KACHHOIO IIPAKTUKON
SIBJICHUSI OTCYTCTBYET JeHCTBEHHAs pacyeTHAs METOAMKA. «BBITShKKa» MPOBOIOB BO3AYILIHBIX JIMHHUI JIEKTPONIEpEaul — OfHA M3 TaKUX 30H. B cTaThe crenaHa momsITka
000CHOBATH JaHHOE SIBJICHHE Ha OCHOBAHMUHM ITPOCTHIX M U3BECTHBIX emle B 30-X rofax MpoIUIOro Beka (akTax, KOTOpbIe OKa3aluch OTOPOLIEHE! BO BTOPOIl monoBuHe XX Beka B
MOJTb3Y TEOPETHIECKOTO METO/Ia pacyera, He MONMYIUBIIEro JODKHOTO YKCIEPUMEHTATEHOTO 000CHOBAHUS.

KiioueBble ¢j10Ba: BO3IyIIHAS JUHUS DJICKTPOIEPENadn, MEXaHUIECKUI pacuer MpoBO/a, OCTATOYHAs Ae(pOpMALIUSL.
UDC 624.044.3 DOI 10.37538/0039-2383.2024.1.10.19. CALCULATION OF INELASTIC EXTENSION OF OVERHEAD POWER LINES WIRES: THEORETICAL
JUSTIFICATION OF THE «kEXTRACTION» OF WIRES. V.V. Mishchenko, JSC “Lengidroproekt”; e-mail: MishchenkoVV@Ihp.ru.
Abstract. In the current regulatory literature, there are «gray zones» when there is no effective calculation methodology behind the requirement to take into account a well-known and
proven phenomenon in the design. The «extraction» of overhead power lines wires is one of such zones. The article attempts to substantiate this phenomenon on the basis of simple facts
known back in the 30s of the last century, which were discarded in the second half of the XX century in favor of a theoretical calculation method that did not receive proper experimental
justification.
Key words: overhead power line, mechanical wire calculation, residual deformation.

Pacuetsl Ha TIIPOYHOCTH
Strength calculations
V]IK 624.072.2 DOI 10.37538/0039-2383.2024.1.20.31
J.B. KOHJIPAIIIOB IIHUUCK um. B.A. Kyuepenko AO «HUL «Ctpoutenncroy; e-mail: dkondras@mail.ru
OLEHKA TEXHUYECKOI'O COCTOSTHUS CTAJIBHBIX KOHCTPYKIA KOMILIEKCA «SIMAJI CII»...20
B cratbe TIPUBEOCHBI PE3YJIBTATHI HAYYHO-TEXHUYECKOTO COMIPOBOKIACHUA CTPOUTEILCTBA KOMIIJIEKCA 110 L[06I>I'-Ie, TMOATOTOBKE, COKMIKCHHUIO ra3a, OTTPY3KE €ro u €ro
KOHAEHCaTa, PAaCIOJIO)KECHHOI'O Ha TOxn0-Tambelickom MECTOPOKIACHUH. B xone pa60TBI BBIITOJIHEHBI: BU3YAJIbHO-UHCTPYMEHTAJIbHOEC OCBUACTECIILCTBOBAHUE CTAIBHBIX
KOHCprKI_II/Iﬁ TEXHOJIOTHYCCKHUX Moxyneﬁ 1 COMYTCTBYIOINUX NWHIKECHEPHBIX COOpy)KCHPIﬁ; HU3YUCHHUE U aHAJIU3 HpOCKTHOﬁ JOKYMEHTALMH; ITPOBEPOTHBIC paCyY€Thl KapKacCoOB.
OTH paboThI OBLIH POBENIEHBI C LIEJIBIO OLIEHUTH HANPSHKEHHO-Ie()OPMUPOBAHHOE M TEXHUYECKOE COCTOSIHUE CTAJIBHBIX CTPOUTEBHBIX KOHCTPYKIMH KOMITJIEKCA U 1aTh
PEKOMEH/IAINH TS JAJTbHEHIIIETO Pa3BUTHS CTPOUTENBCTBA M OE30ITaCHON KCILTyaTallli COOPYKEHUI Ha MECTOPOXKICHHN.

Ki1ioueBbIe ¢J10Ba: TEXHUUYECKOE COCTOSIHUE, OCBHACTEIILCTBOBAHNE, HECYITNUE KOHCTPYKIUH, KapKacChl, MOAYJIH, HAIPY3KH, 06]118.5{ yCTOﬁ‘{MBOCTL, HampsHKEHUE, MPOYHOCTD,
MepeMeIeHus], TPOrpeccupyromiee 00pyIeHne.
UDC 624.072.2 DOI 10.37538/0039-2383.2024.1.20.31. ASSESSMENT OF THE TECHNICAL CONDITION OF STEEL STRUCTURES OF THE YAMAL LNG
COMPLEX. D.V. Kondrashov, Research Institute of Building Constructions (TSNIISK) named after V.A. Koucherenko JSC Research Center of Construction; e-mail: dkondras@mail.ru.
Abstract. The article presents the results of scientific and technical support for the construction of a complex for the extraction, preparation, liquefaction of gas, shipment of it and its
condensate, located at the Yuzhno-Tambeyskoye field. During the work, the following were performed: visual and instrumental inspection of steel structures of technological modules and
related engineering structures; study and analysis of project documentation; verification calculations of frames. These works were carried out in order to assess the stressstrain and technical
condition of the steel building structures of the complex and make recommendations for further development of construction and safe operation of structures at the field.
Key words: technical condition, examination, bearing structures, frames, modules, loads, general stability, tension, strength, displacement, progressive collapse.

YK 69.04 DOI 10.37538/0039-2383.2024.1.32.38
E.A. JAPUOHOB?, 1.1.H., npod., A.C. MAPKOBUY'? k.T.H., nouenT, E.A. TPUHBKO? *HUY MI'CY, ?PYJIH; e-mail: evgenylarionov39@yandex.ru
PEJIAKCAIIASI HATIPSIKEHU B )KEJIE3OBETOHHBIX QJIEMEHTAX KOHCTPYKIIUM..32
B ¢uznueckom acnekTe sIBJICHHE PellaKCalliK MPEICTaBISIETCs IPOLIECCOM YCTAaHOBICHUS TEPMOAMHAMUYECKOTO PABHOBECHS B CHCTEME, COCTOSIIEH N3 GONBIIOro YHCIia
yactull. C TOYKHU 3peHust PU3NUECKOI XUMUH 3TO SBJICHHE BOZHHKAET BCIIEICTBUE EPEOPUECHTALIMY BHYTPUMOJICKYIISIPHON CTPYKTYPBI U MEKMOJIEKYIISIPHBIX TTEPEMEIICHHH,
TIPOSABJISAA CXOAHOCTD C ABJICHUEM IIOJIZYYECTH. B CTpOMTeJ'[LHOﬁ MEXaHHUKE pelaKcalus IIOHUMACTC KaK CHUKEHUE HAIPSKEHUA TIPU (bHKCHpOBaHHOﬁ I[eq)OpMaLH/H/I. Pacuer
)IJTPITCHBHOﬁ 6e30IMaCHOCTH XKEeJIE300€ TOHHBIX KOHCprKI.H/[ﬁ CBA3aH C )II/IHaMHK()ﬁ HX HaIPAXKEHHOI'O COCTOAHUSA U IPUBOUT K 3a1a4aM peJIaKCalluu Il yueTa
nepepactpeeieHns HanpsukeHui ¢ 6eToHa Ha apMaTypy. B pabote uis uX pelieHus mpeajaraeTcs moaxo], OCHOBAaHHBIN Ha KOHLEMIMH IIPOYHOCTHON CTPYKTYpPBI
KOHCTPYKIIMOHHBIX MaTEPHUAJIOB.

KuroueBnle c10Ba: pelakcarysi, Moi3y4ecTb, HanpsHkeHHe, TeopMariys.
UDC 69.04 DOI 10.37538/0039-2383.2024.1.32.38. STRESS RELAXATION IN REINFORCED CONCRETE STRUCTURE ELEMENTS. E.A. Larionov?, A.S. Markovich'?, E.A.
Grinko?, 'National Research Moscow State University of Civil Engineering, 2Academy of Engineering of RUDN University; e-mail: evgenylarionov39@yandex.ru.
Abstract. In the physical aspect, the relaxation phenomenon is represented by the process of establishing thermodynamic equilibrium in a system consisting of a large number of particles.
From the point of view of physical chemistry, this phenomenon arises due to the reorientation of the intramolecular structure and intermolecular movements, showing similarities with the
phenomenon of creep. In structural mechanics, relaxation is understood as a reduction in stress at a fixed deformation. The calculation of the long-term safety of reinforced concrete
structures is related to the dynamics of their stress state and leads to relaxation problem to account the redistribution of stresses from concrete to reinforcement. In this paper, an approach
based on the concept of the strength structure of structural materials is proposed to solve them.
Key words: relaxation, creep, stress, deformation.



YK 624.13 DOI 10.37538/0039-2383.2024.1.39.44
C.B. BOCAKOB'? j.T.H., npodeccop, I1.JI. CKAUOK?, 'Besopycckuii HannoHa bHbIi TexHHueckuii yausepcurert, 2Beopyccko-Poccuiickuii
yHuBepcureT, Pecnyosuka Benapycs; E-mail: sevibo@yahoo.com
KOHTAKTHAS 3AJTAYA JUISI HAKJIAJIKA, CHEIJIEHHOM C YITPYT O YETBEPTHILIOCKOCTBIO...39
B pa60Te paccMaTpuBacCTCA 3a/1ada O KOHTAKTE HAKJIaJKH, HpHerHHeHHOﬁ K pryI‘OfI YETBEPTHINIOCKOCTH, 110 HBﬁCTBHeM FOpI/I3OHTaJ'IBHOI71 CHIJIBI. OHpeL[eJ'ISIIOTCSI
HOpMaJIbHbIC M KacaTeJIbHbIE HANPSHKCHUS MEK/Ty HAKJIaJJKO! U 4eTBEPTHILIOCKOCTHIO. 3anaya pemmaercs criocobom b.H. XKemoukuHa npu pa3OreHnn 061acTH KOHTAaKTa Ha
ABaalaTh y9aCTKOB. HOJ’IY‘ICHLI PE3YIbTAThI AJI1 U3BMEHCHUS HpOI[OJII;HOfI CHJIbI B HAKJIaJIKE. HOKH3HHO, YTO HAJIMYHUC pe6pa YETBEPTHINNIOCKOCTH BHOCUT BO3MYIICHHUS B KapTUHY
pacrpe€aeieHnss HOpMaJIbHBIX U KaCaTEJIbHbIX Hal’l‘pﬂ)i(eHI/Iﬂ T10 CPAaBHEHHUIO C aHAJIOTUYHBIMU pE3YyJIbTaTaMU JJIs1 IIOJIYIIJIOCKOCTH. OTI[BJ'II)HO MPUBEJACHBI PE3YIIBTAThI 11
skecTKoM Haknaaku. Crenal BBIBOJ O HEOOXOIUMOCTH ydera U3ruOaroIMX MOMEHTOB NpH pacyeTax HaKJIaJIoK.

KiawueBble ciioBa: YETBEPTHIIJIOCKOCTDH, HaKJIa/IKa, KOHTAKTHBIC HATIPSKECHUA, IIPOAOJIbHAs CUJIa, M3FPI6aIOHleI MOMCHT.
UDC 624.13 DOI 10.37538/0039-2383.2024.1.39.44. CONTACT PROBLEM FOR A PAD COUPLED TO AN ELASTIC QUARTER-PLANE. S.V. Bosakov'?, P.D. Skachok?,
!Belarusian National Technical University (Minsk), 2Belarusian-Russian University, The Republic of Belarus; e-mail: sevibo@yahoo.com
Abstract. The paper considers the problem of contact between a pad attached to an elastic quarter-plane under the action of a horizontal force. The normal and shear stresses between the
overlay and the quarter plane are determined. The problem is solved by B.N. Zhemochkin’s method by dividing the contact area into twenty sections. Results were obtained for changing the
longitudinal force in the pad. It is shown that the presence of a quarter-plane edge introduces disturbances into the distribution of normal and tangential stresses in comparison with similar
results for a half-plane. The results for the rigid overlay are shown separately. It is concluded that it is necessary to take into account bending moments when calculating linings.
Key words: quarter plane, overlay, contact stresses, longitudinal force, bending moment.

YK 692.2 DOI 10.37538/0039-2383.2024.1.45.50
H.C. HOBOXXHJIOBA?, k.T.H., nouent, H.M. PYJIAKOB?, *Cankr-IlerepSyprckuii rocyapcTBeHHbIH apXUTEKTyPHO-CTPOHTEIbHBIH yHHBepeuTet, 2000 «[TUU
«Iapyc»; e-mail: nsn01@list.ru
OCOBEHHOCTH HATIPSIAKEHHOI'O COCTOSTHASI YCUJIEHHON KUPIIMYHOM KJAJIKA MOHOJIATHBIM KEJE30EETOHOM ITPH MECTHOM
KPAEBOM CKATHUU IPU PA3JIMYHBIX IPOYHOCTHBIX XAPAKTEPUCTUKAX KJIAAKHU U BETOHA...45
B nanHOit cTaThe aHATM3UPYETCSI HANIPSHKEHHOE COCTOSIHIE KUPIMYHOM KIIaJKH, YCHICHHONH MOHOJIHUTHBIM XKeJIe300€TOHOM, IPU KPaeBOM MPUIIOKEHHU MECTHOM CHKMMAIOIIEH
Harpy3K Ha TOpel KOHCTPYKIMK. PaccMaTprBaeTcs BIUsHIE Pa3InyHbIX MaTEPUaIOB KUPIIUYHON KIaJKU U KJIaccoB GeToHa 000iMBI Ha HECYILYIO CIIOCOOHOCTh KOHCTPYKIIMU
¢ ucnons3oBanueM IIK ANSYS. B pe3ynbrare BIsBIeHB K03 (MHIMEHTH! HCIIONB30BaHNS HECYIIEH CIIOCOOHOCTH KJIaJKH IIPHU OIIpeleIeHHH Hecymleil ClIocoOHOCTH
YCUJIEHHOW KOHCTPYKLIMH.

KaioueBble ¢10Ba: YCUICHHE KUPIIMYHBIX CTEH, JKe1e300eToHHas 000iiMa, MOACTHPOBAHIE, MECTHOE KPaeBOe CIKATHE, HATPSHKEHHOE COCTOSIHHUE.
UDC 692.2 DOI 10.37538/0039-2383.2024.1.45.50. FEATURES OF STRESS STATE OF REINFORCED BRICK MASONRY WITH MONOLITIC REINFORCED CONCRETE
WITH LOCAL EDGE COMPRESSION AT DIFFERENT STRENGTH CHARACTERISTICS OF MASONRY AND CONCRETE. N.S. Novozhiloval, N.M. Rudakov?, 1Saint-
Petersburg state university of architecture and civil engineering, 2LLC “DSI “Parus”; e-mail: nsn01@list.ru
Abstract. This article analyzes the stress state of brickwork reinforced with monolithic reinforced concrete when a local compressive load is applied at the edge to the end of the structure.
The influence of various brickwork materials and classes of concrete frame on the load-bearing capacity of the structure is considered using the ANSY'S software. As a result, the
coefficients for using the load-bearing capacity of masonry when determining the load-bearing capacity of a reinforced structure were identified.
Key words: reinforcement of brick walls, reinforced concrete cage, modeling, local edge compression, stress state.

VK 624.137.6+624.137.5+624.154.9 DOI 10.37538/0039-2383.2024.1.51.62
AWM. XAPUYKHUH"?, k.1.0., HA. ADAHACBEB'? .M. TAJIUMOB'?, k.1.1. ‘HAUOCII um. H.M. Tepcesanosa AO «HUII Ctpouteancreo» 2HUY MI'CY; e-
mail: nik.afanasev.01101998@gmail.com
MMPOEKTUPOBAHUE 'PYHTOBBIX AHKEPOB. YYET TOPLHEBOI'O COITPOTUBJIEHUS YHIUPEHUSA TPYHTOBOI'O AHKEPA ITPU PACYETE ET'O
HECYIIENA CIIOCOBHOCTH 110 TPYHTY...51
B HacCTOAMIEE BPEMS B TCOTEXHUICCKOM CTPOUTEIILCTBE PACIIPOCTPAHEHO UCITOJIB30BAHHUE I'PYHTOBBIX aHKEPOB. le/[ TIPOCKTHPOBAHUHN aHKEPHBIX CUCTEM BCTAET BOIIPOC pacueTa
HecyIlel CiocOOHOCTH IPYHTOBOI'O aHKepa 110 rpyHTy. Ha ceronHsuHuii 1eHb JeHCTBYIOMNE HOPMATUBHbBIE JOKYMEHTbI HE UMEIOT YETKON METOJMKH pacyeTa HecylleH
CIOCOOHOCTH TPYHTOBOI'O aHKepa. B cBOI0 ouepesib, CyIIECTBYIOIINE PACUETHBIE METOJUKH ONPEAEIICHNS HECYILEH CIIOCOOHOCTH aHKepa 1o rpyHTY (npencrasienHbie B CI1
381.1325800, BCH 506-88, TCH-50-302-2004 u 11p.) HE yYUTHIBAIOT S TCOMETPUISCKUX APAMETPOB U TEXHOJIOTUUECKUX (PAKTOPOB U JAIOT CYIECTBEHHO 3aHIDKEHHBIE
3HAYEHHS 110 CPABHEHHIO C Pe3yIbTaTaMH MOJIEBBIX UCIIBITAHUH. TaKke pacueT HecyIieil CloCOOHOCTH CBOJUTCS K OIPE/ICIICHUIO COMTPOTUBIICHUS aHKEpa BBIICPTUBAHUIO
TOJIBKO 10 OOKOBOM MOBEPXHOCTH LIJIMHAPHYECKOTO TeNa, He YUUThIBAsk IOOOBOTO COMPOTHBIICHUS YIIMPEHHs KOPHEBOM YacTu. B nanHOil cTaThe mogHUMaeTcst BOIPOC
JIOCTOBEPHOTO OIPEIENCHIsI PACIeTHOI HecyIeil ClIoCOOHOCTH IPYHTOBOT'O aHKEpa 110 TPYHTY C YIeTOM BCEX T€OMETPUYECKUX H TEXHOJIOIHIECKHX (paKTOpOB, a
TaKKe PacCMATPUBACTCSI HATIPSDKEHHO-e(DOPMHPOBAHHOE COCTOSHHE OKPYIKAIOLIEr0 TPYHTOBOIO MACCHBA H MEXAHHKA €r0 Pa3pyIICHHS.

Ki1ioueBble cjioBa: Hecyas CloCOOHOCTb, IPYHTOBBIH aHKEp, Harellb, MPOTUBOOIOI3HEBAs 3all[UTa, CBas, MUKpOCBast, TpyO4aTas BuHToBas mrtanra (TBIL), noanopHsie
COOpY)KEHUsI, TIOIIOpHas CTeHa, IPOSKTUPOBaHKe, HaNpshkeHHO-IedopmupoBanHoe cocrosiaue (HIC), cucteMa «CoopykeHHE — TPYHTOBBIN MacCHBY.
UDC 624.137.6+624.137.5+624.154.9 DOI 10.37538/0039-2383.2024.1.51.62. GROUND ANCHORS DESIGN. DETERMINATION OF THE ULTIMATE LOAD-
HOLDING (BEARING) CAPACITY INCLUDING AN END-BEARING COMPONENT. A.l. Kharichkin?2, N.A. Afanasev*?, I.M. Galimov'?, 1INIIOSP named after N.M.
Gersevanov JSC Research Center of Construction, 2Moscow State University of Civil Engineering (National Research University); e-mail: nik.afanasev.01101998 @gmail.com.
Abstract. Currently, ground grouted anchor systems are widespread in geotechnical construction. One of the stages of anchor system designs is ultimate load-holding (bearing) capacity
calculation. To date, a clear methodology for calculation the bearing capacity of a ground anchor is not presented by the current regulatory documents. On the other hand, the existing
calculation methods for determining the bearing capacity of the anchor (which are presented in SP 381.1325800, VSN 506-88, TSN-50-302-2004 and others) do not take into account all
geometric parameters and technological factors. Therefore, the results of determination bearing capacity are significantly lower than the actual ones. Also, the calculation of the bearing
capacity is reduced to determination the lateral surface resistance of the anchor’s cylindrical body only. An end-bearing resistance component of the fixed anchor is not taken into account
by calculation. This article raises the issue of reliable determination of the ground grouted anchor’s calculated bearing capacity, taking into account all geometric and technological factors,
and also considers the stress-strain state of soil and the destruction mechanics.
Key words: ultimate load holding capacity, ground anchor, nagel, landslide protection, pile, micro-pile, selfdrilling hollow steel bar, retaining structures, retaining wall, design, stress-strain
state, soil-structure system.

B nomoriis npoeKTHpOoBIIKKY

To help the designer

VK 624.072.2.014 DOI 10.37538/0039-2383.2024.1.63.69

A.C. MAPYTSIH, K.T.H., nouent Ilsturopckuii uaerutyT CeBepo-KaBka3sckoro dexepanbnoro ynusepeutera; e-mail: al_marut@mail.ru

ONTUMMBAIIAS MOJYILIOCKOOBAJIBHBIX THYTOCBAPHBIX ITPOGUIEN JJIS1 BAJIOYHBIX KOHCTPYKIIUMA...63

an/IBeI{eHO HOBOC TEXHUYECKOC PEUICHUE MTOIYIINIOCKOOBAJIBHBIX THYTOCBaPHBIX HpO(l)HHeﬁ, ONTHMHU3HUPOBAHHOE 11O ]'[pO'-IHOCTHOﬁ XapaKTEPUCTHUKE ITPU I/IS]‘I/IGG,
OPHMTHHAIBHOCTH KOTOPOTO MOATBEPIKICHA MATEHTHOM SKCTepTH30i. OCHOBOI nX (hOpMOOOpPa30BaHHUS MTOCITYKHIH IPSMOYTOJIbHBIE MPOQHIN C OTHOILIEHHEM pa3MepoB
HTAPUHBI X BBICOTBI 1/3 mo cpezmeﬁ JIMHUHW CCYCHUS, YTO obecrieuynBaeT MaKCUMAJIbBHYIO TIPOYHOCTb. B kauecTBe TIPOTOTHUIIA TPUHATHI ITOJYTVIOCKOOBAJILHBIE l'lpOCI)I/IJ'H/I,
CKOMITOHOBAHHEIE Ha 6a3e TUIOCKOOBAILHBIX ¢ MAKCUMAJILHON TIPOYHOCTHIO 32 CYET OTHOLLICHUS pa3MEPOB IIIUPUHBI K BBICOTBI 1/3 ,064 1o cpezmeﬁ JIMHUHW CCUYCHMUA.
TIpencraBneH pacyer ONTHMANBHBIX MAPaMETPOB TOHKOCTEHHBIX CEYSHUIT IO MPUOIIKEHHOH METOAMKE C MCIOIB30BAaHHEM UX CPETHUX JIMHHUHN, HEOTHOKPATHO
anpOﬁHpOBaHHOﬁ TIpH pEIICHNN ONITUMHU3AIMOHHBIX 3a/1a4 11 THYTOCBAPHBIX l'IpO(bl/[J'[eﬁ Pa3IMIHbIX q)OpM " oqep'ra}mi?l. l'[pu CpaBHUTEIBHOM aHAJIN3€ PACUCTHBIX
TTapaMETPOB BBIABJIICH TIOJIOKUTEIbHBII 3(I)CbeKT OT ONITUMHU3UPOBAHHBIX HpOCI)HJ'ICﬁ B Q)epMeHHBIX H GaJIOYHBIX KOHCTPYKLUAX, BKJ‘I}O'-Ia}OH.II/Iﬁ YMEHBIICHUE pacxoa
KOHCTPYKIIMOHHOTO MaTepHaa, CHKEHUE KOHLIEHTPAIIMY HANPSDKEHUI, COKpaIIeHUe CTPOUTENbHOM BHICOTHL. O003HaYeHa MEPCIIEKTUBHOCTh PACHIMPEHHs 00JIaCTH UX
panroOHaJIbLHOTO IIPUMEHEHHUS C 1106aBne1—meM B HEC pr606eTOHHBIX M CTajexene300€TOHHBIX KOHCprKHHﬁA

KioueBble cioBa: l'IpOCI)I/IJ'IBHBIe pr6H, THYTOCBapHBIC l'IpO(i)I/U'II/I, ONTUMHU3AIMA, PaCUYCT ONTHMAIIBHBIX ITAPpAMETPOB, PEIIECTYATBIC KOHCTPYKIUH, q)epMLI, Gamm,
TpyOOOETOHHBIE KapKacChl.

UDC 624.072.2.014 DOI 10.37538/0039-2383.2024.1.63.69. OPTIMIZATION OF SEMI-FLAT-OVAL BENT-WELDED PROFILES FOR BEAM STRUCTURES. A.S. Marutyan,
North-Caucasus federal university; e-mail: al_marut@mail.ru

Abstract. A new technical solution for semi-flat bent-welded profiles is presented, optimized for bending strength characteristics, the originality of which has been confirmed by patent
examination. Rectangular profiles with a ratio of width and height 1/3 along the middle section line served as the basis for their shaping, which ensures maximum strength. As a prototype,
semi-flat profiles are assembled on the basis of flat-oval profiles with maximum strength due to the ratio of width and height 1/3.064 along the middle section line. The calculation of the
optimal parameters of thin-walled sections using an approximate technique using their average lines, repeatedly tested in solving optimization problems for bent-welded profiles
of various shapes and outlines, is presented. A comparative analysis of the design parameters revealed a positive effect of optimized profiles in truss and girder structures,
including a reduction in the consumption of structural material, a decrease in stress concentration, and a reduction in building height. The prospects of expanding the scope

of their rational use with the addition of pipe-concrete and steel-reinforced concrete structures are indicated.

Key words: profile pipes, bent-welded profiles, optimization, calculation of optimal parameters, lattice structures, trusses, beams, pipe-concrete frames.



VY]IK 624.014.9 DOI 10.37538/0039-2383.2024.1.70.77

J.A. POMAHYEHKO Ps3anckuii uaetutyt (puanan ®I'AOY BO «MockoBCKuil OIUTeXHHYECKHI YHUBepcHTeT»); e-mail: 89060627113a@gmail.com
M3YYEHHUE JE®OPMAILAM B Y3JIOBbIX COEJIUHEHUSX MOJMMEPHBIX CETYATBIX OBOJIOYEK T'MIIEPBOJIONI0B BPAIEHMUSL...70

CTaTLS{ TIOCBAIIICHA U3YYCHUTIO z[eq)opMaunﬁ B Y3JIOBBIX COCIUHCHUAX CETYATHIX OﬁOJ’IO‘IBK FPIHepGOJ'IOI/I,I[OB BpaliCHus1, UCCIICAOBAHUIO OIbITA SKCILTyaTalluA O6’beKTOB B BHJIC
runepOoon0B BpameHus (Ha npuMepe 6anrau B.I'. Illyxosa Ha IllaGonoBke B ropoae MockBe), BBITOTHEHHBIX U3 MTOJIMMEPHBIX JIEMEHTOB. B paMkax 1ab0opaTopHBIX
MCCHGHOB&HI/Iﬁ 6}:1.]10 TIPOBEACHO MOJACIIMPOBAHUE CETYATOTO anep6on0Hﬂa BpaIICHUA U3 IMTOJJUMEPHBIX MATCPHAAIIOB, U3YYCHBI z[eq)opMaunn TAKOIro THUIIa KOHCprKI_II/Iﬁ npu
Harpyskax. J'Ia60paT0pHLIe HCCICA0BaHNUs MPOBEACHBI C LEIbIO N3YYCHUA (I)I/ISI/I‘JBCKHX Harpyso0K Ha ITOJIMMEPHBIC DJIEMEHTHI, B 3aBUCUMOCTH OT spyca anep60J10M)1a,
KOJIMYIECTBA HOJMMEPHBIX JIEMEHTOB CETYaTOi 000JI0UKH B UAMETpE spyca, H3y4eHus! AehopMaluy MaTepraia, KOHCTPYKIUH Tuepoonona B enom. JlanHsie
J1a60paT0pH0r0 OKCIIEPUMEHTA JAOT NIPEACTABICHUE O (1]H3H‘IGCKHX OCO6GHHOCTHX KOHCprKI_lI/If/'I B BUJIC I‘I/IHep60J'IOI/I,I[a BpalieHus, MpeACTaBJICHUE O BO3MOXKXHBIX U3MECHCHUAX
Harpys30K B Yy3JIOBBIX COCAUHEHUAX SIPYCOB 6aH_IHI/[, B JTAHHBIX THUIIaX KOHCprKHHﬁ, BBINTOJIHEHHBIX U3 IMMOJIMMEPHBIX MaTEPHUAJIOB. B cratse TIPUBEACHBI C(i)opMHpOBaHHI:IC
Pe3yJIbTaThl UCCIIEIOBAHMUIT 110 M3yYEHHIO ieopMaliii 1 K3MEHEHHIO HAarpy30K Ha y3JI0BbIe KPEIUICHHS B 3aBUCUMOCTH OT sIpyca KOHCTPYKIMH M KOJIMYeCTBa (POPMHUPYIOIIUX SPYC
DJICMECHTOB. ﬂaHHaS{ CTaThs UMECT HAYUYHYIO aKTyaJIbHOCTb, 1a€T MPEACTAaBIICHUEC 00 U3MEHEHHH Harpysku, ae(bopMaupm, COIIPOTHUBJICHUH 3JIEMEHTOB KOHCTPYKIIMHU U UHBIX ITpOLECCax.
KaroueBble c10Ba: ceTyaTbie 000JI0UKH, TUIIEPOOION T BPAILICHHUs, COSTMHEHH S, BepTUKAJIbHbIE cMelleHus, Oamuu, 11lyxoB, nehopmariys, HOIHMEpHL.

UDC 624.014.9 DOI 10.37538/0039-2383.2024.1.70.77. STUDY OF DEFORMATIONS IN NODAL JOINTS OF POLYMER MESH SHELLS OF HYPERBOLOIDS OF
ROTATION. D.A. Romanchenko, Ryazan Institute (branch of the Federal State Educational Institution of Moscow Polytechnic University); e-mail: 89060627113a@gmail.com.
Abstract. The article is devoted to the study of deformations and vertical displacements in the nodal joints of the mesh shells of hyperboloids of rotation, the study of the experience of
operating objects in the form of hyperboloids of rotation (using the example of the V.G. Shukhov tower on Shabolovka in Moscow) made of polymer structures. As part of laboratory
research, modeling of a mesh hyperboloid of rotation made of polymer materials was carried out, deformations of this type of structures under loads were studied. Laboratory studies
were conducted in order to study physical loads on polymer elements, depending on the hyperboloid tier, the number of polymer elements of the mesh shell in the diameter of the tier, the
study of material deformation, the construction of the hyperboloid as a whole. The data of the laboratory experiment give an idea of the physical features of structures in the form of

a hyperboloid of rotation, an idea of possible load changes in the nodal joints of the tower tiers, in these types of structures made of polymer materials. The article presents the formed
results of research on the study of deformations and changes in loads on nodal fasteners depending on the tier of the structure and the number of elements forming the tier. This article has
scientific relevance, gives an idea of the change in load, deformation, resistance of structural elements and other processes.

Key words: mesh shells, hyperboloid of rotation, joints, vertical displacements, towers, Shukhov, deformation, polymers.
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Henuneiinbie pacyerst
Nonlinear calculations
YIK: 69.04 DOI 10.37538/0039-2383.2024.2.2.13
I'.A. CMOJIAAT O*?, a.1.1., A.E. /KIIAHOB?, k.1.H., S1.J. OBGEPHUXWHA', H.B. ®POJIOB, k.T.1. 'BI'TY um.B.T. IlllyxoBa; e-mail:
yana.ishuk@yandex.ru, 2000«CTponTeabHasi SKCNepTH32»
CTATUYECKHNM PACUET HEPA3PE3HOM BAJIKM IIEPEMEHHOM )KECTKOCTHA METOJIOM 3ATAHHBIX JE®OPMAIIHIA...2
B nanHoi#t cTaThe npecTaBieHa METOIMKA CTATUYECKOTO PacueTa Hepa3pe3Ho ABYXIPOJIETHOM OaKi NepeMEHHOM KECTKOCTH, OCHOBAHHAs HA METO/IE 3a/JaHHBIX
):[e(bopMaum‘/'I, IIpU KOTOPOM B Ka4€CTBE€ BHECIIHET'O BO3HeﬁCTBHH HCIIOJIB3YETCS OIUH U3 ITapaMETPOB M30FHyT0]7I OCH, HAITPUMEP, KPUBU3HA B CEUCHNUU HA HpOMe)KyTO‘IHOI\/'I
orope, a pelIeHne ypaBHEHUsI H30THYTOH OCH OCYILIECTBISICTCS OTHOCUTENIBHO BEJIMYNHBI HATPY3KH. [IpH peleHnu 3a1a4, CBA3aHHBIX ¢ (GU3HIECKOIl HETHHEHHOCTBIO,
noTpedyeTcsi OpraHu3alys HTEPALOHHOrO POLECCa, H HCIOIb30BAHUE PACCMATPUBAEMOT0 METO/IA B COYETAHHH C YIETOM M3MEHEHHS IapaMeTPOB JKECTKOCTH CEUCHHUI Ha
Pas3IMYHBIX dTaIax pa60TLI B I[aI[bHeI\/'IHIGM TIO3BOJIMT OpPraHu30BaTh yCTOﬁ‘IPIBBIﬁ I/ITepaHI/IOHHHﬁ Iponecc, ¢ MOMOIIBIO KOTOPOI'0 MOKHO pEeIIaTh 3aJa4u pacue€Ta HEPA3pE3HbIX
0aJIOK Ha BCEX CTaJMsIX UX paboThl, BKIIOYas 3aKpuTudeckue. Kpome sroro, npeiaraemMasi METOMKa MO3BOJISIET YYUTHIBATH OCAKH ONOP OAJIKU IPH ONPEICIICHUH I1apaMeTPOB
HJ/IC. Ha ocHOBe npezicTaBIeHHON METOAUKH pa3paboTaH adropuT™ U IporpaMma Uit 9BM 1o ctatuyeckoMy pacueTy Hepa3pes3HOH ABYXIPOJICTHON Oaaku nepeMeHHoU. B
Ka4yeCTBE BO3HCﬁCTByIOLHeF0 IapaMeTpa Ha 6am<y 3a/1a€TCs KpUBU3HA B CCUCHUHN Ha HpOMe)KyTO‘{HOﬁ omnope. Pe3yJ'IBTaTaMI/I pacuera 6aIIKI/I SIBJIAKOTCS BEJIMYMHA HAIrpy3KH,
BOCIIPUHUMAaEMast OAJIKOW, N3rnOaIOIe MOMEHTBI, IIPOruObl, KPUBU3HBI, JKECTKOCTH B CEYEHHSIX KaXK/0r0 U3 rpoetoB Oanku. s anpodanun pa3paboTaHHONW METOIUKH ObLT
MIPOBEICH KOMITBIOTEPHBII PacyeT Hepa3pe3HbIX ABYXIIPOJIECTHBIX OAJIOK € IIEPEMEHHOM )KECTKOCTBIO U PA3IMYHBIMU CXeMaMU HarpyskeHusi. [loiydeHsl aHaIUTHYECKHUE U
rpa(bnqecxne PE3yIbTaThI BBIIIOJIHEHHOI'O pacyeTa.

KiioueBble cjioBa: Hepa3pe3Has 0ajika, nepeMeHHAas KeCTKOCTh, HATPY3Ka, H3rH0AIOLIHIl MOMEHT, POrud, KPUBU3HA.
UDC: 69.04 DOI 10.37538/0039-2383.2024.2.2.13. STATIC ANALYSIS OF A CONTINUOUS BEAM OF VARIABLE STIFFNESS BY THE METHOD OF GIVEN
DEFORMATIONS. G.A. Smolyago®?, A.E. Zhdanov?, Ya.L. Obernikhina®, N.V. Frolov', 'Belgorod State Technological University named after V.G. Shukhov,? OO0 Stroitelnaya
ekspertiza; e-mail: yana.ishuk@yandex.ru
Abstract. This article presents a methodology for a static calculation of an uncertain two-span beam of a variable stiffness, based on the method of specified deformations, in which one of
the parameters of a curved axis is used as external exposure, for example, curvature in a section on an intermediate support, and the solution of the equated axis is carried out relative to the
load size . When solving problems associated with physical non-linearity, the organization of the iteration process is required, and the use of the method under consideration allows you to
organize a stable iteration process with which it is possible to solve the problems of calculating uncertain beams at all stages of their work, including crickets. On the basis of the presented
methodology, an algorithm and a computer for computers on a static calculation of an uncertain two-span beam variable stiffness have been developed. As the acting parameter, curvature in
the section on an intermediate support is set on the beam. The results of calculating the beam are the value of the load perceived by the beam, bending moments, deflection, curvatures,
rigidity in the sections in each of the spans of the beam. To test the developed methodology, a computer calculation of unreasonable two-span beams with variable stiffness and various
loading schemes was carried out. The analytical and graphic results of the completed calculation are presented.
Keywords: continuous beam, variable stiffness, load, bending moment, deflection, curvature.

Y]K: 69.04 DOI 10.37538/0039-2383.2024.2.14.19

ILA. AJIEKCEEB, B.A. MEJIEIIKO, K.T.H., 1ouent, A.B. TPO®UMOB, k.T1.H., 1ouent CIIGIACY; e-mail: p.alekseevO0@mail.ru

HEJIMHEMHBIA AHAJIN3 KAPIIMYHBIX CBOTYATHIX KOHCTPYKIMII UCTOPUYECKHUX 3JAHUMN...14

CII0XKHOCTB B pacueTe KOHCTPYKITHIT U3 KUPIIMYHON KJIaJKH 3aKJII0YaeTcs B yUeTe aHU30TPOITHBIX CBOMCTB KitakH. [{aHHas mpobiieMa 0co000 OCTPO ONIYIIASTCsI IPH aHATIN3e
HI[C HCTOPUICCKUX KaMEHHBIX KOHCpr'KHHI?’I npu 06CJ‘IeZ[OBaHMI/I MX TEXHUYECKOT0 COCTOSIHMS. B I[aHHOﬁ CTAaThE MPUBOJUTCA aHATIN3 CBOAYATOIO NIEPEKPLITUSL OCO6HﬂKa,
BO3BeZICHHOTO B repBoii monosune X VIII Beka. [l yMCIEHHOr0 MOIETMPOBAHUS KUPIIUYHON KJIA/IKH MOYKHO MPUMEHHUTH OMIMHEHHYIO MOJIEb MaTepraia ¢ H30TPOITHBIM
YIOPOIYHECHUEM. Omna sBIIsSIETCS HaHGOHee HpOCTOﬁ B IIPaKTUIECKOM MPUMEHCHUH, HO B I[aHHOﬁ MOJCIIN YIUTBIBACTCS TOJIBKO OTHO MPEICIIBHOE COTIPOTHUBIICHUEC. H03TOMy JUTSA
pacuera KaMCHHBIX KOHCprKHI/Iﬁ GLU'IO TIPEUIOKEHO UCIIOIB30BATh HeJ‘IHHeﬁHy}O MOJICJIb MaTepHralia PaHKI/IHa, KOTOpas y4UTBIBACT PAa3jIMIHOC ITOBEACHNUEC KIIAJKU IIPU
PaCTsKCHUHU U C)KAaTUU, B TOM YHCJIC U PA3YIIPOYHCHUC. B cratbe TPEACTABJICHBI PE3YIbTAThl YUCICHHOTO MOCIUPOBAHUA KPIpHH‘IHOfI KIIaAKA C pasHbIMUA MOJCIIIMA
MaTepHuaoB. HpOBeI[eHO CpaBHCHHUE U OLICHKA IIPOYHOCTH KOHCTPYKIIHH.

KumoueBble cj10Ba: HEJIMHEHHBIN pacuer, KMpHMqHLIﬁ CBOJl, ICTOPUYCCKUEC KOHCTPYKIINH, YHCIICHHBIA aHaJiu3, 06pasoBaHMe TPEIIUH, MOJCITb PaHKHHa, OuMHelHas JuarpaMma.
UDC: 69.04 DOI 10.37538/0039-2383.2024.2.14.19. NONLINEAR ANALYSIS OF BRICK VAULTED STRUCTURES OF HISTORICAL BUILDINGS. P.A. Alekseev, V.A.
Meleshko, A.V. Trofimov, St. Petersburg State University of Architecture and Civil Engineering; e-mail: p.alekseevOO@mail.ru
Abstract. The difficulty in calculating masonry structures lies in taking into account the anisotropic properties of masonry. This problem is particularly acute when analyzing the VAT of
historical stone structures during the examination of their technical condition. This article provides an analysis of the vaulted ceiling of the mansion, built in the first half of the XV111
century. For numerical modeling of brickwork, a bilinear model of the material with isotropic hardening can be applied. It is the simplest in practical application, but only one limiting
resistance is taken into account in this model. Therefore, for the calculation of stone structures, it was proposed to use a nonlinear Rankine material model, which takes into account the
different behavior of masonry under tension and compression, including softening. The article presents the results of numerical modeling of brickwork with different models of materials.
The comparison and evaluation of the structural strength were carried out.

Keywords: nonlinear calculation, brick vault, historical structures, numerical analysis, crack formation, Rankine model, bilinear diagram.

YucneHHble pacyeThl
Numerical calculations

YK 691.421:666.72::691:620 DOI 10.37538/0039-2383.2024.2.20.25

B.U. OBO30BY, A.1.1., npod., A.®. BEJISIEB?, Benymuii nnsxenep-koncrpykrop ‘LHHUUCK nm.B.A.Kyuepenko AO«HUL«CTponTenncTBoy»; e-mail:
obozov@yandex.ru 2000«IpoexThoe Bropo «Kpynnsiii [lian»; e-mail: ustie2012@gmail.com

K IPEJEJILHOMY PABHOBECHIO MOHOJUTHBIX )KEJIE30OBETOHHBIX IVIMT MEPEKPHITHI KAPKACHBIX 3JAHUI B ABAPUITHBIX

CUTYALUSAX, MPUBOJAIINX K MPOTPECCUPYIOLIEMY OBPYIIEHHAIO KOHCTPYKIIUIA...20

IpuBenen kpaTkuii aHa/IM3 NCHIOIB30BAHMS ISHCTBYIOIMX HOPM B pacyeTax CONPOTHUBIIAEMOCTH KapKaCHBIX 3[1aHUH NPOrpeccupyloneMy oOpyIIEHUI0 KOHCTPYKIHMI B
aBapMiHBIX cUTyanusax. PaccMoTpensl 1Ba criocoba pacyeTa Ha CONPOTHBIIAEMOCTh POrPECCHPYIOLIEMY OOPYLICHHUIO MEPEKPHITHI MOHOIMTHBIX KAPKACHBIX 3[aHUH MPH
BBIXOJIC M3 CTPOS OJJHOH M3 KOJIOHH: MPAMON METOJI, IPH KOTOPOM PACCUNTBIBACTCS BCE 37aHUE C M3MEHECHHOM PAcYETHON CXeMO ¢ mocIeyromeil MPOBEPKOH MPOUYHOCTH
KOHCTPYKIIMH C yBENMYUBIIMMUCS YCHIIUAMH, U PACUET TIEPEKPBITHA HAJl Pa3pyIICHHOH KOIOHHON METOZIOM MPEEIBHOTO PABHOBECHS C ONPEIEICHUEM paspylIaroniei
niepekphITHe Harpysku. Ilokasano, 4To paspyuaronias NEPeKpeITUE HArpy3Ka CyIIECTBEHHO 3aBHCUT OT XapaKTepa ero paspymieHus. 3amucaHo odliee ypaBHEHHE NPEIETbHOr0



PaBHOBECHS MEPEKPLITUSA, BKIIOYAIOIIEC HE TOJIBKO 06pa30BaHHe TTACTUYICCKUX MIAPHUPOB B IIJIMUTE, HO U TPOJABINBAHUE IITUTHI pacnonoxceHHoﬁ Ha HEW KOJIOHHOM.
Bo3MoKHBI TPpHU BapuaHTa pa3spyHICHUS IIEPEKPLITUS B aBapPIf/‘IHOI)‘I CUTYyalu: TOJIbKO OT 06pa3OBaHI/IH B INTATE TUIACTUYECKUX MIAPHUPOB, TOJILKO IIPU MIPOJAABIIMBAHUN ITJIATHL
KOJIOHHOH | TIPH OTHOBPEMEHHOM 00pa30BaHUH ITACTHYCCKHX IIAPHUPOB U MPOAABIMBAHUS TIUTHI KOJIOHHOU. [Ipe/iioxken KpuTepuii, ONpeIesonnil BApUaHT pa3pyIIeHHS.
IIpuBenen npumep pacyera.

KonroueBbie ci10Ba: KapKacHbIC 3/1aHUS, MOHOJIMTHBIC IIEPEKPBITHS, KEJIE300€TOH, ITPe/IelIbHOE paBHOBECHE, pa3pylleHUEe, aBapuifHast CUTyallus, padoTa BHYTPeHHUX YCHUINii, paboTa
BHEUIHEH HAarpy3KH, KpUTEpHi XapakTepa pa3pylIeHus, IpuMep pacyera.
UDC 691.421:666.72::691:620 DOI 10.37538/0039-2383.2024.2.20.25. TO THE ULTIMATE EQUILIBRIUM OF MONOLITHIC REINFORCED CONCRETE SLABS
OF FRAME BUILDINGS IN EMERGENCY SITUATIONS LEADING TO PROGRESSIVE COLLAPSE. V.1. Obozov!, A.F. Belyaev?, 'Research Institute of Building Construction
(TSNIISK) named after V.A. Koucherenko, JSC Research Center of Construction; e-mail: obozov@yandex.ru, 2LLC KPLN; e-mail: ustie2012@gmail.com
Abstract. A brief analysis of current standards concerning calculations of the resistance to progressive structural collapse of frame buildings in case of an accidental destruction is
presented. Two analysis methods concern the resistance to progressive collapse of the slabs of monolithic frame buildings in case of accidental failure of one column are considered: direct
method in which the entire building is calculated with a modified analysis scheme followed by checking the strength of structures with increased efforts, and calculating the slab located
over the destroyed column by the ultimate equilibrium method with determination the slab destroying load. It is shown that the slab destroying load greatly depends on the model of its
destruction. General equation of the ultimate equilibrium of the slab is written down. It includes not only the formation of plastic hinges in the slab, but also taking in account pushing
through the slab by the column located on it. There are three possible options for an emergency destruction of the slab: from the formation of plastic hinges in the plate only, the slab
pushing through by a column and formation of plastic hinges at the same time and situation when the slab is pushed through by the column. A criterion of the destruction
option determination is offered. An example of calculation is given.
Keywords: frame buildings, monolithic slabs, reinforced concrete, ultimate equilibrium, collapse, accidental situation, internal efforts, applied load, criterion of the destruction, example of
calculation.

Y]K: 624.071.322:531.62 DOI 10.37538/0039-2383.2024.2.26.32
JI.A. TAPACOB, k.1.H. Ilen3enckuii rocynapcrBeHHblil yHuBepceureT; e-mail: tda82@list.ru
NPUMEHEHUE METOJIA BYBHOBA - TAJIEPKUHA JIJISI AHAJIM3A TTOBEJEHUSA U3TUBHO-)KECTKOI HUTH MTPU TIOITEPEYHOM VJIAPE...26
I/ICHOJ’IBSyﬂ METOI By6HOBa - FaJ’ICpKI/IHa, peuicHa 3ajaua 00 OnpeaciIeHun HaITprKeHHO-[Ie(i)OpMI/IpoBﬁHHOI‘O COCTOSIHUSL U3THOHO-KECTKOM HHUTH, I/ICI'II)ITI)IBa}OIIleI‘/’I
MONEPEUHbIH yap TEJIOM C 3aJaHHON MacCOi U CKOPOCTbIO JIBM)KEHHUS . BBINONIHEH CpaBHUTENBHBII aHAIN3 C JAHHBIMU, TIOJIy4EHHBIMHU JIPYT'HM METO/IOM pacyera. Y CTaHOBJIEHO
HE3HAYUTEIIBHOC PACXOXKACHUE B NIPEACIBHBIX 3HAYCHUAX KPUTEPUEB, IPUHATBIX IJI1 OLUCHKH aJICKBATHOCTH PE3YJIbTATOB.

KinoueBble cj10Ba: M3ruOHO-KECTKAs HUTbH, HUTh KOHEYHOU JKECTKOCTH, HOHepeLIHbIﬁ yaap, IMHaMHU4€CKOE BO3HeﬁCTBMe, HaHpﬂ)KeHHO-ﬂe(bOpMPIpOBaHHOG COCTOSIHUE, HAIIPSOKECHMSA,
neopmanum.
UDC: 624.071.322:531.62 DOI 10.37538/0039-2383.2024.2.26.32. APPLICATION OF THE BUBNOV-GALERKIN METHOD TO ANALYZE THE BEHAVIOR OF A
FLEXURALLY RIGID THREAD UNDER TRANSVERSE IMPACT. D.A. Tarasov, Penza State University; e-mail: tda82@list.ru
Abstract. Using the Bubnov — Galerkin method, the problem of determining the stress-strain state of a bending-rigid thread experiencing a transverse impact by a body with a given mass
and speed of movement is solved. A comparative analysis was performed with data obtained by another calculation method. A slight discrepancy was found in the limit values of the criteria
adopted to assess the adequacy of the results.
Keywords: flexurally rigid thread, thread of finite stiffness, transverse impact, dynamic impact, stress-strain state, stress, deformation.

ﬂHHaMI/I‘ICCKHS pPacyEThL
Dynamic calculations
VK 624.07 DOI 10.37538/0039-2383.2024.2.33.42
N.N. UBAHYEHKO, 1.1.H., npodeccop Poccuiickuii ynnsepcuret tpancnopra (MUHUT); e-mail: ivaii0ll@mtu-net.ru
K PACUETY IVIMTHBIX ADPOJIPOMHBIX MOKPBITUM NIPU KX B3AMMOJIEMCTBHUM C I/IHEPI.[I/IOHHOI71 HAT'PY3KOM IIPY JIBUKEHUU B PEXKUME
TOPMOXEHMSI...33
PaCCMO’I‘peH METO/ pacyueTa IUIAaCTUH IIPpU I[eﬁCTBP[H HWHEPLUHUOHHBIX HAIPYy30K IIPpH UX JIBUKEHUU C HepeMeHHOﬁ CKOPOCTBIO. Pemaercs 3aza4da o B3aI/IMOI[eI\/IICTBI/II/I aspoaApOMHOI'0
TIOKPBITHA C aBPIaLIPIOHHOﬁ HarpysKoﬁ B MOMEHT €€ IBUKCHUS, B PEKUME TOPMOKEHHU S, IIPU TIPU3EMIICHHUN Ha ITOBEPXHOCTH B BUJIE HpOT}I)KeHHOﬁ HpﬂMOyFOJ'IBHOﬁ CB06OI[H0
OIEPTOH TUIACTUHBI, JISKALIEH HA YIIPYTrOM OCHOBaHUHM. [Ipy yuere HeIMHEHHbBIX KOHTAKTOB KOJIEC ILIACCH C IIACTUHOM HUCIIOJIb3YIOTCS KYCOYHO-TMHEHHBIC XapaKTePUCTHKH
KOHTaKTHOM JKECTKOCTH. BepTI/IKa.TILHaH JUHaMHUKa HpOCTpaHCTBeHHOﬁ MOJEIIN caMOoJi€Ta Ipru np06ere MOICINPYETC CHCTEMOM KECTKHUX TEII C YOPYTOBA3KUMH CBA3SAMMU. IIJI}I
IIOCTPOCHUSI METOAUKHU IIPUMEHSAIOTCA IMTPEIIOKEHHBIC paHEE aBTOPOM CTaTb METOIBI: IIaroBbIi JUI peHICHUSA 3a1a4 HeyCTaHOBP[BIJJeﬁC}I JUHAMHKHA COOpy‘)KeHI/Iﬁ n MCTOJ
pacyera COOpY)KEHHUS Ha JeUCTBUE MHEPLMOHHON U MOJIBM)KHBIX CUIIOBBIX HArpy30K (METO[| y3JIOBBIX YCKOPEHUI).

KiioueBrble c10Ba: TIOABMIKHAs UHEPLUOHHAs Harpys3Ka, INIaCTUHBI Ha YIIPYTOM OCHOBAaHWH, IIIAaroBbIC IIPOLEAYPHI, IIEPEMEHHAs CKOPOCTh, METO Y3JIOBBIX yCKOpeHHﬁ.
UDC 624.07 DOI 10.37538/0039-2383.2024.2.33.42. TO THE CALCULATION OF PLATE AIRFIELD COVERINGS IN THEIR INTERACTION WITH THE INERTIAL
LOAD WHEN DRIVING IN BRAKING MODE. I.1. lvanchenko, Russian University of Transport (MIIT); e-mail: ivaii011@mtu-net.ru
Abstract. The method of calculating plates under the action of inertial loads during their movement with variable velocity is considered. The problem of the interaction of the airfield
surface with the aircraft load is solved, at the moment of its movement, in braking mode, when landing on the surface in the form of an extended rectangular freely operable plate lying on
an elastic base. When taking into account the nonlinear contacts of the chassis wheels with the plate, piecewise linear characteristics of contact stiffness are used. The vertical dynamics of
the spatial model of the aircraft during the run is modeled by a system of rigid bodies with elastic-viscous bonds. To construct the methodology, the methods proposed earlier by the author
of the article are used: a step-by-step method for solving problems of the relentless dynamics of structures and a method for calculating structures for the action of inertial and mobile force
loads (the method of nodal accelerations).
Keywords: movable inertial load, plates on an elastic base, step procedures, variable velocity, nodal acceleration method.

Hopwmuposanue
Standardization
VK 624.072.2.014 DOI 10.37538/0039-2383.2024.2.43.51
JL.10. KOHSIIIWH, nnx., IHAUCK nm. B.A. Kydepenko AO «HHULL «CtpoutenncTBo»; e-mail: dkon1l0@yandex.ru
SKCIUIYATAIUAS CTAJBHBIX IIOKPHITHI YHUKAJBHBIX COOPY KEHMWIA...43
B HacToALIECC BpEMs COTPYAHUKAMHU Ha60paTopnu HOpMHUPOBaHUs, PEKOHCTPYKIUU U MOHUTOPUHI'A YHUKAJIBHBIX 3I[aHPIﬁ n COOpy)KeHI/Iﬁ OTI[CII& MeTauIMIecKux KOHCprKI_II/Iﬁ
IIHWUCK um. B.A. Kydepenko roroButces k nevdatu crangapt opranusaimi CTO 36554501-073-2023 «TexHmdeckast SKCIUTyaTAIMS CTATBHBIX KOHCTPYKIIHIA MTOKPBITHI
YHUKAJIBHBIX 371aHAI ¥ COOpYKEHUI» B cooTBeTCTBUM ¢ DenepanbHbiM 3akoHOM 0T 29 mioHs 2015 1. Ne 162-D3 «O crangaprusaunu B Poceniickoii denepanmm.
Hacrosmmii CTO 36554501-073-2023 cocrasinieH ¢ yuetom TpeboBanuit denepanbHeix 3akoHOB: 0T 27 nekadbpst 2002 r. Ne 184-D3 «O TeXHHYIECKOM PeryInpoBaHUm»; OT 22
utoHs 2008 1. Ne 123-D3 «TexHuueckuii periaaMeHT o TpeOboBaHusx noxapHoi 6esomacHocTu» 1 oT 30 nexadpst 2009 r. Ne 384-03 «TexHUYECKHIA periaMeHT 0 0€30MacHOCTH
3aannii u coopyxkenniny. CTO 36554501-073-2023 pacnpocTpansieTcst Ha CTaabHbIe KOHCTPYKIIUM MOKPHITHIT YHUKAIBHBIX, B TOM YHCIIE OOJBIICTIPOIETHBIX, 3[aHUH 1
COOPYKEHHUHT TSl OCYIIECTBIICHHS TEXHUYECKOT0 00CIy)KUBaHHs1, 00eCIIeunBaromIero oe3onacHoe (pyHKIIMOHNPOBAHNE 3TaHNI M COOpY)KeHUi. B crannapTe npuBeieHo
pa3bsCHEHHE MOHATHS KYHUKAJIbHBIC 3[JaHUSI U COOPYKEHUSD»: K HUIM OTHOCSITCS 3/IaHUS U COOPYIKEHHsI C BBICOTOM, npeBbimtatorieit 100 M, uin ¢ BenmuuuHou nposiera 6omnee 100
M, WIH C BBUIETOM KOHcoJM Oosiee 20 M, MIIH €CJTH 3arIyOJIeHUe TTOI3EMHON YaCTH OTHOCUTEIIBHO IIAHUPOBOYHOM OTMETKH 3eMIIM OoJiee 4yeM Ha 15 M, WIIH COOpY)KeHUs, I/ie
HCIIOJIE3YIOTCSI KOHCTPYKIUHU U KOHCTPYKTHUBHBIC CXEMBI C IPUMEHEHUEM HECTAaHAAPTHBIX WJIH CIICHHAJIBHO paSpaGOTaHHLIX METO/I0B pacyeTa Ui Tpe6y}omnx TIPOBEPKHU HaA
(1)I/I3I/I‘IBCKI/IX MOJCIIAX, a TAKKE CIIOPTUBHO-3PCIINIIHBIC, KYJIbTOBBIC COOPYKCHHU A, BBICTABOYHBIC ITaBUJIIbOHBI, O6HICCTBCHHI)IC 31aHWsA, TOPTOBBIC U PA3BJICKATECIIbHBIC
KOMIUIEKCHI ¢ pacueTHBIM IpebbiBaHneM BHYTpH Oonee 1000 uenoBek wim 6onee 10 000 genoBek BOIM3M 00beKTa. B cTaThe npeicTaBieHbl MaTeprabl, MOCIYKHBIINE
ocHoBaHueM Juis coszianus CTO 1o sKcruTyaTaliy CTadbHbIX KOHCTPYKIMI B HOKPBITUSX YHHKAJIBHBIX COOPY/KEHHIA.

KuiroueBbie ciioBa: HAYYHO-TEXHUYIECCKOE COMPOBOKIACHUE, CIICNNATIbHBIC TEXHUYECKUE YCIOBUS, MOHUTOPUHT HaHpS[)](eHHO',ElC(l)OPM]/IpOBaHHOFO COCTOSIHU, 06CJ’ICHOB3HI/IC, CTaJIbHbIC
KOHCTPYKIUH, IIOKPBITUSA, DJIEMEHTBI, Y3JIbl.
UDC 624.072.2.014 DOI 10.37538/0039-2383.2024.2.43.51. OPERATION OF UNIQUE STEEL COATINGS STRUCTURES. D.Yu. Konyashin, TSNIISK named after V.A.
Koucherenko JSC Research Center of Construction; e-mail: dkon10@yandex.ru
Abstract. Currently, employees of the Laboratory for Standardization, Reconstruction and Monitoring of Unique Buildings and Structures of the Department of Metal Structures of the V.A.
Kucherenko Central Research Institute are preparing to print the standard of the organization STO 36554501-073-2023 “Technical operation of steel structures for coatings of unique
buildings and Structures” in accordance with Federal Law No. 162-FZ dated June 29, 2015 “On Standardization in the Russian Federation Federation”. This SRT 36554501-073-2023 is
compiled taking into account the requirements of Federal Laws: dated December 27, 2002 No. 184-FZ “On Technical Regulation”; No. 123-FZ dated June 22, 2008 “Technical Regulations
on Fire Safety Requirements” and No. 384-FZ dated December 30, 2009 “Technical Regulations on the Safety of Buildings and Structures”. SRT 36554501-073-2023 applies to steel
structures of unique coatings, including including large-span buildings and structures for maintenance, ensuring the safe functioning of buildings and structures. The standard provides an
explanation of the concept of “unique buildings and structures”: these include buildings and structures with a height exceeding 100 m, or with a span of more than 100 m, or with a
console departure of more than 20 m, or, if the depth of the underground part, relative to the planning mark of the ground, is more than 15 m, or structures where structures and structural
schemes are used with the use of non-standard or specially developed calculation methods, or requiring verification on physical models, as well as sports and entertainment, religious
buildings, exhibition pavilions, public buildings, shopping and entertainment complexes with an estimated stay of more than 1,000 people inside or more than 10,000 people near the
facility. The article presents the materials that served as the basis for the creation of a service station for the operation of steel structures in the coatings of unique structures.
Keywords: scientific and technical support, special technical conditions, stress-strain state monitoring, inspection, steel structures, coatings, elements, assemblies.



3KCHB|!I/IMGHTBJ'IBHI)IS HCCICOIOBAHUA
Experimental studies
YK 624.13 DOI 10.37538/0039-2383.2024.2.52.62
M.A.TYKOBAL k.1.1., /I.B. KOHJIPAILIOB, unx.,!, M.U. PAP®EJb'2 k.1.1., 1ouent LIHANUCK um.B.A.Kyuepenko AO«HUI«Crpouteancto» 2HUY MI'CY; e-mail:
farfelmi@yandex.ru
OINBIT YCHJIEHHUS KOHCTPYKIIHIA IO PE3YJIBTATAM 3KCITEPTU3BI TPOMBIILIEHHOW BE3OIMTACHOCTH JIBYX HACOCHBIX CTAHIIAN TPYBOCBAPOYHOI'O
HEXA OAO «TATMET»...52
B Teuenue npogomKuTenbHOM paboThl Ha MetatyprudeckoM 3aBoge OAO «Tarmer» nocie 1995 r., npousonura aBapus B uexy TCII-3 u mupekius 3aBoja 03a00THIACH COCTOSIHUEM
JPYrux 1exoB, LIeHTpanbHbIil HayqHO-MCCIEI0BATENbCKUI MHCTUTYT CTPOUTEIBHBIX KOHCTPYKLHi uM. B.A. KydepeHko nmpoBoau 06cieoBaHus AaXe HEOOIbIINX 31aHHIl 1 COOPYKECHUH,
BBITTOJIHABIINX CEPHE3HBIC ¢)yHK]_I]/II/I B IIpOIECCE MPOU3BOACTBA 3aBOJA. HpOBOILI/IJ'IaCL OKCIIEPTHU3a HpOMLILL[J'ICHHOi’I 6C3OHaCHOCTI/I C LCIIBIO BBIAAYN 3aKJTFOUCHUN U pCKOMCHHaHI/Iﬁ o
PEMOHTY B YCHJICHHUIO ITOBPEKACHHBIX CTPOUTCIIBHBIX KOHCprKLII/Iﬁ AT BOSMOXKHOCTHU UX ILaJ'IbHCﬁLL[eﬁ Oe3omacHoi OKCILTyaTaluu. B crarse TIPUBCIACHBI PE3YJIbTAThI OﬁCJ’ICL[OBaHI/ISI
371aHHIT IBYX HACOCHBIX CTAHIIMM, TOCTPOCHHBIX U3 CMEIIAHHBIX KOHCTPYKIHI U 00CTyKMBAIOMKUX TpyOocBapouHsblii niex Ne 3 3aBoga. OOHapyKEHbI HEJOMYCTUMbIC TOBPEKICHHUS
KOHCprKL[I/[ﬁ 3MaHUs 1 IPUBEACH CHOC06 YCUTICHUS OTUX KOHCprI(HHﬁ, KOTOpBIﬁ MOKET CIIY>KUTH IPUMEPOM JUIA €T0 UCIIOJIB30BaHUS IPU aHAJIOTHIHBIX MEPOTIPUATHUAX.

KinoueBble cJioBa: CTCHBI, IICPCKPBITHA, CTAIbHAS KOHCTPYKIMA, JICCTHUIHAS KIICTKA, 6am<a, TIJIATHI ITIOKPBITHS, pera JKCCTKOCTH.
UDC 624.13 DOI 10.37538/0039-2383.2024.2.52.62. THE EXPERIENCE OF STRENGTHENING STRUCTURES BASED ON THE RESULTS OF THE INDUSTRIAL SAFETY
EXAMINATION OF TWO PUMPING STATIONS OF THE PIPE WELDING WORKSHOP OF JSC TAGMET. M.I. Gukova!, D.V. Kondrashov?, M.I. Farfel*?, ‘TSNIISK named
after V.A.Koucherenko JSC Research Center of Construction, 2Department of Metal and Wooden Structures of the Moscow State University of Civil Engineering (National Research
University); e-mail: farfelmi@yandex.ru
Abstract. During long-term work at the “Tagmet” metallurgical plant after 1995, when there was an accident in the workshop no. 3, and the plant Management took care of the condition of
other workshops, the Central Research Institute of Building Structures named after V.A. Koucherenko conducted surveys of even small buildings and structures that performed serious
functions in the production process the plant. An industrial safety examination was carried out in order to issue Conclusions and Recommendations on repairing and strengthening damaged
building structures for the possibility of further safe operation. The article presents the results of a survey of the buildings of two pumping stations built of mixed structures and serving the
pipe welding workshop No. 3 of the plant. Significant damage to the building structures was found and a method of strengthening these structures was given, which can serve as an example
for its use in similar events.
Keywords: walls, ceilings, steel structure, stairwell, beam, coating plates, stiffeners.

YK 624.078.41 DOI 10.37538/0039-2383.2024.2.63.71

JI.B. KOHUH, k.1.H., A.P. OJIYPOMBM, k.1.H., H.A. TYBAEB, un:k., IHUUCK um.B.A.Kyuepenko AO«HHUI «CrpourenncrBor; e-mail: tuvaev.nikita@mail.ru

3KCIEPUMEHTAJBHOE UCCJIEJOBAHUE YETHIPEXCTOPOHHHUX Y3J10BbIX IPUMbIKAHUM «BAJIKA — KOJIOHHA», BOCIIPUHUMAIOIIAX

JNEWCTBUE U3TABAIOLIEIO MOMEHTA B JIBYX IIJIOCKOCTSAX...63

B crathe paccMOTPEHBI YETHIPEXCTOPOHHHUE (MIIAaHLIEBBIC Y3JIbI TPUMbBIKAHHUS 0aJIOK K KOJIOHHE JIByTaBPOBOIO CEYEHHUs. B paCCMOTPEHHBIX y3/1aX OTCYTCTBYIOT JOMOJIHUTEIIbHbIC

3JIEMEHTBI YCUIICHUS B BUJIE peOep KEeCTKOCTH, 00paTHBIX (uiaHIeB U ByToB. [IpoaHan3upoBaHbl YUCICHHbBIE MOJICIH TaKUX «OOJIErYeHHbIX» (IIAHLEBbIX Y3JI0B U

MIPEJCTABJICHbI PE3YJIbTaThl SKCIIEPUMEHTAIBHBIX UCCIICA0BAaHUNA. Y CTAHOBIICHO, UTO (hIIaHI[b, IPUMBIKAIONIME K CTEHKE KOJOHHBI, OKa3bIBAIOT MOIKPEILLTIONHil 2 dekT, 1aHa oneHka

Z[Cd)OpMaTI/IBHOCTI/I M )KECTKOCTH YCTBIPEXCTOPOHHUX Q)J'IHHHCBLIX COCHHHCHHﬁ, OTMCUCHA HCO6X0£{HMOCTL y4aceta pCaHBHOﬁ JKECTKOCTH TAaKUX Yy3JIOB IIPU pacueTe KapKaca 31aHusl.
KunoueBbie cjioBa: 00ITOBbIE COCANHCHUS, YCTHIPEXCTOPOHHHUEC JKECTKUEC Y3JIbI, (i)J'[aHLICBLIC COCIMHCHMS, HECYIast CHOCOﬁHOCTL, I[e(i)opMaTI/IBHOCTL, JKCCTKOCTh.

UDC 624.078.41 DOI 10.37538/0039-2383.2024.2.63.71. EXPERIMENTAL INVESTIGATION OF END-PLATE 4-WAY BEAMS TO COLUMN CONNECTION. D.V. Konin, A.R. Olurombi,

N.A Tuvaev, TSNIISK named after V.A.Koucherenko JSC Research Center of Construction; e-mail: tuvaev.nikita@mail.ru

Abstract. The paper considers the 4-way end-plate 1-beams to the I-column connections. Considered joints do not have additional members such as stiffeners and haunches. Numerical models of such

«lightweight» end-plate connections are analyzed and the results of experimental studies are presented. It was found that the end-plates adjacent to the column wall have a reinforcing effect, the

deformability and stiffness of the 4-way end-plate joints were evaluated, and the need to take into account the real stiffness of such joints in analysis of building frame was noted.

Keywords: bolt connections, 4-way moment connections, end-plate connections, strength, deformability, stiffness.

B nomoriis npoeKTHpoBIIUKY

To help the designer

VK 624.012.2 DOI 10.37538/0039-2383.2024.2.72.77

O.U. IOHOMAPEB, k.1.H., A.10. JJIO30POBA un:k., E.A. IABJIOBA, IHUUCK um. B.A. Kyuepenko AO «HULI «CrpoutenbeTBox»; e-mail: 1701088@mail.ru

O HEKOTOPBIX OIUMBKAX ITPU IPOEKTUPOBAHUU, OBCJEJOBAHUM U YCUJIEHUM KUPIIMYHBIX 3JJAHUI C HECYIIIUMU CTEHAMM...72

B naHHO#t cTaThe NMPUBE/ICH aHAIN3 HEKOTOPBIX OIIKOOK, KOTOPbIE BCTPEUYAKOTCS P MPOSKTUPOBAHUK HOBBIX 3[[aHUI M COOPYKSHHI, a TAKKe MPU PEKOHCTPYKIIHH

CYIIECTBYIOIMX 00BEeKTOB. [IpoBeieH aHamm3 Tpex OnIMOO0K, BKITIOYAIOINX HEMIPABIIIBHYIO OLICHKY 1e()OPMaTHBHBIX CBOMCTB Pa3IMIHBIX KJIAJTOYHBIX MaTePHAIIOB,

HEMpaBUIbHOE TPUMEHEHHE METO/1a IUTM(OBAHUS NP OLIEHKE POYHOCTH KEPAMUUECKOT0 KUpPIHYa IIacTHYeckoro opmoBanus. B cratke Takke yka3aHo Ha HEOOXOAUMOCTh

OLIEHKH IIPOYHOCTH KOHCTPYKIUI Kak Ha BEPXHUX 3TakaX, TaK U HA HUJKHUX 3TakaX IPH MPOBEJICHUH MEPETIAHNPOBKH 3/IaHUM C IEMOHTAXKEM HECYIMX KOHCTPYKIMH.
Ki1ioueBble ¢10Ba: IpOSKTUPOBAHNE 3aHUHN, 00C/IeJOBAHIE 3JaHHI, YCUIICHHE 3/1aHUi, KHPITNIHAs KIIaJIKa.

UDC 624.012.2 DOI 10.37538/0039-2383.2024.2.72.77. SOME ERRORS IN THE ENGINEERING, INSPECTION AND REINFORCEMENT OF MASONRY BUILDINGS WITH LOAD-

BEARING WALLS. O.I. Ponomarev, A.Yu. Dozorova, E.A. Pavlova, Research Institute of Building Constructions named after V.A. Koucherenko JSC Research Center of Construction; e-mail:

1701088@mail.ru

Abstract. This paper analyses some of the errors that are encountered in the design of new buildings and structures, as well as in the renovation of existing facilities. Three errors are analysed, including

incorrect assessment of the deformation properties of different masonry materials, incorrect application of the grinding method when assessing the strength of plastic moulded ceramic bricks. The article

also points out the need to assess the strength of structures on both upper floors and lower floors when carrying out the redevelopment of buildings with the removal of load-bearing structures.

Keywords: building design, building survey, building reinforcement, masonry.

N 3 3a 2024 rox
Pacuersl Ha HaZIEIKHOCTH
Reliability calculations
YIK: 69.04 DOI: 10.37538/0039-2383.2024.3.2.12
E.A. JIAPMOHOB, 1.1.1., ipod., A.C. MAPKOBHWY, K.T.H., 1onenT, 0.0. AJIEIIINHA, k.T.H. Poccuiicknii yRuBepcHTeT ApyK6bI HAP um.Iatpuca Jlymymonr; e-mail:
evgenylarionov39@yandex.ru
MPUHIAII HAJTO)KEHUSI TE®OPMALMI B TEOPUU )KEJIE30OBETOHA...2
B pabore 060cHOBBIBAETCSI KOPPEKTHOCTh MPHMEHEHHS IPUHIIMIIA HAIOKEHHs JeOpMaLiii P BHIBOJIE 3HAUYHMBIX B TEOPHH JKeJIe300€TOHA YpaBHEHNH MEXaHHYECKOr0 COCTOSIHUS OETOHA
B JINHEHHOMN U HENMHEWHON MMOCTAHOBKAX. DTOT MPHHIMIT 3aKJII0YACTCS B CYMMUPOBAHHH B HEKOTOPBIH MOMEHT BPEMEHH YaCTHYHBIX Ae(OopMariuii, OTBEHAIOIINX YaCTHYHBIM
MPUPALICHHUSM HEYOBIBAIOIIEr0 HAMPSDKEHHS B TOCJIECA0BATEIbHBIC IPEABLIYIIME MOMEHTHI BpeMeHu. JleopManny mpecTaBIsioTCsS CyMMOit MTHOBEHHBIX JeopMannii 1
3ana3AbIBAONIMX JeopMarnii Moa3y4ecTdH B MOMEHT HallokeHHs1. HasioxeHne 4acTHIHbIX AeopMaliuii MON3y4ecTH peann3yeTcs COracHO U3BECTHOMY B JIMHEHHON TEOPUH MOJI3y4eCTH
MPUHLHMITY CyHNepro3uiy bonplmMana: Kaxk/10e 4aCTHYHOE NpUpalieHune AeopMaliii MOI3YUeCTH 3aBUCUT JIUIIB OT BEJIMYNHBI M [UTUTEIBHOCTH HOPOXKAAIOIIET0 YACTHYHOTO MPHPALCHUS
HAMpPSDKEHUS U HE 3aBHCHT OT €0 OCTAJIBHBIX MpHUpaleHuil. IIpyu ydete crapeHust HoCcTyaupyeMast 3THM IPUHIMIIOM B3aMMOHE3aBHCHMOCTh YaCTUYHBIX MPUPAILCHHH AehopMariui
MOJI3y4eCTH HMEET MECTO OTHOCUTEIIBHO YaCTHYHBIX NMPHUPAIICHUiT ypOBHs HanpspkeHwuit. [Ipencrasnenue qedopmManiy cyMMOii HauaabHOH ynpyroit aedopmanuu u aepopmarueit
TIOJI3YYECTH C y'-IHTLIBaIOH.Ieﬁ OBOJIFOLIAIO MOAYJISA YIIPYI'OCTH Mepoﬁ TIPUBOJUT K APYrOMYy BHAY YPaBHCHHS COCTOSHUSA, BOCIIPUHATOMY KaK HEKOPPEKTHOE B HEKOTOPBIX HyGIH/IKaLH/IﬂX.
Takoe BOCIPHUATHE APYTOro BU1a ypaBHEHHUS COCTOSIHUSA BMECTEC C HE OTHOCAIIMMHCS K IMPUHIUITY HAJIOKECHUA ITOCTPOCHUAMHU ITPUBEJIA DTUX aBTOPOB K 3aABJICHUIO 00 ommuOOYHOCTH
MIPUHIIMITA HAJIOXKEHHUSI B TEOPUH MOJI3yYecTr. B OTiiume OT TpaMIMOHHOTO M0/1X0/1a MaTepuai (0eToH, cTajlb, AepeBo, IIacTMAacca) pacCMaTpuBacTCs Kak o0beAnHeHNe Gppakiuii
(BOHOKOH, CJ'IOeB) CO CTaTUCTUYCCKH pacpeACICHHBIMH IIPOYHOCTAMH. KOHHGHLIHSI HpO'—[HOCTHOﬁ CTPYKTYPBI TTO3BOJIACT 000CHOBaHHE TIPUHINITA HAJTIOKCHUA ue(l)opMaLmﬁ B HEJIMHEWHOM
TIOCTaHOBKE. an/I 9TOM CTPYKTYypa HEJIMHENHOT O YpaBHEHHS COCTOSHUSA OKa3bIBACTCA HlIeHTH‘{HOﬁ CTPYKTYpE JIMHENRHOTO YpaBHCHUAA. IT0 00CTOATETHCTBO CYIICCTBEHHO B IPHUIIOKCHUAX,
HanpuMeEp, NpU peICHNHU BaXXHBIX B pacd4eTe Ha JOJIIOCPOIHYIO 0€e301acHOCTh CTPOUTEIBHBIX KOHCprKL[I/If;I peilakCallMOHHBIX 3a1a4.

KaroueBbie ciioBa: HarpsKCHUE, HAJTIO)KCHUE ue(l)opmaunﬁ, B3aNMOHE3aBUCUMOCTbB, CYNEPIIO3NIINA, YPABHCHUE COCTOSHHUS.
UDC: 69.04 DOI: 10.37538/0039-2383.2024.3.2.12. PRINCIPLE OF THE OVERLAY OF DEFORMATIONS IN THE THEORY OF REINFORCED CONCRETE. E.A. Larionov, A.S.
Markovich, O.0. Aleshina, Peoples’ Friendship University of Russia; e-mail: evgenylarionov39@yandex.ru.
Abstract. The work substantiates the correctness of applying the principle of the overlay of deformations when deriving equations of the mechanical state of concrete that are significant in the theory of
reinforced concrete in linear and nonlinear formulations. This principle consists in the summation at some point in time of partial deformations corresponding to partial increments of non-decreasing
stress at successive previous points in time. Strains are represented by the sum of instantaneous strains and delayed creep strains at the moment of application. The superposition of partial creep strains is
implemented according to the Boltzmann superposition principle known in the linear theory of creep - each partial increment of creep strain depends only on the magnitude and duration of the generating
partial stress increment and does not depend on its other increments. When taking aging into account, postulated by this principle the mutual independence of partial increments of creep strain takes place
relative to partial increments of the stress level. Representing the deformation as the sum of the initial elastic deformation and the creep deformation with a measure that takes into account the evolution
of the elastic modulus leads to a different type of equation of state, which is perceived as incorrect in some publications. This perception of a different type of equation of state together with
constructions, not related to the principle of the overlay of deformations, led these authors to declare that the principle of the overlay of deformations in the theory of creep is erroneous. In contrast to the
traditional approach, a material (concrete, steel, wood, plastic) is considered as a combination of fractions (fibers, layers) with statistically distributed strengths. The concept of strength structure makes it
possible to substantiate the principle of superimposing deformations in a nonlinear formulation. In this case, the structure of the nonlinear equation of state turns out to be identical to the structure of the
linear equation. This circumstance is significant in applications, for example, when solving relaxation problems that are important for the long-term safety of building structures.
Keywords: stress, superposition of deformations, mutual independence, superposition, equation of state.




Henuneiinbie pacyeTst
Nonlinear calculations
YIK: 539.374.1. DOI: 10.37538/0039-2383.2024.3.13.30
C.B. BAKYUIEB, a.1.1., npo¢. IleH3eHcKuii rocy1apcTBeHHBII YHHBEPCUTET apXUTEKTYPBI M cTpouTeabcTBa; e-mail: bakuchsv@mail.ru
YIIPYTOIIACTUYECKWA U3TUE...13
B pamKax rumoressl IIIOCKHX CEYEHUH PacCMaTpHBAETCS MOCTPOCHHUE PACUETHBIX (hOPMYIT JUIS OTIpe/IeNICHHs] HAPsHKEHHH U AeopMaruii B MONEPEUHBIX CCYCHUSX
YOpyromiacTHICCKOro CTEPIKHSA, HAXOAAIIETOCS B YCJIOBUAX INIOCKOI'O MONIEPEIYHOTO n3ruda. MaTepman CTEPIKHS pa60TaeT B COOTBETCTBHMH C OMIMHEHHOMN zmarpaMMoﬁ
PaCTsKECHUS U OAUHAKOBO COIIPOTHUBIIACTCS KaK PACTSXKEHUIO, TaK U CKATHUIO. HOHCpe‘IHOC CEYCHUE CTEPIKHS, ITIOCTOAHHOE 110 €TI0 JUIMHE, UMEET OJHY BEPTUKAJIBHYIO OCTh
CHMMETpPHUH. 3aliCaHO YCIOBUE MPEACIbHOIO PABHOBECHS YIPYTOIIIACTUYECKOTO cTepikHs. [IpuBoasTes pacueTHbie GOPMYIIBI [J1sl HOPMAIBHBIX HANPSDKEHHUH HA TUIOLIAAKAX B
MOTIEPEYHBIX CEUCHUAX CTEPIKHSA, NI KaCaTCIIbHBIX HaHpﬂ)KeHHfL JJIs1 HOpMaJIbHBIX HaH’pH}KeHI/Iﬁ Ha TOPU3OHTAJIBHBIX IUIOIIAAKAX IIPU HArPYKE€HUU CTEPIKHA pacnpe):[eneHHoix’I
Harpy3koil. Onpenensiercs KpHBU3HA H30THYTON OCH CTEP>KHS HA YIIPYrOM H YIPYTOIUIACTUYECKHUX yJacTKaxX CTep KHs. IIpuBonsarcs nuddepeHIansable ypaBHEHUS H30THY TOM
OCH CTEPIKHsI Ha YIPYIOM U YIIPYTOIUIACTHYECKHUX ydacTKax cTepikHs. ONpenestoTcsi 0CTaTOYHbIE HOPMaJIbHbIE U KacaTelbHbIE HANIPSKEHHS I0CIIE IOJHON pasrpy3Ku
CTEPIKHS. 3anuceIBAIOTCS Z[I/Id)(bepCHHI/IaIILHBIC YpaBHEHUSL PI30I‘HyT017[ OCH CTEPIKHA IOCJIE €TO MOJTHOM pasrpysku. HOHyHeHHBIC Ppacy€THbIE COOTHOLICHUS MOTYT HaWTH
MPaKTUICCKOE MIPUMEHEHHUE ITPU PACUETE YIIPYTOIIACTUICCKOTI'O CTEPIKHA KaK U3 yCIIOBUSA IIPOYHOCTH, TaK U U3 YCIIOBUS KECTKOCTH.

KioueBble ciioBa: CTCpPKECHBb, TUIOCKHUI HOHepe‘IHLIP’I I/I3FI/I6, OMIIMHEHHAst JAuarpamMma pacTsDKEHHsA, HOPMAJIBHBIC U KacaTEJIbHBIC HANIPSOHKEHUA, OCTaTOYHBIC HAIPSHKECHU S,
mddepeHranIbHOe YypaBHEHHE H30THYTOM OCH.
UDC: 539.374.1. DOI: 10.37538/0039-2383.2024.3.13.30. ELASTOPLASTIC BENDING. S.V. Bakushev, Penza State University of Architecture and Construction; e-mail:
bakuchsv@mail.ru.
Abstract. Within the framework of the planar cross-section hypothesis, the construction of calculation formulas for determining stresses and deformations in cross- sections of an
elastoplastic member under conditions of planar transverse bending is considered. The rod material works according to a bilinear tensile pattern and resists both tension and compression
equally. The cross-section of the member, which is constant along its length, has one vertical spine of symmetry. The condition of ultimate equilibrium of an elastoplastic rod is recorded.
Calculation formulas for normal stresses on platforms in the cross-sections of the member, for shear stresses, for normal stresses on horizontal platforms when loading a member with a
distributed load are given. curvature of the curved axis of the rod on the elastic and elastoplastic sections of the rod is determined. Differential equations of the curved axis of the rod on the
elastic and elastoplastic sections of the rod are given. The residual normal and shear stresses are determined after the member has been completely unloaded. The differential equations of
the curved axis of the member after it has been completely unloaded are recorded. The obtained design relations can find practical application in the design of an elastoplastic member from
both the strength condition and the stiffness condition..
Keywords: rod, planar transverse bending, biline stretch diagram, normal and shear stresses, residual stresses, differential equation of the curved axis.

Pacuersl Ha Ipo4YHOCTH
Strength calculations
VIK: 539.3 DOI: 10.37538/0039-2383.2024.3.31.35
C.B. BOCAKOB'? 1.1.1., npod., A.M. MOPJIUY®, k.1.1. 'Besiopyccknii HAMOHAILHBII TexHUYecKkuii yausepeutet; e-mail: sevibo@yahoo.com, 2Besopyccko-Poceuiickuii
ynusepeuret, *000 «BICT MHAKMHHPUHD»
0]3[[(1/1171 OoAXOJ K PEHIEHUIO 3AJTIAYU U3I'UBA IPSIMOYT OJIBHOM INIACTUHKM C JIIOEBIMA T'PAHATYHBIMHY Y CJIOBUSIMM...31
B paCCManPIBaeMOﬁ pa60Te MPEMIIOKEH ITOAXO0, HOSBOJ’I}IIOIIII/[I\/’I C €IUHBIX H03I/II_II/II7I PaCcCYUTBIBATE MPAMOYT'OJIBHBIC IIJIACTUHKHU C JI}OGBIMI/I HETIPEPBIBHBIMU BUAAMU
T'paHUYHBIX yCJ'IOBPIfI. Pemenue JUIA l'[pOI‘I/I60B TUTAaCTUHKHU CTPOUTCS B BUAC IPOU3BEACHUSA IBYX (byHKHP[ﬁ, KaxJas U3 KOTOPBIX IIPEACTABIISIET CO6CTBeHHy}O Cl)yHKI_II/IIO
nudhepeHIHaTBPHOTO yPaBHEHUSI U3THOHBIX KOEOAaHUIT CTEPIKHS ¢ TPAHUYHBIMH YCJIOBHSMU, COOTBETCTBYIOIIMMH OMUPAHHUIO TPSIMOYTOIBHOMN IIACTHHKH. 3a7a4a CBOIUTCS K
OeCKOHEUHOI cHcTeMe JIMHEHHBIX anreOpandeckiux ypaBHEHNIT OTHOCHTENBHO KO (HUIMEHTOB IPH COOCTBEHHBIX (QYHKIHIX, KOTOPYIO MOXKHO PEIIaTh CIIOCOOOM YCEUEHHS.
HpI/IBeI[eHBI JBa IIpuMeEpa pacueTa psIMOYTrOJIbHBIX IIJIAaCTHHOK C )KECTKO 3aH_ICMJI€HHOI\/'[ 1 IIapHUPHO onepToﬁ CTOpOHaMH 1101 HeﬁCTBHSM COCpeI[OTO‘IeHHOﬁ CWJIBI 1 C IBYMS
3aLIEMJICHHBIMU U IBYMS IIAPHUPHO ONEPTHIMU CTOPOHAMM MOJ JACHCTBHEM PABHOMEPHO PACIpEeICHHON Harpy3Ku.

KiioueBrble c10Ba: NpsAMOYToJibHas INIACTUHKA, CO6CTBeHHBIe (byHKI_II/II/I, T'paHUYHBIE YCIIOBUS, GCCKOHe‘{Haﬂ CHCTEMa ypaBHeHPIfI, CHOCO6 yCce€ucHusl.
UDC:539.3. DOI: 10.37538/0039-2383.2024.3.31.35. GENERAL APPROACH TO SOLVING THE PROBLEM OF BENDING A RECTANGULAR PLATE WITH ANY
BOUNDARY CONDITIONS. S.V. Bosakov*?, A.I. Mordich?, ‘Belarusian National Technical University, 2Belarusian-Russian University, 3BEST Engineering LLC; e-mail:
sevibo@yahoo.com
Abstract. In the work under consideration, an approach is proposed that makes it possible to calculate rectangular plates with any continuous types of boundary conditions from a unified
position. The solution for plate deflections is constructed as a product of two functions, each of which represents its own function of the differential equation of bending vibrations of the rod
with boundary conditions corresponding to the support of the rectangular plate. The problem reduces to an infinite system of linear algebraic equations for the coefficients of the
eigenfunctions, which can be solved by the truncation method. Two examples of the calculation of rectangular plates with rigidly clamped and hingedly supported sides under the action of a
concentrated force and with two clamped and two hingedly supported sides under the action of a uniformly distributed load are given.
Keywords: rectangular plate, eigenfunctions, boundary conditions, infinite system of equations, truncation method.

Hopwmuposanue
Standardization
YIK: 69.04 DOI: 10.37538/0039-2383.2024.3.36.50
IL.B. EPEMEEB' 2, JI.B. EPEMEEB'?, B.Il. EPEMEEB" 3, n.1..1., I H. IIMEJIEB?, k.1.1. !KT'ACY; e-mail: eremeev_dv@inbox.ru, A0 «Cnenpemnpoext», 000 «JIAPM»
HEJIMHEMHAS IEGOPMALIMOHHASI MOJIEJIb CII 63.13330 B CTAJIMIHOM ITOCTAHOBKE...36
HopmaTtuBHBIE TOKYMEHTHI B 00JIaCTH YCHIICHUS JKeNIe300eTOHHBIX KOHCTPYKIHI U MPOSKTUPOBAHUS COOPHOMOHOJMTHBIX KOHCTPYKIHUH CIIPaBeUTNBO HPEIITICHIBAIOT yIeT
HaYaJbHOTO HANPSHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHHS KOHCTPYKITHI IO yCHIIeHHUs. Pacuer nomyckaeTcst pOM3BOJUTH C IPHMEHEHHEM HOPMUPOBAHHON HEIMHEHHOM
nedopmupoannoit Momeu mo CI1 63.13330. [1pu 3ToM B IBHOM BHJIE pacyeT B HECKOJBKO CTaHil B Hell He mpeaycMoTpeH. L{enbio rceienoBanust SBIseTcs pa3paboTka
MEeTOJIa pacuera Ha OCHOBE HOPMHPOBAHHOW HEIWHEHHOHN Ie(hOpMAaIlMOHHON MOIENH B CTAAHHHON MOCTAHOBKE C MUHHMAIBHBIMU OTIHYHAMH OT monoxenuit CIT 63.13330.
JU1st TOCTH KEHWS 1IeNTH TIOCTABIICHB! CIISYIONIHe 3a/laul: pa3padoTka MeTo/ia pacyeTa, pealli3alus MeToja B BUJIe YHHBEPCAIBHON MPOrpaMMBI U BepH(HUKaIHs pa3paboTaHHON
nporpaMmsl. B crathe mpencraBieHa yHHBEpCcaIbHas HeluHeitHas 1eopMaHoHHasT MOJIENb B CTAHIHHON MOCTAHOBKE, MTO3BOJISIONIAs B PAMKAX OJHUX COOTHOIICHHUIH
BBIMOJIHATH PACUETHI MPOYHOCTH U TPEIIUHOCTOMKOCTH CEYEHUH KOHCTPYKIHH NPH HEOTPAaHWUYEHHOM YUCIIE CTaANI pabOThI C YYETOM YCHIICHHS, IPEAHANPSIKEHUS, Ha4albHbIX
HaIpsDKESHUH M IUKIIMIECKOT0 HarpyKeHus (pa3rpy3Kd U IOBTOPHOTO HarpyKeHHs). MeTox peann3oBaH B BHJE IPOrPaMMBI Ha sI3bIKe IIporpaMMupoBanust Python u
BepU(UIMPOBAH HA HATYPHOM U YHCICHHOM (METO]] KOHEYHBIX 3JIEMEHTOB) dKCIIepHUMeHTaX. ECITi NpHHATH HavabHbIC HAMPSDKEHHS U IeOopManiy HyIeBHIMH U BECTH pacyuer
B OJIHY CTaJIHI0, TO Ipeyiaraemast Mozenb cBoautcs k Mojenu CIT 63.13330. Ilo 3Toii npryrHe H3MEHEHUE HOPM I10 MPEIaraéMoOMy METOAY HE OKa)KEeT BIMSHUS Ha HbIHELTHUE
ITOPUTMBI pacyeTa KOHCTPYKIHUH B OJHY CTAaINIO, OHAKO 3HAUMTEIHHO YBEIHMYHUT 00JaCTh MPUMEHEHHUSI MOJIEIHN JUIS pacdeTa COOPHO-MOHOJINUTHBIX, CTANIEKENIC300€ TOHHBIX 1
YCHUJIMBaeMBIX KOHCTPYKIMi. KpoMe TOro, HOBBICHTCSI TOYHOCTD PAaCcyETOB MPEIHANPSIKEHHBIX KOHCTPYKIIMH, MTOSBUTCS BO3MOKHOCTh PACYETOB LIMKJIMYECKOTO HArpyKEHHs
cedeHusl.

KumoueBsble cjioBa: YCUIICHHEC 110 Harpy31<017[, HeJMHEHHAs ued)opmaunonnaﬂ MOJCIIb, CTa}lI/]ﬁHLIﬁ pacueT, Hecyuas CHOCO6HOC’I‘L, METOX KOHEYHBIX DJICMCHTOB, METOI IICPEMEHHBIX
napamMeTpoB YIIPYroCTH.
UDC: 69.04 DOI: 10.37538/0039-2383.2024.3.36.50. NONLINEAR DEFORMATION MODEL ACCORDING TO RULES 63.13330 IN A STAGED FORMULATION. P.V.
Eremeevt 2, D.V. Eremeev 2, VV.P. Eremeevt 3, G.N. Shmelev?, tKazan State University of Architecture and Engineering, 2JSC Spetsremproekt, SLLC LIRM; e-mail:
eremeev_dv@inbox.ru
Abstract. Normative documents in the field of reinforcement of reinforced concrete structures and the design of prefabricated monolithic structures fairly prescribe consideration of the initial
stressstrain state of structures before reinforcement. The calculation can be performed using a normalized nonlinear deformed model according to SP 63.13330. At the same time, it does not explicitly
provide for a calculation in several stages. The aim of the study is to develop a calculation method based on a normalized nonlinear deformation model in a staged formulation with minimal differences
from the provisions of SP 63.13330. To achieve the goal, the following tasks are set: development of a calculation method, implementation of the method in the form of a universal program and
verification of the developed program. The article presents a universal nonlinear deformation model in a staged formulation, which allows, within the framework of certain ratios, to calculate the strength
and crack resistance of structural sections at an unlimited number of work stages, taking into account reinforcement, prestressing, initial stresses and cyclic loading (unloading and reloading). The
method is implemented as a program in the Python programming language and verified on full-scale and numerical (finite element method) experiments. If we assume the initial stresses and
deformations to be zero and calculate in one stage, then the proposed model is reduced to the SP 63.13330 model. For this reason, changing the norms according to the proposed method will not affect
the current algorithms for calculating structures in one stage, however, it will significantly increase the scope of the model for calculating prefabricated monolithic, steel-reinforced concrete and
reinforced structures. In addition, the accuracy of calculations of prestressed structures will increase, and it will be possible to calculate the cyclic loading of the section.
Keywords: reinforcement under load, nonlinear deformation model, stage calculation, load-bearing capacity, finite element method, method of variable elastic parameters.

OKCIEPUMCHTAIbHBIE HCCIIEIOBAHUS

Experimental studies

VJIK: 624.012.1/.2 DOI: 10.37538/0039-2383.2024.3.51.55

0.1. IOHOMAPEB!, k.1.1., .A. MO3I'YHOB!, M.A. MYXHUH 2, A.B. JECOBOI13, A.B. MO3)KYXHWH® ‘MHUHUCK um.B.A.Kyuepenko AOHHUI«CTpouTebeTBoY; e-mail:
1701088@mail.ru, 2ZHAY MI'CY, (000 «PuK»

HWCCJIEJJOBAHUE TPOYHOCTH U TECOPMATUBHOCTH KJIAJIKH U3 KPYTTHBIX STYEUCTOBETOHHBIX BJIOKOB C 3ATTIOJTHEHUEM IIBOB MOJTMMEPHO! KJIEMH-
MACTOI1...51



B marepuarne craTbu paccMaTpUBalOTCS MPOYHOCTHBIE XapaKTEPUCTHKH KIIaIKU C 3aII0JTHEHUEM BEPTUKAJIBHBIX U TOPU30HTAIBHBIX IBOB MOJIUMEPHON KIEH-TIaCTOM.
TIpoBeneHHbIH B TaHHON pabOTe aHAIN3 OTEUECTBEHHBIX U 3apyOS)KHBIX MyOJIMKAIUil 1 ICTOYHUKOB, B TOM YKCIIE PE3YJIbTATOB PAHEE BHIMOJTHEHHBIX SKCIIEPUMEHTOB U
HATYPHBIX UCCIICIOBAHMH, IIOKa3a] HEOOXOJUMOCTh POBEICHHS JOOJIHUTEIbHBIX HCCIIEIOBAHUN KIIAJOK Ha TOHKHX IIBAaX, B TOM YHCJIE C IPHMEHEHHEM HOBBIX MAaTEPHAJIOB
OTEUECTBEHHOTO MPOU3BOACTBA. OCHOBHOM LIENIBIO UCCIICIOBAHUIA SBIISETCS ONpeAeieHne PU3NKO-MeXaHMYECKUX U Ae(hOpPMalMOHHBIX MMOKa3aTeNneil KIaJoK U3 KPYITHBIX
M3JEIIMI C 3aII0JTHEHHEM LIBOB HOBBIMH COBPEMEHHBIMU BHIAMHU MaTEPUAJIOB, BBITYCK KOTOPBIX OCBOCH Ha OTEYECTBEHHBIX 3aBojax. [IpoBeneHue uccneqoBanuii pu3uxo-
MEXaHUYECKUX U Ae(hOPMAIIMOHHBIX TTOKa3aTeseil KiaJKi Ha TOHKHX IIBaxX ¢ 3all0JJHCHUEM U3 MOJTMMEPHON KIICH-IIaCThl HMEeT BAXKHOE 3HAUCHHUE JUTSI KOPPEKTHOIO
OTIPEICIICHUS PACYECTHBIX XapaKTEPUCTUK TAaKUX KIaqoK. CIoXuBILIasics npobiema TpedyeT NPOBEICHNST KOMIUIEKCHBIX HCCISOBAaHU I MPOYHOCTHBIX XapaKTEPUCTHK KIIaIKH Ha
TOHKHX IIIBAX, B TOM YHCJIE C YYE€TOM aJTre3HH.

KiioueBble ciioBa: Ki1ajka, UCIBITaHUs, KPYITHOE KJIaJl04HOE H3/1eJIHe, OCTOHHBIC KJIAZ0YHBIC H3/CNHs, IPE/Iel IPOYHOCTH MPH CHKATUH, IPOUHOCTb.
UDC: 624.012.1/.2 DOI: 10.37538/0039-2383.2024.3.51.55. INVESTIGATION OF THE STRENGTH AND DEFORMABILITY OF MASONRY MADE OF LARGE CELLULAR
CONCRETE BLOCKS WITH FILLING SEAMS WITH POLYMER ADHESIVE PASTE. O.l.Ponomarev?, D.A.Mozgunov!, M.A.Mukhin 2, A.V.Lesovoy®, A.V.Mozzhukhin®, 1JSC Research
center of Construction, 2Moscow State University of Civil Engineering , 3LLC Rick; e-mail: 1701088@mail.ru
Abstract. The article discusses the strength characteristics of masonry with filling vertical and horizontal seams with polymer adhesive paste. The analysis of domestic and foreign publications and
sources carried out in this work, including the results of previously performed experiments and field studies, showed the need for additional studies of masonry on thin seams, including using new
materials of domestic production. The main purpose of the research is to determine the physical, mechanical and deformation parameters of masonry made of large products with filling seams with new,
modern types of materials, the production of which has been mastered at domestic factories. Conducting studies of the physical and mechanical and deformation parameters of masonry on thin
seams filled with polymer adhesive paste is important for the correct determination of the design characteristics of such masonry.
The current problem requires comprehensive studies of the strength characteristics of masonry on thin seams, including taking into account adhesion.
Keywords: masonry, tests, large masonry products, concrete masonry products, compressive strength, strength.

B nomonis NpoeKTUPOBIINKY
To help the designer
YIK: 624.042.7 DOI: 10.37538/0039-2383.2024.3.56.62
A.C. KOPHWIOBA HHY MI'CY; e-mail: zkstasy@gmail.com
CPABHEHME 3®PEKTUBHOCTH IPSIMOI'O JUHAMUYECKOI'O U JIMHEHHO-CIEKTPAJIBHOI'O METOOB B PACYETE 3AILUIIIEHHOI'O ITYHKTA
VIIPABJIEHUS HA CEHCMHUYECKOE BO3JIEICTBUE YPOBHS MP3...54
B pamkax paHHOTO McciIe0OBaHMS IPOBEIEH COMOCTaBUTENIFHBIN aHAIN3 PE3YJIbTATOB PACUETOB 3/JaHUS 3aIMIIEHHOT0 IIyHKTa yIpaBJICHHUs Ha celicMUYeCcKOoe BO3ICHCTBIE
ypoBHs MP3 ¢ npyMeHeHHeM psSMOro AMHaAMUYECKOTo U JIMHEHHO-CIIEKTPaIbHOrO METO0B. Llenb JaHHOro uccie0BaHus 3aK/II0YaeTCsl B CPAaBHUTEIBHOM aHAIIN3e
PE3yJIbTaTOB pacyeToB ceiicMUUecKoii ycrounBocTy 3aanust 3[TY Ha OCHOBE HPSAMOro AMHAMHUYECKOTO METO/a M JINHEHHO-CIIEKTpaJIbHOTro MeToaa. [IpsamMoil fuHaMudecKuii
METOJI IIpeJIIojaraeT MpoBeJeHNE PacueToB C YUeTOM JNHAMHYECKON Harpy3KH, BKIIIOYasi BCE BO3MOXHbIE JHHAMUYECKHUE SBIICHUS, KOTOPBIE MOTYT BO3HUKHYTb IIPH
CeCMUYECKOM BO3/ieiicTBUM. JIMHEHHO-CIEKTPaIbHBII METOI, B CBOIO OYEPE/lb, OCHOBAH Ha MPUHLIMIIE 3aMEHbI YYaCTKOB 3/1aHUs SKBUBAJICHTHBIMU OJJHOMEPHBIMH CHCTEMaMH,
YTO MO3BOJISIET YIPOCTUTH PACUEThI M C/IeNaTh UX Oonee a(dexTruBHbIMEI. Ha OCHOBE MPOBEICHHOTO UCCIICAOBAHMS MOXKHO CJIETIaTh BEIBOJ O TOM, YTO 3[aHUE 3AIUIICHHOTO
MyHKTA yIPaBJICHHUS SIBIISICTCS HAZICKHBIM B YCJIIOBUSAX CEHCMUYECKOT0 BO3CHCTBUS Ha ypoBHE MP3. O1HAKO [UIs TOBBILICHHS €10 YCTOWYNBOCTH PEKOMEHIYETCS IPOBECTH
JOTOJIHUTEbHBIC MEPOIPHATHS [0 YCUIICHHIO OTACIBHBIX dJIEMEHTOB KOHCTPYKIHHU. B paboTe mpeacTaBieHbl KOHKPETHBIE pacueTsl Uisk QYHIAMEHTHOM IUTHTHI 3AaHUS
3aIIUIIEHHOTO [TyHKTA YIIpaBJIeHUs. Pe3ylbTaThl oKas3aiu, 4To IpsMOii IMHAMUYECKUI METO/] JaeT O0Jiee TOUHBIE PE3YJIbTAThI, IIO3BOJISS YIECTh BCE TUHAMUICCKHUEC
0COOCHHOCTH 3/IaHHS H €r0 MOBEACHHUE B YCIOBHAX CEHCMHYECKON aKTUBHOCTH. JIMHEWHO-CIIEKTPaIbHBINA METO]] TAK)KE MMOKa3all CBOI 3((PEKTHBHOCTb, MPEIOCTaBIISAS OBICTPYIO
OLICHKY YCTOMYMBOCTH 3/1aHUSI HA OCHOBE CIIEKTpa YCKOpeHui 3emiu. [TonyueHHble pe3yabTaThl HOATBEPHKIAIOT aKTYaIbHOCTh U 3HAYUMOCTh MCCIIEJOBAHUS B
00J1aCTH MPOCKTUPOBAHUS 3/IaHU B YCIIOBUAX CEHICMIUYECKON aKTUBHOCTH. J{alibHEHIIIIe UCCIIeIOBAaHUS B TaHHOW 00JIACTH MO3BOJISIT YIIYYIIUTh METO/IbI PACYUETOB M MOBBICHTH
HaJI©KHOCTH 3/1aHUH NPU CEHCMHUYECKHX BO3IEHCTBUSX.

KiioueBble cj10Ba: 3alMIICHHbIN IYHKT YIIpaBleHHs, celicMuuecKoe Bo3jeiicTue, ypoBeHb MP3, npsaMoii AnHaMuuecKuii MeTos, JTMHEHHO-CIIEKTPAIbHBIA METO/, CPABHUTEIbHbII aHAIN3.
UDC: 624.042.7 DOI: 10.37538/0039-2383.2024.3.56.62. COMPARISON OF THE EFFECTIVENESS OF DIRECT DYNAMIC AND LINEAR SPECTRAL METHODS IN CALCULATING
A PROTECTED CONTROL POINT ON THE SEISMIC IMPACT OF THE MSE LEVEL. A.S. Kornilova, Moscow State University of Civil Engineering (National Research University); e-
mail:zkstasy@gmail.com
Abstract. As part of the study, a comparative analysis of the results of calculations of the building of a protected control center on the seismic impact of the MSE level was carried out. Two methods
were used for the analysis: direct dynamic and linear spectral. The work presented specific calculations for the building of a protected control center. The results showed that the direct dynamic method
gives more accurate results, allowing to take into account all the dynamic features of the building and its behavior under seismic conditions. The linear spectral method has also been shown to be
effective in providing a quick assessment of the stability of a building based on the spectrum of ground accelerations.
Keywords: protected control point, seismic impact, MSE level, direct dynamic method, linear-spectral method, comparative analysis.

YIK: 624.072.2.014 DOI: 10.37538/0039-2383.2024.3.63.72
A.H. BOPOKBUTOB, A.E. KYIHIIEHKO?, A.B. IIOBAPLIEB?, I1.B. KOPCAKOB?, M.H. ®AP®EJIb?®, k.1.1. *000 «Metpononcy, 2LIHUUCK um.B.A.Kyuepenko
AO«HMII«CTpouTeascToy, "SHAY MI'CY; e-mail: farfelmi@yandex.ru
BAPUAHTBI PEKOHCTPYKIIMH BOJIBILION CIIOPTUBHOM APEHBI CTAIMOHA «JIYKHUKH» K KYBKY MHPA IO ®YTEOJIY B 2018 FTO/Y...63
B crathe npuBeneHs! pe3ysbTaThl CPaBHEHUS BAPHAHTOB BEIOOpA BU/1a KOHCOJIBFHOM YacTH, KOTOpast JOMOIHUTEIEHO MOHTHPYETCS VISl YBEINYSHUS TUIONA 1 TOKPBITHS, 9TO
HEOOX0/IMMO U3-3a CTpOrux TpeboBanuit MexyHapoanoi dexneparmu ¢gyrdona (FIFA) s BO3MOXXHOCTH IPOBEICHUS Ha CTaMOHE MaTuel oTKphITHA 1 (uHana Kybka Mupa
o ¢yr6oiy. [To pe3ynpratamM cpaBHEHHSI BAPUAHTOB BHIOPAH TUIT KOHCOJIBHOM YaCTH M MaTepHall KPOBIIH, IPUBENICH MPOLIECC ONPE/eTICHHs CHETOBBIX HArPy30K, MOIY4YEHHBIX C
TIOMOIIBIO TPOYBKH MOJIENH KapKaca B a3poJHHaMHIecKoi Tpyoe. B paboTe mpuBeneHs! OCHOBHEIE PE3yJIbTATHI pacdeTa, a TAKXKe MepBbIe 3HAYEHNsT COOCTBEHHBIX (OpM
1 yacToT konedanuit. [TokpbiTue 66110 pekoHCcTpyupoBaHo kK KyOky mupa no ¢yrdony — 2018 B Poccuu, 4To MO3BOIMIIO YCHENIHO MPOBECTH MAaTYH OTKPHITHA M (pUHAIA
YEeMITMOHATa U YBEIUYHUTh IPECTHK HAIIEH CTPaHbl B MHpeE.

KaioueBbie ciioBa: KOHCTPYKIIUH ITOKPBITHUS, KOHCOJIBHAS 9aCTh ITOKPBITHUA CBA3H, BBUICT, (1)€pMI>I, 6am<14, pacuer, Hecymas CHOCOﬁHOCTB, TIPOJOJIBHBIC U ITOIICPEYHBIC YCUIINS,
M3ruOAONMHi MOMEHT, KO3 (ULHEHT YCIOBUS PabOTHI.
UDC: 624.072.2.014 DOI: 10.37538/0039-2383.2024.3.63.72. RECONSTRUCTION OPTIONS FOR THE LARGE SPORTS ARENA OF THE LUZHNIKI STADIUM FOR THE 2018 FIFA
WORLD CUP. AN. Vorozhbitov!, A.E. Kushchenko!, A.V. Lyubartsev?, P.V. Korsakov?, M.I. Farfel>3, tMETROPOLIS LLC, >TSNIISK named after V.A. Koucherenko JSC Research Center of
Construction, *Moscow State University of Civil Engineering; e-mail: farfelmi@yandex.ru.
Abstract. The article presents the results of comparing the options for choosing the type of console part, which is additionally mounted to increase the coverage area, which is necessary to meet the strict
requirements of the International Football Federation (FIFA) for the possibility of holding the opening and final matches of the FIFA World Cup at the stadium. Based on the results of comparing the
options, the type of cantilever part and the roof material were selected, the process of determining snow loads obtained by blowing the frame model in a wind tunnel is presented. The paper presents the
main results of the calculation, as well as the first values of the natural shapes and frequencies of vibrations. The surface was reconstructed for the 2018 FIFA World Cup in Russia, which made it
possible to successfully host the opening and final matches of the championship and increase the prestige of our country in the world.
Keywords: coating structures, cantilever part of the connection coating, overhang, trusses, beams, calculation, bearing capacity, longitudinal and transverse forces, bending moment, coefficient of
working conditions.

VIK: 624.072.2.014 DOI: 10.37538/0039-2383.2024.3.73.81
A.C. MAPYT{H, k.T1.H., nouent Iaruropckuii uncrutyt CeBepo-KaBka3sckoro degepansnoro ynusepeurera; e-mail: al_marut@mail.ru
ONTUMM3ALIUS NEPENIPO®UIUPOBAHUAS BOCBMUYT'OJIBHBIX TPYB U3 KPYTJBIX /IS BATOYHbIX KOHCTPYKIIUIA...73
IIpencrapieH HOBBIH crIOCO0 MepenpodIIIMPOBAaHUS KPYTJIBIX TPYO B BOCBMHYTOJIBHBIE C OTHOIICHUEM IabapiTOB IIMPHHBI U BEICOTHI 1/3,018 1o cpenHeil TMHUM pacdeTHOro
CEUEHHS], YTO MAaKCUMAJILHO MOBBILIAET UX HECYIYIO CIIOCOOHOCTh CHIIOBOTO CONMPOTUBIICHUS U3rHOyY. Ero OpUruHanbHOCT MOATBEPIK/ICHA TATEHTHOU SKkcnepTu3on. [IpuBeneH
pacyer ONTHMaNBHBIX APaMETPOB TOHKOCTEHHBIX CEYEHHI BOCBMUYTOJIBHON (POPMBI 110 MPUOIMKEHHOW METOIMKE, TPOTECTUPOBAHHOM C MCIIOIB30BaHUEM NPOhuIIeh 13
CTaHJapTHOro copraMeHTa. [loka3zaHa BCs AMarpaMMa U3MEHEHHUH pacueTHBIX TapaMeTPOB BOCBMHYTOJIBHBIX TPYO NPH TpaHCHOPMAIMH UX MONEPEYHBIX CEUCHUH OT
BEPTUKAJIBHBIX KOHOUTYpAIM K TOPU3OHTAIBHBIM, BKJIIOYAs IIEPEX0]] Yepe3 MOANPHKALIMIO C PABHBIMH TabapUTaMH IIUPHHBI H BBICOTHI, 04EPTAHUS KOTOPOH UMEIOT GopMy
PaBHOCTOPOHHETO (PaBHIBHOI0) BOCBbMUYTOJIbHUKA. BhIsSBIEHa BOCTPEOOBAHHOCT BOCBMUYTOJBHBIX MPOQHUIBHBIX TPYO HE TOIBKO B METALTMYECKHUX, HO M B TPYOOOETOHHBIX
KOHCTPYKLHSX. BEINOIHEH CpaBHUTENBHBIN aHAIH3 PACYCTHBIX TApaMETPOB ONTHMH3HPOBAHHBIX CEUSHHH MPOQHIBEHBIX TPYO, NepenpouINpOBaHHBIX U3 KPYIJIbIX B
OBaJIbHBIE, TNIOCKOOBAJIBHBIE, TTOIYINIOCKOOBATIBHBIE, TPSIMOYTOJIbHBIE, BOCBMUYTOJIbHBIE. ONTHUMHU3UPOBAHHBIE TPYOUYaThIe MPO(UIN C TOBBIIIEHHOW IPOYHOCTHIO HA U3THO
MOYKHO OTHECTH K OaJIOYHBIM MOIU(PUKAIIMIM.

Kunrwouesrble ciioBa: nepenpoq»mnposa}me KpYyTIJIbIX pr6, pr6‘{aTLIe Hqu)I/UIH, l'Iqu)PIJ'IBHBIC pr6l:.l, 3aMKHYTBIC THYTOCBapHbIE l'lqu)I/U'IH, 0BaJI, INIOCKOOBAJI, IMOJIYIIJIOCKOOBAJI, IPAMOYTOJIBHUK,
BOCBbMUYTOJIbHUK, ONITUMU3ALUSA ceqe}mﬁ, pacyeT ONTUMAJIbHBIX ITAPAMETPOB, OaouHbIe KOHCTPYKIUH, pr6066TOH.
UDC: 624.072.2.014 DOI: 10.37538/0039-2383.2024.3.73.81. OPTIMIZATION OF THE CONVERSION OF OCTAGONAL PIPES FROM ROUND PIPES FOR GIRDER
STRUCTURES. A.S. Marutyan, North-Caucasus federal university, e-mail: al_marut@mail.ru
Abstract. A new method for converting round pipes into octagonal ones with a ratio of width and height 1/3.018 along the median line of the design section is presented, which maximizes their bearing
capacity of bending strength. Its originality has been confirmed by patent examination. The calculation of the optimal parameters of thin-walled octagonal sections is given according to an approximate
method tested using profiles from a standard assortment. The entire diagram of changes in the design parameters of octagonal 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 the shape of an equilateral (regular) octagon.
The demand for octagonal profile pipes is revealed not only in metal, but also in pipe-concrete structures. A comparative analysis of the design parameters of optimized sections of profile
pipes, repurposed from round to oval, flat-oval, semi-flat, rectangular, octagonal, has been performed. Optimized tubular profiles with increased bending strength can be attributed to beam modifications.
Keywords: reprofiling of round pipes, tubular profiles, profile pipes, closed bent-welded profiles, oval, flat, halfflat, rectangle, octagon, optimization of sections, calculation of optimal parameters, girder
structures, pipe concrete.
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Pacuersl Ha IPOYHOCTh
Strength calculations
YK 624.04°074.4:539.41:513.73 DOI: 10.37538/0039-2383.2024.4.2.10
C.H. KPUBOWIAIIKO, a.T.H., Poccuiickuii ynuBepcuteT apy:x0b1 Haponos, r. Mocksa; e-mail: sn_krivoshapko@mail.ru
AHAJIM3 ®OPM CPEJMHHbBIX IOBEPXHOCTEMW OBOJIOYEK C KAPKACOM M3 TPEX CYIIEPAJIIMIICOB B I'TABHBIX KOOPJAUHATHBIX IJIOCKOCTSIX...2
TIpOeKTUPOBIIMKHU JOBOJBHO YaCTO IPUMEHSIOT [UIs AlIIPOKCHUMAIIMK PEAIbHBIX M3CIUI U TEJI TIOBEPXHOCTH CBOOOIHBIX (hOPM, COAEpIKAIINE 3aaHHBII 3apaHee IIIaBHbIN
KapKac U3 HECKOJIbKHX TUIOCKUX HJIM IPOCTPAHCTBEHHBIX KPUBBIX. Oc000€ MECTO B TEXHUYECKOM IMPOCKTUPOBAHUH 3aHMMAIOT alNreOpandeckue MOBEPXHOCTH C 33aHHBIM
KapKacoM M3 TPeX IUIOCKUX KPUBBIX, JIEKALIMX B IJIABHBIX KOOPJUHATHBIX IJIOCKOCTAX. B KauecTBe Tpex IIIOCKUX KPUBBIX INIABHOIO KapKaca 4yacTo 0epyT CyNep3JuIUIIChl, YTO
TO3BOJISIET 3a/1aTh M OMUCATh TPEMsl ajreOpanyecKUMH YpaBHEHHSIMH LEIbIil MACCHB TPOEK MIOBEPXHOCTEH INIOCKOMAPaLIEIBHOTO IIEPEHOCa CYNEPAIUIUIICOB TIEPEMEHHOI
KPUBH3HBI BeJIapOHIalIbHOTO TUIA. [IpuHMMast 32 00pa3yroIlyl0 KpUBYIO IIEPEMEHHON KPUBU3HBI TOOYEPEIHO KXKIBIA U3 TPEX CYNEPIILIMIICOB KapKaca, MOJIy4aloT TPU pa3HbIe
TOBEPXHOCTH C OJIMHAKOBBIM IJIABHBIM KapKacoM. BriepBbie BbIACHEHO, YTO IPU BHIOPAHHBIX IOKA3aTeNsX CTEICHEH B YPABHEHUX CYNEPAJUIMIICOB ITIABHOIO KapKaca MOXHO
TIOCTPOUTH TOJIBKO OJIHY MJIN JIBE TIOBEPXHOCTH BMECTO TPEX MPHU OIPEIETICHHBIX TCOMETPHUECKUX YCIOBHsIX. II0ka3aHo, 4TO B COCTaB TPOMKH MOBEPXHOCTEN HpU
OIIPEICIICHHBIX YCIOBHUSAX MOTYT BXOAMTh MOBEPXHOCTH OTPHULIATEIBHOM, HYJICBOI U MOJOXUTEIBLHOM raycCOBOW KPUBH3HBI, B YACTHOCTU LIMJIMHIPOUIBI, CHEepbl, KOHYCHI,
LMIUHIPHI U IOBEPXHOCTHU BPAILCHUSL.

Kuwuessble ciioBa: CYNEPOIIIUIIC, TJIaBHBII Kapkac IMOBEpXHOCTH, a.nre6panqec1<aﬂ TIOBEPXHOCTH, HHOCKOHapaHHeHBHLIﬁ NnepeHoc KpHBOﬁ, HMUINHAPOUA, KOHYC, Cy10Bas NIOBEPXHOCTh, CTPOUTEIIbHAS
o00os104Ka.
UDC 624.04°074.4:539.41:513.73 DOI: 10.37538/0039-2383.2024.4.2.10. ANALYSIS OF THE SURFACE FORMS WITH A FRAMEWORK FROM THREE SUPERELLIPSES IN THE
MAIN COORDINATE PLANES. S.N. Krivoshapko, the Engineering Academy of the Peoples' Friendship University of Russia; e-mail: sn_krivoshapko@mail.ru
Abstract. Designers used rather often free form surfaces for the approximation of real products and bodies. These free form surfaces contain a given in advance main framework from several plane or
space curves. Algebraical surfaces with given in advance main framework from three plane curves lying in the main coordinate planes are concerned with the particular place in technical design. A whole
file of threes of surfaces of plane-and-parallel translation of superel-lipses of variable curvature of velaroidal type can be defined and described by the three algebraical equations if superellipses are taken
as three plane curves of the main framework. Taking every of three superellipses by turns as a generatrix curve of variable curvature, one can design three different surfaces with the same main
framework. First, it was elucidated that only one or two surfaces instead of three surfaces under appointed geometrical conditions one can construct for chosen exponents of powers in the formulae of
superellipses of the main framework. It was shown that a three of surfaces contains surfaces of negative, zero, and positive gaussian curvatures in some appointed conditions, in particular, cylindroids,
spheres, cones, cylinders, and surfaces of revolution.
Keywords: superellipse, main framework of the surface, algebraical surface, plane-and parallel translation of a curve, cylindroid, ship surface, building surface.

YucrieHHbIE PacyeThl
Numerical calculations
YIK: 539.3 DOI: 10.37538/0039-2383.2024.3.31.35
A.B. UITHATBEB, a.1.H., 10uent, U.C. 3ABbSIJIOB, M.H. BOYKOB, K.1.H., Bosirorpajckuii rocyapcrBeHHblii TexHH4ecKuii yuusepeuret; e-mail: is_zavyalov@mail.ru
PACYET M3IT'MBAEMBIX ILIACTHH, UMEIOILIIAX OTBEPCTHS, C UCNTOJIb30OBAHUEM MOJIAHOMHUAJIBHOW HHTEPIIOJISIIMN OCHOBHbIX
CMEIIAHHBIX HEU3BECTHBIX...11
PaccmatpuBatotcest Metosl pemienust CJIAY BBICOKUX IOPSIIKOB, IOMY4aeMbIX IIPU pacyeTe MOJIENIEH COBPEMEHHBIX 3/1aHUH U COOPYKEHHUH C TOMOILBIO PACUETHBIX
KOMILJIEKCOB, PEaIM3yIOIINX METO/I KOHEUHbIX 3JIEMEHTOB. BriepBbie NpeiokKeH alropuT™ IOCTPOCHHs PEAyLIUPOBAHHON CUCTEMbI KOHEUHOIEMEHTHBIX ypaBHeHuit MKD,
OCHOBAHHBIN Ha MOJMHOMHAIBLHON HHTEPIIONISAIIMYA OCHOBHBIX CMEIIAHHBIX HEU3BECTHBIX, B (JOPME KIIACCHYECKOTO CMEIIaHHOTO MeTo/1a. Pa3paboTaHHBII alNropuT™ MPUMEHEH K
pacyery LIapHUPHO ONEPTOM 110 KOHTYPY IUIACTHHBI C KBaJAPATHBIM OTBEPCTHEM Pa3MEPOM Y2 OT ee rabapuTHBIX pa3MepoB. [IpousBeieHO cpaBHEHHE PE3YJIbTaTOB pacyera 1o
JTAHHOMY aJITOPUTMY C pe3yJibTaTaMu, noydeHHbIMU 110 MKD B opMme Kiraccudeckoro cMenranHoro meroza 6e3 penyrtupoanust CJIAY, u ¢ pe3yabTaTaMu, IOJIy4€HHBIMH C
niomonipto 1K «JIupa CAITPy». CaenaH BBIBOJ O BO3MOKHOCTH BHEIPEHHS TaHHOTO ajIrOPUTMa B IPOrpaMMHBIE IIPOAYKTHI, peanusyronie MKD B popme KCM.

KiroueBbie ciioBa: MKD B opme Kitaccuueckoro CMEIaHHOro MeTo/a, u3rudaemast ToHkas miactiua, CJIAY BBICOKHX MOPSJIKOB, PEAYKIIMOHHBIN METO/, aJITOPUTM
MOCTPOEHMS PEYIIUPOBAHHON CUCTEMbI YPaBHEHUH, OJIMHOMUAIbHAS HHTEPIOMISLHS.
UDC 539.3 DOI: 10.37538/0039-2383.2024.3.31.35. CALCULATION OF BENT PLATES WITH HOLES USING POLYNOMIAL INTERPOLATION OF BASIC MIXED
UNKNOWNS. A.V. Ignatyev, |.S. Zavyalov, M.I. Bochkov, Volgograd State Technical University; e-mail: is_zavyalov@mail.ru
Abstract. The methods for solving high-order systems of linear algebraic equations (SLAE) obtained during the analysis of modern buildings and structures using finite element method (FEM)
computational complexes are discussed. For the first time, an algorithm is proposed for constructing a reduced system of finite element equations in the form of a classical mixed method, based on
polynomial interpolation of the primary unknowns. This developed algorithm is applied to calculate the stress and deformation of a plate hinged along the contour with a square hole measuring 5 of its
overall dimensions. A comparison is made between the results obtained using this algorithm, those obtained using FEM in the form of the classical mixed method without SLAE reduction, and those
obtained using the LIRA CAD software package. The conclusion is drawn regarding the potential integration of this algorithm into software products implementing FEM in the form of a classical mixed
method.
Keywords: FEM in the form of a classical mixed method, a flexible thin plate, a high-order SLAE, a reduction method, an algorithm for constructing a reduced system of equations,
polynomial interpolation.

YK 624.074.43:69.036:692.44/.47:692.45 DOI: 10.37538/0039-2383.2024.4.20.29
0.0. AJEIIHAHA, k.1.1., B.H. ABAHOB, 1.T.H., K. YKAH, M.X.A. HAIIIEP, 5. XACAH, Poccuiicknii yanBepcuTeT Apy:k651 HaponoB; e-mail: xiaofeng@yandex.ru
BO3MOKHOCTb NIPOEKTUPOBAHMSI KOHCTPYKIIUUA XAMHIA UCJEPA B ®OPME SIIUTPOXOUJIAJBHOM IOBEPXHOCTH...20
B crartbe paccmarpuBaeTcs 0JJHa U3 KOHCTPYKIMH M3BECTHOTO MHKeHepa XaiiHia Mcnepa B [leiitunrene B 1lBeiinapuu, moctpoeHHoi B 1968 roy. YuuThiBasi yHUKaJIbHbINA
croco6 00pa3oBanust GOPMBI TOBEPXHOCTH MOKPBITHS CTAHIIIH aBTOCEpBHCa B J|eHTHHIeHE M CTOJb TONTHIA CPOK AKCIUTYaTAL[MU JAHHOM jKeJIe300€TOHHOM KOHCTPYKIINH, B
CTaTbe UCCIIEAyeTCs] BO3MOXKHOCTh POEKTHPOBAHMS ITOTO COOPY)KEHHUSI B BUJIC aHATUTHIECKOH IIOBEPXHOCTH B ()OpMe IMUTPOXOHIAIBEHON 0bomouky. [Tpu
CPaBHEHHH TOJIYYE€HHBIX YHCIIOBBIX PE3YJIbTATOB HANPSKEHHO-1€(OPMUPOBAHHOTO COCTOSIHUS MOYKHO TOBOPUTH O 00JI€€ ONTHMAIIBHOM paboTe MU TPOXOUIANIBHOM 000IOYKH B
KayecTBe MOKPBITHS s PaCCMaTPUBAEMOI KOHCTPYKIIMH C TOYKH 3PEHMS YCIOBUI IPOYHOCTH. B cTaThe mokasaHsl BO3MOXXHOCTH MporpaMMHbIX komiuiekcoB SCAD u Midas
JUIsl pELICHUs] TOCTABJICHHOM 3a/1au.

KiroueBbie ciioBa: popMooOpa3zoBaHue MOBEPXHOCTH, YpaBHEHHE TOBEPXHOCTH, XaiHI Vcnep, snutpoxouaansHas 000J104Ka, METOJI KOHEYHBIX HJIEMEHTOB.
UDC 624.074.43:69.036:692.44/.47:692.45 DOI: 10.37538/0039-2383.2024.4.20.29. THE POSSIBILITY OF DESIGNING A HEINZ ISLER STRUCTURE IN THE SHAPE OF AN
EPITROCHOIDAL SURFACE. 0.0. Aleshina, V.N. Ivanov, R. Zhang, M.H.A. Nasher, Y. Hasan, Peoples’ Friendship University of Russia (RUDN University); e-mail: xiaofeng@yandex.ru
Abstract. The article considers one of the structures of the famous engineer Heinz Isler in Deutingen in Switzerland, built in 1968. Considering the unique way of forming the shape of the surface of
the car service station in Deutingen and such a long service life of this reinforced concrete structure, the article investigates the possibility of designing this structure in the form of an analytical surface in
the form of an epitrochoidal surface. When comparing the numerical results of the stress-strain state, it is possible to suggest a more optimal performance of the epitrochoidal shell as a coating for the
structure in question in terms of strength conditions. The article shows the possibilities of the SCAD and Midas software complexes for solving this task.
Keywords: surface shaping, equation of the surface, Heinz Isler, epitrochoidal shell, the finite element method.

JlnHaMu4eckre pacueTsbl
Dynamic calculations
YK 624.07 DOI: 10.37538/0039-2383.2024.4.30.40
WN.A. UBAHYEHKO, a.1.H., npodeccop, Poccuiicknii ynusepceutet Tpancnopra (MUHT); e-mail: ivaii0ll@mtu-net.ru
METO/] PACYETA IVIMTHBIX A9POJIPOMHBIX MOKPHITHIA 11O/ AEMCTBUEM MHEPIIMOHHOM HATPY3KH IIPA EE TOPMOKEHHUH C
TITPUMEHEHHUEM ADPO®HUHUIIIEPA...30
IIpennaraercs MeToA pacuera IUIACTUH NPH JEHCTBUM CUIOBBIX M MHEPLHOHHBIX HArPY30K MPU UX ABM)KEHUU C IIEPEMEHHBIM YCKOpeHHueM. PaccmoTpeHa 3a1aua o
B3aMMOJICICTBIM aBUAIIMOHHOM HATPY3KM B MOMEHT €€ JBHKCHHS B PEKHME TOPMOXKEHHS IIPU UCTIONIB30BAaHUH a3pOQHUHUIIEPa C HOKPHITHEM B BUE MPSIMOYTOJIBHOM ILIACTHHBI
YAJHMHEHHBIX Pa3MepoB Ha yIIPYroM OCHOBAaHHMM. YUHUTHIBAIOTCS HETMHEIHbIE KOHTAKThI KOJIEC IIIACCH TPH UCIOIb30BAHUH KYCOUHO-TMHEHHBIX XapaKTEepUCTUK
KOHTAaKTHOM JKECTKOCTU. BepTHkabHast JUHAMHUKa IPOCTPAHCTBEHHOI MOJIENN caMoJIeTa IPU NpoOere MOJEIUPYETCs CHCTEMOM KECTKHUX Te C YIPYTo-BsI3KHUMH CBA3SIMH. JI1st
TIOCTPOEHHSI METOAMKH UCTIONIB3YIOTCS NPEAIOKEHHBIE paHee aBTOPOM CTaThU IIAarOBBI METOJ ISl pellIeHUsT 3a7jad HEyCTaHOBUBIIIEHCS TUHAMUKU COOPYKEHUI U METO.
pacyera COOPYKEHHUS Ha JEUCTBUE MOABWKHBIX CHIIOBBIX M HHEPLIMOHHBIX HATPY30K (METOJ Y3JIOBBIX YCKOPEHHA).

KiroueBble c10Ba: epeMeHHOE YCKOPEHHE, IIIaroBhIe MPOLEAYPEI, INTACTHHA, TOABIKHAS HHEPIUOHHAS HATPy3Ka, a9pOpHHUIIED.
UDC 624.07 DOI: 10.37538/0039-2383.2024.4.30.40. A METHOD FOR CALCULATING PLATE AIRFIELD COVERINGS UNDER THE ACTION OF AN INERTIAL LOAD DURING ITS
BRAKING USING AN AERIAL FINISHER. L.I. lvanchenko, Russian University of Transport (MIIT); e-mail: ivaii011@mtu-net.ru
Abstract. A method for calculating plates under the action of force and inertial loads during their movement with variable acceleration is proposed. The problem of the interaction of an aircraft load, at
the moment of its movement in braking mode when using an aerial finisher, with a coating in the form of a rectangular plate of elongated dimensions on an elastic base is considered. Nonlinear contacts
of the chassis wheels are taken into account when using piecewise linear characteristics of contact stiffness. The vertical dynamics of the spatial model of the aircraft during the run is modeled by a
system of rigid bodies with elastic-viscous bonds. To construct the methodology, the step method proposed earlier by the author of the article is used to solve problems of unsteady dynamics of
structures and the method of calculating structures for the action of mobile force and inertial loads (the method of nodal accelerations).
Keywords: variable acceleration, step procedures, plate, movable inertial load, aerial finisher.




YK 624.074.433 DOI: 10.37538/0039-2383.2024.4.41.48
A.B. IMUTPHUEB, k.1.H., B.I'. COKOJIOB, a.T..H., 1oueHT, TroMeHCKHii HHyCTpHAIbHBIA yHUBepcuTeT; e-mail: dmitrievav@tyuiu.ru
CPABHEHHME AHAJTUTUYECKOI'O IOJAXOJA C METOJOM KOHEYHBIX 3JIEMEHTOB ITPU ONPEJEJEHUHA YACTOT COBCTBEHHBIX KOJIEBAHUA
LIUJIUHIPUYECKOM OBOJIOYKH...41
B crarbe npeacTaBieHbl pe3yJIbTaThl CPABHEHHUS YaCTOT COOCTBEHHBIX KONEOaHUN TSl LIMITMHAPUICCKUX 000JI0UEK, TIOMELICHHBIX B TPYHTOBYIO CPEY, MOTYYCHHBIX IPH
TIOMOLIY aHATUTUYECKOTO METOIa M MeToja KoHeuHbIX 31eMenToB B [1K Lira. IIpu onpenenennn yactor B [1K Lira ycTaHOBIEHO, YTO B JAHHOM MPOTPAaMMHOM KOMILIEKCE
OTCYTCTBYET BO3MOXKHOCTH MPABHJIBHBIM 00pa30M Y4eCTh BHYTPEHHEE JaBJICHHE B LIMIIMHIPHYECKON 000JI0UKE, a TAaKXKE MPOAOIBHYIO CHITY, IODTOMY PE3yJIbTaThl IPUBEICHBI
6e3 yuera 3THX IapameTpoB. CpaBHEHUE Pe3yJIbTaTOB I10KA3aJI0 XOPOLIYI0 CXOIMMOCTh, pa3HUIIa cocTaBiisieT He Oonee 10%. Ha ocHoBaHMH IPOBENEHHOIO MCCIIEA0BaHUS
CZIeNIaHbI BBIBOJIBI O TOM, YTO aHAJTUTHYECKUI METOJ AaeT 00Jiee TOYHBIN pe3yNbTaT, TaK KaK MO3BOJISIET y4ECTh MHOKECTBO JOMOJIHUTENBHBIX (haKTOPOB 10 cpaBHeHHUIO ¢ [TK
Lira, ciieoBaTeNnbHO, MOBBILIACT HAJIEKHOCTh COOPY)KEHHUS U MOKET ObITh PEKOMEH/IOBAH JUIS BBIIOJHEHUS PACYETOB IPU MPOSKTUPOBAHUN MAarHCTPAIbHBIX TPYOOIIPOBOIOB
6onpuroro auamerpa. CTaThsi MOATOTOBJICHA B pAMKaX Pealn3allii rocyapCTBEHHOrO 3a1aHus B cepe HAyKH Ha BHIIOJHEHNUE HAyYHBIX [IPOEKTOB, PEaIn3yeMbIX
KOJUIEKTHBaMH 00pa30BaTEeNIbHBIX OpraHU3alii BRICIIET0 00pa30BaHus, OJABEIOMCTBEHHBIX MUHOOpHayKH Poccuu 1o npoekTy «KoMITbIoTepHOE MO/ICITUPOBaHHE
MEXaHUYECKUX, TEMIEPATYPHBIX U JMHAMHUYECKHX MPOLECCOB B CIA0bIX U MHOTOJIETHEMEP3IIBIX IPYHTAX JJIs 00ECIICUeHUS HA/IS)KHOCTH TPYHTOBBIX OCHOBAHHI HHKEHEPHBIX
coopyxennii» (Ne FEWN-2024-0006).

KiioueBble ¢10Ba: COOCTBEHHbIE KOJIEOAHMUSI, METOJ] KOHEYHBIX JIEMEHTOB, IOTy0e3MOMEHTHAS TEOPHS LMIIMHAPHIECKUX 000I0UYEK, YaCTOTa.
UDC 624.074.433 DOI: 10.37538/0039-2383.2024.4.41.48. COMPARISON OF THE ANALYTICAL APPROACH WITH THE FINITE ELEMENT METHOD FOR DETERMINING THE
NATURAL OSCILLATION FREQUENCIES OF A CYLINDRICAL SHELL. A.V. Dmitriev, V.G. Sokolov, Tyumen Industrial University; e-mail: dmitrievav@tyuiu.ru
Abstract. The article presents the results of comparing the natural oscillation frequencies for cylindrical shells placed in a ground environment obtained using the analytical method and the finite element
method in the Lira PC. When determining the frequencies in the Lira PC, it was found that in this software package it is not possible to properly take into account the internal pressure in the cylindrical
shell, as well as the longitudinal force, therefore the results are given without taking into account these parameters. The comparison of the results showed good convergence, the difference is no more
than 10%. Based on the conducted research, it was concluded that the analytical method gives a more accurate result, since it allows taking into account many additional factors compared to the Lira PC,
therefore, increases the reliability of the structure and can be recommended for performing calculations when designing large-diameter trunk pipelines. The article was prepared as part of the
implementation of the state assignment in the field of science for the implementation of scientific projects implemented by the teams of educational institutions of higher education subordinate to the
Ministry of Education and Science of the Russian Federation under the project “Computer modeling of mechanical, thermal and dynamic processes in weak and permafrost soils to ensure the
reliability of the soil foundations of engineering structures” (No. FEWN-2024-0006).
Keywords: natural oscillations, finite element method, semi-instantaneous theory of cylindrical shells, frequency.

CelicMUUeCcKHE pacyeThbl
Seismic calculations
YK 699.841 DOI: 10.37538/0039-2383.2024.4.49.57
3.K. ABAEB, K.T.H., 101eHT, BaagnkaBka3ckuii nayunblii nentp Poccuiickoii akagemun nayk; e-mail: abaich@yandex.ru
OLIEHKA CEICMOCTOMKOCTHU CTAJIBHOI'O 3[IAHUSI PAMHOI'O THITIA HEJJMHEMHBIM CTATUYECKHM METO/IOM...49
IIpencraBneHa METOMKA OLEHKU CEHCMOCTOMKOCTH S-3TXKHOT'O CTAJIBHOTO KapKacHOro 31aHus. [IyTeM nomaroBoil HEMHEHHOM NPOLeyphl B COOTBETCTBUHU C IIEPBOM
(hopmoii KoeOaHu onpeesieH MEXaHU3M TTOBPEKIAEMOCTH COOPYKEHUS U IOCTPOEHA KPUBas ero Hecyiel crnocooHocTu. OnpeneneHbl CeKTPpaibHbIe IepeMELeH s IS
Bo3eiictBus 7, 8 n 9 6ayoB mo mkane MSK-64. [logyepkHyTa HEOOXOXMMOCTD pa3pabOTKH YeTKUX KPUTEPUEB UL OLIEHKH CEH{CMOCTOHKOCTH KapKacHBIX COOPYKEHUH
PaMHOTO THIIA B HEIMHEHHOMN TOCTAHOBKE.

Ki1roueBble cji0Ba: CTajibHAsl paMa, OLEHKA CEHCMOCTOMKOCTH, HEJIMHEHHBIM CTaTUYECKUI aHAIN3.
UDC 699.841 DOI: 10.37538/0039-2383.2024.4.49.57. SEISMIC PERFORMANCE EVALUATION OF THE STEEL FRAME BUILDING USING NONLINEAR STATIC ANALYSIS. Z.K.
Abaev, Vladikavkaz Scientific Centre of the Russian Academy of Sciences; e-mail: abaich@yandex.ru
Abstract. A methodology for seismic performance evaluation of a 5-story steel frame building is presented. By means of a step-by-step nonlinear procedure according to the first mode shape, the failure
mechanism of the structure is determined and the capacity curve is obtained. The spectral displacements for the seismic intensity of 7, 8 and 9 degrees of MSK-64 scale are determined. The necessity of
developing clear criteria for seismic performance evaluation of frame-type structures is emphasized.
Keywords: steel frame, seismic performance evaluation, nonlinear static analysis.

B nomoriis npoeKTHpoBIIUKY
To help the designer
YK 69.07, 624.04 DOI: 10.37538/0039-2383.2024.4.58.67
M.U. ®APDEJIb, k.T1. 1., HHAUCK um.B.A.Kyuepenko AO«HUI«Ctpoutensero» 2HUY MI'CY; e-mail: farfelmi@yandex.ru
MOKPBITHS U3 CTAJBHBIX MEMBPAH - D®®EKTUBHBIN TUII BUCSIYNX KOHCTPYKIIUIA...58
CrpouTesnbHas HayKa BCEr/ia CTPEMUTCS K 9KOHOMHH MaTepHaa, B TOM YUCIIe U IPU MPOESKTHPOBAHMH OOJIBIICIPOIETHBIX HOKPBITUI YHUKAJIbHBIX 34aHUN. B cTaThe
paccMaTpHBaIOTCs MeMOpaHHbIE TOKPBITHS KaKk B OONBIIEIPOICTHEIX, TaK U B 3aHUSIX MacCOBOTO Ha3Ha4YeHMs. [IpUBOIATCS IPHMEpHI H CYIIECTBYIOIINX, U IEMOHTHPOBAHHBIX
MOKPBITHH ¢ TPUMEHEHHEM TOHKOTO CTaIbHOTO JHcTa. [IpuBenens! ucropuueckue pakThl O MPUMEHEHNUH MEPBBIX MOKPBITHI U3 MeMOpaH, pa3padOTaHHbIX BEIUKUM
pycckum umxkenepom B.I'. llyxoBeiM. IIpoananu3upoBaHbl IperMyIECTBA UCIIOIb30BAHUS HEPKaBEIOILEH CTall B KaueCTBE MPOJICTHOM KOHCTPYKIIUH KaK OJTHOTO U3
CII0c000B YCTPAaHEHUsI OCHOBHOTO HEJJOCTaTKa CTAIBHBIX KOHCTPYKIHH, CIIOCOOHOCTH K KOppo3uH. [IprBeIeHs MeXaHHIECKHE XapaKTePHCTUKH HECKOIBKUX THITOB
HEp KaBEIOLIUX CTaJeH JUIS IPUMEHEHHUS B KaUeCTBE MEMOPAHHOTO MOKPHITUS. JIJIst pelIeHns MOCTaBISHHOM eI UCIIONb3yeTCs CPaBHEHHE CTOMMOCTE MEMOPaHHOTO
TIOKPBITHS U3 HEP>KaBEIOIIEH CTaIN CO CTOMMOCTBIO aHAJIOTMYHOTO MOKPBITUS, BBITOTHEHHOTO M3 MAJIOYIJIEPOUCTHIX M HU3KOJIETHPOBAHHBIX cTanel. B aToM cpaBHeHnN
Y4acTBYeT He TOIBKO CTOMMOCTh COOCTBEHHO METAJINIECKOT0 JINCTA, HO ¥ CTOMMOCTE OKPACKH, KOTOPAs! BHIOIHAET (DYHKIIMIO aHTUKOPPO3HOHHOIT 3amuThl. ONHCaHbI HOBBIE
THUIIbI HEPXKABEIOIINX CTaJIel, 001 Jal0IUX JIYYITUMH MPOYHOCTHBIMU CBOWCTBAMH, BKIIIOUAIOIIMMH yJaPHYIO BI3KOCTbh U CHOCOOHOCTD K CBapUBAEMOCTH.

K'.moqesue cJioBa: MeM6paHa, OHOpHBIﬁ KOHTYp, CTaﬁI/UI]/ISaLII/lﬂ, LEMHBIC YCUIINS, HEPIKABCIOIIas CTallb, MeM6paHHO€ TIIOKPBITHE, 60J'II;HIerOJ'[eTHOe TIOKPBITHE, CTaHBHOﬁ Kapkac,
6e3MOMEHTHast paboTa OMOPHOro KOHTYpA.
UDC 69.07, 624.04 DOI: 10.37538/0039-2383.2024.4.58.67. STEEL MEMBRANE COATINGS ARE AN EFFECTIVE TYPE OF HANGING STRUCTURES. M.I. Farfel*2, *TSNIISK named
after V.A.Koucherenko JSC Research Center of Construction, 2Moscow State University of Civil Engineering (National Research University); e-mail: farfelmi@yandex.ru
Abstract. Construction science always strives to save material, including when designing large-span coverings of unique buildings. The article discusses membrane coatings, both in large-span and
in mass-purpose buildings. Examples of both existing and dismantled coatings with the use of thin steel sheet are given. The historical facts about the use of the first membrane coatings developed by the
great Russian engineer V.G. Shukhov are given. The advantages of using stainless steel as a span structure are analyzed, as one of the ways to eliminate the main disadvantage of steel structures, the
ability to corrosion, the mechanical characteristics of several types of stainless steels for use as a membrane coating are given. To achieve this goal, a comparison of the cost of a stainless steel membrane
coating with the cost of a similar coating made of low-carbon and low-alloy steels is used. This comparison involves not only the cost of the metal sheet itself, but also the cost of painting, which
performs the function of anti-corrosion protection and comparison of the coating thicknesses adopted in the design, taking into account the operating conditions. New types of stainless steels with better
strength properties, including toughness and weldability, are described.
Keywords: membrane, support circuit, stabilization, chain forces, stainless steel, membrane coating, long span coating, steel frame, instantaneous operation of the support circuit.

YK 691.421;666.72 DOI: 10.37538/0039-2383.2024.4.68.73
B.A. OBO30B., 1.1.1., npog., A.B. JOTBUHOB? , 'HIHUHUCK um.B.A.Kyuepenko AO«HUL«CTpoutenbcTBoy; e-mail: obozov@yandex.ru 2000«TA«BPAMEP»; e-mail:
logvinov@braer.ru
UCCJAEJOBAHME KJAJIKH U3 KPYITHO®OPMATHBIX KEPAMUYECKUX KAMHEN C IYCTOTHOCTBIO JI0 57% C UCIIOJIb30BAHUEM KOMIIBIOTEPHBIX
MOJIEJIENA...68
PaccMmoTpeHo MojenupoBaHie KOHEUHBIMH 3JIEMEHTaMH KPyMHO(OPMATHOIO KEPaMIYECKOT0 KaMHsI CO IIeJIEBBIMU ITyCTOTAMH, a TakKe GpparMeHTa CTEHBI C KIIaJKOi U3 3THX
KaMHel. VccnenoBaHo HanpsHKEHHO-1e(OPMUPOBAHHOE COCTOSTHUE (PparMeHTa CTEHBI C KIaAKOH U3 KpYMHO(POPMATHBIX KEPAMHUUECKUX KaMHEH CO IIEJIeBBIMH MYyCTOTAaMHU C
HCIOJIb30BaHUEM TPEXMEPHBIX KOHEUHO-3JIEMEHTHBIX MOJIENIEil IPU MECTHBIX Harpyskax. PaccMOTpeHsbI Citydau MPUIIOKEHUS] MECTHOM BEPTUKAJILHOM HAarpy3ku Ha BepxHeil
TIOBEPXHOCTH (pparMeHTa CTEHBI B YTy, IIOCEPEANHE Y TOPIIa U TOCepeANHE BOIM3H [IEHTPA, a TAKXKE CO CMEIICHHEM U3 [IeHTpa Ha Kpaii. Harpy3ku oanHakoBoit
MHTEHCUBHOCTH MPUKJIAAbIBAIMCH B BUJE IITaMMa. B pe3ynbpraTe pacyeToB ObLIM NONYyYEeHBl BCE KOMIIOHEHTHI HAPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS BO BCEX ITHX
ciydasix. Onpenensuiich 3Ha4eHHs TIaBHBIX PACTATUBAIONINX HANPSDKCHUH B KIaJIKe ¥ IO TEOPUH HaNOOJBIIMX KacaTeIbHBIX HANPSDKEHHH B KXKIOM CIIydae YCIOBHOE
3Ha4YEHHE pa3pyIlaroNneld Harpy3Ku.

KiioueBble cj10Ba: KpynmHO(GOPMATHBII KepaMUYCCKHA KaMEHb, IIEIEBbIC ITYCTOTHI, CTEHA, (PparMeHT, pacTBOPHbIC LIBbI, BEPTHKAIbHBIC LIBBI «I1a3-TPEOCHbY, ITAMIT HATPY3KH,
HaINpsDKEHHO-e(hOPMUPOBAHHOE COCTOSIHHE.
UDC 691.421;666.72 DOI: 10.37538/0039-2383.2024.4.68.73. STUDY OF MASONRY MADE OF LARGE-FORMAT CERAMIC STONES WITH A VOIDNESS OF UP TO 57% USING
COMPUTER MODELS. V.1. Obozov}, A.V. Logvinov?, 'TSNIISK named after V.A. Koucherenko JSC Research Center of Construction; e-mail: obozov@yandex.ru; 2LLC “TH “BRIER”; e-mail:
logvinov@braer.ru.
Abstract. The modeling by finite elements of a large-format ceramic stone with slit voids, as well as a fragment of a wall with masonry made of these stones, is considered. The stress-strain state of
a fragment of a wall with masonry made of large-format ceramic stones with slit voids was studied using three-dimensional finite element models under local loads. The cases of application of a local
vertical load on the upper surface of a wall fragment in the corner, in the middle at the end and in the middle near the center, as well as with an offset from the center to the edge, are considered. Loads
of the same intensity were applied in the form of a stamp. As a result of calculations, all components of the stress-strain state were obtained in all these cases. The values of the main tensile stresses in
the masonry were determined, and according to the theory of the greatest tangential stresses, the value of the destructive load was determined in each case.
Keywords: large-format ceramic stone, slit voids, wall, fragment, mortar seams, vertical groove-ridge seams, load stamp, stress-strain state, masonry, main tensile stresses.
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Pacyers! Ha MPOYHOCTH
Strength calculations
YK 514.74:539.3°4:624.04°074.4:72 DOI: 10.37538/0039-2383.2024.6.2.18
C.H. KPUBOIIAIIKO, a.T.1. , Poccuiicknii ynusepeutet Apy:0b1 Hapoxos; e-mail: sn_krivoshapko@mail.ru ~
OBOJIOYKH, OBOJIOYEYHBIE CTPYKTYPbI U KPUBOJIMHEUHBIE COOPYKEHHUS B ®OPME AJITEBPAMYECKUX TIOBEPXHOCTEM 2-ro IIOPSIJIKA...2
Hu onHa U3 NeCTBUTENBHBIX TOBEPXHOCTEH 2-T0 MOPSIKa HE OCTANIach HE3aMEUCHHOI reOMETpaMu, apXUTEKTOPaMH U WH)KeHepaMHu. B nipencraBiieHHON 0030pHOI cTaThe
COOpaHbI HHTEPECHBIE CBECHHS U PE3yJIbTAThl HCCIICIOBAHHMIA, OIyOIMKOBAaHHBIC 3a IIOCIIEIHNE ABAIATD JIET, IIOCBSLICHHBIC PACYETY Ha POYHOCTD, YCTOHYUBOCTD U
KOJIeOaHHsI TOHKUX M TOJICTBIX, OJJHO- © MHOTOCJIOMHBIX 000JI0UEK U3 PAa3IMYHBIX KOHCTPYKTUBHBIX MaTepHasioB. [IpeacTaBIeHbl HILTIOCTPALMN COOPYKESHUN 1 U3/ISITHii
MOCJIeAHUX JieT. JloKka3aHo, 4To, XOTs ISHCTBUTEIbHBIC IIOBEPXHOCTH 2-TO MOPS/IKA COCTABIISIOT OTACIBHBINA KI1acc, MX BCE MOXKHO PACIIPEACIUTh 10 IPYrUM Kilaccam
noBepxHoctel. [IpuBoMMBbIe MaTepHaIbl IOKA3bIBAIOT, YTO Y UCCIIEI0BATENeH MHTEPEC K PACCMAaTPUBAEMbIM IIOBEPXHOCTSAM, 000JIOYEUHBIM CTPYKTYpaM, 000JI0YKaM U
KPUBOJIMHEHHBIM COOPYKEHHSIM, OUYEPUCHHBIM I10 TIOBEPXHOCTSAM 2-TO MOPS/IKA, HE 3aTyXaeT. B cTaThe UCTIONB3YIOTCS CBENICHUS, COIepKaIuecs B 67 UCTIOIb30BaHHBIX
HMCTOYHMKAX.

KiioueBble ¢/10Ba: aHATUTHYECKAsE TEOMETpPUsI, alredpandyecKkas MOBEPXHOCTb 2-T'0 MOPs/IKa, TOHKOCTEHHAs 000JI0UKa, TPEXOCHBIH AIUTHIICOU I, HIUTHIITHYECKUIA apaboIon,
OJIHOTIOJIOCTHBIN THIIEPOOIION T, ABYIIOIOCTHBIN MHIEPOOIOHI, THIIEPOOIHYECKHI TapaboIons.
UDC 514.74:539.3°4:624.04°074.4:72 DOI: 10.37538/0039-2383.2024.6.2.18. SHELLS, SHELL STRUCTURES, AND CURVILINEAR ERECTIONS IN THE FORM OF ALGEBRAICAL
SURFACES OF THE SECOND ORDER. S.N. Krivoshapko, the Engineering Academy of the Peoples’ Friendship University of Russia; e-mail: sn_krivoshapko@mail.ru
Abstract. Geometricians, architects, and engineers used the real second order surfaces always. In a presented review paper, interesting information and results of research published at the last 20
years and devoted to strength, stability, and vibration of thin and thick, one-layered and many-layered shells, made of different constructive materials, were collected. Illustrations of erections and
products of the last years are presented. The real surfaces of the second order form the separate class but all of them can be distributed between other classes of surfaces. It was proved in a paper. The
presented materials show that interest of researchers for considered surfaces, shell structures, shells, and curvilinear erections outlined on the second order surfaces does not go out. In this paper, the
information containing in 67 used references is exploited.
Keywords: analytical geometry, algebraical surface of the second order, thin-walled shell, triaxial ellipsoid, elliptic paraboloid, one-sheeted hyperboloid, two-sheeted hyperboloid, hyperbolic paraboloid.

YK 69.07, 624.014.2 DOI: 10.37538/0039-2383.2024.6.19.26

WU.NA. BEJSKOB, a.1.H., npo¢., I.B. KOHUH, k.T1.H., [I.B. HAXBAJIBHOB, THUUCK um. B.A. Kyuyepenko AO «HUL «CtpoutenncTBoy; e-mail: konden@inbox.ru

BJIMSTHUE 3A30POB HA HAIIPSIDKEHHOE COCTOSIHUE ®JAHLEBBIX COEJUHEHUAMA...19

B craree pacCcMOTPCHBI TUITHIHBIC L[Cq)CKTLI Cl)J'IaHI_lCBLIX COCHHHCHHﬁ, BeimonuaeHo MOJACINPOBAHUC COCL[P[HCHPlfl C 3a1aHHBIM Z[CQJGKTOM 1 IIPOU3BEACH PacuCT METOAOM KOHCYHBIX

DJIEMEHTOB IMOJTHOPA3MEPHOI'0 COCTUHCHUS U DJICMCHTAPHBIX MOZ[eHCﬁ (l]HaHLleBLIX COeZ[PIHeHPIﬁ. Beina TIpoaHaIu3upoBaHa pa60Ta 00JITOBOM TpynIsl 1 ¢HaHHa C yueToOM IIC(i)CKTOB.

OHpCHCHCHH 0COOEHHOCTH TIOBCICHUS 0O0JITOB C KOHTPOJIMPYEMBIM HATSDHKCHUEM, pa60Ta}0me B COCTaBC COCﬂHHCHHﬁ, XapaKTEPHBIX IJIST paCCMOTPCHHBIX KOHCTPYKTHBHBIX pCHJeHHﬁ.

TTokazaH KOJIMYECTBEHHBIN XapakTep pacrpeaCICHUs yC]/lJ'[I/H\;I u HaHpS{)I(eHI/Iﬁ mo GOJ'ITaM " TCIIy (bnaHueBle TUTaCTUH COCAUHCHUS B 3aBUCUMOCTH OT Pa3JINIHBIX COYETaHHUH KECTKOCTH

(TOJ‘[HH/IHLI) q)naHua " 1uameTpa ooura. ITo pe3yiabTaTaM UCCICIOBaHUS paﬁOTH 60HTOB ObLI C€JIaH BBIBOJ O TOM, UYTO Ha paCCMOTPECHHOM JQHAIIa30HE TOJIIIHWH, THaMETPOB U L[C(i)CKTOB

BIIASHUCM ITOCJIICAHUX Ha pa60Ty COCIUMHCHUA MOXKHO npeHereqL, B Ppe3yabTaTe NCCICAOBAaHUA pa60TI>I TCIa CI)J'[aHLIa OIIPECIICHO, YTO HECYyIIasa CHOCO6HOCTI> COCIMHCHUS TJIaBHBIM

06pa30M onpenensaeTCs NpOYHOCTBIO 00JITOBOM TpyHnIsl ¥ U1t 06601’[6‘{CHI/I${ 3KCHHyaTaLIHOHHOﬁ TIPUTOTHOCTH HCO6XO£[HMO TIPUMECHSATH (i)HaHLIBI C OIPEACIICHHBIMHU ITapaMETpaMHu.
KiroueBbie ciioBa: craib, GpJaHIeBOC COSANHEHUE, CTAlIbHAST KOHCTPYKLHS, y3el, (iaer, 60ar, 1edeKT MoHTaxa, 3a30p.

UDC 69.07, 624.014.2 DOI: 10.37538/0039-2383.2024.6.19.26. THE EFFECT OF GAPS ON THE STRESS CONDITION OF END-PLATE CONNECTIONS. I.1. Vedyakov, D.V. Konin, P.V.

Nakhvalnov, TSNIISK named after V.A. Koucherenko, JSC Research Center of Construction; e-mail: konden@inbox.ru

Abstract. The article discusses typical defects of end-plate connections. The modeling of joints with a given defect was performed, and the calculation of the finite element method of a full-size joint and

elementary models end-plate connections was performed. The work of the bolt group and the end-plate was analyzed, taking into account defects. The features of the behavior of tension-controlled bolts

operating as part of joints characteristic of the considered design solutions are determined. The quantitative nature of the distribution of forces and stresses across the bolts and the body of the end-plates

of the joint is shown, depending on various combinations of the stiffness (thickness) of the end-plate and the diameter of the bolt. According to the results of the study of the operation of the bolts, it was

concluded that there is no influence of the latter on the operation of the joint in the considered range of thicknesses, diameters and defects. As a result of the study of the end-plate body, it was

determined that the bearing capacity of the joint is mainly determined by the strength of the bolt group. To ensure operational suitability, end-plates with certain parameters should be use.

Keywords: steel, end-plate connections, steel structure, node, end-plate, bolt, installation defect, gap.

YuciieHHbIE PacyeThl
Nonlinear calculations
YK 624.971:621.315.1-66 DOI: 10.37538/0039-2383.2024.6.27.34
H.A. CEHbKUH, k.1.H., A.C. PWJIUMOHOB, Cankr-IlerepGyprekuii rocyfapcTBeHHBIN apXHTEKTYPHO-CTPONTEIbHbIH yHuBepeuTet; e-mail: senkin1952@yandex.ru
B3AUMOJIECTBUE KOHCTPYKTHUBHBIX 3JIEMEHTOB B IMHEMHOM LEITA BO3AYILIHOW JUHAMU 3JIEKTPOIEPEJAYH ITPU ITAJJEHUH OIIOPBI...27
3ajaua obecreuyeHust JKUBYIECTH KOHCTPYKIMH BO3AYLIHBIX JUHUH dnektponepenaun (BJI) ¢ nokanu3anueii aBapuu IpeACTaBISICTCS aKTyalbHOM B CBSA3H C MACCOBBIMH aBapHiTHBIMU
noBpexaeHusiMu BJI no pa3ubiM npuurHam. PaccMoTpeHb! aBapuitHbie cuTyaunu ¢ najgenueM ornop BJI 110 kB u Bo3jeiicTBuEeM Ha COCEIHUE NPOMEKYTOUHBIE ONOPBI TOCPEACTBOM
IIPOBOJIOB U IPO303aLIUTHBIX TPOCOB. [TomyueHHas paHee MaTeMaTuuecKast MOJENb €IMHON BaHTOBO-CTEP)KHEBON CUCTEMBI YCOBEPIIEHCTBOBAHA [UIS PEIIECHUS IOCTABICHHOI 3a1auu
¥ TI03BOJISIET BBIMOJIHATH PACUeT yCHIINH B €€ JIEMEHTaX HPH JIFOObIX IMOJI0KEHMSIX MAJAOIIeH OMOPBI ¢ ONpe/IeIeHHEeM KOOPANHAT TOYEK KPEIICHHs TPOBOOB 1 TPocoB. IIpecTaBieHs!
3aBHCHMOCTH M3MEHEHUsI YCWIIHH TSDKESHHUS B IPOBOJIAX M TPOCAX MPH MX OOpBIBE, IPU X MPOASPTHBAHHH, @ TAKKE TIPU )KECTKOM 3aKPEIJICHUH B MOJIEPKUBAIOIINX 3aKuMax. [l Bcex
PaccMaTpPUBAEMBIX CIIy4aeB ONPENEICHBI YCUIIMS TSHKEHHUS B IPOBOJAX U IPO303alUMTHBIX TPOCAX Kak Bo3JjeiicTBUs Ha cocennue. ITpencrapiensl BapuaHThbl obecrieuenus sxuBydectu BJT ¢
JIOKaJN3aLell aBapuy B OJHOM IIpOJIETe.

KioueBble cj10Ba: BO3IyLIHBIC IMHUH DJICKTPOIIEPEIaut, eJ[Hask CHCTEMa OTop, TPOBOOB M TPOCOB, MaJICHHUE OIOPHI, aBAPHIHBIA PEXKNUM pabOTHI.
UDC 624.971:621.315.1-66 DOI: 10.37538/0039-2383.2024.6.27.34. INTERACTION OF STRUCTURAL ELEMENTS IN THE OVERHEAD TRANSMISSION POWER LINE DUE TO THE
FALLING TOWER. N.A. Senkin, A.S. Filimonov, St. Petersburg State University of Architecture and Civil Engineering; e-mail: senkin1952@yandex.ru
Abstract. The task of ensuring the survivability of overhead power transmission line structures with accident localization seems relevant in connection with massive emergency damage to overhead
lines for various reasons. Emergency situations with the fall of 110 kV overhead line poles and the impact on neighboring intermediate supports by means of wires and lightning protection cables are
considered. The previously obtained mathematical model of a single cable-stayed rod system has been improved to solve the problem and allows the calculation of forces in its elements at any position of
the falling support with the determination of the coordinates of the attachment points of wires and cables. The dependences of the change in the forces of gravity in wires and cables when they break,
when they are pulled, as well as when they are rigidly fixed in supporting clamps are presented. For all the cases under consideration, the gravity forces in the wires and lightning protection cables were
determined as effects on neighboring ones. Options for ensuring the survivability of overhead lines with the localization of an accident in one span are presented.
Keywords: overhead power lines, a unified system of supports, wires and cables, falling supports, emergency operation.

YK 624.05 DOI: 10.37538/0039-2383.2024.6.35.43
H.A. KAPAHKEBHNY, A.B. IMUTPHEB, k.T.H., 1.0. PA3OB, K.T.H., 1011eHT , TIOMeHCKHIi HHAYCTPHAIbHBINA YHHBepcuTeT; e-mail: dmitrievav@tyuiu.ru
YHACJEHHBIA DKCIIEPUMEHT B K ANSYS JIJI1 ®EPMbI, CO3JJAHHOM IIPA HOMOIUMX AJJUTUBHBIX TEXHOJIOI MM, HA PA3PYILIAIOIIYIO HATPY3KY...35
B crarbe nccneyercst BO3MOKHOCTb UCIIOJIb30BAHHS TPOrPAMMHOI0 KOMIUIEKCa Ansys JUIsl MOJCIMPOBAHHUS IEPEKPBITHIA, BBHIOIHEHHBIX B BH/E 0aJI0K, H3rOTOBJICHHBIX Ha 3D-npuHTEpe.
Jlns oneHkH 2QGEKTHBHOCTH TaKoi MoJieNy ObUT MPOBEICH YHCIICHHBIH YKCIIEPHMEHT, B X0J1¢ KOTOPOro OajlouHasi KOHCTPYKIUS TT0JBepraiach pa3pyaromiei Harpyske. Pe3yabTaTs
MOJCIIMPOBaHNUA CPAaBHUBAJINCH C pE3yJbTaTaMU (bHSH‘{eCKOI‘O OKCIIEpUMEHTA JUIA IMPOBEPKU TOYHOCTH MOJECIIH. B kauectBe HCXOAHBIX TaHHBIX I pacdeTa UCIIOJIb30BAJIMCh MapaMEeTphl,
QHAJIOTUYHbIC SKCIIEPUMEHTY, npoBeieHHOMY J{uero Benoco B Yuusepcutere Can-Ilayiy, riae uccienoanach GpepmerHast 6anka. Moaelb CTpOHIach ¢ UCIOIb30BaHHEM 00BEMHBIX U
CTEPIKHEBBIX TEJI, HAIPY3KH Ha Y3JIbI MOJICJIN 3a/1aBAJIUCh B BUIC PACIIPEACIICHHBIX yCI/UH/[ﬁ TI0 TUIOIIaIM, YTO ITOBTOPSJIO YCIOBHA HATYPHOT'O OKCIICPUMEHTA. TTo pe3ynbTaTaM pacueTra
BBISICHUJIOCH, UTO pa3spylICHHUE OaJIKi HAYHHAETCS TIpH Harpy3Ke Ha y3JIbl B 500 kr. B HaTYPHOM 3KCIIEPUMEHTE PpaspymICHUE ITPOU3O0MIIIO ITPHU JOCTHXKECHUH HAarpy3KHU B 700 kr. DTN JIAHHBIC
COBIAJAIOT C pE3yJIbTaTaMU HATYPHOI'O DKCIICPUMEHTA, YTO ITOATBEPKAACT TOYHOCTH BBI6paHHO[7] METOAUKH MOICITUPOBAHUS. Takum 06pa30M, l'lpe}IJTO)KeHHLIﬁ crocob pacueTra MOXET
YCHEUIHO NPUMEHATHCA UIA IIPOCKTHPOBAHNUS HECYIIINX 3JIEMCHTOB 3]13[-]]4[7], BO3BOJAHUMBIX METOJIOM MOCJIONHOM 3D—neqa’m C MCIIOJIB30BAHUEM CTPOUTEIILHBIX IIPUHTEPOB.
Crarbst TIOATOTOBJICHA B paMKax peajiu3alluyi rocy1apCTBEHHOI'O 3alaHUs B C(bepe HayKH Ha BBINOJTHCHUE HAYYHBIX [TPOCKTOB, PEAJTM3YEMBIX KOJUIEKTUBAMU HaAYYHBIX na60paT0pm?[
00pa3oBaTesbHbIX OPraHU3aLMii BICIIEr0 00pa30BaHMs, TOABEIOMCTBEeHHBIX MuHOOpHayku Poccun o npoekty «HoBble MaTepHalibl M TEXHOIOTHN BO3BEACHHS 34aHUiT, COOPYKEHHUH 1
MX 3JIEMEHTOB C MPUMEHEHHEM POOOTHU3MPOBAHHBIX aIUTHBHBIX crctem» (Ne FEWN-2023-0004).

KiroueBble c10Ba: Ansys, YUCIICHHBIH 3KCIEPUMEHT, A IUTHBHBIC TEXHOJIOTHU B CTPOUTENLCTBE, 3D cTpouTenbHas nevaTs.
UDC 624.05 DOI: 10.37538/0039-2383.2024.6.35.43. COMPARISON OF THE ANALYTICAL APPROACH WITH THE FINITE ELEMENT METHOD FOR DETERMINING THE
NATURAL OSCILLATION FREQUENCIES OF A CYLINDRICAL SHELL. N.A. Karankevich, A.V. Dmitriev, 1.O. Razov, Tyumen Industrial University; e-mail: dmitrievav@tyuiu.ru
Abstract. The article explores the possibility of using the Ansys software package to model slabs designed as beams manufactured using a 3D printer. To evaluate the effectiveness of this model, a
numerical experiment was conducted, during which the beam structure was subjected to a destructive load. The simulation results were compared with the results of a physical experiment to verify the
accuracy of the model. The input data for the calculation were based on parameters similar to those of an experiment conducted by Diego Veloso at the University of Sdo Paulo, where a truss beam was
studied. The model was built using both solid and beam elements, with loads applied to the nodes of the model as distributed forces over the area, replicating the conditions of the full-scale
experiment. The calculation results revealed that the failure of the beam begins when the load on the nodes reaches 500 kg. In a full-scale experiment, the destruction occurred when a load of 700 kg was
reached.These data coincide with the results of the full-scale experiment, confirming the accuracy of the chosen modeling method. Thus, the proposed calculation method can be successfully applied to
the design of load-bearing elements of buildings constructed using layer-by-layer 3D printing with construction printers.
The article was prepared as part of the implementation of the state assignment in the field of science for the implementation of scientific projects implemented by teams of scientific laboratories of
educational institutions of higher education subordinate to the Ministry of Education and Science of the Russian Federation under the project “New materials and technologies for the construction of
buildings, structures and their elements using robotic additive systems” (No. FEWN-2023-0004).
Keywords: Ansys, numerical experiment, additive manufacturing in construction, 3D construction printing.




CeiicMuuecKkne pacyeThbl

YAK: 624.042.7 DOI: 10.37538/0039-2383.2024.5.28.41

JM. )KEMYYT'OB-TUTMAH, I'.B. COPOKHHA, k.T1.H., A.M. Y3JIUH, a.T.H., npod., IleTepdyprckuii rocyiapcTBeHHbIi yHHBEPCHTET My Teil coo0IeHHs UMIiepaTopa Asiekcanapa I; e-

mail: oofy@yandex.ru

VYET JEMIIOGAPOBAHUS B PAMKAX CEAJJAHCAPOBAHHOW CUCTEMBI PACYETHBIX KOY®OUIUEHTOB JUHENHO-CIIEKTPAJIBHOM METOJAUKH JJIs1 OEHKH

CEMCMOCTOMKOCTH COOPYKEHMUIA...28

PaccmotpeHo HazHadeHue koddduirenTa Uit yueta qeMnpupOBaHUs PU UCTIOIb30BAHUH JIMHEWHO-CIIEKTPAIbHON METOUKH OLCHKU CEHCMOCTOMKOCTH COOPYKCHUI.

Otmeuaercsi, UTO U1l KOPPEKTHOTO BBEICHHUS COOTBETCTBYIOIIETO KO PHULHeHTa HE0OX0AUMO COOITI0IeHHE COATAaHCHPOBAHHOCTH BeeX KodduimenToB. C 3TOH Lenbio

ABTOPbI CKOPPEKTHPOBAIH BCIO cUcTeMyY KodbduunenTos. [Ipexae Bcero, mMKOBOE YCKOPEHHE MPHHSITO 3aBUCUMBIM OT IPeo0Iiajaloiiero nepuojia

Bo3zeiicTBust. COOTBETCTBYIOIIAS 3aBUCHMOCTh IPUHSATA HA OCHOBE 00paboTKH 3amnmceit 0koso 200 CHIIbHBIX 3emiieTpsiceHuit. [Ipu 3ToM K03 HULHMEHT THHAMUYHOCTH

(orubaroiast CrieKTPOB YCKOPEHHI) OKa3bIBAETCS 3aBUCHMMBIM TOJBKO OT MOJIAJIHOIO 3aTyXaHus B cucteMe. Jlajiee 00beKThl MAaCCOBOIO CTPOUTENBCTBA — MATIO3TAXKHbIE 3/1aHUs

— Ha [UIOTHBIX HECKAJIbHBIX OCHOBAHMX MPUHUMAIOTCS 33 3TAJIOH. DTO HO3BOJSIET BBECTH KOI(D(ULUEHT, yINTHIBAIOLINIT 1eMII(pUPOBaHIE, €CIIU OHO OTINYAETCS OT

9TaJIOHHOTO. B pe3ynbrare [Uis 3TaJOHHBIX 3[aHUI IPOU3BEICHUE TMKOBOIO YCKOPEHUsI HA KOI(QGUIIMEHT AMHAMIUYHOCTH COXPAHSAETCS TAKUM K€, KaK B CTPOUTEIBHBIX

HopMax. OTMeYaeTcs, YTO IPHUHATAs 3aBUCHMOCTh [TUKOBBIX YCKOPEHHH OT MepHo/ia 00eCIeYnBaET COOTBETCTBHE MICEBIOCIIEKTPOB CKOPOCTEH M CMELICHUIT HATYPHBIM JaHHBIM.
KiioueBble cj10Ba: ceificMuuecKkoe BO3ACHCTBUE, CEHCMOCTONKOCTD, JIMHEHHO-CIIEKTPAIbHBII METOJI pacuera CeiiCMOCTOMKOCTH, AeMI(pHpOBaHUE.

UDC: 624.042.7 DOI: 10.37538/0039-2383.2024.5.28.41. TAKING DAMPING INTO ACCOUNT WITHIN THE FRAMEWORK OF A BALANCED SYSTEM OF DESIGN COEFFICIENTS

OF THE RESPONSE SPECTRA METHOD FOR ASSESSING THE STRUCTURESEIMOIC RESISTANCE. D.M. Zhemchugov-Gitman, G.V. Sorokina, A.M. Uzdin, Emperor Alexander | St.

Petersburg state transport university; e-mail: oofy@yandex.ru

Abstract. The damping scaling factor in using the linear-spectral method of assessing the structure seismic resistance is considered. It is noted, that for t correct introducing the corresponding factor, it

is necessary to maintain a balance of all design coefficients, determining seismic loads. For this purpose, the authors corrected the entire system of coefficients. First of all, the peak ground acceleration

was assumed to be dependent on the prevailing period of seismic action. The corresponding dependence was adopted on the basis of processing records of about 200 strong earthquakes. In this case, the

dynamics coefficient (the envelope of the acceleration spectra) turns out to depend only on the system modal damping. Further, mass construction projects, i.e. middle-rise buildings on dense non-rocky

soil bases are taken as the standard. This allows one to enter a coefficient that takes account of damping, if it differs from the reference standard one. As a result, for the mentioned standard buildings, the

product of peak acceleration and dynamic coefficient remains the same as in building codes. It is noted, that the accepted dependence of peak accelerations on the prevailing accelerogram period ensures

that the pseudo-spectra of velocities and displacements correspond to natural data.

Keywords: seismic impact, seismic resistance, linear spectral method for calculating seismic resistance, damping.

Pacuersl Ha ycTOHYNBOCTD
Stability calculations
YK 539.3 DOI: 10.37538/0039-2383.2024.6.44.54
H.E. MAJIBITUHA, k.1.1., [.A. MAHYIJIOB, K.1.H., nonent, PYT (MHHT); e-mail: malygina_i.e@mail.ru
TOYKU PABHOBECHUSI MEXAHUYECKUX CUCTEM..44
B Hacrosi1eii cTaTbe paccMaTpUBAIOTCS PA3INYUSI MEXAY PErYSIPHBIMUA M CUHTYJISIPHBIMU TOYKAMU PAaBHOBECHBIX COCTOSIHUM YIPYTHX CUCTEM. ABTOPbI IPUBOASAT
KJIACCU(DMKAIMIO CHHTYJIIPHBIX TOYEK Ha OCHOBAHMH MaTEMAaTHYECKHUX, MEXaHMYECKUX U TEOMETPHUUECKHUX MOAX0/I0B. PaCKphIBAIOTCS aCHIEKThI, KACAIOLIMECS HEBBIPOXKICHHBIX
(peryispHbIX) KPUTHYECKHX TOYEK, B KOTOPBIX MepBbIi qudepeHiial paBeH HyJlto, a BTopoil (kBaapatndHas (popma) He BeIpoxkieHa. OOCYKAAI0TCS YCIOBUS YCTOHUYUBOCTH M
HEYCTOWYMBOCTH U30JIMPOBAHHBIX PABHOBECHH, @ TAK)KE BIMSHHUE MEPBUYHBIX HEHYJIEBBIX WICHOB Pa3JIOKEHHUs OTEHIMAIBHOM YHEPTUH HA YCTOHYMBOCTD BBIPOXKICHHBIX
paBHOBecHi. PaccMaTpuBaroTCsl ycioBHs OU(PYpPKALIMOHHOMN MOTEPH YCTOMYMBOCTH B KOHTEKCTE HEIOJIHOTHI PABHOBECHUS YIIPYTHX CUCTEM. AHAIU3UPYETCS, YTO HEOOXOAMMBIM
YCIIOBHEM JUIsl TTOSIBJICHUSI TOUEK OU(ypKAIMH SBJISETCS HAINYNE YHEPIeTHYECKH OPTOrOHAIBHOTO JOMOMHEHHS. TakKe pacCMaTPUBACTCs BIMSHUE HA4YaJIbHBIX TEOMETPHYECKUX
HECOBEPILEHCTB Ha XapaKTep NOTePH YCTOWYUBOCTH.

Ki1oueBble cJI0Ba: CHHTYJISIpHAS TOYKA, TOUKa OuypKaluu, mpeaeiibHas TOUKa, TPACKTOPHS PABHOBECHSI, YCTOWYHNBOCTD PAaBHOBECHSL.
UDC 539.3 DOI: 10.37538/0039-2383.2024.6.44.54. EQUILIBRIUM POINTS OF MECHANICAL SYSTEMS. IL.E. Malygina, G.A. Manuilov, Russian university of transport (MIIT); e-mail:
malygina_i.e@mail.ru
Abstract. This paper deals with the differences between regular and singular points of equilibrium states of elastic systems. The author provides a classification of singular points based on mathematical,
mechanical and geometrical approaches. Aspects concerning nondegenerate (regular) critical points in which the first differential is zero and the second differential (quadratic form) is not degenerate are
disclosed. The conditions of stability and instability of isolated equilibria are discussed, as well as the influence of the primary nonzero terms of the potential energy expansion on the stability of
degenerate equilibria. The conditions for bifurcation loss of stability in the context of incomplete equilibrium of elastic systems are considered. It is analyzed that a necessary condition for the appearance
of bifurcation points is the presence of an energetically orthogonal complement. The influence of initial geometrical imperfections on the character of stability loss is also considered.
Keywords: singular point, bifurcation point, limit point, equilibrium trajectory, equilibrium stability.

CelicMuuecKHe pacyeThbl
Seismic calculations
YK 699.841 DOI: 10.37538/0039-2383.2024.6.55.63
3.K. ABAEB, K.T.H., 101eHT, BiagukaBka3scknii Hayunblii nentp Poccuniickoii akagemun Hayk; e-mail: abaich@yandex.ru
HEJIMHEMAHBIA CEUCMUYECKHUI OTKJIUK )KEJE30BETOHHBIX KAPKACHBIX 3/IAHUI...55
IIpencraBiena MeToanKa OLEHKH CEHCMOCTONKOCTH 10-3Ta’KHOTO XKeJle300eTOHHOTo KapKacHoro 3aaHus. [IpoBeieHo cpaBHEeHHe MeXTy pe3yJibTaTaMi HeJHHEIHOro
JMHAMHYECKOT0 aHaJIM3a M YIPOILIEHHOTO MOAIBLHOTO HEJTMHEHHOTO CTaTHYECKOro aHanu3a. [IpeyioxkeHHas METOIMKa MOXKET ObITh HCIOJIb30BaHA /Il KOPPEKTHON OLIEHKH
MaKCHMAJIbHBIX O’KHJIAEMBIX MOMEHTOB BO BPEMsI KOHTPOJIBHOTO 3eMIIeTpsiceHUsl. OTMEUEHO, YTO TPAIUIHOHHBIE METO/IbI pacyeTa CHIbHO HEOOICHUBAIOT
celicMIYecKre TpeOOBaHMS B CPABHEHHH ¢ HEITMHEHHBIMHU, B OCOOCHHOCTH B CPEIHEH YaCTH BBICOTHI 3aHHUL.
HccnenoBanue BBIMOIHEHO 32 cyeT rpanTa Poccuiickoro Hayunoro ¢ounga Ne 24-79-00087 (https:/rscf.ru/project/24-79-00087/).
Ki1ioueBblie cji0Ba: kele300€TOHHAS paMa, OLEHKa CEHCMOCTOMKOCTH, HEJTMHEWHBII IMHAMUYECKUI aHAJIN3, HETMHEHHBIA CTAaTHYECKUI aHaIH3.
UDC 699.841 DOI: 10.37538/0039-2383.2024.6.55.63. NONLINEAR SEISMIC RESPONSE OF REINFORCED CONCRETE FRAME BUILDINGS. Z.K. Abaev, Vladikavkaz Scientific Centre
of the Russian Academy of Sciences; e-mail: abaich@yandex.ru
Abstract. A methodology for seismic performance evaluation of a 10-story reinforced concrete frame building is presented. The comparison between the results of nonlinear dynamic analysis and
simplified modal nonlinear static method is carried out. The proposed methodology can be used to correctly estimate the maximum expected moments during a maximum considered earthquake. It is
noted that traditional methods of analysis strongly underestimate seismic demands in comparison with nonlinear methods, especially in the middle part of the height of structures.
The research was supported by the Russian Science Foundation Project No. 24-79-00087 (https://rscf.ru/en/project/24-79-00087/).
Keywords: reinforced concrete frame, seismic performance evaluation, nonlinear dynamic analysis, nonlinear static analysis.

B nomoris npoeKTHpOoBIIUKY

To help the designer

YK 624.072.2.014 DOI: 10.37538/0039-2383.2024.6.64.70

M.U. PAPOEJIb" 2, k.1.1., [L.B. LITPAYC? , “IIHUUCK um.B.A.Kyuepenko AO «HHII «Ctpouteancrso», ZHUY MI'CY; e-mail: farfelmi@yandex.ru, *3aBox meraminyeckux
KOHCTPYKIMIi «DJ1eMeHT»

MEMBPAHHBIN JABHUJ U PAMHBIN T'OJINA®...64

CraTbs MOCBSIIICHA PA3bICHEHHUIO NPEHMYILECTB MEMOPaHHBIX KOHCTPYKIMI 110 CPABHEHHIO ¢ PAMHBIMH, TPAIHIHOHHO B OOJIBIIOM KOJMYECTBE MPOM3BOJUMBIMHU B HACTOSIIIICE
BpEMs1 POCCUHCKHMH 3aBOJIAMH METAJUIMYECKUX KOHCTPYKIMHA. [Ipy MaccoBOM nprMeHeHHH MEMOpPaHHBIX KOHCTPYKIMH MOYKHO COKPaTUTh PACXOAbI CTOUMOCTH CTPOUTEIBHBIX
KOHCTPYKIHH, a TAK)KE 3HAYUTEIHHO COKPATHTh 3aTPAThl Ha TPYAOEMKOCTb M3TOTOBJICHUS] 1 MOHTaXKa, YTO ITO3BOJIUT 3aMETHO YMEHBIIUTE OOIIYI0 CTOMMOCTD CTPOUTENBHOM
KOHCTPYKIMHU 3JaHHs WM COOpYKeHUs. JIJIsl POBIDKEHHST MACCOBOTO MPHMEHEHHSI MEMOPAHHBIX KOHCTPYKIMH B CTPOUTEIIBHOM IIPOU3BOJICTBE aBTOPHI NIPUTIIAIIAIOT
3aMHTEPECOBAHHBIE OPTAHU3AIMHU K COTPYAHUUYECTBY M K 00pb0e ¢ HeTOOPOCOBECTHOI KOHKYPEHIIHEH.

Ki1roueBblie ciioBa: cBOOOJHBINH (0€30MOPHBIiT) MIPOJIET, MPOSKTHAS HHANBHIYaIbHOCTh, MACCOBAst CEPHsl, CTPOIMILHO-IPOTOHHAS CHCTEMA, OTTIOPHBIN KOHTYp, pAMHOE
MOKPBITHE, MEMOPaHHOE MOKPBITHE, OONBIIETIPOIETHOE COOPYKEHHUE, ADXUTEKTypHAask BHIPa3UTEILHOCTh, aTMOC(HEPOCTOHKAs M HepiKaBelolasi CTallb, METaJUTyprUIecKoe JTOO0H.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2024.6.64.70. MEMBRANE DAVID AND FRAME GOLIATH. M.1. Farfel*2, P.V. Strauss®, ‘TSNIISK named after V.A. Koucherenko JSC Research
Center of Construction, 2Moscow State University of Civil Engineering (National Research University), Element LLC; e-mail: farfelmi@yandex.ru
Abstract. The article is devoted to explaining the advantages of membrane structures in comparison with frame structures, which are traditionally produced in large quantities by Russian metal structures
factories. With the mass application of membrane structures, it is possible to reduce the cost of building structures, as well as significantly reduce the cost of manufacturing and installation, which will
significantly reduce the total cost of the building structure of a building or structure. To promote the mass application of membrane structures in construction production, the authors invite interested
organizations to cooperate and to combat nfair competition.

Keywords: free (unsupported) span, design individuality, mass series, rafter-girder system, support contour, frame coating, membrane coating, large-span structure, architectural expressiveness, weather-
resistant and stainless steel, metallurgical lobby.



YK 624.131 DOI: 10.37538/0039-2383.2024.5.71.74
C.B. BOCAKOB" 2, 1.1.H., npo¢., O.B. KO3YHOBA®, K.T.H., 101eHT, ‘Bejopycckuii HAMOHAILHBI TexHHYecKuii ynusepcutert, 2Benopyccko-Poccuiickuii
yHuBepcuTeT, Pecnydsnka Beaapycs; e-mail: sevibo@yahoo.com, 3UIIK npu Besopycckom HaMoHaJIBHOM TeXHHYeCKOM yHHBepcuTe; e-mail: kozunova@gmail.com
JWHEWHBIE 1 YTJIOBBIE NEPEMEIIEHUA )KECTKOM MPAMOYTOJJbHOU ®YHIAMEHTHOM IJIMTHI HA YIIPYTOM CJIOE...71
B paccmatpuBaemoii paboTe IpeuIoKeH MOAX0, TO3BOJSIOINI ONPE/ICIsTh JIMHEHHBIC U YITIOBBIC IIEPEMEILCHNUS )KECTKOI IIPSMOYTOIBHOIN IUINTHIL, JIeKaIel 0e3 TpeHus Ha
ynpyrom cioe. [Toxxon ocHOBaH Ha crioco0€¢ OPTOrOHAIBHBIX MHOTOWICHOB, B KOTOPOM pacrpe/ielieHie KOHTAKTHBIX HAPSHKCHMIT HILeTCs B BUJIE IBOWHOTO Psia Mo
nosmHOMaM YeObIieBa IepBoro poja ¢ BECOM, YTO IMO3BOJISICT BBIACINTh OCOOCHHOCTh B KOHTAKTHBIX HATIPSDKCHUSIX Y rpaHeil minthl. OyHkuus ['pHHA ULt yIpyroro ciios
TaKKe PacKJIabIBACTCS B YETHIPEXKPATHBIH PSJI IT0 THM HOJIMHOMAaM C OMOIIBIO YeThIpeX HCIOIb30BaHUH KBagpaTypHOU (GopMyisl. Mcnonb3oBaHHe OPTOrOHATBHOCTH
MPUHATHIX TOJTHHOMOB UeObliieBa ¢ BECOM CBOJUT PacCMaTPUBAEMYIO 3a/[a4y K OECKOHEUHOM CHCTEME IMHEHHBIX alre0pan4ecKiX ypaBHEHUH, KOTOpast peraeTcs Cocooom
yceuenus. [IpuBesieHs! [Ba mpuMepa AJIs KECTKOH KBaJAPATHOI INIMTHI HA YIIPYTOM CJIO€ IIPY Harpy>KeHHH COCPeI0TOYCHHBIMHE CHUMMETPHYHO TIPHIOKEHHOH CHIION 1
MoMeHTOoM. J[jist conocTtaBienust nansl pe3yasratsl M.U. I'opOyHoBa-Ilocanosa B ciiydae pacoIosKeHHs INUTEI Ha YIPYTOM HOIYIPOCTPAHCTBE.

KiioueBble c/10Ba: NpsMOYroJibHAs IUTHTA, YIPYTUid CII0MH, MONMMHOMBbI YeObleBa, OeCKOHEUHas CHCTEMa YPaBHEHHH, CIOCO0 YCeUeHH .
UDC 624.131 DOI: 10.37538/0039-2383.2024.5.71.74. LINEAR AND ANGULAR DISPLACEMENTS OF A RIGID RECTANGULAR FOUNDATION SLAB ON AN ELASTIC LAYER. S.V.

Bosakov® 2, 0.V. Kozunova®, *Belarusian National Technical University, 2Belarusian-Russian University; e-mail: sevibo@yahoo.com, *Belarusian National Technical University; e-

mail: kozunova@gmail.com

Abstract. The present work proposes an approach to determining the linear and angular displacements of a rigid rectangular slab lying without friction on an elastic layer. The approach is based on the
orthogonal polynomial method, in which the distribution of contact stresses is sought in the form of a double series of Chebyshev polynomials of the first kind with a weight, which allows one to identify
a feature in the contact stresses at the slab faces. The Green’s function for the elastic layer is also expanded into a four-fold series in these polynomials using four uses of the quadrature formula. Using
the orthogonality of the adopted Chebyshev polynomials with weight reduces the problem under consideration to an infinite system of linear algebraic equations, which is solved by the truncation
method. Two examples are given for a rigid square plate on an elastic layer under loading by concentrated symmetrically applied force and moment. For comparison, the results of M.1. Gorbunov-
Posadov are given in the case of the plate being located on an elastic half-space.

Keywords: rectangular plate, elastic layer, Chebyshev polynomials, infinite system of equations, truncation method.
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