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Pacuersl Ha mpoyHOCTH
Strength calculations
W.I0. BEJYLKU, a.1.1., U.B. JIABAPEB, Kk.1.H. THX00KeaHCKHii rOCy1apCTBEHHbIIl yHUBEPCHTET, T. Xa6apoBck
YK 624.21/8. OHEHKA TE®OPMUPOBAHHOI'O COCTOSIHUSI HAIBUT' AEMBIX ITPOJIETHBIX CTPOEHM NEPEMEHHOM )KECTKOCTH B CPEJIE MATHCAD...2
B ny6mukarmu nokasaxa s3dpexTuBHOCTb npuBnedeHus nporpamMsl MathCad k peanusanum TexHH4ecKoM gacTu popMmyitsl Mopa 1is OLeHKH Je()OPMHPOBAHHOIO COCTOSIHUS
HaJABUTACMBIX IIPOJICTHBIX C’I‘pOCH]/[ﬁ Pa3pe3HBIX CUCTEM, OGBCHI/IHSICMBIX Ha IIEpHUoJa MOHTaKa B HEPA3PE3HBIC CUCTEMBI U B TAKOM BHUC IIPCACTABIIAIOIINX PErYISIPHBIC CTPYKTYPBI, AT
KOTOPBIX HapsAxy ¢ yHI/I(i)I/IKaIII/ICI\/'I TPY30BBIX MOMCHTOB 1 MOMCHTOB OT CAMHUYIHBIX CHJI BO3MOXXHA CUCTEMATHU3alUA MMOAPUHTCTPAJIbHBIX BLIpa)KCHI/II\/'I Q)OpMyJ'ILI Mopa C COOTB@TCTByIOI_LICI\/'I
aJ'IFOpHTMHZSaLIP[Cﬁ BBIUYHUCIIMTCIbHBIX OHepaLII/II\/'L

Kawouessble ciioBa: CTMC)KGHC306CTOHHLIC TIPOJICTHBIE CTPOCHUS, IIPOAOJIbHAS HA/IBUKKA.
UDC 624.21/8. ASSESSMENT OF THE DEFORMED STATE OF SLIDING SPANS WITH VARIABLE STIFFNESS WITH MATHCAD SOFTWARE. LY. Belutsky, 1.V.
Lazarev, Pacific National University, Khabarovsk.
Abstract. The publication describes the effectiveness of using the MathCAD Software for the implementation of the technical part of the Mohr’s equation for assessing the deformed state of sliding
spans of split systems, united for the installation period into continuous systems and representing standard structures in this form, for which, along with unification of load moments and moments from
unit forces,there is possibility of systematization of the integrands of the Mohr’s equation with the corresponding algorithmization of computational operations.
Key words: composite reinforced concrete, longitudinal slide.
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YK 624.073. HEKOTOPBIE 3AJTAYN CTATUKN AHU3OTPOITHBIX YIIPYT'UX TEJ C YYETOM UX KOHTAKTA C IOJATJIUBBIM OCHOBAHUMEM ITPU

AHTUCHUMMETPUYHBIX HATPY3KAX...9

N3yuaercs anTHCMMMeTpHYHast JehopManis KPYIIIbIX aHU30TPOIHBIX YIIPYTUX IUIACTUH C YYETOM MX KOHTAaKTa C MOJATIMBBIM OCHOBaHHEM. [10100HbIe BOIIPOCHI, B YACTHOCTH, BO3HUKAIOT

npy pacyere GyHIAMEHTHBIX IUIUT Ha JASHCTBUE FOPU3OHTAIBHBIX HATPY30K. JJIs HOyYeHHs PEIICHHs NCHIOIb3YeTCsl aHATTMTUYECKHI OIXO01, IPUMEHSETCS METO KOMIESHCHPYIOLINX

Harpy3ok (MKH). ITocrasienHas 3agaua onucbiBaetcs: AuddepeHnnanbHbIM ypaBHEHHEM YeTBEPTOro MOPsIKa ¢ HepeMEHHBIMH K03 GUIMEHTaMH, KOTOPOE, KaK I10Ka3al aHaIu3, He

pacnazacTCs Ha ABa CONPSKECHHBIX IlH(i)(i)epCHHHaHLHLIX YpaBHCHHUS BTOPOTO IMOPAIKA, KAXKI0€ U3 KOTOPBIX HHTCTPUPYCTCS B (i)yHKLII/ISIX Beccens. HOCJ’[C}IHCC HMCCT MCCTO 1A prl"J'[Oﬁ

TUTaCTUHBI, CL[@HaHHOﬁ 13 U30TPOIMTHOT'0 MaTepuaja u ne){cameﬁ Ha OCHOBAHHWH, CBOICTBa KOTOPOro OMHUCBHIBAKOTCS MOJICIIBIO BI/IHKJ'Iepa, )1.]'[5[ TOJTYICHHS PCIICHUS paCCManI/IBaCMOfl 3aga4uun

B 3aMKHYTOM BH/JE B HIMIIMHAPUICCKUX (I]YHKIII/ISIX HCIIONB3YETCSA YPaBHCHUEC Hunscena. HpO]/BBO[[HTC}I y4aer Z[CﬁCTBI/Iﬂ AHTHCUMMCTPHUYHBIX HAarpy30K, pacrpeACICHHBIX 110

KOHIIEHTPHYECKOW OKpyxHOCTH 110 3akoHaM q0 sind i q0 cosO , nii Harpy3Koid, pacrpe/eJIeHHOM 110 IO/ KOJIbLia 110 IMHEHHOMY 3aKOHY. PaccMaTpuBaIOTCs pa3inyHble TPaHUYHbIC
CJIOBHA.

y KioueBble ciioBa: KPYTIIbIE IIIACTHHBI, aHU30TPOIHA, YIIPYTO€ OCHOBAaHHE, dJyH](]_IPII/I Beccens.

UDC 624.073. CERTAIN STATICS PROBLEMS OF ANISOTROPIC ELASTIC SOLIDS, RESTING ON AN ELASTIC SUBGRADE AND SUBJECTED TO AN ACTION OF

ANTISYMMETRIC LOADS. E.B. Koreneva, Moscow Higher Combined-Arms Command Academy.

Abstract. Antisymmetric bending of anisotropic circular plates, resting on an elastic subgrade, is under study. Analytical approach is used. Method of compensating loads (MCL) is applied. For

receiving of the basic and the compensating solutions the new approach, concerning Nielsen’s equation application, is used. The influence of various boundary conditions and the action of discontinuous

loads are investigated. The solutions are obtained in closed form in terms of Bessel functions.

Key words: circular plates, anisotropy, elastic subgrade, Bessel functions.

M. H. KHPCAHOB, 1-p ¢u3.-mar. nayk, npod. (HOY MIH, r. Mocksa)
VK 624.35. CXEMA U ®OPMY.IbI 1151 PACYETA IIPOI'MBA ®EPMbI TPEXITPOJETHOIO KOHCOJIbHOI'O MOCTA C NPOU3BOJIbHBIM YHACJIOM ITAHEJIEM...16
ean. CraBuTCs 3a/1a4a MOIYYCHHUSI TOYHOTO PEIICHHS 33/1a4i O POruOe IOCKON Mojie/ hepMbl COCTABHOTO KOHCOJIBHOTO MOCTa C IIPOM3BOJIBHBIM YHCIIOM Tanesneil. depma
CUMMETPpUYHAsA, CTATHYCCKHU ONpeaeInmas ¢ IByMs KOHCOJISAMHA U 6aJ'[0‘-lH0f;l ('l)epM()ﬁ, coe;u/mmomeﬁ KoHcosu. 13 YETHIPEX OIMOP KOHCTPYKIMH OJTHA OITOpa MOACIIUPYCTCSA HEITOABHIKHBIM
IIapHUPOM. Pemrerka Q)epMBI TPEYroJibHasA, Harpy3Ka NpUKJIAAbIBACTCS PaBHOMEPHO I10 y3JIaM HIDKHETO I10sICa UJIKM B CEPEANHE MTPOJICTA. BBIBOI(HTCH TaKXX€ 3aBUCUMOCTBh TOPU30HTAJIBHOT'O
CMCILICHUS HO[[BI/I)KH()ﬁ OIOPBI OT HArPY3KH U YHUCIIa raHesen B KOHCTPYKINH. MeTO}I. Veunus B CTCPKHAX ('l)epMBI OMpPEALCIAIOTCA U3 O6H.Ief/i CHCTEMBI ypaBHeHHﬁ PaBHOBECHS BCEX Yy3JI0B
('1)epMI>I C HMCITOJIB30BAaHUEM IIPOTrPaMMbI CHMBOJIBHBIX npe06pasoBaHm71 Maple. )IJ'ISI HaXO0XJICHUA npom6a ¥ CMCIICHUS OIIOPBI IPUMEHSCTCSA (bopmyna Mopa. OT}Z[eIIBHBIe pemenHus,
TOJTy4eHHBIE Vs (hEpM C TIOCIIeIOBATENBHO YBEINYMBAIOIMMCS YUCIIOM TAHENIeH, METOIOM JBOMHOM MHIYKIHK 0000IIA0TCs Ha MPOM3BOILHOE YKCIIO [TAHENEH B Ba dTana — CHavasa 1o
4uCITy naHesneil B 0ao4Hol epme, 3aTeM — 110 YUty HaHenei B koHcousx. KoadurmeHTs! HCKoMOi (HOPMyIIbI ONPEACISIOTCS U3 PEIICHUs PEKYPPEHTHBIX YPaBHEHHUI, COCTABIICHHBIX C
TIOMOIIIBIO OIIEPATOPOB CHCTEMBI Maple. PeaymnaTu. HOJ’[y‘{eHLI (I)OpMyHLI JUIA nporHGa 1 CMEIICHUS B BUAC ITOJIMHOMOB TPETHEI'0 U YETBEPTOTO IMOPAAKA. B Clrydae OrpaHu4CHHs Ha
CYyMMapHO€ YHCIIO MaHeseil ¥ JUTMHY rposieTa Ha rpad)Mkax pereHus: 0OHapyKeHbl SKCTPeMalIbHbIe TOUKH, MO3BOJISIOIIME ONTUMH3UPOBATH COOTHOLICHHE Pa3MEPOB YacTel KOHCTPYKIUH
JUIs yBEJIMYEHHUS ee xKecTKOcTH. HaliieHbl HeKOTopble aCUMITOTUYECKUE 10 YUCITy IaHeel CBOICTBA PEelleHusl.

KuroueBble c10Ba: Gpepma, KOHCONIBbHBIH MOCT, Tporud, Maple, HHIYKIHS, YMCIO MaHEeNeH, ACHMITTOTHKA.
UDC 624.35. SCHEME AND FORMULAS FOR CALCULATING THE DEFLECTION OF THE TRUSS OF A THREE-SPAN CANTILEVER BRIDGE WITH AN
ARBITRARY NUMBER OF PANELS. M.N. Kirsanov, National Research University Moscow Power Engineering Institute.
Abstract. The task of obtaining an exact solution to the problem of deflection of a flat truss model of a composite cantilever bridge with an arbitrary number of panels is set. The truss is symmetrical,
statically definable with two consoles and a beam truss connecting the consoles. Of the four pillars of the structure, one support is modeled by a fixed hinge. The truss grid is triangular, the load is
applied evenly at the lower belt nodes or in the middle of the span. The dependence of the horizontal displacement of the movable support on the load of the number of panels in the structure is also
deduced. The forces in the truss rods are determined from the General system of equilibrium equations for all truss nodes using the maple symbolic transformation program. To find the deflection and
displacement of the support, the Mohr formula is used. Individual solutions obtained for trusses with a consistently increasing number of panels are generalized by double induction to an arbitrary
number of panels in two stages-first by the number of panels in the beam truss, then by the number of panels in the consoles. The coefficients of the desired formula are determined from the solution of
recurrent equations made using operators of the Maple system. Formulas for deflection and displacement in the form of third-and fourth-order polynomials are obtained. If there is a limit on the total
number of panels and the span length, extreme points are found on the solution graphs that allow optimizing the ratio of the size of the parts of the structure to increase its rigidity. Some asymptotic
properties of the solution for the number of panels are found.
Key words: truss, cantilever bridge, deflection, Maple, induction, number of panels, asymptotics

M.O. MOUCEEHKO, k.1.1., O.H. IIOIIOB, k.1.1., TTACY, Tomck
VK 7.04:535.4.011.22.23. HEPABHOMEPHBI ITONEPEYHbIA HATPEB HEPA3PE3HOM I'MBKOM IJIACTUHBI C OTOPHBIMU PEEPAMM U IIOT'MBbIO...23
Omnpenensercs HIC rubkoii aByxmnonpHo# miactuHsl. Pasmeps! miactuusl: a/h x B/h = 50 x 100. Marepuain: sxaporpousnsiii cruiaB BT6. OTHOLIEHHEM MEHBIIETO pa3Mepa B IUIaHe a K
tonmune h onpezenena rudkocts A = 50. I'paHUUHBIE YCIOBHUS IUIACTHHBL: MONEPEYHbIE KPOMKH OITHPAIOTCs Ha pedpa xecTKocTu by /h X hy / h =2 x 4, npononbHbIe KPOMKH LIAPHUPHO
3aKperieHsl. IlnacTiHa pas3aeneHa CHMMETPUYHO IIAPHUPHO HEMOABHIKHBIM 3aKPETUICHHEM B ITONIEPEYHOM HarpasieHnn. HavanbHble mporuob 3a1aHbl B BUJIE CHHYCOHIBL.
MakcumanbHblil HauaabHbIH TPOTrHO PAcoI0KEH B LICHTPE IUIACTUHBI U CPABHUM C €€ TOMIMHOI h. ITacTiHHAa HaXOAUTCS MO BO3/CHCTBUEM HEPAaBHOMEPHOrO Harpesa. Temmeparypa
pacnpejeneHa CHMMETPHYHO B IIONIEPEYHOM HAMPABICHUH 110 JIMHEHHOM 3aBucuMocT. [Ipu nccinenosanuu HJIC ninacTUHBI yYUTHIBAETCSl HEOJHOPOAHOCTD, CBS3aHHAS C M3MEHEHUEM
MEXaHHYECKMX CBOMCTB CIUIaBa OT BEJTMUMHBI TEeMIIEpaTyphl. HHC TUTaCTUHBI XapaKTECPU3yeTCsA HHTCHCUBHOCTBIO Hanpsmcenuﬁ u HpOFMﬁOM. PeSyI]LTaTLI Ppacye€ToOB MPOAHAIIN3UPOBAHBIL.
KaioueBble ciioBa: ruOkast IJ1acTuHa, HpOI‘H6, TeOMETpHYCCKast HeIIHHeﬁHOCTL, HarpeB, MCXaHUICCKUE CBOWMCTBA 3aBUCAT OT BEJIMYMHBI TeMIIEpaTypbl, HECOOAHOPOIHOCTb.
UDC 7.04:535.4.011.22.23. UNEVEN TRANSVERSE HEATING OF A CONTINUOUS FLEXIBLE PLATE WITH SUPPORTING RIBS AND KILLING. M.O. Moiseenko, O.N.
Popov, Tomsk State University of Architecture and Civil Engineering.
Abstract. Determined by the NDS of a flexible two-plate plate. Plate dimensions: a/h x b /h =50 x 100. Material is heat-resistant alloy - VT6. The ratio A = 50 of the smaller dimension in terms of a to
the thickness h is defined. The boundary conditions of the plate: the transverse edges are supported by stiffeners by / h x hp / h =2 x 4, the longitudinal edges are hinged. The plate is divided
symmetrically pivotally by a stationary fastening in the transverse direction. Initial deflections are given in the form of a sinusoid. The maximum initial deflection is located in the center of the plate and
is comparable with its thickness h. The plate is exposed to uneven heating. The temperature is distributed symmetrically in the transverse direction in a linear manner. When studying the VAT of a plate,
inhomogeneity associated with a change in the mechanical properties of the alloy as a function of temperature is taken into account. NDS plates are characterized by stress intensity and deflection. The
calculation results are analyzed. Silt. 7. Tabl. 3. The bibl. 13.
Key words: flexible plate, deflection, geometric nonlinearity, heating, mechanical properties depend on temperature, heterogeneity.



YucnieHHbIe pacyeTsl
Numerical calculations
I'A. MAHYIWIOB, k.1.1., fouent, C.6. KOCULIBIH, 1.1.1., npod., U.E. TPYILBIHA, acnupant Poccuiickuii ynusepeuter tpancnopta (PYT (MUUT)), r. Mocksa.
VK 539.3 YACJTEHHBIIA AHAJIN3 KPUTHYECKOT'O PABHOBECHSI TMHBKOM MOJKPEIUIEHHOM ILIACTHHBI C YYETOM BJIASIHUSI HAYAJIBHBIX
TEOMETPUYECKHUX HECOBEPHIEHCTB...30
B paGote nccnenoBansl 0cOOCHHOCTH BIMSIHHS HAYaIbHBIX TEOMETPUUECKHX HECOBEPIICHCTB MOAKPEIIICHHOM MPOI0IbHO-CKATOH IIIACTHHBI C JABYKPATHBIMU KPUTHYECKMMHU HArpy3KaMH.
Tloctpoena cooTBeTcTBYIOMas GHpypKalOHHAs JHarpaMMa 1 Ou(ypKalMOHHOE MHOKECTBO. Pe3yibTaTsl paboThl OKa3allH, YTO P BHIOPAHHBIX TEOMETPHYECKUX HapaMeTpax
IITTAaCTHUHBI ¥ TOAKPCIUIAIONINX €€ 3JIEMCHTOB TYBCTBUTCIIBHOCTh KPUTHICCKHUX HAIrPY30K K Ha49aJIbHBIM I'€OMETPUICCKUM HECOBEPIICHCTBAM HE CIIMIIIKOM BEJIMKaA (HaHCHI/IC KpP[TP[‘IeCKOﬁ
Harpysku He 6oinee 22%).

KuoueBbie ciioBa: IIOAKPCIITICHHAA TUIACTUHA, 6H¢)ypKaLII/IOHHa$[ Auarpamma, 6H¢)ypKaIII/IOHHOC MHOXXECTBO, HA9aJIbHBIC TCOMETPUICCKHEC HECOBCPIICHCTBA.
UDC 539.3. NUMERICAL ANALYSIS CRITICAL EQUILIBRIUM OF FLEXIBLE SUPPORTED PLATE WITH ALLOWANCE FOR INFLUENCE INITIAL GEOMETRICAL
IMPERFECTIONS. G.A. Manuylov, S.B. Kositsyn, |.E. Grudtsyna, Moscow, Russian University of Transport.
Annotation the influence of initial geometric imperfections of a stiffened plate under longitudinal compression at the double critical buckling loads had been studied in this paper. An appropriate
bifurcation diagram and bifurcation set were plotted. The results obtained showed that sensitivity of critical load to any initial geometric imperfections is actually insignificant (max 22% loss of the
critical load) with specific geometric plate parameters and stiffeners selected.
Key words: supported plate, bifurcation diagram, bifurcation set and initial geometrical imperfections.

ILI'. POMAHOB, K.T.H., 1oueHT, I1.B. CABIIEB, kauni. ¢pus.-mat. Hayk (CeBepo-BocTounslii penepanbublii yansepcuter um. M.K. AMmocoBa.)
VK 624.011.1 YACJTEHHOE MOJIEJIMPOBAHHUE BOJTHOBBIX ITPOSIBJAEHUIA COMMPOTUBJIEHUSI JEPEBSIHHOI' O OBPA3ILIA C UJIEAJIABUPOBAHHOM
AHHU30TPOIUENA YIIPYTUX HAPAMETPOB...37
YucnenHoe u OKCIICPUMCHTAJIBHOC MOACIIMPOBAHHUEC I[Cq)OpMaLIHﬁ B BHJIC BOJTHOBBIX IIPOLECCOB ITOBBICUT JOCTOBECPHOCTD IIPU U3YICHUN pCaJ’ILHOﬁ KapTHUHBI B3aUMOCBA3H HaHpS[)l(CHI/II\/'I u
nedopManuii KpyrnHopa3MepHbIX JAEPEBSHHbBIX OJHOHAIPABICHHBIX U IIEPEKPECTHO-CKICCHHBIX NaHEeIbHBIX KOHCTPYKIHIT IPU pa3INyuHbIX HArpy:KeHusix. B aroit pabore npoBomutes
YHCIICHHOE MOJICJIMPOBAHKE PACIPOCTPAHEHHUS YIPYTHX BOJIH B JIEPEBIHHOM 00pa3lie ¢ HIeaan3MpOBaHHOH aHM30TPOIHEH YIPYruxX cBOHCTB. PacueTsl MPpOBOAMINCEH C UCIIONB30BAHUEM
KOHEYHO-2JICMEHTHOH anNpOKCUMAIUH 110 IPOCTPAHCTBY U KOHEYHO-PA3HOCTHOM AUCKpeTH3aNueil 110 BpeMeHH. YuciieHHast peaii3alysi BHIIOTHEHA Ha CBOOOJIHO PaCIIpOCTPaHIeMOit
BBIYHCIIUTENBHOM TIaTdopme ¢ oTKpbIThIM KogoM FEniCS, Ha pecypcax BeruncnurensHoro kiacrepa «Apuan Kyzsmun» CBOY um. M.K. Ammocoga.

KiiouyeBble cj10Ba: METO/l KOHEUHBIX JIEMEHTOB, YIIPyrasi BOJIHA, JIPEBSHHBIE KOHCTPYKIMH, aHU30TPOIHS YIIPYTUX apaMeTpoB.
UDC 624.011.1. NUMERICAL SIMULATION OF MANIFESTATIONS OF RESISTANCE WAVE OF A WOODEN SAMPLE WITH IDEALIZED ANISOTROPY OF ELASTIC
PARAMETERS. P.G.Romanov, P.V.Sivtsev, M.K.Ammosov North-Eastern Federal University.
Abstract. Numerical and experimental modeling of deformations in the form of wave processes will increase reliability when studying the real picture of the relationship between stresses and
deformations of large-sized wooden unidirectional and cross-glued panel structures under various loads. In this work, a numerical simulation of the propagation of elastic waves in a wooden sample with
idealized anisotropy of elastic properties is performed. The calculations were performed using finite element approximation in space and finite difference for time discretization. The numerical
implementation was performed on the open source computing platform FEnICS, on the resources of the Arian Kuzmin computing cluster of NEFU named after M.K. Ammosov.
Key words: finite element method, elastic wave, wooden structures, anisotropy of elastic parameters.

JI.C. CABUTOB'?, k.1.1., FO.I'. KOHOIUIEBY, nokTop ¢u3.-mat. nayk, J.B. BEPEJKHOI!, noxtop dpus.-mar. nayk ‘Kazanckuii (Ilpuoskekuii) penepanbubiii ynusepenter, “Kazancknii
FOcy}]achBeHHblﬁ tnlepreanecKuifl YHHUBEPCUTET
VK 624.012, 539.3 BJASIHUE KOHCTPYKTUBHBIX OCOBEHHOCTEM B3AUMOJENCTBYIOIIEN C TPYHTOM TEJECKOINMYECKOM ONOPBI HA EE IPOYHOCTH HA
9TANAX EE BO3BEJEHUS U DKCIIJIYATALIUU...44
B pa60Te IIPOBOAUTCS UCCIICIOBAHNC BIUSAHUSA TCOMECTPHICCKHUX, MEXaHUICCKUX U CTPYKTYPHBIX ITapaMETPOB YCHUIICHUS CTHIKOBOYHBIX y3JI0B HA Hal'[pﬂ)KCHHO-HC(i)OpMHpOBaHHOe
COCTOSTHHE KOHCTPYKIIMH OITOP BO3IYIITHBIX JIAHAH DJICKTpoIIepeaad ¢ yaeToM B3aHMO£[C]7ICTB]/I${ 3aﬁeTOHHp0BaHHOFO OCHOBaHHUS OIIOP C OKPYXKAKOUIUM UX TPYHTOM. CranbHble OIOpbI
BO3/YLIHBIX JUHUH 2JIEKTpoIIepeiad, IPeICTABISIONIHE COO0i TOHKOCTEHHBIE CTEPIKHH-000I0UKHU 3aKPBITOT0 MPOGHIISL, MOJCIUPYIOTCS KOHEYHBIMH JIEMEHTAMH 00O0JIOUKH THIIA
TumoleHko. beToHHOE 0CHOBaHHE OMOPBI U OKPYIKAIOLIU €ro IPYHT AUCKPETH3UPYIOTCS TPEXMEPHBIMU KOHEUHBIMH JIEMEHTAMU CIUIOLIHON CPeJibl ¢ COOTBETCTBYIOIMMH (PU3HKO-
MeXaHHYECKHMH CBoiicTBaMu. Mccnenyercst BIUsSHUE BADUAHTOB KWHEMATHYECKUX YCIIOBUH 3aKPEIICHHS ONOPbI M Y4eT KOHTAKTHOr'O B3aUMOJICHCTBHS OETOHHON ONMOpBI U IPYHTA Ha
soluncienne HJC koncTpykimy. Peann3oBaHa METO/IMKA pacueTa KOHCTPYKIMH CTaJIbHBIX OHOP M MX CTBIKOBOYHBIX y3JI0B B PAMKaX HPOrPaMMHOIO KOMILIEKCA YHCIIEHHOTO
mozenupoBanus ANSYS 14.5. Ha ocHOBe Ipe/JIOsKeHHOI METOJMKH IPOBEJICH BBIYMCIIUTEIBHbIN 9KCIIEPHUMEHT, B X0/1¢ KOTOPOT0 NPOBE/ICH aHAIN3 HANPSDKEHHO-1e(OPMUPOBAHHOTO
COCTOSIHHSI YKPEIUIEHHBIX B TPYHTE OIOP BO3AYLIHBIX JIMHUI d1IeKTponepeaay sl pa3InuHbIX BUAOB YCUIECHHS CTBIKOBOYHBIX Y3JI0B.

Ki1roueBble ¢/10Ba: BEICOTHBIE COOPYKEHUS, TOHKOCTCHHbIH CTEP)KEHb 3aMKHYTOTr0 HPOQUIIS, METO/l KOHEYHBIX IEMEHTOB, 000s104Ka TuIa THMOIIEHKO, KOHTAKTHOE B3aUMO/CHCTBHE.
UDC 624.012, 539.3. THE INFLUENCE OF THE DESIGN FEATURES OF THE TELESCOPIC SUPPORT INTERACTING WITH THE SOIL ON ITS STRENGTH AT THE STAGES OF
ITS CONSTRUCTION AND OPERATION. L.S. Sabitov*?, Y.G. Konoplev?, D.V. Berezhnoi*, *Kazan (Volga region) Federal University, 2Kazan Engineering Institute.
Abstract. The study examines the influence of geometric, mechanical and structural parameters of the reinforcement of the docking nodes on the stress-strain state of the structure of the supports
of overhead power lines taking into account the interaction of the concreted base of the supports with the surrounding soil. Steel supports of overhead power lines, which are thin-walled shell-rods of a
closed profile, are modeled by finite elements of a Tymoshenko-type shell. The concrete base of the support and the surrounding soil are sampled by three-dimensional finite elements of a continuous
medium with the corresponding physical and mechanical properties. The influence of options for kinematic conditions of support fastening and taking into account the contact interaction of a concrete
support and soil on the calculation of the design VAT is studied. A methodology for calculating the structures of steel supports and their docking catches was implemented as part of the ANSYS 14.5
numerical simulation software package. Based on the proposed methodology, a computational experiment was conducted, during which an analysis was made of the stress-strain state of the overhead
power transmission towers fixed in the ground for various types of reinforcement of the docking nodes.
Key words: high-rise structures, a thin-walled rod of a closed profile, the finite element method, a shell of the Tymoshenko type, contact interaction.

B nopsiike 06cyskieHus
In order to discuss
X.K. CEU®YJLIAEB, a.T.H., npod. Azep6aiimxanckuii HUM cTpouTe bCTBA H APXHTEKTYPbI
VK 620.172.242.001.57 YCOBEPIIEHCTBOBAHUE MPUJIOKEHUS HEJJUHENHOM JE®OPMALIMOHHON MOJIEJM K PACUETY U3TMBAEMBbIX KEJIE3OBETOHHBIX
3JIEMEHTOB I10 HOBOMY INOHSITHUIO O TPEJEJIBHBIX COCTOSITHUM...52
B pa60Te paccMaTpUBaACTCA CPAaBHCHUE aKTYaJIM3HPOBAHHOI'O HOpMATHUBa I10 )KeJ'[e3068TOHy Poccun u EBpor(ona, TJ1€ BBIABJIICHBI HEKOTOPBIC HECTBIKOBKH PE3YJIIbTATOB pacueTa U U3Y4YCHBI
UX TIPUYIUHBL I[a}OTCSl IIyTH YCTPaHCHUS HECTBIKOBKH ITOJTyICHHBIX pemer—mffr. K HecThIKOBKaM JABYX HOPMATUBHBIX HTOKYMCHTOB OTHOCATCS pa3In4vus B3TJIAA0B O IIPEACIIBHOM COCTOSTHUHA
)KeJ'Ie306eTOHHI>IX OJIEMEHTOB M PE3YJIbTAThI pacueTa C IPUMEHCHUEM 3THX PA3JIMIHBIX MPEACITIBHBIX COCTOHHHﬁ, HCITOJIb30BaHUE HEJTMHEHHOM L[e(i)OpMaHHOHHOﬁ MOICIIH, OCHOBOM KO’I‘OpOﬁ
SIBJISIETCSI THITOTE3a TUTOCKUX CEYEHUH U JAuarpaMMbl COCTOSTHUSA 6eTOHa, JIMHEapU3ali peIICHU 3aJa9H ITyTEM 3aMEHBI KpHBOHHHeﬁHBIX ('1)0pM JAuarpaMmM COCTOSTHHUS OeToHa KYyCOYHO-
JIMHEHHBIMU ('I)()pMaMI/I, pemeHne 3agauun L[J'IHTBJ'IBH()ﬁ TIPOYHOCTH OeToHa ¢ BBCJICHHUCM ITOHATHUSA O HHCXOIIS{LL[eﬁ BCTBH KpHBOHHHeﬁHOﬁ JAuarpaMMbl J:Le(l)opmaunn OeToHa U Apyrue
po0IeMBl, XapaKTepH3yIOIHe CBOWCTBA OeTOHA CxaToii 30Hbl. Ha OCHOBaHMH YHCIOBBIX IPUMEPOB JJOKA3aHO, YTO HPH NPABUIBHOM NPUMEHEHUH J1e(hOPMALIMOHHON MOJEIH MOXKHO
YCTpaHUTH BBILICYKa3aHHBIC HECTBIKOBKH JBYX HOPMATHBHBIX JOKYMEHTOB. HecThIKOBKH 3THX 3a1a4 6y£lyT YYTEHBI IPU COCTABJICHUU HOBOI'O BapHaHTa HAIMOHAJIBHOTO
Hopmatusa AzZDTN 2.16-1.

KiroueBble ciioBa: HenMHeiHas 1e()OpPMALMOHHAST MOZICIIb, IMarpaMMa COCTOSHUS, HECTHIKOBKA, JUTUTEIbHAs IIPOYHOCTH OETOHA, KyCOUHO-THHEeHHas (hopMa AnarpamMMbl, METOL,
MpeIeNIbHBIX COCTOSHMUIA.
UDC 620.172.242.001.57. IMPROVEMENT OF APPLICATIONS NON-LINEAR DEFORMATION MODEL IN CALCULATION OF BENDING REINFORCED CONCRETE
ELEMENTS BY NEW CONCEPT OF LIMIT STATES. Kh.K. Seyfullaev, Azerbaijan Scientific-Research Institute of Construction and Architecture.
Abstract. The paper compares the national standard for reinforced concrete and the same French standard and identifies some discrepancies in the calculation results with a study of their cause. The
ways of eliminating the discrepancy of received decisions are given. By the discrepancies of the two regulations are different views about the ultimate state of reinforced concrete elements and the
calculation results with the use of these different limit states, the use of nonlinear deformation model, the basis of which is the hypothesis of plane sections and concrete state diagrams, linearization for
solving the problem by replacing the curved shapes of concrete state piecewise linear form diagrams, solution of the problem of long-term strength of concrete with the introduction of the concept of a
low-branch of the curvilinear diagram of concrete deformation and other problems characterizing the properties of concrete in a compressed zone. On the basis of numerical examples it is proved that
with the correct application of the deformation model, it is possible to eliminate the above discrepancies between the two regulations. The discrepancy of these tasks will be taken into account when
drafting a new version of the national standard AzDTN 2.16-1.
Key words: nonlinear deformation model, state diagram, discrepancy, durability of concrete, piecewise linear form of the diagram, method of limiting states.

Hopwmuposanue
Codification

M.B. BOJIOJAWUH, OO0 «Actpon Buaaunre», B.B. KATIOILIUH, k.1.H., pupma YHUKOH (P®, r. Kemepogo), /I.B. KOHHUH, k.1.H., THUHCK um.B.A.Kyuepenko (AO «HUIL
«CTtpoutesibeTBo»), A.P. OJ1IYPOMBH, un:kenep, HHUUCK um.B.A.Kyuepenko (AO «HULL «Ctpoutesibeteoy), C.I1. PBIYKOB, unauBuayalbHbIi NpeAnpUHAMATEIb

V]IK 624.014, 624.04 HOPMUPOBAHUE TPEBOBAHMIA K TPOEKTUPOBAHUIO U TPUEMKE ®JAHIEBBIX COEJAHEHUA HA OCHOBAHUU YKCIEPUMEHTAJIBHBIX
JAHHBIX U PACYETOB...62

PaccMoTpens! mpo01eMbl TIPOSKTUPOBAHUS U ITPUEMKH (IIaHIIEBBIX 00NTOBBIX coenuHeHni (PC) cTanbHbIX KOHCTPYKIWH. OTMeYaeTcs, 4TO MPOSKTUPOBIINKH 11 pacyeta OC
HCIIONB3YIOT HOPMATUBHO-TEXHUYECKYIO TuTeparypy BpeMeH 1970-1980-x royoB, a npyu npueMKe KOHCTPYKIMiI HOpMaM¥ BBIIBUTAIOTCSI HEUCHIOJTHUMBIE TPEOOBAHHS
MAaIINHOCTPOUTEIIBHOM TOYHOCTH (HAIpuUMep, 3a30p Mexay (GIaHmaMu He TopkeH npesbimars 0,1 Mm). J{iis paspeiieHus yka3aHHBIX IPoOJIeM, a TakKe B LENIX CHCTeMaTH3alnu
HMEIOIIErocs OMbITA HccIenoBanuil 1 nmpoekTupoBaHust PC ¢ y4eToM pa3BUTHUS IUIACTHIECKHX Ae(opMaluii 1 Haauuns 1e(heKToB B BHIE 3a30poB ObLy nposeeHs! ucnbitanns OC ¢
pasnnuHOil KoH(Urypalmeii ¢aHIeB 1 HaYaIbHBIX HECOBEPIICHCTB B BU/IE TPUOOBHAHOCTH U 3a30pOB. IIpoaHaIn3upOBaHbl SKCIIEPHMEHTAIbHbBIC U YHCICHHBIC HCCIICIOBAHUS

Kak npocThiX T-00pa3HbIX AByXOONTOBBIX COCIMHEHHIA, TaK U MoIHOpa3MepHbIX OC MOCTPOCHHBIX 31aHUil. Y CTaHOBIEHO, UTO pacueT (IaHIEBbIX COCAUHEHMH TOJIBKO MO GonTaM JaeT
3amnac 26-40%, B TOM 4uCIIe JUIs COSAMHEHUIT ¢ TPUOOBUIHOCTBIO M HE3aIOHEHHBIMY IUIACTHHAMH 3a30paMu 10 1,5 MM B 30He Gonros. Hamune 3a30poB Mexy (IaHIaMH PaCKPbITHEM
10 1,5 MM B 30He 00/1TOB 1 TPHOOBUAHOCTD (hIaHIEB (a PaBHO — OTCYTCTBHE (Ppe3epOBKH KOHTAKTHBIX TOBEPXHOCTEH (MIAHIEBBIX COCAMHEHHH, HATHMYNE OKPALICHHBIX [TOBEPXHOCTEIT)



TIPUBOJIUT K U3MEHEHHIO YCIIOBHH Pa3BUTHS PHIYAXKHBIX CHJI, YTO TIOHIKAET MPEASNbHYIO HECYIIIYIO CIIOCOOHOCT He Oonee ueM Ha 3% B CpaBHEHHH ¢ oOpa3naMu 6e3 rpuOOBHIHOCTH H
3a30pOB, ¢ (h)pe3epOBAHHBIMU KOHTAKTHBIMHU MOBepXHOCTsIMH. PeMonT ®C ¢ 3a30pamu IyTeM YCTaHOBKHU MPOCTABOYHBIX IIACTHH sBisieTcst dddexTuBHbM. 11 ®C ¢ 3a30pamu, KOTOphIe
HE TPEBBIIIAIOT YCTAHOBJICHHBIX B CTAThE TapaMETPOB, MOKHO HCITOIb30BaTh aHATMTHYECKYIO METOIUKY pacuera wim MKD, npuHiMas pacueTHOE CONPOTHBIICHHE
0ZIHOOOJITOBOTO coeHEHHs paBHBIM Ryt = 0,54Rpun, HE3aBUCHMO OT KJIacca IPOYHOCTH GOJITOB, a KOG dHULHeHT ycnoBuii paboTsl piaunna yc=1,4. TpeGoBanus, chopMyIMpoBaHHbIE B
HACTOSIIIIEH cTaThe, K pacuery U pueMKe KOHCTpYKIuil pekomenayercs BHect B CI116.13330 u CIT 70.13330.

KioueBble ciioBa: Q)HaHHCBOC COCIMHCHHUE, CTaJlbHasA KOHCTPYKIHA, Y3€JI, (i)J'IaHCH, 60HT, GosroBoe COCIMHEHHUE, KapKac, TIacTU4YeCKast HC(i)OpMaLIl/li{, 3asop, JlC(l)CKT MOHTa’)Xa, pac4er.
UDC 624.014, 624.04. STANDARDIZATION OF REQUIREMENTS FOR THE DESIGN AND ACCEPTANCE OF FLANGE CONNECTIONS ON THE BASIS OF
EXPERIMENTAL DATA AND CALCULATIONS. M.V.Volodin?, V.V.Katushin?, D.V.Konin®, A.R.Olurombi¢*, S.P.Rychkov®, ‘LLC Astron Bildings, Yarovl; 2UNION, Kemerovo;®V.A.
Kucherenko Central Research Institute of Building Constructions, Moscow; “V.A. Kucherenko Central Research Institute of Building Constructions, Moscow; Sindividual entrepreneur.
Abstract. The problems of design and acceptance of flange bolted joints (FS) of steel structures are considered. It is noted that designers for calculation of FS use the normative and technical literature
1970-1980’s. During erection codes put forward unenforceable requirements of machine-building accuracy (for example, the gap between flanges should not exceed 0,1 mm). To solve these problems, as
well as in order to systematize the existing experience of research and design of the FS, taking into account the development of plastic deformations and the presence of defects (gaps), the FS was tested
with different flanges and initial imperfections configurations. Experimental and numerical studies of simple T-shaped two-bolt connections and full-size FS of existing buildings are analyzed. It is
established that the calculation of flange connections only by bolts gives a margin of 26-40%, including for connections with gaps up to 1.5 mm in the bolt area. The presence of gaps between the flanges
of up to 1.5 mm in the bolt area (as well as-the lack of milling of the contact surfaces of flange connections, the presence of painted surfaces) leads to a change in the conditions of the development of
lever forces, which reduces the ultimate load-bearing capacity by no more than 3% compared to samples without gaps, with milled contact surfaces. Repair of FS with gaps by installation of shim-plates
is effective. For FS with gaps that do not exceed the parameters set in the article, can use an analytical calculation method or FEM, taking the calculated resistance of a single-bolt connection equal to Rpt
= 0.54 Ruun, regardless of the bolt class, and the coefficient for flange ys=1.4. The requirements formulated in this article for the calculation and acceptance of structures are recommended to be
introduced in SP 16.13330 and SP 70.13330.
Key words: flange connection, steel structure, connection, flange, bolt, bolted connection, frame, plastic deformation, gap, installation defect, calculation.
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Pacuersl Ha IIPOYHOCTH
Strength calculations
YJIK 519.633 DOI: 10.37538/0039-2383.2020.2.2.14
C.B. BAKYUIEB, a.1.H., npod. [len3enckuii rocy1apcTBeHHbIN YHHBEPCHTET apXUTEKTYPBI U cTpouTeabeTBa; e-mail: bakuchsv@mail.ru
TUPOEPEHIUAJIBHBIE YPABHEHUSI PABHOBECHSI HIEAJIBHO YIIPYTOILTACTUYECKOM CILIOIIHOM CPEBI 1JISI IVIOCKOM TE®OPMALIMU B
JEKAPTOBBIX KOOPJIMHATAX TP BUWJIMHEMHOM AIIIIPOKCUMALIMA 3AMBIKAIOIIUX YPABHEHHIA...2
PaCCMa’I‘pI/IBaIOTCﬂ BOIIPOCHI ITIOCTPOCHUS Z[I/I(l)(i)epCHLII/laJ'ILHLIX ypaBHCHHﬁ PaBHOBECHS B IICPEMCIICHUAX IS TNIOCKOT'O Z[CCbOpMHpOBaHPIS{ HacajabHO pryFOHJTaCTH‘{CCKOﬁ, B OTHOILICHUH
C/IBHTOBBIX Jie(hOpMaluii, CIUIOMIHON cpe/ibl IpK OMITMHEHHOMN alpOKCUMAIlMK 3aMBIKAIOIUX YPaBHEHHMIT, KaK ¢ y4eToM, Tak U 0e3 yueTa reOMeTpHUYEeCKOH HeIMHEHOCTH, B JIEKapTOBOIT
cucreme KoopauHat. Henunelinast aparpamMma 00beMHOT0 Je()OpMUPOBAHHUS alllPOKCUMUPYETCst OMIMHEHHOM (yHKuuei. Ficxo1st 13 npenoaokKeHus: 0 He3aBUCUMOCTH, BOOOILE TOBOPS,
JIPYT OT Jipyra AuarpamMm oObEMHOI0 M CABUIOBOIO JIe()OPMUPOBAHUS PACCMOTPEHBI IIATh OCHOBHBIX ClIyuaeB (PM3NUECKHUX 3aBHCHUMOCTEH, 3aBHCSIINX OT B3aHMHOI'O PACHOJIOKEHHS TOUCK
u310Ma OHIMHEHHBIX UarpaMM 00bEMHOI0 M CABHIOBOro aedopmuposanus. [loctpoenue OGmiMHeHHbIX QH3HUSCKUX 3aBUCHMOCTEH OCHOBAHO HAa BBIYUCIICHUM CEKYLIUX MOyJIeH
00BEMHOr0 M CIBUTOBOIrO JiehopmupoBaHust. IIpu 3TOM Ha HEpBOM ydacTKe J{UarpaMM CeKyIHii MOLyllb U 00bEMHOr0, U CIBUTOBOr0 1e(OpPMHUPOBaHYS IOCTOSIHEH, B TO BpeMsi KaK Ha
BTOPOM YYacTKe JMarpaMM CeKyLIni Moayiib 00beMHOro JedopMUpoBaHust sBiseTcs GpyHkuueii 00beMHOM nedopManuy, a CeKyIid MOIyIb CABUTa SBISIETCS (PyHKIIME HHTEHCUBHOCTH
nedopmannii casura. ITozcraisist COOTBETCTBYIOLME OMIIMHEHHbIE (U3HYECKUE COOTHOLICHH B AU(depeHManbHble ypaBHEH!s pABHOBECHS CIUIOIIHON Cpe/ibl, 3alMcaHHble 0e3 yueTa
FCOMCTpPI‘-ICCKOfI HCHHHeﬁHOCTH, TIOJIy9Y€HBI pa3penIaroninue I[I/I('l)('bepCHLII/IaHLHLIC YpaBHCHHS PAaBHOBECHS B IICPEMCIICHUAX JUIA TUTOCKOM I[C(i)OpMaLH/II/I B lleKapTOBOfl CHCTEME KOOpaWHAT.
HOJ’[y‘-ICHHLIe Z[H(l)q)CpCHLIHa.HLHBIC YpaBHCHUS PaBHOBECHS B IIEPEMEILICHUAX MOTYT HaWTH IIPUMEHCHHC IIPH OIIPCACIICHUH Hal'[pf[)KCHHO-HC(i)OpMPIpOBaHHOFO COCTOSIHUA UJCATBHO
YHOpYromiacTU4eCKux, B OTHOIICHUH CABUTOBBIX z[e(i)opmaum‘/'l, CINUIOIIHBIX CPEI, HAXOAAUINXCS B YCIOBUAX IINIOCKOT'O HC(i]OpMHpOBaHHSI, KakK C y9€TOM, TaK U 663 ydera FCOMCT‘queCKOﬁ
HCHHHCﬁHOCTH, (i)I/ISI/I'-ISCKI/IC COOTHOHIICHHUS IJIsT KOTOPBIX alllPOKCUMHPOBAHBI 6HHHH€ﬁHLIMH (i)yHKLIHS{MH,

KuioueBbie ¢j10Ba: CIUIOIIHAS cpena, naACaIbHO YIIPYTOIIIaCTHICCKOE HC(i)OpMHpOBaHI/IC, TIJIOCKast IIC('I)OpMaLII/ISI B JICKapTOBBIX KOOpAWHATAX, zmd)q)epel-lunanbmﬂe YpaBHCHUSA
paBHOBECHS, OMIMHEHHBIC 3aMBIKaIOINEC YPaBHCHUS, TCOMETPUICCKHU JIMHEHHas MOJICIb.
UDC 519.633. DOI: 10.37538/0039-2383.2020.2.2.14. DIFFERENTIAL EQUATIONS OF EQUILIBRIUM OF ELASTIC PERFECTLY PLASTIC CONTINUUM FOR PLANAR
DEFORMATION AT CARTESIAN REFERENCE SYSTEM AT BILINEAR APPROXIMATION OF CLOSING EQUATIONS. S.V. Bakushev, Penza State University of Architecture and
Construction.
Abstract. Under analysis there are questions of construction of differential equations of equilibrium in movements for planar straining of elastic perfectly plastic, relating to shear deformations,
continuum at bilinear approximation of closing equation, regarding and regardless geometrical nonlinearity at Cartesian reference system. Nonlinear diagram of volume straining is approximated by
bilinear function. Based on the assumption of independence from each other of volume and shear straining diagrams, there being analyzed five main cases of physical mutual interaction, depending on
positional relationship of breaking points of bilinear diagrams of volume and shear straining. The construction of bilinear physical dependencies is based on calculation of secant modulus of volume and
shear straining. Therefore, at the first part of the diagrams, the secant modulus of volume and shear straining is constant, while at the second part of the diagrams the secant modulus of volume straining
is a function of volume deformation and the shear secant modulus is an intensity shear deformation function. While putting corresponding bilinear physical formula into differential equations of
continuum equilibrium, written down regardless geometrical nonlinearity, we got resolving differential equations of equilibrium at movements for planar deformation at Cartesian reference system.
Constructed differential equations of equilibrium at the movements can be applied while determining strain-stress state of elastic perfectly plastic in relation to shear deformations, continuum at the
condition of planar straining, both regarding and regardless geometrical nonlinearity, physical relations for which are approximated by bilinear functions.
Key words: continuum,elastic perfectly plastic straining, planar deformation at Cartesian reference system, differential equations of equilibrium, bilinear closing equations, geometrically linear model.

V]IK 624.04:539.376 DOI: 10.37538/0039-2383.2020.2.15.20

A.C. JIEXTSIPD, n.1.H., npod. HaumonaabHast akageMusi H300pa3uTeJbHBIX HCKYCCTB H apXHTEKTYPhI, I. KieB, Ykpanna

TINIACTUHKH, YACTUYHO OITEPTBIE 11O KOHTYPY...15

Hpe)lmeT HCCJIEA0BAHNU — INTACTUHKHU M3 UICATIBHOI0 KECTKOIIACTUYECKOr 0 MaTepuana. Yactp KOHTYpa MIIaCTUHOK CBO6OZ{HZ‘1 OT 3aKpECIUICHUS. MoxHO NPEANOIOKUTD, YTO €CIIN

CBO60ﬂHaﬂ 4acTh KOHTYpa CPaBHUTEIBHO HEBEJIMKA, HECYILAs CIIOCOOHOCTD MJIACTMHKHM MOYKET HE CHUKATHCS 10 CpPaBHEHUIO C HecyLueﬁ CIOCOOHOCTBLIO TAKOM XK€ MOIHOCTHIO

3aKpeIUICHHON IIaCTHHKU. PaccMaTpuBaeMast 3a/1aua 3aKJII04aeTcsi B ONPEIEICHHN HMEHHO TaKOil AJMHBI HE3aKPEIUICHHOTO Kpasi IIACTMHOK pa3Hoi (opmbl. KBapaTHbie MIaCTHHKH

UCCIIe0BaHbI IPH 3aKPEMICHUN UX YITIOBBIX YYACTKOB U IIPU YACTUYHOM 3aKPEILUIEHUH CEPEIMH CTOPOH, a TAaKKe PACCMOTPEHBI KpyTrJble MacTUHKU. [IpencraBieHHble

PELICHHS MOTy4YeHbl KHHEMAaTHYECKUM METOJIOM TEOPUH TPEICIbHOTO PABHOBECHS ITyTEM CPABHEHUSI PA3IMUHBIX BO3MOXHBIX (JOPM HCUEPIIAHUs HECYIEi ClIOCOOHOCTH MIIACTHHOK.
KiroueBble ciioBa: Hecyias ClocOOHOCTb, MIACTUHKH, YACTUYHO ONEPTHIE 10 KOHTYPY, AIMHA HEOMEPTOro Kpasi.

UDC 624.04:539.376 DOI: 10.37538/0039-2383.2020.2.15.20. PLATES PARTLY SUPPORTED. A.S. Dekhtyar’, National Academy of Fine Arts and Architecture, Kiev, Ukraine.

Abstract. The subject of research is plates made in ideal rigid-plastic material. Part of plates contour is free of fixing. It is possible to assume that if free part of contour is comparatively small, load

carrying capacity of plate can go not down on comparison with load carrying capacity of the same fully supported plate. The task considered consists in determination of just the same length of the plates

unfixed edge of a different form. Square plates are explored at fixing of their corner areas as well as at the partial supporting of middles of sides and also round plates are explored. The solutions

presented are got the kinematical method of the limit equilibrium theory by comparison of different possible smash forms of plates for load carrying capacity finding.

Key words: plates, partly supporting, load carrying capacity, limit load theory, plasticity.

VJIK 624.35 DOI: 10.37538/0039-2383.2020.2.21.27
M. H. KHPCAHOB, 1-p ¢us.-mat. Hayk, npop. HIY M3OH, r. Mocksa; e-mail: mpei2004@yandex.ru
®OPMY.JIbI IS PACYETA 3ABUCUMOCTH ITIPOTMBA ®EPMBI C ITOJABECHBIM HUKHAM MOSCOM OT YUMCJIA ITAHEJIEN...21
Heas: BeiBox B ananutiueckoid popme 3aBUCHMOCTH MPOTHOa MOJIEIH IIFIOCKOW CTATHYECKH ONpeAe MO GepMbl B (popMe paMbl OT YHCIIa MAHENeH B pUrese u GOKOBBIX 4acTsX.
JlOTONTHUTEBHBIH TPAMOIMHEHHBIA HIDKHHI MOsIC (3aTsKKa) MOABEIICH K pureno. Pemerka gepmbl kpecTooOpasHasi, 1Be CHMMETPHYHBIC YACTH COSAMHEHBI apHUpHO. OJHa oropa
(epMBbI ABIISIETCS] HEMOABMIKHBIM IIAPHUPOM, TPU OIOPBI — TTOJBHXKHBIE MIAPHUPEL. PaccMOTpeH cirydaii Harpy3ky, paBHOMEPHO pacIpe/IeIeHHOH 110 y371aM MoJBecHOro rosica. Meroz.
TIporu6 depmsr onpenensiercs mo popmyne Makcpeiuia—Mopa 110 3HaUCHHAM YCUITHH, HalIGHHBIX B CHMBOJIbHOM (popMe U3 pellieHus CUCTEMbl YpaBHEHHIT paBHOBECHS y3/I0B
KOHCTPYKIHUH. Hcronb30BaHbl oneparopsl NporpaMMbl CHMBOJIBHBIX npeoﬁpasoBaHm}i Maple‘ Cepvm peme}mﬁ, TIOJTYYCHHBIX JUIA (bepM C pa3HbIM YHCJIOM naHeneﬁ, METOAOM MHIAYKIUH 110
JIBYM HE3aBHCHMBIM ITapamMeTpaM 06001aercst Ha mpou3BoibHOe yncio naneneid. Koadduuments: popmyiisl [uist mporuda HaXosATCs U3 PeIeHHs JIMHEHHBIX OJJHOPOAHBIX PEKYPPEHTHBIX
YPaBHEHHH, KOTOPBIM OHH Y/IOBJIETBOPSIOT. Pesynbrarsl. BoiBesens! (hopMyitsl JUist Ipornba KOHCTPYKIUK M YCHIIMH B KpUTHUYECKHX (HanOoiee CKAThIX M PACTAHYTHIX) CTepKHsAX. Bee
pemICHNUA UMEIOT BU/T ITIOJIMHOMOB HE BBIIIC qe’rBepToﬁ CTCIICHH. JIJ'[H YETHBIX YHCEJT TTaHeel 06Hapy)l<eH 1 ITIOATBEPKACH CXEMOM BO3MOXKHBIX CKOpOCTeﬁ y3J10B cnyqaﬁ KWHEMaTHYeCKOU
U3MEHAEMOCTH KOHCTPYKINH. BrImosiHeH aCHMITOTHYECKUI aHAIN3 peueHus.

KioueBsle ciioBa: depma, pama, nporu6, Maple, MHIYKIS, YUCIIO MaHENeH, aCUMIITOTHKA, CTSDKKA, IIOBECHO TOSIC.
UDC 624.35 DOI: 10.37538/0039-2383.2020.2.21.27. FORMULAS FOR CALCULATING THE DEPENDENCE OF THE DEFLECTION OF A TRUSS WITH A SUSPENDED LOWER
BELT ON THE NUMBER OF PANELS. M.N. Kirsanov, National Research University Moscow Power Engineering Institute, Moscow, Russia; e-mail: mpei2004@yandex.ru
Abstract. Output in analytical form of the dependence of the deflection of the model of a flat statically definable truss in the form of a frame on the number of panels in the crossbar and side parts is
obtained. An additional straight lower belt (tie) is suspended from the crossbar. The truss grid is cross—shaped, with two symmetrical parts connected by a hinge. One truss support is a fixed hinge, three
supports are movable hinges. The case of a load evenly distributed over the nodes of the suspension belt is considered. The deflection of the truss is determined by the Maxwell-Mohr formula based on
the values of forces found in symbolic form from the solution of the system of equilibrium equations of the construction nodes. The operators of the symbol transformation program Maple are used. A
series of solutions obtained for farms with different numbers of panels is generalized by induction using two independent parameters to an arbitrary number of panels. The coefficients of the formula for
deflection are found from the solution of linear homogeneous recurrent equations that they satisfy. Formulas for the deflection of the structure and forces in the critical (most compressed and stretched)
rods are derived. All solutions have the form of polynomials no higher than the fourth power. For even numbers of panels, the case of kinematic changeability of the structure was detected and confirmed
by the scheme of possible node speeds. An asymptotic analysis of the solution is performed.
Key words: truss, frame, deflection, Maple, induction, number of panels, asymptotics, screed, suspension belt.



VK 624.073 DOI: 10.37538/0039-2383.2020.2.28.32
E.B. KOPEHEBAY, 1.1.1., npod., B.P. TPOCMAH?, unsk. *MockoBckoe Bhiciiee 061eBoiickoBoe KoMananoe openos JKykosa, Jenuna u Okrsaépbekoii Pesomonuu
Kpacnosnamennoe yuunume, “MTABT — ¢puauan ®TBOY BO «'YMP® um.aam.C.0. Makapopay; e-mail: elena.koreneva2010@yandex.ru
AHAJIUTHYECKHUI PACYET KOMBUHUPOBAHHBIX KOHCTPYKIIMIA...28
Hcenenyrores KoMOMHUPOBaHHbBIE KOHCTPYKIMH, IMEIOIIHE B IUIAHE KPYTOBYIO ()OPMY M COCTOSIIHE U3 JIBYX HIIM HECKOJIIBKHMX YYAaCTKOB C PA3IMYHBIMU 3aKOHAMH H3MEHEHHMS TOJIIMHEL.
Marepuan MoXkeT ObITh OPTOTPOITHBIM M H30TPOIHBIM. TOJIINHA MIIACTHHBI B MECTAX COWICHEHHS OTACNBHBIX yJaCTKOB JIHOO HEeNpephIBHA, TMO0 HMEET Pa3phIB HENPEPHIBHOCTH, YTO
ompeensieTcs KOHCTPYKTUBHBIME COOOpaKEHUSIMHU. AHAIMTHYECKas MECTOANKA pacyeTa MoA00HBIX KOHCTPYKIMH MPAaKTHIECKH ellie He pazpaborana. B manHoi paboTe st pacuera
HCIIONIB3YCTCS AHATMTHYCCKUI MCTOMO, OCHOBAHHBIN Ha TCOpHUH CIICTHAIBHBIX @yHK].[P[i’I. B YaCTHOCTH, UCITOIB3YIOTCS KIIACCHICCKUE OPTOrOHAIIbHBIC MHOT'OYJICHBI FereH6ay3pa.
YHOBHCTBOPSIIOTCSI YCII0BHUSL CONIPSDKCHUS OTACIBHBIX YIaCTKOB. IIJ'IH IIOCTPOCHUA pCLL[CH]/Iﬁ HCIOJIB3YIOTCS CIICUAJIBHO BBEACHHBIC BCIIOMOI'aTCIIbHBIC ¢)yHKHHH

KuoueBbie ciioBa: KOM6HHHpOBaHHLIC ILUTaCTUHBI, AHATUTHYCCKUI MCTOL, OPTOrOHAJIBHBIC MHOT'OYJICHBI.
UDC 624.073 DOI: 10.37538/0039-2383.2020.2.28.32. ANALYTICAL COMPUTATION OF COMBINED CONSTRUCTIONS. E.B. Koreneva?, V.R. Grosman?, *Moscow Higher Command
Academy, ZMGAVT, Moscow.
Abstract. Combined constructions having the circular form and consisting of two or a few parts with different laws of thickness variation are under study. The plates” material is orthotropic or isotropic.
The plates’ thickness in the places of conjugation is continuous or discontinuous. This fact depends on the construction’s peculiarities. Analytical methods of the similar structures computation are
practically not yet developed. The present work uses for the combined constructions computation the analytical method based on the theory of special functions. In particular, the Gegenbauer orthogonal
polynomials are utilized. The conditions of the plate’s separate parts conjugations are fulfilled. For this aim the special auxiliary functions are introduced.
Key words: combined plates, analytical method, orthogonal polynomials.
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HEWTPAJIM3ALIMS BOSHUKHOBEHUS U3T'MBHO-KPY TUIBHBIX BUMOMEHTOB B JIEMEHTAX KOHCTPYKI[HIA...33
Paccmorpeno n3menenne padoThl 27€MEHTOB KapKaca 3/[aHus IIPOU3BOICTBEHHO-CKJIA/ICKUX OMEIIEHUH ITPY €ro MOHTAaXe U AKCILTyaTalllH, H3-3a HEOOOCHOBAHHBIX OTKJIOHEHHIA OT
NPUHATBIX IPOBEPEHHBIX OMBITOM M PACUETOM TUIIOBBIX perneHuil. [Ipu oOciieoBaHuy 3/1aHUs OJJHOTO M3 IPOU3BOICTBEHHO-CKIIAJICKUX HOMelieHui B [ToqMockoBbe Obl1a 0OHapyKeHa
YCTaHOBKa JJOOOPHBIX 2JIEMEHTOB K HIKHUM I0IcaM (epM MOKPHITHS ¢ HUCXOASIIMMU ONOPHBIMH packocaMu. [Toka3aHo, 4TO 9TO MEpONpPUSITHE BBIHYK/ACT NIEMEHTbI KOHCTPYKIUH
paGOTaTL B HECTAaHAAPTHBIX IJIST HUX YCIIOBUSX. I[OGOpHaSI MMaHCIIb HUXKHCTO IIosACa Q)epMI:I C HUCXOAIIUM OIIOPHBIM PACKOCOM, MPUKPCIUICHHAS K KOJIOHHE, JINIICHA BO3MOXXKHOCTH
CBOGOL[HO L[C(i;)OpMI/IPOBaTLCSI B HAIIPaBJICHUH JJIMHBI ITAHCIIH. 210 IIPUBOJUT K BOSBHUKHOBCHHIO B Hel CIKHUMAIOIICTO yCHUIINA, 'I‘peﬁy}OI_L[CI‘O JOIIOJIHUTCIIBHBIX MepOHpHﬂTHf[ mo
OGCCHC‘ICHH}O yCTOI\/'I‘«II/[BOCTI/I q)CpMLI 1 Kapkaca B ILICJIIOM. Tak kak Takux MCpOHpP[S[TPIP’I B IIPOCKTEC HE 6I>IJ'I0 TIIPpEAyCMOTPEHO, IIPH SKCIUTyaTallu! 3JaHUsT BO3SHUKIIO aBapPIﬁHOC COCTOSIHUC,
3a¢)HKCI/IpOBaHHOC pu OGC]’[eI{OBaHI/IH n 1'IOTp€6OBaBI_LICC TIpUHATHA HEMCJICHHBIX MEP 110 0€30IacHOCTH BCETO Kapkaca 31aHusl. Kpome TOro, u3-3a HCy}Z[a‘-IHOfI KOHCTPYKIIUH y3J1a
IIPUKPECIUICHUS 3TOTO IlO60pH01"O 3JICMCHTA K KOJIOHHC [[OGaBI/IJ'H/ICI: HE NIPEAyCMOTPCHHBIC TIPOCKTOM YCHIIHSA OT HCﬁCTBHﬂ KpyTAIIMX MOMCHTOB, TIPUBOJAIINX K ITOSIBJICHHIO B KOJIOHHE
I/I3I‘I/16HO-prTI/IJ'[I>HOI‘O OuMoMeHTa. ITo YCHIIMC BBI3BIBACT MOITOTHUTEIIBHBIC HOPMAJIbHBIC HAIIPSDKCHUS B KOJIOHHE. HpnBez{eHa Q)opmyna JUISL ONIPEICIICHUST I/I3FI/I6HO-prTI/UILHOFO
6I/IMOMCHTa, BBIBCICHHAS C HCIIOJIB30BAaHUEM TCOPHUH B.3. Bnacosa B 06J'[aCTPI pa60TI>I TOHKOCTCHHBIX YIIPYTHUX CTSp)KHCffi OTKPBITOT'O l'l'poq)l/ll'lﬂ. I[aHa OIICHKA BKJIaJga 3TOM COCTaBHf(IOH.Ieﬁ B
IIOJTHOC HAIIPSDKEHUE B KOJIOHHE. HpeIU'IO)KCHLI PEKOMEHIANHU 110 Hefrrpamzlsaunn Ilef;ICTBI/Iﬂ I/I3FI/I6H0-prT]/U[LHOFO OMMOMEHTA B KOJIOHHAX. HpHBC[[CHI:I MEPHBI U IPOICHUS CPOKa
SKCILTyaTallul KOHCTPYKIIUM.

KiioueBble ciioBa: o0cieioBaHNe, CTPOUTEIbHbIE KOHCTPYKIHHU, (PePMbI IIOKPBITHS, IIPOU3BOJICTBEHHbIC 3/[aHUS, YCUIICHHE KOHCTPYKIHH, HECyIasi CHOCOOHOCTb, KPy4eHHE, JITIOPbI
MOMECHTOB.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2020.2.33.39. NEUTRALIZING THE OCCURRENCE OF FLEXURAL-TORSIONAL BIMOMENTS IN STRUCTURAL ELEMENTS. M.1.
FARFEL, M.I. GUKOVA, D.V. KONDRASHOV, D.Yu.KONYASHIN, TSNIISK named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research Center of Construction, Moscow; e-mail:
Farfelmi@yandex.ru.
Abstract: The article considers changes in the work of the elements of the frame of the building of industrial and warehouse premises during its installation and operation, due to unjustified deviations
from the accepted proven experience and calculation of standard solutions. During the survey of the building of one of the production and storage facilities in the Moscow region, the installation of
additional elements to the lower belts of the coating trusses with descending support struts was found. It is shown that this event forces structural elements to work in non-standard conditions for them.
The additional panel of the lower belt of the truss with a descending support brace attached to the column is not able to be deformed freely in the direction of the length of the panel. This leads to a
compressive force that requires additional measures to ensure the stability of the farm and the frame as a whole. Since such measures were not provided for in the project, an emergency condition
occurred during the operation of the building, which was recorded during the survey, and required immediate measures to ensure the safety of the entire frame of the building. In addition, due to the
unsuccessful design of the Assembly for attaching this additional element to the column, forces not provided for by the project were added from the action of torques that lead to the appearance of a
bending-torsional bimoment in the column. This force causes additional normal stresses in the column. The formula for determining the Flexural-torsional bimoment, derived using the theory of V. Z.
Vlasov in the field of thin-walled elastic rods of an open profile, is given. The contribution of this component to the total stress in the column is estimated. Recommendations for neutralizing the action of
Flexural-torsional bimoment in columns are proposed, and measures for extending the service life of structures are Given.
Key words: Survey, building structures, coating farms, industrial buildings, structural reinforcement, load-bearing capacity, torsion, moment plots.
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YUCJEHHBIA AHAJIM3 HJIC TOHKHAX OBOJOYEK B TEOMETPUYECKHU HEJIUHEMAHOM IOCTAHOBKE HA IPUMEPE DJIJIMIITUYECKOIO HUJIUH/IPA...40
B crarbe n3j10)keH aNropuT™ YMCICHHOTO aHAIM3a HAPSHKEHHO-Ae(OPMUPOBAHHOTO COCTOSIHHUSI TOHKMX 000JIOUEK B FeOMETPUYCCKH HEJIMHEHHOI TOCTaHOBKE Ha OCHOBE METOZA
KOHEUHBIX 2JIEMEHTOB, KOTOPbIH peaan30BaH Ha MPUMEpPE UIMITUUECKOro HMIHHApPa. [Ipu nomydeHnn OCHOBHBIX T'€OMETPUUYECKUX COOTHOILEHUH Ha 11are Harpy>KeHUs y4TeHbI
;[e(bopMauI/m TIONEpEYHOro CaABUra. le/l KOMITOHOBKE MAaTPHIIBI JKECTKOCTH YETHIPEXY3JIOBOTO KOHCYHOI'O 3JIEMEHTA Ha IIare Harpy»K€Hus NUCII0JIb30BaH BapuaHT ®WKHHOH&H3 J'Iar‘pal-mca,
BBIPAXKAKOIICTO PaBCHCTBO KaK BO3MOXHBIX, TaK 1 Z[eﬁCTBHTeHBHBIX pa60T. Ha TecToBbIX TIpuMEpax BBIITOJTHEHA Bepnd)mcaunﬂ paspaﬁorraHHoro aJIrOpuT™Ma " IoKa3aH
yL[OBHeTBOpHTeIIBHBIﬁ YPOBE€Hb TOYHOCTH BBIqHCHeHHﬁ, HpHeMHeMHﬁ JUIL THKCHEPHBIX Pacu€TOB.

KaioueBble ¢j10Ba: 3JUTHITHYECKUI TWIAHAP, TEOMETPpHUICCKasA HeHHHeﬁHOCTB, mraroBas nmpoueaypa HarpyXxeHus, Z[GQ)OpMaLIHH TIOIIEPEYHOrO CABUTA, KOHEYHBIH 3JIEMEHT.
UDC 539.3 DOI: 10.37538/0039-2383.2020.2.40.47.NUMERICAL ANALYSIS OF THE STRUCTURE OF THIN SHELLS IN A GEOMETRICALLY NONLINEAR FORMULATION
USING THE EXAMPLE OF AN ELLIPTICAL CYLINDER. Yu.V. Klochkov?, A.P. Nikolaev?, T.R. Ishchanov?, A.S. Andreevl, M.Yu. Klochkov?, *Volgograd state agrarian University, 2Moscow
state University named after M.V.Lomonosov; e-mail: Klotchkov@Dbk.ru.
Abstract. The article presents an algorithm for numerical analysis of the stress-strain state of thin shells in a geometrically nonlinear formulation based on the finite element method, which is
implemented on the example of an elliptical cylinder. When obtaining the basic geometric relations at the loading step, the transverse shear deformations are taken into account. When composing the
stiffness matrix of a four-node finite element at the loading step, a variant of the Lagrange functional is used, which expresses the equality of both possible and actual operations. The test examples verify
the developed algorithm and show a satisfactory level of calculation accuracy acceptable for engineering calculations.
Key words: elliptical cylinder, geometric nonlinearity, step loading procedure, transverse shear deformation, finite element.
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K PACYET Y U3rMBAEMOM ®U3UYECKHN HEJIMHEMHOM OPTOTPOITHOM IJIACTUHKH...46
Paccmotpena 3agayua 0 pacuere NpsiMOYroIbHOM MIACTHHKY U3 (PM3MYECKH HEMHEIHOr0 OPTOTPOITHOTO MaTepHaa, KOTopasi OIMPACTCs Ha Psi/ OTACIBHBIX O1op (KOJIOHH) MOA JeiCTBUEM
BHEIIHEH BePTUKAIbHON Harpy3ku. Onpenenstorcs mporuObl 1 yCUIIHs B IITACTHHKE M POAOJIBHbIC CHIIBI B KOJIOHHAX. C moMolibio nporpaMmel «Payra» 3a1atoTcst 3aBHCHMOCTH
«MOMEHT—KPHBH3Ha» JUISl CEUCHMUI, COBMAJAIONIMX C MIABHBIMH OCSIMU OPTOTPOITHHU IPSIMOYTONIbHOMN racTUHKU. 1o popmynam 'yBepa onpenensieTcst KpyTHIbHAS )KECTKOCTh IITACTHHKH
yepes HINHAPUYECKHE )KECTKOCTHU 110 HAMPABJICHUSIM [TIaBHBIX Ocei oproTponuu. ITnacTiHKa pa3duBaeTcs MPsMOYTrOJIbHOM CETKOIt Ha oTAenbHbIe stueiiku. CocraBisiercs: QYHKIMOHAT
MOJIHON YHEPTHUH [UIACTUHKH, KOJIOHH U ISHCTBYIOIIEH Ha IITACTHHKY Harpy3ku. OH BeIpakaeTcst Yepe3 KBaApaTHuHyto QYHKIHIO y3/10BbIX nmporn6os. Juddepenunpys GpyHkumnonan mo
KaXXJI0OMY U3 Y3JIOBBIX nepeMemeHnﬁ, ToIy9aeM CUCTEMY JIMHERHBIX aJTFeraH'—IeCKHX ypaBHeHnﬁ, pemeHneEM KOTOpOﬁ ABJIAIOTCA YIIPYTHUEC HpOl"MGH y3JI0B HpﬂMOyTOHBHOﬁ CCTKH,
YE€pE3 KOTOPHIC HAXOAATCA YCHIINSA U KPUBU3HEBI B Y3JIaX SYCCK IVTACTUHKH. Ha l'lepBOﬁ HUTEpALHHU 110 paHEE MMOJYYCHHBIM 3aBUCUMOCTAM «MOMECHT—KPHUBHU3HA» OMPEICIAIOTCA HOBBIC
3Ha4YCHUA CEKYIINX JKECTKOCTEH M CHOBA COCTABJISICTCS (I)yHKL[HOHaI[ TIOJTHOM OHEPIruy, U NMpoHecc MOBTOPACTCA 10 MOJTYyICHUSA TpeﬁyeMoﬁ TOYHOCTH. an/IBOJI[I/ITCﬁ TIpuUMEp pacuera
MPSAMOYTOJIbHOM JKeJ1e300€ TOHHO# IITACTHHKH, PACIIOJIOKEHHOM Ha JICBATH jKeJIe300€TOHHBIX KOJIOHHAX IO ICHCTBHEM PaBHOMEPHO PACIPEIEICHHON Harpy3Ku. YHCICHHO HCCie[0BaHa
CXOJIUMOCTH I10 HpOFHGaM TUTAaCTUHKH, ITIPOAOJIBHBIM YCHUIIUAM B KOJIOHHAX U ITOTOHHBIM MOMEHTaM.

KiioueBbie ciioBa: ITUTaCTUHKA, OPTOTPOIHA, (1)1/!3]/!'—[80}(39{ HeHHHeﬁHOCTB, 3aBHCUMOCTE «\MOMEHTKPHUBU3HA.
UDC 624.012 DOI: 10.37538/0039-2383.2020.2.47.52. TO THE CALCULATION OF A BENDED PHYSICALLY NONLINEAR ORTOTROPIC PLATE. A.l. Mordich?, S.V. Bosakov?, 0JS
«Best Engineering», Minsk, Belarus; e-mail: Alex.mordich@mail.ru, 2RUE «Institute BeINIIS», Minsk, Belarus; e-mail: Sevibo@yahoo.com
Abstract. The problem of calculating a rectangular plate of a physically non-linear orthotropic material, which is based on a number of separate supports (columns), under the action of an external
vertical load, is considered. Deflections and forces in the plate, and longitudinal forces in the columns are determined. Using the Rainbow program, the moment-curvature dependencies are set for cross
sections coinciding with the main orthotropy axes of a rectangular plate. According to Hoover’s formulas, the torsional rigidity of the plate is determined through cylindrical stiffness along the directions
of the main axes of orthotropy. The plate is divided into rectangular cells by a rectangular grid. The functional of the total energy of the plate, columns and the load acting on the plate is compiled. It is
expressed through the quadratic function of nodal deflections. Differentiating the functional with respect to each of the nodal displacements, we obtain a system of linear algebraic equations, the solution
of which is the elastic deflections of the nodes of the rectangular grid, through which there are forces and curvatures in the nodes of the plate cells. At the first iteration, according to the previously
obtained «moment-curvature» dependencies, new values of secant stiffnesses are determined and the total energy functional is compiled again and the process is repeated until the required accuracy is
obtained. An example of calculating a rectangular reinforced concrete plate located on nine reinforced concrete columns under the action of a uniformly distributed load is given. The convergence in the
plate deflections, the longitudinal forces in the columns, and the running moments is numerically studied.
Key words: plate, orthotropy, physical nonlinearity, moment-curvature relationship.
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AHAJIN3 METO/IOB PACUETA HA CONMPOTUBJISIEMOCTD IPOI'PECCUPYIOIIEMY OBPYIIEHUIO KOHCTPYKIIAIA COOPYKEHU 110 HOPMAM
PA3JIMYHBIX CTPAH...53
BrimonHeH aHam3 MeTo0B pacuera Ha CONPOTHUBIISIEMOCTD IIPOTrPECCUPYIOIIEMY OOPYIICHUIO KOHCTPYKIMI 3/JaH|i M COOPY)KEHHH 110 HOpMaM pa3IndHbIX cTtpaH. OTMedaeTcs
CPaBHHUTEJIBHO HEOOJIBIION CPOK Pa3BUTHS ITOrO HANPABICHUS B TEOPUH COOPYXKEHHUIT. B pe3yibpTare aHan3a HOPM IPOSKTUPOBAHKS B Pa3HBIX CTPaHAX YCTAHOBIICHO, YTO Hanboiee
pacrnpoCTpaHnC€HHBIM METOOM pacdeTa Ha COIIPOTUBIIICMOCTD IIPOTrPECCUPYIOIIEMY 06pyH_ICHI/[IO KOHCprKLII/[ﬁ SABJISICTCSI paCCMOTPCHUC (pacqer) KOHCTPyKTP[BHOﬁ CUCTCMBI 3/1aHUS C
BBIIICAITAM U3 CTPOS HECYLIUM 3JIECMEHTOM. To ects paccMaTpuBaCTCA CICACTBUC aBaprIHOFO BOSHCﬁCTBHﬂ Ha OGT)CKT. BakHBIM MOMEHTOM TIpYU 3TOM SBJIACTCS HAa3HAYCHUC HAIrpy30K B
aBapuiiHoli cutyarmu. B Hopmax CILIA, Eurocode npuBeseHb! cpeiHAE 3HAYEHNS aBapHIitHBIX BO3ASHCTBHHN, B HOpMax Poccuiickoii deneparuu Takue qanHble npuseeHs! B CIT
296.1325800.2017. TIpu npoeKTHpOBaHUH OOBEKTOB, K KOTOPBIM HPEABSABIAIOTCS TPEOOBAHKS PACUCTOB HA CONPOTUBIIAEMOCTH IIPOrPECCUPYIOLIEMY OOPYILIEHUI0 KOHCTPYKIIUH,
PEKOMEHAYCTCS BBIIOJHATE TPU THIIA PACUCTOB: PACHCT HA DKCIUTYaTallMOHHBIC HAI'PY3KH (HpOCKTHaS{ chyaum]); pacuer HCHOBpC)I(,ELCHHOﬁ KOHCprKTHBHOP’I CHUCTCMBI OGT)SKT& Ha
OKCINTyaTallUOHHBIC HAIPY3KH B COUCTAaHUU C aBapHﬁHLIM B03HCﬁCTBHCM; cci BTOpOf[ pacydeT NPpUBOAUT K BBIXOAY U3 CTPOST OTHOI'O UIIN 6OHCC U3 HECYIIHUX 3JICMCHTOB, HCO6XOHI/IMa
MPOBEPKa YCTOWYMBOCTH U3MEHEHHOW KOHCTPYKTHBHOI CHCTEMbI 00BEKTa.

KuoueBble cjioBa: 3J1aHHUE, COOPYKECHHUE, KOHCTPYKIIMH, METO/] pacyeTra, IIpOrpeCCUpyroniee 06pymel—me, COIPOTUBJIAEMOCTD, aBapMﬁHOC B03HeﬁCTBM€, HOPMBI.
UDC 624.012.45 DOI: 10.37538/0039-2383.2020.2.53.60. THE ANALYSIS OF CALCULATION METHODS FOR RESISTANCE TO THE PROGRESSIVE COLLAPSE OF
THE STRUCTURES OF BUILDINGS AND STRUCTURES IN ACCORDANCE WITH THE NORMS OF DIFFERENT COUNTRIES. V.I. Obozov1, A.F. Belyaev2, 1
Koucherenko TSNIISK, Moscow; e-mail: obozov@yandex.ru, 2 LLC “Architectural Bureau KPLN”, Moscow; e-mail: ustie2012@gmail.com.
Abstract. A relatively short period of development of this direction in the theory of structures is noted. As a result of the analysis of design standards in different countries, it was found that
the most common method of calculating the resistance to progressive collapse of structures is to consider (calculate) the structural system of a building with a failed load-bearing element.
That is, the consequence of the accidental impact on the object is considered. An important point in this case is the appointment of loads in an emergency. The US and Eurocode standards
show the average values of emergency impacts, in the norms of the Russian Federation such data are given in SP 296.1325800.2017. It is recommended that when designing objects, which
are required to perform calculations of resistance to progressive collapse of structures, perform three types of calculations: calculation of operational loads (design situation); Calculation of
undamaged structural system of the facility for operational loads in combination with emergency exposure; if the second calculation leads to the failure of one or more of the bearing
elements, it is necessary to check the stability of the modified structural system of the object.
Key words: building, structure, structures, calculation method, progressive collapse, resistance, emergency impact, norms.
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AHAJIN3 HAJIEXKHOCTH SJIEMEHTOB CTPOUTEJIbHBIX KOHCTPYKIAA HA OCHOBE KOMBUHAIIMYA TEOPUM CJIYYANMHBIX MHOKECTB 1
BEPOSITHOCTHBIX PACIHIPEIEJIEHMIA...61
Baxueiiieii 3aaueii npu SKCIuUTyaTaluy 3[aHUH U COOPYXKEHUH SIBIIsieTCs: 0OEKTHBHAS KOJIMYECTBEHHAs! OLIEHKA 0€30IaCHOCTH UX KCIuTyaTtani. OIHUM U3 KOJIMYECTBEHHBIX
rnokasaresnei 6e30MacHOCTH AKCIUTyaTalUH SIBJISETCS HaJJKHOCTb, MEPOil KOTOPOM CIIy)KUT BEPOSTHOCTh Oe30TKa3HOMH paboThI MIIH BEPOATHOCTb OTKa3a. B craTbe paspaboTaH MOAXOM K
pacuery HaJeKHOCTHU JIEMEHTOB CTPOUTEIbHBIX KOHCTPYKIIHH, KOT/Ia 4acTh CIy4aifHbIX BEJIMYMH MOXKET ObITh OINMCAHA U3BECTHBIM BEPOSITHOCTHBIM PACIIPE/IeICHUEM, a IpYyTHe
cnyqaﬁﬂme BEJIMYUHBI IPEACTABICHBI HEKOTOPBIM ITOAMHOKECTBOM MHTEPBAJIbHBIX 3HAYCHUU. Hﬂﬂ CTaTUCTUYECKOI'0 MOAEIMPOBAHNUSA U3MEHYNBOCTH UHTEPBAJIBHBIX cnyqaﬁﬂmx BCIIMYUH
HCIIOJIB30BAHBbI TTOJI0KEHUS TEOPUHU CIIydailHBbIX MHOXKECTB. B cTaThe npeacTaBieHbl pacueTHbIe (JOPMyYIIbl ULl BBIYMCICHHS BEPOSITHOCTEH 0€30TKa3HOH paboTh 2JIEMEHTOB
KOHCprKLU/Iﬁ pu J'HOGOM H3BECCTHOM BEPOATHOCTHOM PACIIPECACICHUN. AJ'[FOp]/ITM pacuceTta HaAC)KHOCTH IPONUJITIOCTPUPOBAH HA YHCIICHHOM IIPUMEPE pacueTa HaICKHOCTH CTaJbHOM
Oankmu. pa3p360TaHHI>If;I TIOAXOJ K OLEHKE HAIC)KHOCTH DJIEMECHTOB CTPOUTEIIBHBIX KOHC’I‘pyKLII/Iﬁ MOXKET GLITL HCIIOIB30BaH IIPU pacueTe PHUCKa, OLCHKE KaTCrOpruu TEXHUICCKOI O
COCTOSTHUA U IPYTUX 3a1a4dax.

KioueBbie ciioBa: HaJAC)KHOCTh, BEPOATHOCTH OTKa3a, TCOPUA CHyHaﬁHLIX MHOXECTB, THTCPBaJIbHBIC ITapaMCTPBHI, 6C3OHaCHOCTL, q)yHKI_IPII/I pacripeaeicHus.
UDC 624.046.5 DOI: 10.37538/0039-2383.2020.2.61.66. STRUCTURAL ELEMENTS RELIABILITY ANALYSIS BASED ON RANDOM SET THEORY AND PROBABILITY
DISTRIBUTIONS COMBINATION. S.A. Solovyev, Volgograd state agrarian University; e-mail: ser6sol@yandex.ru
Abstract. The most important task in the buildings and structures operation is an objective quantitative assessment of the safety. One of the quantitative indicators of operational safety is a
reliability which is measured by the failure probability or the probability of non-failure. The article develops the approach to the reliability analysis of structural elements in case when some
random variables can be described by a known probability distribution and other random variables are represented by a subset of interval values. For statistical modeling of the variability of
interval random variables, the provisions of the random sets theory are used. The article presents design equations for calculating the structural elements failure probability for any
probability distribution function. The reliability analysis algorithm is illustrated by the numerical example of steel beam reliability analysis. The developed approach to the reliability
analysis of structural elements can be used in the risk analysis, the category of technical condition assessing and other tasks.
Key words: reliability, failure probability, random set theory, interval parameters, safety, distribution functions.
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JBYTABPOBBIE THYTOCBAPHBIE TIPO®UJIA U PACUET UX OITUMAJIBHBIX TAPAMETPOB...67
HpeI{CTaBHeHO HOBOC TEXHHYIECCKOC PECIICHUEC ABYTaBPOBOI'O THYyTOCBApHOIO l'IpO(l)I/UIS{, BBIITOJIHCHHOT'O U3 eI(HHOﬁ JINCTOBOM 3aroToBkH. Ero mosica H30THYTHI B BUJC TPEYTOJIBHOT'O
OYCepTaHUs C IPSAMBIM YIJTIOM MEXXAY HaKIIOHHBIMH I'PAaHAMH U 3aMKHYTBI IBYMsI CBApHBIMH IIBAMH. Ka)xnaﬂ M3 HAKJIOHHBIX I‘paHef/i B ITIOTIEPEYHOM CCUCHUN NMECT (bOpMy TIOJIOBUHBI
KPYTJIOTO ITOJYKOJIbIIa painyCOM, paBHBIM BBICOTE ITIOSCOB U BABOC KOPOYC UX MIHPHUHBI. prTJ'[bIe OouepTaHus HpO(i)I/IJ'Iﬂ YBEIIMIUBAKOT €0 pECYPCHI IKCIUTyaTalluy U 3aI1acbl IPOYHOCTH.
Z[ByTaBpOBBIf;I Hp()(i)I/UIb MOKET OBITH TaKKe C HBOﬁHOﬁ CTEHKOM 1 OTHUM CBapHBIM IIIBOM. HpaKTH‘IeCKI/Iﬁ HWHTEPEC BBIZBIBACT MOI[H(I)HKaL[I/ISI HpO(i)I/UIﬂ TIpA OANHAKOBBIX raGapm'ax o
IMUPUHE U BBICOTE, KOI'la €T0 HAKJIOHHBIC TPAHU B IIONIEPEYHOM CEUYCHUH UMEIOT (1)0pMy KpYTJIOro IMOJIYKOJIbIA, a JIMHUA UX COIIPSHKCHUS MEXKIY coboit COBITAAACT C HpOI[OJ'IBHOﬁ OCBIO.
TIpuBesieH pacyeT ONTUMATBHBIX APaMETPOB TOHKOCTCHHBIX CEYCHUH BYTAaBPOBOM (OPMBI C OXMHOYHON CTEHKOW U ABOMHOM CTEHKOI 110 MPUONIIKEHHOH METOIMKE, aPOOUPOBAHHO
HPH ONTHMHU3ALHHY HOJIYIIOCKOOBAIBHBIX MPOQHIBHBIX TPYO ulst (PepMEHHBIX M OalOYHBIX KOHCTPYKLHMI. B KauecTBe KpUTEpUst ONTUMHU3ALMH IIPUHAT MAaKCUMYM MOMEHTA
CONPOTHBIICHHS CEYCHHSI B CHIIOBOH IIOCKOCTH HECYIIeil KOHCTPYKLUHU, 4TO oOecreunBaeT HanOobIINii 3arac npouHocTn Ha u3rud. ITo pesysabTaTam pacuera MOMEHT COMPOTHUBIICHHS
CeYeHHMs] MAKCUMAJICH, KOI/la OTHOILEHHE rabapuToB 10 LIMPHHE H BbICOTE cocTasisieT 1/14 y npoduis ¢ oquHo4YHO# cTenkoit u 1/5,2 y npoduis ¢ aBoiiHoit crenkoii. [Tokazan npumep
peam3aniy JByTaBpOBOro THYTOCBApHOrO NPO(GUIISL C KPYIIIBIMU OYEPTAHUSIMH B IOsicax Ha 0a3e Takoro e Npoduilst ¢ MoSCamMu TPEyroibHOi (OpMbI. BbINOIHEH CpaBHUTEIbHbIN aHATH3
MX PACcUYETHBIX APAMETPOB, OCHOBHBIC PE3yJIbTAThl KOTOPOIO MOATBEPIKAAIOT IEPCIEKTHBHOCT IPUMEHEHHUS ABYTaBPOBBIX THYTOCBAPHBIX Npodueii HOBOH MOAM(UKALMU B HECYILIIMX
KOHCTPYKIHUSAX 3/1aHUH 1 COOPYKEHHH.

KinroueBble ¢j10Ba: [ByTaBpbl, THyTOCBapHbIE MPO(HIN, ONTUMU3ALUS CE4EHUH, PaCYeT ONTHMAIIbHBIX 1aPAMETPOB, CTEP)KHEBBIE KOHCTPYKLHUH, 0a0uHbIE KOHCTPYKLIUH.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2020.2.67.76. I-BEAM BENT-WELDED PROFILES AND CALCULATION OF THEIR OPTIMAL PARAMETERS. A.S.
Marutyan, Branch of North Caucasus Federal University in Pyatigorsk; e-mail: al_marut@rambler.ru.
Abstract. The article presents a new technical solution of 1-beam bent-welded profile made of a single sheet billet. Its chords are curved in a triangular shape with a right angle between the
inclined faces and are closed by two welds. Each of the inclined faces in cross-section has the form of a half semicircle with the radius equal to the height of the chords and twice shorter of
their width. The round shape of the profile increases its service life and durability. I-beam profile can also be with double wall and single weld. The article gives the calculation of optimal
parameters of thin-walled sections of I-beam form with a single wall and a double wall according to the approximate method tested in the optimization of semi-flat profile pipes for truss and
girder structures. The maximum moment of cross-section resistance in the force plane of the supporting structure is taken as the optimization criterion, which provides the greatest margin of
bending strength. According to the calculation results the moment of resistance of section is maximal when the ratio of dimensions on width and height is 1/14, 21 at a profile with a single
wall and is 1/5, 219 at a profile with a double wall. The example of realization of I-beam bent-welded profile with round outlines in chords on the basis of the same profile with chords of
triangular form is shown. A comparative analysis of their design parameters is carried out, the main results of which confirm the prospects for the use of 1-beam bent-welded profiles of a
new modification in the bearing structures of buildings and structures.
Key words: I-beams, bent-welded profiles, optimization of sections, calculation of optimal parameters, rod structures, beam structures.
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JedopMaLOHHbIE PACUETh

Deformation calculations
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ATIIMPOKCUMAIIMA TUATPAMM JE®OPMHUPOBAHU S KBAJIPATHYHBIMHU ®YHKIIUAMMN...2

PaccMaTpuBaloTCs BOIPOCHI alPOKCHMALIMH IUarpaMM 00beMHOro 6 ~€ u casurosoro T ~ I' neopMuUpOBaHHs PU ITOMOIIH JABYX OTPE3KOB Mapabosl METOJI0M HaMMEHBIIHX KBaJPATOB, a
TaKXe BOIPOCHI HAXOXKICHHS ONITHMAJIBHOTO PACIIONI0KEHHS TOYKU M3JI0Ma Ha KBaapaTHYHOM rpaduke. [TokazaHo, YTO PH aNmpoOKCUMAINK rPapUKoB UarpaMM 00bEMHOTO 1
CIIBUTOBOTO JIe(hOPMHUPOBAHHS IIPU MOMOIIH JBYX OTPE3KOB MapaboIl CeKyIMi MOYIIb CABHra Ha IIEPBOM Y4acTKe SBISETCS JIMHEHHON (QyHKIMeH MHTEeHCHBHOCTH AedopMarlmii caBura;
CeKyIIMi MOJTy/ b 00BEMHOI0 PaCIIMPEHHA-CKATHSA ABIIAETCA JIMHEHHON (yHKIMeH epBoro MHBapuaHTa TeH3opa aedopmarmii. Ha BropoM ydacTke auarpamMm 00bEMHOIO U CIBUTOBOTO
Nie(opMHUPOBAHHSA CEKYLIMH MOJTy/Ib C/IBUTA SBIISETCS APOOHOM (paloHanbHON) QyHKIMEeH HHTeHCHBHOCTH AedopMaluil cIBUIa; CeKyIIHil MOIYylIb 00bEMHOIO PACIIMPEHHUS CKATUS
ABJISIETCS APOOHOM (paloHaIbHON) QYHKIHMEH epBoro MHBapHaHTa TeH30pa Aedopmaruy. AGcIucca TOYKU H310Ma KBaAPaTHYHOTO rpadyka HAXOJUTCS U3 yCIOBHS HEPECCUCHUS
aNmnpOKCUMHPYIOIIUX KPUBBIX C HCIIONb30BAHUEM HTEPALIMOHHOTO AIrOpUTMa. B KadyecTBe npuMepa pacCMOTPEHa 3a1a4a HOCTPOSHHS alllPOKCHMUPYOIIHMX MapaboI JUIst JuarpaMm
00BEMHOT0 U CIBUTOBOTO J1e(hOPMUPOBAHUS, TIOCTPOCHHBIX 110 SKCIIEPUMEHTAIHBIM JaHHBIM. UHCIICHHBIE PAacUeThl I0KA3aI1 OBICTPYIO CXOAUMOCTb HTEPALMOHHOTO alrOpUTMa JUIs
onpezeneHns abCUUCChl TOYKU H3/10Ma KBaJPaTHYHOTO rpaduKa Kak Juis 00beMHOr0, TaK U [ CABUroBoro aedopmupoBanus. [Ipu 3ToM KBagpaTUyHbIe rpadUKy IPAKTUYECKU COBIAIM C



HUCXOAHBIMHA alllIPOKCUMHUPYEMBIMU KPUBBIMHA. Hcxons u3 TPEAIIOJIOKECHHUS O HE3aBUCUMOCTH, }30061.ue TOBOPA, APYT OT Apyra qJuarpaMm 00BEMHOT0 U CIBHUI'OBOI'O ,Z[e(bOpMHpOBaHPIH,
PacCMOTPEHBI IIECTh OCHOBHBIX CIIy4acB 4)H3H'{€CKI/IX 3aBMCHMOCTeﬁ, 3aBUCAIIHNX OT B3aKHMHOT'O PACIIOJIOKECHHUA TOUCK HU3JIOMa KBaAPaTUYHBIX JHarpaMMm 00BEMHOT0 U
CIABUT'OBOI'O I[e(bOpMP[pOBaHPIS{. HOCTpoeHI/Ie KBaJIpaTUYHBIX cbmnqecxnx 3aBHMCHUMOCTEH OCHOBAHO Ha BBIUYMCIICHUU CEKYIINX Moz[yneﬁ 00BEMHOT0 U CIBUI'OBOI'O Z[e(bopMPIpOBaHP[}I.
PeSyIILTaTLI CTaTbU MOT'YyT HaWTH TNPUMEHEHHUE TIPU allIPOKCUMaIMH 3aMBIKAIOIIUX ypaBHeHI/Iﬁ JIA 00BEMHOTO K CIBHUT'OBOI'O He(I)OpMP[pOBaHP[H KBaJApaTUYHBIMHU ¢yHKHP[}IMP[ JUIA
CINUIOIIHBIX CPEJl, OMUCBIBAEMBIX MATEMATUIYCCKUMHU MOJICIIAMHA C YYE€TOM KaK (bHSH‘{eCKOﬁ, TaK 1 I‘eOMeTpI/I‘IeCKOﬁ HEJIMHEHHOCTH.

KJtioueBbie ¢JioBa: CIUIONIHAS cpena, 00BeMHOE U CIBHUT'OBOC ,Z[e(bOpMPIpOBaHP[e, KBaJIpaTH4Has anmpoKCUMalnsa, METOX HAMMEHBIIINX KBaApaToB, tbmnqecxne YpaBHEHHUA.
UDC 519.633 DOI: 10.37538/0039-2383.2020.3.2.14. APPROXIMATION OF DEFORMATION DIAGRAMS BY QUADRATIC FUNCTIONS. Bakushev S.V., The Penza state
university of architecture and construction; e-mail: office@pguas.ru.
Abstract. We consider the approximation of volumetric ¢ ~€ and shear T ~ I" deformation diagrams using two segments of parabolas by least square method, as well as questions of
determining the optimal location of the break point on a quadratic graph. It is shown that when approximating the graphs of volumetric and shear deformation diagrams using two segments
of parabolas, the secant shear modulus in the first section is a linear function of the intensity of shear deformations; the secant modulus of volumetric expansion-contraction is a linear
function of the first invariant of the strain tensor. In the second section of the volumetric and shear deformation diagrams, the secant shear modulus is a fractional (rational) function of the
shear strain intensity; the secant modulus of volumetric expansion-contraction is a fractional (rational) function of the first invariant of the strain tensor. The abscissa of the break point of
the quadratic graph is determined out of the condition of approximating curves intersection with the use of an iterative algorithm. As an example, the problem of constructing approximating
parabolas for volumetric and shear deformation diagrams constructed with experimental data is considered. Numerical calcula tions showed fast convergence of the iterative algorithm for
determining of the break point abscissa of a quadratic graph, both for volumetric and shear deformation. In this case, the quadratic graphs practically coincided with the initial approximated
curves. Based on the assumption of independence of volumetric and shear deformation diagrams from each other, six main cases of physical dependences are considered, depending on
relative position of break points of the quadratic volumetric and shear deformation diagrams. The construction of quadratic physical dependencies is based on the calculation of secant
moduli of volumetric and shears deformation. The results of the present article can be applied in approximation of closing equations for volumetric and shear deformation by quadratic
functions for continuum, described by mathematical models regarding both physical and geometrical nonlinearity.
Key words: continuum, volumetric and shear deformation, quadratic approximation, least square method, physical equations.
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AHAJIMTUYECKHUI PACYET IPOT'ABA BAJIOYHOM ®EPMbBI B CACTEME MAPLE...15
Ile.m,. ITnockast craTHYeCKHA onpeneanmast CHMMETpUYIHAsL Q)cpMa C BOCXOISIIIIUMH paCKOCaMHu U KPGCT006p33HBIM COCAUHCHUEM qacTeit B CepEaNHEC 3arpyxeHa paBHOMCpHOﬁ Har‘py31<0ﬁ
110 y3J1aM BEPXHEIO mosca. O'-ICpTaHI/[C BCPXHETO I10sICA TpANICCHJAJIBHOC — Kpai’lH]/IC MMaHCIIN CKOIICHBI. HaXOL[I/ITCSI 3aBUCUMOCTb nporHGa (BCpTPIKaHLHOC CMCILICHUC CCPCANHBI nponeTa)
OT YHCJIa TTaHEeIIeH. MeTO}I. Veunus B CTCPIKHAX ONPEACIIAIOTCS 110 ITPOrpaMMe B CHCTEME CHMBOJIBHON MaTeMaTHKH Maple Ha OCHOBE METO/ia BBIPC3aHUS y3JI0B. ypaBHCHHﬂ paBHOBECHUS
BCEX y3JI0B, B KOTOPBIC BXOAAT U PEaKIIUH OIOp, PEIIAIOTCS B MATPUIHOM BHIC C UCITOJIB30BAaHHUEM METOAa OﬁpaTHOI\;I MaTPHIIBI, YTO COKpAIIacT BPpEMs CUCTa U ACIACT IIPOrpamMmy 60J'ICC
ruOKoii k cMeHe Harpy3ku. [Iporu6 Gpepmsl ¢ 3aJaHHBIM YMCIIOM TaHeNel HaxoauTes 1o popmyie Makcemia—Mopa ¢ yueToM paBeHCTBa JKECTKOCTeH Beex crepikHeil. [anee
0CJIeZIOBaTeIIbHBIE PEIICHHs IPH Pa3HbIX YMCIaX MaHeseid 0000mmaroTes MeToioM HHAyKuuH. [IpuMeHstoTcs onepatopbl Maple Juist COCTaBIICHHS U PELICHUS PeKYPPEHTHBIX ypaBHEHHIt
st koa¢duireHToB HckomMoil Gpopmyibl. [ nonyueHus pe3ysbTaTa noTpedoBaioch NpoaHaIU3UPOBaTh ABeHauaTh GpepM. PesyabraTsel. [Tonyuena popmyna ¢ koaddunuenramu
MOJIMHOMHAIIEHOTO BU/Ja CTEIICHU HE BbIlIE YeTBepTOil. IIocTpoeHs! rpad MKy peleHust IpU Pa3HbIX 3HAYCHUIX MapaMeTpoB 3a1aun. HexoTopsle rpaduku 0OHapyKHUBaIOT SKCTpeMallbHbIE
TOYKH, TT03BOJISIOIINE ONTUMU3UPOBATh (hepMy 111 YBEIHUYCHHUS €€ )KECTKOCTHU. BhIsBlIeHa acUMNTOTHKA pereHns. HalizieHa 3aBUCHMOCTb CMEIIEHHUS OIOPbI OT YMCIIa aHEeNeH.
Kimouessle ciioBa: 6anounas depma, npornd, Maple, MHAYKIHMS, YUCIIO NAHENICH, ACHMITOTHKA.
UDC 624.35 DOI: 10.37538/0039-2383.2020.3.15.19.ANALYTICAL CALCULATION OF GIRDER DEFLECTION IN THE MAPLE SYSTEM. M.N. Kirsanov, V. M.
Ovsyannikova, National Research University Moscow Power Engineering Institute, Moscow, Russia; e-mail: mpei2004@yandex.ru
Abstract. A planar statically definable symmetrical truss with ascending struts and a cruciform junction of parts in the middle is loaded with a uniform load at the nodes of the upper belt.
The outline of the upper belt is trapezoidal — the extreme panels are beveled. We are looking for the deflection dependence (vertical displacement of the middle of the span) from the
number of panels. Method. The forces in the rods are determined by a program written in the Maple symbolic mathematics system based on the node-cutting method. The equilibrium
equations of all nodes, which include the reaction of the supports, are solved in matrix form using the inverse matrix method, which reduces the counting time and makes the program more
flexible to change the load. The deflection of a truss with a given number of panels is determined by the Maxwell-Mohr’s formula, taking into account the equality of the stiffness of all the
rods. Further, successive solutions for different numbers of panels are generalized by induction. Maple operators rsolve and rgf_findrecur are used for composing and solving recurrent
equations for coefficients of the desired formula. To get the result, it was necessary to analyze twelve trusses. Results. A formula with coefficients of the polynomial form of degree no
higher than the fourth is obtained. Graphs of the solution are constructed for different values of the problem parameters. Some graphs detect extreme points that allow you to optimize the
truss to increase its stiffness. The asymptotic behavior of the solution is revealed.
Key words: girder, deflection, Maple, induction, number of panels, asymptotics.
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PA3BBUTHUE TEOPUU PACUETA CETYATBIX IIVIUT HA YIIPYTOM OCHOBAHHMN...20
Pa3paboraHa MeTO/MKa pacyeTa CeTYaThIX IUINT Ha YIPYTOM OCHOBAHUHU, MOJICTHPOBAHHOM YIIPYTHM IOJIYIIPOCTPAHCTBOM, MO ACHCTBUEM BHEIIHEH HAarpy3ku. 13 ncropun pasButus
pacuera KOHCprKLH/Iﬁ Ha ympyromM OCHOBaHHH BHJIHO, YTO METOIBI UX pacu€Ta COBEPIICHCTBOBAJINCH U YTOYHSAIHNCH 110 MEPE Pa3BUTHA HAYIHO-TEXHUYICCKOI'0 Iporpecca. DTO MOXKHO
MPOCICAUTH Ha PAa3JIMIHBIX MOJCIIAX YIIPYTrOro OCHOBaHHs, KOTOPBIMH MOACINPOBATINCH PCAJIBHBIC TPYHTHI B €CTECTBEHHOM 3aJIETAaHUH WK B HCKYCCTBEHHOM OCHOBAHHWHU IIPU ITOCTAaHOBKE
TPUHOHUITAAJIBHO HOBBIX 3a/1a4 pacueTa KOHCprKLIPIﬁ. Pa3H006pa3He NPaKTUYICCKHUX 3a1a4 NMPUBOAUT K HCOAHO3ZHAYHOMY MOJACIIMPOBAHHUIO YIIPYTOrO OCHOBAHHUS. ABTOpBI CCBUIAKOTCA Ha
pabotsl Tapacesnua A.H., Kozynosoii O.B. n Cementoka C.JI., B KOTOPBIX MPUBEACH OOIIMPHBII CHCTEMAaTU3UPOBAHHBIH 0030p MOZEIICH yIPYroro OCHOBaHUs s pacyeTa (hyHIaMEHTHBIX
6aoK, OaIOUHBIX M (yHIAMEHTHBIX IUIMT, & TAKXKE JJIs PacueTa MePeKPECTHBIX JICHT (yHIAMEHTOB MEJIKOTO 3aJI0KEHHs. AKTYaJIbHOCTb M CBOEBPEMEHHOCTD IIPeIaraeMoii paboThl B TOM,
YTO BOIPOCHI PaCyUeTa CeTYATHIX IUINT M CHCTEMBbI IEPEKPECTHBIX JICHT Ha YIIPYroM OCHOBAaHMH JI0 HACTOSILETO BPEMEHH HE HCCIIEA0BaHbI B OJIHOM Mepe. ABTOpam u3BecTHbI paboTel M.U.
T'opbynosa-Tlocagosa, 1.A. CumByauan, I'.5. ITonosa, C.JI. Cementoka, Knennkosa C.H., B KOTOPBIX pa3iINYHBIMU MOIXOAAMH HPOBEACHBI UCCIIEIOBAHMS O PACUYETy CETYATHIX IJIUT U
HPOCTPAHCTBEHHBIX MOHOJUTHBIX ()YHAAMEHTOB KaK CHCTEMBbI IIEPEKPECTHBIX JICHT Ha YIIPYroM OcHOBaHMH. [Ipe/uiaraemasi METO/IMKa OCHOBaHA HA BapHALlMOHHOM MeToje Purua n
CMEIIIaHHOM METO/Ie CTPOUTEJIbHOI MEXaHHKH C UCIOIb30BaHHeM (QyHKuni Biaustaus XKemoukuna. s onpenenenus Ko3Gp HIMEHTOB KAHOHUYECKHX yPAaBHEHHI U CBOOOIHBIX WICHOB
CMEIIIAaHHOTO0 METO/Ia CTPOUTEIIbHOM MeXaHHUKH 4epe3 criocod JKemMouknHa B pacyeTe UCIIONb3YIOTCSl COOTHOLICHHS IPOTHOOB C 3alleMICHHON B LIEHTPE IIMTHI HOPMaJibio. YucieHHas
peam3anus HOBOTO 10JX0/1a BBIOJIHEHA Ha IPUMEPe CHMMETPUYHO HArpy)KEHHON PaBHOMEPHO-PACTIPEEICHHON Harpy3KOi NpsSMOYroIbHON (yHIAMEHTHO! IUTMTHI C OTBEPCTHAMHU Ha
YIpyrom nouynpocrpascTse. IIpuBoasrtes rpaduueckie pe3ynbTaThl pacueTa JUisi 0Ca0K CeTYaTO! IUIMThI U PACHIPE/IEICHHS KOHTAKTHBIX HAIPSHKCHUH MO/ IUIUTOM.

KitioueBble c10Ba: cerdaras Iummra, ynpyroe OCHOBaHHE, YIPYToe IOIyIPOCTPaHCTBO, BapHAIIMOHHbIH MeTox Putia, criocob JKeMouknHa, cMEIIaHHbII METO CTPOUTEIBHON MEXaHUKH,
(I)yHKLIP[H BJIMSIHWA, OCaIKH, KOHTAaKTHBIC HAIIPSKCHUSA 110 TUTATOM.
UDC 624.13 DOI: 10.37538/0039-2383.2020.3.20.25.THE DEVELOPMENT OF THE THEORY OF CALCULATION OF MESH PLATES ON AN ELASTIC BASE. S.V.
BOSAKOV?, 0.V. KOZUNOVA?, RUE Institute BeINIIS, Minsk, 2Educational institution «Belarusian State Transport University», Gomel, Republic of Belarus; e-mail:
sevibo@yahoo.com
Abstract. A method for calculating mesh plates on an elastic base modeled by an elastic half-space under the influence of an external load has been developed. The methodology is based
on the Ritz variational method and the mixed method of structural mechanics using the influence functions of Zhemochkin. To determine the coefficients of the canonical equations and the
free terms of the mixed method of structural mechanics through the Zhemochkin method, the calculation uses the ratio of deflections with the normal pinched in the center of the plate.
Graphical calculation results are given for the precipitation of the mesh plate and the distribution of contact stresses under the plate.
Key words: mesh plate, elastic base, elastic half-space, Ritz variational method, Zhemochkin method, mixed method of structural mechanics, influence functions, precipitation, contact
stresses under the plate.
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YTOYHEHME PEIIEHUS 3AJIAYM O JUIMTEJBHOM IPOYHOCTH AATE3MOHHOI'O COEJUHEHMS ITPU HOPMAJIbHOM OTPBIBE...26
PaccmarpuBaetcst 3a1a4a 110J13y4eCTH are3MOHHOTO COSMHEHHUS ABYX JIMCKOB, NpeJICTaBICHHas paHee B pabote npodeccopa A.C. Opeiiauna u npodeccopa P.A. Typycosa. [Tokazano,
YTO MOCTPOCHHAs: UMH MOJIEJTb Ha OCHOBE METO/Ia KOHTAKTHOT'O CJIOSl HE YYHTBIBAET CIBHIOBBIC Je()OpMaLH TONI3y4ecTH aare3usa. [1o1ydeHo OTKOPPEKTUPOBAHHOE pa3pelaroniee
YPaBHEHHE M IPAHUYHbIC YCIIOBHS OTHOCHTEINIBHO KacaTeIbHBIX HATIPSDKEHHUI B OTPAHUYHOM ciioe. IIpeicTaBieHo peleHne 3a1a4u A ABYX aJIFOMUHHEBBIX JHCKOB, CKICCHHBIX
SMOKCUIHOM cMonoit DJIT-10, ¢ UCTIONIB30BaHUEM B Ka4ECTBE 3aKOHA ITOJI3YYECTH HEHHEIHOro ypaBHeHHs: MakcBeiuia—I ypeBiya. BeIuCIeHus BBINOIHSIIMCH YHCICHHO TIPH MOMOIIK
pa3paboTaHHOI aBTOpaMH NMPOrpamMMel B cpejie Matlab. YcTaHOBIEHO, YTO MaKCHMAJIbHbIC KacaTeNlbHbIC HAIIPSDKEHHS B a[Ire3MBE BO BPEMEHH BO3PACTAIOT, HO X POCT HOCHT
orpaHuueHHbIi xapaktep. [IpeHeOpeskeHre CIBUTOBBIMHU Ae(OpMAIHAMU MOJI3YYECTH MPHBOAUT K 3aHIKEHHBIM HAIPSDKEHUSM B KOHIIE rporiecca. [Tyrem aHaim3a 3aKoHa MOJNI3YYECTH IPH
BPEMEHH, CTPEMSIIIEMCS K OECKOHEUHOCTH, BBIBEICHBI BEIMYNHBI JUTUTEILHOTO MOJIYJISl YIIPYTOCTH | JUTHTEIbHOro Koddduuuenra [Tyaccona n moarBepik/ieHa JJOCTOBEPHOCTD TTOTyYEeHHBIX
Ppe3yiIbTaToB.

Ki1ioueBble ¢j10Ba: 110/13y4eCTh, aAT€3HOHHBIC COCANHEHHS, METO/] KOHTAKTHOT'O CJIOSI, [UIUTENIbHAsI IPOYHOCTb.
V]IK: 624.04 DOI: 10.37538/0039-2383.2020.3.26.31.CLARIFICATION OF THE SOLUTION TO THE PROBLEM OF THE ADHESIVE BOND LONGTERM STRENGTH ON
NORMAL SEPARATION. A.S. Chepurnenkol, S.V. Litvinovl, S.B. Yazyevl, L.S. Sabitov2, 1 Don State Technical University, department «Technical Mechanics», 2 Kazan Federal



University; e-mail: anton_chepurnenk@mail.ru

Abstract. We consider the creep problem of the adhesive bond of two disks, presented earlier in the work of Professor A.S. Freidin and Professor R.A. Turusov. It is shown that the model
they constructed on the basis of the boundary layer method does not take into account shear creep deformations of the adhesive. The solution of the problem is presented for two aluminum
disks glued with EDT-10 epoxy adhesive using the non-linear Maxwell-Gurevich equation in differential form as the creep law. The calculations were performed numerically using a
program developed by the authors in the Matlab environment. It was found that the maximum tangential stresses in the adhesive increase with time, but their growth is limited. Neglect of
shear creep deformations leads to underestimated stresses at the end of the process. By analyzing the creep law with time tending to infinity, the values of the long-term elastic modulus and
long-term Poisson’s ratio are derived and the reliability of the results obtained is confirmed.

Key words: creep, adhesive bond, contact layer method, long-term strength.

VJIK 624.154 DOLI: 10.37538/0039-2383.2020.3.32.36
B.C. YTKHUH, x.1.H., npo¢. UH:keHepHO-CTPOHTEIbHbI HHCTHTYT BoJ1oroackoro rocyqaperseHHoro ynusepeurerase-mail: utkinvogtu@mail.ru
PACYET HECYUIEX CIIOCOBHOCTHU BYPOHABUBHBIX CBAM C YIIUPEHUEM C YYUETOM OTPULATEJIbBHBIX CUJI TPEHUSA CHEIJIEHUS...32
BypOHa6P[BHI>Ie CBaH C YIIMPEHHUEM B HIDKHEH yacTu TIOJIYYHJIA INUPOKOE NPUMEHEHHUE B CBaiiHBIX OCHOBAHMSX. DTH CBal PacCYATHIBAKOTCA 110 nepBoﬁ u BTOpOP’I rpynnam npeaeabHbIX
cocrosiHuii. B padote paccmaTpuBaercs pacuer OypoHaOMBHBIX CBaii ¢ yIIMPEHHEM Ha HIDKHEM KOHIIE Ha OIPE/IeNICHHE ee HecyIlel CoCOOHOCTH 10 HeCyIIei CIOCOOHOCTH TpyHTa
OCHOBaHUs (pyHIaMEHTa IIPH YTOYHEHHOM pacyeTHol cxeMme. [IpuBenena nudopmaims o pacuere OypoHaOMBHOM CBaM ¢ YIIMPEHUEM 1o cymiecTByomuM Hopmam CIT24.13330.2011, o
KOTOPBIM 3HAUCHUEC CUJIbI TPCHUS CUCIICHUS HA 60KOB0ﬁ TIOBEPXHOCTH CBaW HAXOAUTCS IIPU €€ «CPBIBE» (Z[BPDKCHI/[I/I). T. k. cRasi B Q)YHHHMCHTG HCTIOABU)XHAA, TO 3HAYCHUC
HpCHCHLHOﬁ Harpy3kK# Ha CBaro, OIIPEACICHHOC pacYCTOM I10 CH, TIPUXOUTCSA YMCHBIIATH 663 ydera MHOI‘OOGpEBI/IS[ 3Z[aHHﬁ 10 Ha3HAYEHUI0. B CBA3M ¢ 3THM B HpCHHaFHCMOﬁ pa60Te
MPUBCZICHO OIMCAHNUC HOBOT'O METOJA pactueTa CBau C YIMTUPECHUEM Ha HM)KHEM KOHIIC, KOTZla OHa HaXOQUTCs B COCTOSTHUU ITOKOS IO Harpy31<0i/'1, YTO COOTBETCTBYCT PCATIbHBIM YCIOBUAM
cc pa6OTLI B OCHOBaHHAX q)yHI(aMCHTOB 663 CPBIBA, a TAK)KEC BBOAUTCS HOBOC MPEACTABICHNC BOSHUKHOBCHHUA CHUJI TPCHUSA CUCIIJICHUS 110 OOKOBO¥ TIOBEPXHOCTH CBau U €€ paGOTLI B IPYHTC
OCHOBaHMUSI. KpOMC OTOr'0 YYMUTBHIBAIOTCS B pacucTax HCCyHlCﬁ CITOCOOHOCTH CBan OTPULOATCIIBHBIC CUIIBI TPCHHS CLHCIUICHUS Ha HIDKHEH 4acTH CBau, KOTOPBIC HC YUIUTHIBAIOTCA B pacuCTax
no CIT 24.13330.2011. O6paiieHo BHUMaHKUE HA CHIOKEHUE 3G(EKTHBHOCTH PaOOThI YIIMPEHHS B HIKHEH 4aCTH CBaM U3-3a yBEIMYCHHUS OTPULATEIIBHBIX CUJI TPEHHS CLICTUICHUS.
IIpuBeieHBI UnCIOBBIE IPUMEPHI PACUETOB CBaf IO MPE/TIaraeMOMy METOTY, a TaKXKe CYLIECTBYIOIEMy MeToay pacuera cBau 1o CIT24.13330.2011 amst cpaBHEHMS Pe3yIbTaTOB PacyeToB
U OIICHKH JOCTOBECPHOCTH ITOJIyIa€MbIX PE3YJIBTATOB II0 IpeAIaraMomMy METOLY. HpI/IBCJ:LCHa pacucTHas ¢)OpMyJ'Ia JUISL OTIPCACIICHUST HCCyILICﬁ CHOCOGHOCTH 6yp0Ha6HBHOﬁ CBau C
YIIHPEHUEM [0 HeCyIIel CHOCOOHOCTH I'PYHTa OCHOBAHHS.

KioueBble ciioBa: 6yp0Ha6HBHaﬂ CBas C YIIMPECHUEM, CUJIbI TPCHUA CUCIUUICHUA, HECYIast CII0COOHOCTh TpyHTa, HECYyIas CIIOCOOHOCTh CBau, Npe€ac/IbHasA Harpy3Ka, OTpULIaTCIbHBIC
CHJIBI TPDEHHUSA.
UDC 624.154 DOI: 10.37538/0039-2383.2020.3.32.36.CALCULATION OF BEARING CAPACITY OF DRILLING PILES WITH WIDENING TAKING INTO ACCOUNT
NEGATIVE FRICTION CLUTCH FORCES. V.S. UTKIN, doctor of technical Sciences, professor, Department of industrial and civil engineering, Institute of civil engineering,
Vologda state University; e-mail: utkinvogtu@mail.ru.
Abstract: Bored piles with under-ream at the pile tip have been widely used in piles foundations. These piles are designed by the first and second groups of limit states. The article
describes the design of bored piles with under-ream at the pile lower end to evaluate pile bearing capacity by the bearing capacity of the soil base on the refined design scheme. The article
also presents information about the bored pile with under-ream design according to existing standard SP 24.13330.2011 on which value of friction force on a lateral surface estimated by the
pile «failure» (movement). The ultimate load value on the pile according to SP 24.13330.2011 is reduced without taking into account the diversity of structures for their intended purpose,
which reduces its significance and reliability. In this regard, the proposed article describes the new approach of pile with the under-ream design when it is at «rest» under load, which
corresponds to the real conditions of its behavior in the soil base without «failure», but also takes into account the new view of emergence of a friction on the lateral surface of the pile with
a more accurate description of its behavior. In addition, the evaluation of the pile bearing capacity takes into account the negative friction forces on pile tip, which are not taken into account
in the design by SP 24.13330.2011. Attention is drawn to the decrease in the efficiency of the under-ream in the pile lower part to the increase the negative friction force. Numerical
examples of pile design are given according to the proposed method, as well as the existing method by SP 24.13330.2011. The results of calculations and reliability analysis are given
according to the proposed method. The design equation for evaluation the bearing capacity of a bored pile with underream is given for the soil base bearing capacity.
Key words: Drilling pile with widening, friction-coupling forces, bearing capacity of soil, bearing capacity of pile, limit load, negative friction forces.

VJIK 69:624.074:624.012.4 DOI: 10.37538/0039-2383.2020.3.37.46
B.H. UBAHOB, 1.1.1., ipog., 0.0. AJIEIIIUHA, acnupantka Poccuiickuii ynusepcureT apyx651 HaponoB, r. Mocksa; e-mail i.v.ivn@mail.ru
CPABHUTEJBHBINA AHAJIU3 TAPAMETPOB HAIIPSIKEHHO-IE®OPMUAPOBAHHOI'O COCTOSIHUSA TOPCA C HAITPABJISIIOILMM 3JLJIMIICOM C
MNOMOIIBIO TPEX METO1OB PACYETA...37
Ha ceroamsiinuit neHs B chepe NpOSKTHPOBAHHS TOHKOCTEHHBIX KOHCTPYKIUH THIIA 000I04€eK MPECTaBIeH OOLIMPHBIH KJIACC BHIYUCINTENILHBIX KOMIUIEKCOB U METO/IOB pacyeTa. B cBszu
C T€M, 9YTO TOHKOCTCHHBIC KOHCTPYKIINU B (i)OpMC Pa3sIMIHBIX 06OJ'IO'-ICK TIAPOKO UCIOIB3YIOTCA B apXUTEKTYPE, CTPOUTEIIBCTBE, MAIMMHOCTPOCHUH, aBUACTPOCHUH U T. 1., HCOﬁXO[[I/IMO
3HATh U IIOHUMATh BO3MOXKHOCTH Pa3/IMYHBIX METOIOB pacdeTa, BKIKOYast aHAJIUMTHICCKUC. PaGOTH 10 UCCIICTOBAHUIO HaHpS{)I(eHHO-IlC(l)OpMI/lpOBaHHOFO COCTOSTHUS (HI[C) 000J109KH
OMHAKOBOT'0 CKaTa C HalpaBJIAIOIIAM JJIJIMIICOM B OCHOBaHWUH ITPEJICTaBJICHBI HA Cel"OI(HS{HJHHﬁ JCHb B MAJIOM obweme. B crathe TIPUBOAUTCS CPAaBHCHUE PE3YIIBTATOB, ITIOJTYYEHHBIX 11O
6€3MOMEHTHOI! TeopnH 000JI0UEK C PEe3yIbTaTaMH 110 METOAY KOHEUHBIX JIEMEHTOB U 110 BapHALIMOHHO-PA3HOCTHOMY MeToy. Mcnonb3ytotcs Beranuciutenshbiii komiuieke SCAD Office
Ha OCHOBE METO/Ia KOHEUHBIX 371eMeHTOB U nporpamMma «SHELLVRM)», HanncanHas Ha 6a3e BapHaIlliOHHO-Pa3HOCTHOrO MeTo/a. biaronaps noimy4eHHbIM 1
TIPOaHAIM3UPOBAHHBIM YHCIICHHBIM PE3yJIbTaTaM HanpshkeHHO-AehopmupoBaHHoro coctosaust (HZC) TopcoBoii 000109k 0JMHAKOBOTO CKaTa C HAINPABJISIOLIMM 3JUTUIICOM B OCHOBAaHHHU
BBISIBJICHBI IUTIOCBI 1 MUHYCBI IIPUMEHCHUS Pa3JIMYHBIX METOIOB pacucTa. yCTaHOBHeHO, 4T0 OE€3MOMEHTHAS TEOPHS HE MO3BOJISACT ITOJIYUYUTh JOCTATOUYHBIC U KOPPEKTHBIC PE3YJIbTAThI
pacuera npu Z[eﬁCTBHH paBHOMepHO-paCl’lpeI{eJ’[eHHOﬁ JIMHEHHOW Harpysku, HpI/IJ'IO)KeHH()ﬁ 10 KacaTeJIbHOU K BerHeﬁ TpaHu Topca 110 CPaBHECHUIO C METOAOM KOHECYHBIX JJICMCHTOB
(MKD) u ¢ BapuaioHHO-pa3HOCTHBIM MeToZIoM (BPM) 15t KOHCTpYHpOBaHus U 10A00pa MaTepHaa JUisi H3rOTOBJICHHsI 000JIOUKH.

KiioueBble cj10Ba: TeOpHsi TOHKUX 000JI04€K, QHATMTUYECKOE PEeLleHNe, 0€3MOMEHTHOE COCTOSIHUE, TOPCOBasi 000JI04Ka, HOBEPXHOCTh OJMHAKOBOIO CKaTa, FTEOMETPHYECKOE
MozenupoBanue, BbraucantenbHbii koMmiieke SCAD OFFICE, MeTost KOHEUHBIX JIEMEHTOB, BAPUALIMOHHO-PA3HOCTHBIH METO.
VK 69:624.074:624.012.4 DOI: 10.37538/0039-2383.2020.3.37.46. COMPARATIVE ANALYSIS OF THE STRESS-STRAIN STATE’S PARAMETERS OF EQUAL SLOPE SHELL WITH
THE DIRECTOR ELLIPSE USING THREE CALCULATION METHODS. V.N. lvanov, O.0. Alyoshina, Peoples’ Friendship University of Russia, Moscow; e-mail i.v.ivn@mail.ru.
Abstract. Today, in the field of designing thin-walled structures of the shell type, an extensive class of computing complexes and calculation methods is presented. Due to the fact that thin-walled
structures in the form of various shells are widely used in architecture, construction, engineering, aircraft construction, etc. it is necessary to know and understand the possibilities of various calculation
methods, including analytical ones. Research on the stress-strain state of the equal slope shell with the director ellipse at the base is currently presented in a small volume. The article presents a
comparison of the results obtained from the membrane theory with the results obtained from the finite element method and the variational-difference method. We use the SCAD Office computing system
based on the finite element method and the program «SHELLVRM)», written on the basis of the variation-difference method. Based on the obtained and analyzed numerical results of the stress-strain
state of the equal slope shell with the director ellipse at the base, the pros and cons of using various calculation methods were revealed. It is established that the membrane theory does not allow obtaining
sufficient and correct calculation results under the action of a uniformly distributed linear load applied tangentially to the upper face of the torso in comparison with the finite element method and with
the variation-difference method for the design and selection of material for the manufacture of the wall.
Key words: theory of thin shells, analytical method, the membrane state, torso shell, equal slope shell, geometric modeling, computational complex SCAD OFFICE, finite element method,
variationaldifference method.

Pacuyersl Ha yCTOHUMBOCTD
Stability calculation
VJIK: 624.046.3 DOI: 10.37538/0039-2383.2020.3.47.55
E.A. BPUTBUH, kana. ¢pus.-mart. Hayk, [ YB3 IITACA, r. [IHenponeTpoBcK, YKpauHa; e-mail: evgbritvin@gmail.com
UCCJEJIOBAHUE YCTOMYUBOCTH TPEXMEPHBIX YIIPYTUX TEJ HA KOHEYHO-3JJEMEHTHBIX MOJIEJISAX...47
TTyrem yuera paGoThl BHYTPEHHHX HANPSHKEHHIT yPYToro Tejia Ha MOBOPOTE AJIEMEHTapHOro 00beMa MOTydeHbl ypaBHEHHs! COCTOSIHHS TPEXMEPHOT'0 YIIpyroro tena tumna Jlame ¢ yuetrom
BpallleHuil B MHeHHOI nocranoBke. [TocTpoeHa MaTpHIa KECTKOCTH TETPAadAPUUECKOr0 KOHEYHOTO MIEMEHTA C YUETOM BIUSHUS BHYTPEHHETO HANIPSHKEHHOT0 COCTOSTHUSL.
Maremarnueckas MOZEIIb IPOBEPEHA HA ITPOCTHIX KOHEYHO-3JIEMEHTHBIX MOJCIIAX, UMCIOLINX HAIE)KHOC aHATTUTHICCKOEC ITOATBEPIKACHHUE. Ha TIpUMEPE KOHCOJIBHOTO CTEPKHA
MCCIIeJOBaHbI M3rHOHAst i KPYTWIbHAsE (GOPMBI ITIOTEPU YCTOHYHBOCTH KOHEYHO-3JIEMEHTHOM Mo/ien. PaccMoTpeHa yeTOiYMBOCTb KPYIIIOit IIIaCTHHBL. [IpOoaeMOHCTPHPOBAHO X0Opoliee
COBINAACHUE C U3BECTHBIMU PEUICHUSIMHA. HpI/IBC/]eH];I pemeHus HEKOTOPBIX 3a1a4 yCTOﬁHHBOCTH JUTA TI0JIOTO 1Iapa.

Kiiro4eBble ¢/10Ba: yCTOHYUBOCTD, yCTOMYMBOCTD TPEXMEPHBIX TEJI, METOJ KOHEUHBIX 3JIEMEHTOB, TETPa3APUUECKHil KOHEUHBIH 3JIEMEHT.
UDC: 624.046.3 DOI: 10.37538/0039-2383.2020.3.47.55.STABILITY ANALYSIS OF THREE-DIMENSIONAL ELASTIC BODIES ON FINITE-ELEMENT MODELS. E.I. Britvin, PSACEA,
Dnipro, Ukrain; e-mail: evgbritvin@gmail.com
Abstract. By taking into account the work of the internal stresses of an elastic body at the rotation of an elementary volume, the equations of state of a three-dimensional elastic body of the Lame type
are obtained. The equations of state of a three-dimensional elastic body are obtained taking into account rotations in a linear formulation. The stiffness matrix of the tetrahedral finite element is
constructed taking into account the influence of the internal stress state. The mathematical model is tested on simple finite element models with reliable analytical confirmation. By the example of a
cantilever rod, the bending and torsional forms of loss of stability of the finite element model are studied. The stability of a round plate is considered. Demonstrated a good match with the known
solutions. Solutions of some stability problems for a hollow sphere are given.
Key words: buckling, stability of three-dimensional bodies, finite element method, tetrahedral finite element.

PacuyeTtsl Ha HaJICKHOCTh

Reliability calculation

V]IK 624.046.5 DOI: 10.37538/0039-2383.2020.3.56.61

C.A. COJIOBBEB, k.T.H., Bostoroackuii rocyaapcrBeHHblii yausepeurer; e-mail: serésol@yandex.ru

AHAJIA3 BEPOSITHOCTH OTKA3A 3JJEMEHTOB COOPYKEHHUM ITPM UHTEPBAJIbHOM OLIEHKE CTOXACTUYECKHX ITAPAMETPOB...56

BeposITHOCTB 0TKa3a 3JIEMEHTa COOPYIKEHHUS SBIETCS KOJINIECTBEHHBIM II0Ka3aTesIeM ero HaJe)KHOCTH. B craThe IpeicTaBiIeH METO pacyeTa HaJIe)KHOCTH dIEMEHTOB CTPOHTEIbHBIX



KOHCTPYKIIMI B ClTydae HHTEPBAJILHON OLEHKH CIy4aiiHBIX (CTOXaCTHYECKHX) ITapaMeTPOB B MAaTEMAaTHUECKON MOJIEINH MPEJIeTbHOr0 COCTOSIHUSA. HYacTh CltydyalfHBIX TapaMeTpoB MMeeT
NIPSIMYIO HHTEPBAJIbHYIO OIIEHKY, a IPyrasi 4acTh CIy4aifHbIX TapaMeTpoB I0Ty4daeT HHTEPBAILHYIO OIIEHKY IIPU MPEICTAaBICHUH UX B BUJIC HEUSTKHX IEPEMEHHBIX 10 Pe3yIbTaTaM
u3Mepenuit/ucrsirannid. Takoi oXo/1 K aHaIN3y HaJEKHOCTH MO3BOJISIET OTKA3aThCsl OT CyOBEKTHBHBIX TPEIIIONI0KEHUH 0 BUJe H popMe DYHKIMH pacrpe/ielieHNs! BEpOSTHOCTEH MpH
OrpaHMYEHHOMN cTaTUCTHYecKOi HHpopManyu. [TokazaHa BO3MOXXKHOCTb HCIIONB30BAHNS HHTEPBAIBLHOTO MOJIX0/1a IIPU HEJMHEHHBIX 3aBUCUMOCTSIX CITy4aifHbIX BEJIMYUH B (DyHKIIUH
MPEACIbHOTO COCTOSHUS. YucneHHbIN TIpUMEP pacyeTa HAACKHOCTH 110 NMPEAIaracMoMy MoAXoAy IoKa3aJl XOPOILIYH CXOAUMOCTD C KIIAaCCHYECKUM ITOAXO00M IIpH TIOJTHOM CTaTHCTHYECKOH
uHpopManuu.

KumoueBbIe ¢10Ba: HaJI)KHOCTb, BEPOATHOCTh OTKA3a, MHTEPBAJl 3HAYCHUI, TPOSKTUPOBAHHE, TEOPHsI HEUSTKUX MHOXKECTB, CITydaiiHast BeJIMYMHA.
UDC 624.046.5 DOI: 10.37538/0039-2383.2020.3.56.61.STRUCTURAL RELIABILITY ANALYSIS BASED ON INTERVAL ESTIMATION OF RANDOM VARIABLES. S.A. Solovyev,
Vologda State University; e-mail: serésol@yandex.ru.
Abstract. The failure probability of a structural element is an indicator of its reliability. The article presents a method for the structural reliability analysis in the case of interval estimation of random
(stochastic) parameters in a mathematical model of a limit state. Part of the random parameters has direct interval estimations, and the other part of the random parameters receives interval estimations as
a fuzzy variable based on the results of measurements/tests. This approach to reliability analysis allows rejecting subjective assumptions about the type and shape of the probability distribution function
with limited statistical information. The paper also presents the possibility of using proposed approach for nonlinear limit state functions. The numerical example of reliability analysis based on the
proposed approach showed good convergence with the classical approach (FOSM) with full statistical data.
Key words: reliability, failure probability, interval value, structural design, fuzzy set theory, random variable.

YJK 624.04 DOI: 10.37538/0039-2383.2020.3.62.67
AMN. lllenn, A.1.H., A.B. Uymanos, acnupant ®T'BOY BO «IleH3eHcKHii rocy apcTBeHHbII YHHBEPCHTET APXHTEKTYPhI H CTPOHTEILCTBaAY; e-mail: shein-ai@yandex.ru
JIEHTOYHASI CACTEMA I'ALLIEHUSA KOJEBAHU JIOKATOPA ITPU CEUCMHUYECKHUX BO3JIENCTBUSIX...62
TIpencrasnena ieHTOYHAs CHCTEMa ralleHHs KoebaHHil JTJoKaTopa pH ceiicMuyeckux Bo3eiicTBUsX. [Ipy MpoeKTUpOBaHUH CUCTEMbI TallIEHUs] Y YUTHIBAIUCH OCHOBHBIC (POPMBI
COOCTBEHHBIX KOJIEOAHUH JIOKATOPOB KYIOJILHOIO THIA — U3THOHBIC M KpYTWIIbHBIE. ONicaH aroputM paboThl CHCTEMBI TallleHust KoJieOaHuii, OCHOBaHHBII Ha M depeHInanbHOM
YpaBHEHUH KOJICOAHUH CHCTEMBI C YUETOM CHJI HATSDKECHMS JICHT M CUJI COIPOTHBIICHUS IBHIKEHHIO B Katymikax. CocraBieHa nporpaMMa JMHAMHIYECKOro pacyeTa MEXaHHUECKHX CUCTEM
KYTIOJIBHOT'O THIIA, B OCHOBY KOTOpOf[ TIOJIOKECH METOX LICHTPAJIBHBIX pa3H0€T€I>’I. HprIBCI[SHLI PE3yIbTaThl pacu€Ta, KOTOPBIC ITOKA3hIBAIOT BHICOKYIO 3(1)(1)CKTHBHOCTI> JIEHTOYHOU CHCTEMBI
raleHus KoneOaHui.

KiiroueBbie ¢j10Ba: JCHTOUHAS CUCTCMA, TAaCUTCIIb KOHCﬁaHHﬁ, Z[I/IHaMI/I‘ICCKHﬁ pacHuer, KOJ’ICGaHP[SI Kymoia, celicMHUUeCcKas Harpyska, JILCMH@)I/]])OBHHP[C, WHCPIMOHHAA KaTyIIKa.
UDC 624.04 DOI: 10.37538/0039-2383.2020.3.62.67. TAPE SYSTEM FOR QUENCHING LOCATOR VIBRATIONS IN CASE OF SEISMIC EFFECTS. A.l. Shein, A.V. Chumanov, Penza
State University of Architecture and Construction; e-mail: shein-ai@yandex.ru
Abstract. The paper presents a tape system for quenching locator vibrations under seismic influences. When designing the damping system, the main forms of natural vibrations of dome — type locators-
bending and torsional-were taken into account. The described algorithm of the system damping based on the differential equation of oscillations of a system subject to forces of tension of the tapes and
the motion resistance forces in the coils, a program of the dynamic analysis of mechanical systems dome, which was based on the method of Central differences. The results of the calculation are
presented, which show the high efficiency of the belt vibration damping system.
Key words: belt system, vibration dampener, dynamic calculation, dome vibrations, seismic load, damping, inertia coil.

Hopmuposanne
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VIK: 624.014 DOI: 10.37538/0039-2383.2020.3.68.77
L. OZIECCKPIVI, A.T.H., npod., N.U. Beasikos, A.T.H., npo¢., /I.B. KOHUH, k.T.n., M.U. T'YKOBA, k.1.H., M.U. DPAP®EJIb, k.1.H., IHAUCK nm. B.A. Kyuepenko (AO «HAI|
«CrtpouTteincTBo»), r. Mocksa; e-mail: vedykov@gmail.com
W3MEHEHUS Ne2 B CIT 16.13330.2017 «CTAJIBHBIE KOHCTPYKIIUU. HOPMBI TIPOEKTUPOBAHMU1»...68
B nomors npoexTupoBuinKam npuBeeHbl 1 000cHOBaHbI BHeceHHbIe B 2020 roxy M3menenns Ne2 B CIT 16.13330.2017 «CranbHble KoHCTpyKIHu». B cocraB M3menenuii No2 Bouum 15
pasnenos u Ilpunoxenus A, B, I', JI u XK. B cocTaB cBoj1a IpaBui1 110 CTaIbHBIM KOHCTPYKIMSAM BKIIOYEHbI COOTBETCTBYIOIME CCHUIKU HAa CBOABI IIPABUII 110 IPOEKTUPOBAHHIO
CTaJIeXKeNIe300eTOHHBIX KOHCTPYKIMIT M KOHCTPYKIHIT U3 TOHKOCTEHHBIX XOJIOZHOIHYTHIX Npoduieil. YTOYHEHO BayKHOE ONPEASNICHHE, NOSCHSIOIEe TEPMUH OTKPBIThIE KOHCTPYKIIHN
JUISL IPEAOTBPAILCHHS JBOWHOTO TOJIKOBAHUSI IIPU MPOSKTHPOBAHNU OOILIECTBEHHBIX 3/JaHUI ¥ COOPYKEHHMIT B 4acTH HEOOXOAUMOCTH obecnieueHus noctyna. B paznene 13
«IIpoeKTHPOBaHHE CTAIBHBIX KOHCTPYKLHUH C y4ETOM NPEIOTBPALLEHUS XPYIKOTO pa3pyIICHHs» YTOYHEHbI (JaKTOPbI pHCKa B 3aBUCUMOCTH OT Ipymiibl KoHCTpyKimii o CIT 16. 13330 u ot
kiacca coopyxenuii no 'OCT 27751, B KOTOPBIX MPHMEHEH MPOKAT, COOTBETCTBYIOIIHI TPEOOBAHHUSIM €ro rpymnibl kadectBa. Hanbosee 3HAYMMBIMU SIBISIIOTCS] H3MEHEHHsI, BHCCECHHBIC B
pasaen 15k TpCGOBaHI/IﬂM 10 IPOCKTUPOBAHUIO KOHCprKLII/Iﬁ SIIaHI/Iﬁ " COOpy)KCHHﬁ, BKITFOYAIOILINUEC TpeﬁOBaHI/IH K COCOIUHCHUAM CTAJIbHBIX KOHCprKLII/II\;I. B YaCTHOCTH, JaHbI
Pa3BEpHYTHIC TpG6OBaHI/IH K ITIPOCKTHPOBAHUIO q)HaHL[CBBIX OOJITOBBIX COeI[HHCHHﬁ, B HpHJ'[O)KCHI/IC 10 MaTtepuajlaM CTpOUTCIIBHBIX KOHCprK]_[I/Iﬁ BHCCCHBI YTOYHCHHSA B 9aCTH
HCTIOB30BAHMS HOBBIX CTaJICH, yTOUYHEHBI TPEOOBAHMS 110 HOPMUPOBAHHUIO YIAPHOI BSI3BKOCTH, B TOM YHCIIE IS CTaleil ¢ mpeaenoM tekydectr 6omnee 590 MITa. Huke npuBosites
KOHKPETHBIC U3MCHCHHA 110 IIaBaM CII ¢ mosiCHEHUSIMU.

KiroueBble ciioBa: crajb, CTalbHas KOHCTPYKIIHSI, HECYIIasi CTOCOGHOCTB, )KECTKOCTh, Kapkac, (hepma, pureiib, 60T, TOPU3OHTAIBHASI CBSI3b, OOJITOBOE COEMHEHHE, (DIIaHIIeBOE
COeIMHEHHUE, MIPOKAT, TpyOa, yaapHas BI3KOCTb.
UDC: 624.014 DOI: 10.37538/0039-2383.2020.3.68.77.CHANGES Ne2 IN SP 16.13330.2017 «STEEL STRUCTURE. DESIGN STANDARDS» P.D. Odesskii, I.I. VEDYAKOV, D.V. KONIN,
M.I. GUKOVA, M.I. FARFEL, TSNIISK named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research Center of Construction, Moscow; e-mail: vedykov@gmail.com.
Abstract. The Changes Ne2 made in 2020 in SP 16.13330.2017 «Steel structures» are given and justified to help designers. Changes Ne2 included 15 sections and Appendices A, B, C, D, and G. The
code of rules for steel structures includes relevant references to the codes of rules for the design of steel-reinforced concrete structures and structures made of thin-walled cold-curved profiles. An
important definition has been clarified that explains the term «open structures» to prevent double interpretation in the design of public buildings and structures in terms of the need for access. In section
13 «Design of steel structures with regard to the prevention of brittle destruction» specified risk factors depending on the group structures on SP 16. 13330 and class structures according to GOST 27751,
which applied roll that meets the requirements of its quality group. The most significant are the changes made to section 15 to the requirements for the design of structures of buildings and structures,
including requirements for joints of steel structures. In particular, detailed requirements for the design of flange bolted connections are given. The Appendix on materials of building structures contains
clarifications regarding the use of new steels, as well as requirements for the normalization of impact strength, including for steels with a yield strength of more than 590 MPa. Specific changes to the JV
chapters are listed below with explanations.
Key word: steel, steel structure, bearing capacity, stiffness, frame, truss, crossbar, bolt, horizontal connection, bolted connection, flanged connection, rolled, pipe, impact strength.
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Pacuersl Ha 10 )OYHOCTH
Strength calculations
V]IK 620.179.142 DOI: 10.37538/0039-2383.2020.4.3.7
B.®. HOBUKOB!, 1-p ¢pus.-martem. nayk, npod., C.M. KYJIAKY, k.1.1., B.O. AHJPEEB?, K.T.H., 'TioMeHcKHii HHAyCTpHANbHbIH yHHBepeuTeT, 2000 «TIOMEHbCTATLMOCT HMEHH
T koro K na»; e-mail: vitaly.nowikov2017@yandex.ru
O KOHTPO!JIE HAIIPSIKEHHO-IE®OPMHUPOBAHHOI'O COCTOSIHUSA CTAJBHBIX MOCTOBBIX KOHCTPYKIMI (MOCT) METOJOM MATHATOYIIPYTOI'O
PASMATI'HUYUBAHMUSL...3
B pa60’re TIPOBEJICHBI UCCIICIOBAHUS IIIOCKOI'O HAIIPSXKEHHOTO COCTOSHUS Oajok aBTOM06I/IJ'IBHOI‘O MOCTa MarHuTHbIM METO/IOM, OCHOBaHHbIM Ha KOppCHHHI/IOHHOﬁ 3aBHCHMOCTH OCTAaTOYHOM
HAMAaron4€HHOCTH U MCXAHUYCCKUX Hal'Ip)DKeHl/lﬂ crann (MCTOLl MarHuToynpyroro pa3MaananaHnﬂ). B xone I/ICCJ’ICZ[OB&HPII\/'I YCTaHOBJIEHO ocnabieHne MarHUTHOTO OISt paccesHus JIOKaJIHOM
0CTaTOYHON HAMarHUW4YeHHOCTH 63]’10]( MOCTa IIPU UX PACTAKECHUH ue(popmauneﬁ usruoa. ITo y6BlJ’II/I MarHMTHOI'O MOJIA IMPOBEACHA OLIEHKA IMUKOBBIX Hal'lpﬂ)KCHMﬁ B MOCTOBBIX Oajikax oT JUHAMHUYECKOIro
BO3£[CI\/'ICTBI/ISI TpaHCIIOPTa U YCTAHOBJICHO UX HEOAHOPOAHOE HATPYIKEHUE. H3roroBneHo u al'lp06I/IpOBaH0 yCTpOI\/'[CTBO JUIA JTOKQJIbHOIO HaMarHu4YvuBaHUs KOHTpOJ’IprCMOﬁ 0ajK1 aBTOMOOMIBLHOTO
MOCTa U JO3UPOBAHHOTO yJapa 1o Heit. Takoe yCTpOﬁCTBO, O6CCl‘lC‘IPlBaIOILICC TIONEPEIHOE K pa60‘lI/IM Harpyskam BO3HCﬁCTBHC, TIO3BOJIMIIO OIPEACIIUTE MATHUTOYIIPYT'YIO YyBCTBUTEIbHOCTD CTAJIN
HETIOCPEJACTBEHHO B MECTE KOHTPOJIA HaHpHH{CHMﬁ, a CJIeI0BATEIIbHO, U TIOBBICUTH TOYHOCTh NNPUMEHSAEMOI'0 METO1A.

KiioueBble €J10Ba: MEXaHUYECKHE HaMpsHKEHUs B CTallM, MATHUTOYIIpYTras YyBCTBUTEIIbHOCTb, MOCTOBAs 6am<a, MarHUTHOE I10JIE PACCEAHUS, MATHUTOYIIPYTrOo€ pasMarnniuBaHue, IMHAMHUYICCKHUE
HarpysKu.
UDC 620.179.142 DOI: 10.37538/0039-2383.2020.4.3.7.ABOUT CONTROL OF THE STRESSED-DEFORMED STATE OF STEEL BRIDGE STRUCTURES (BRIDGE) BY THE METHOD
OF MAGNETOELASTIC DEMAGNETIZATION. V.F. Novikov?, S.M. Kulak1, V.O. Andreev?, 'Federal State Budget Educational Institution of Higher Education Industrial University of Tyumen
(Tyumen city, Russian Federation), Tyumenstalmost LLC named after Tyumen Komsomol (Tyumen city, Russian Federation); e-mail: vitaly.nowikov2017 @yandex.ru.
Abstract. The paper studies the plane-stress state of the beams of an automobile bridge using the magnetic method, based on the correlation dependence of the residual magnetization and mechanical
stresses of steel (magnetoelastic demagnetization method). In the course of the studies, weakening of the magnetic field scattering of the local residual magnetization of the bridge beams when they are
stretched by bending deformation was found. Based on the decrease in the magnetic field, the peak stresses in the bridge beams from the dynamic effects of transport were estimated and their
inhomogeneous loading was established. A device for the local magnetization of a load-bearing beam of a road bridge and a dosed impact on it was manufactured and tested. Such a device, providing an
impact transverse to the workloads, made it possible to determine the magnetoelastic sensitivity of steel directly in the place of stress control, and, consequently, to increase the accuracy of the method
used.
Key words: mechanical stresses in steel, magnetoelastic sensitivity, bridge beam, scattering magnetic field, magnetoelastic demagnetization, dynamic loads.

VJIK: 69.07, 624.014.2 DOI: 10.37538/0039-2383.2020.4.8.17

JI.B. KOHUH, k.1.1., [I.B. HAXBAJIbHOB, unk., A.P. OJTYPOMBH, un:x. THUAUCK um.B.A. Kyuepenko AO «HULL «CtpountenncTBoy, r. Mocksa; e-mail: konden@inbox.ru
UCCJIEJOBAHUE MHOI'OBOJITOBBIX CHBMFOYCTOIZ“MBLIX COE[[I/IHEHI/IFI SJIEMEHTOB CTAJIBHBIX KOHCTPYK].[I/lﬂ M3 CTAJIEN C MPEJEJOM TEKYUYECTHU
IO 500 MIIa...8

PaccmoTpens! BOpocs! paboThl MHOTOOOJITOBBIX COSAMHEHHI JIEMEHTOB U3 CTaJIel ¢ IpeIesioM TekydecTH cBbiie 375 MIla. [Toka3aHa akTyalibHOCTh BEIOPAHHOM TEMBbI HCCIICJOBAHUSL.
TIpencrasiiensl 0COOEHHOCTH PabOTHI MHOTOOOJITOBBIX COeMHEHHH. [IpoBe/ieH aHallM3 pe3yJIbTaTOB IKCIIEPUMEHTAIILHBIX HCCIIE/IOBAHMIT M YHCIICHHBIX pacueToB. [IpecraBieH
CpaBHHTEIBHBII aHAJIN3 TPEOOBAHMUIA OTEYECTBEHHBIX H 3apyOeKHBIX HOPMATHBHBIX JIOKYMEHTOB. Y CTAHOBJIEHO, YTO BBICOKONIPOYHBIE CTAIM 00J1a/1al0T OCTATOYHOM IIACTUYHOCTBIO IS




PaBHOMEPHOIT TIepejaul Harpy30K MeskIy 0oaTaMu. Y CTaHOBIIECH pe3epB HeCyIelt CrIocCOOHOCTH IPH pacueTe 110 JASHCTBYIOIINM HOPMAaTUBHBIM JIOKyMeHTaM. [Ipoanann3upoBaHsl
YHCIJICHHBIE MOJIET MHOTOOOJITOBBIX COCIMHEHUIH.

KumoueBsbie cj10Ba: MHOroOOJITOBOE COSAMHEHNE, (DPUKIIMOHHOE COSANHEHHE, CPE3HOE COeTMHEHUE, CAABUTOYCTOHYNBOE COSJUHEHNE, BRICOKOIIPOYHAs CTallb, INIACTUYECKHE Ae(opMaliu.
UDC: 69.07, 624.014.2 DOI: 10.37538/0039-2383.2020.4.8.17.RESEARCH OF MULTIPLIE-BOLT SHEAR RESISTANT CONNECTIONS OF STEEL STRUCTURE ELEMENTS MADE
OF STEELSWITH A YIELD STRENGTH OF UP TO 500 MPa. D.V. Konin, P.V. Nakhvalnov, A.R. Olurombi, TSNIISK named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research
Center of Construction, Moscow; e-mail: konden@inbox.ru.

Abstract. The questions of operation of multiplie-bolt connections of elements made of steel with a yield strength of more than 375 MPa are considered. The relevance of the chosen research topic is
shown. The features of multiplie-bolt connections are presented. The results of experimental studies and numerical calculations are analyzed. A comparative analysis of the requirements of domestic and
foreign regulatory documents is presented. It is established that high-strength steels have sufficient plasticity for uniform transfer of loads between bolts. A reserve of load-carrying capacity has been
established for calculations based on current regulatory documents. Numerical models of multiplie-bolt connections are analyzed.

Key words: multiplie-bolt connection, friction connection, shear connection, shear-resistant connection, high-strength steel, plastic strain.

V]IK: 624.072.2.014 DOI: 10.37538/0039-2383.2020.4.17.23
M.U. ®PAPOEJID, k.1.u. HTHUUCK nm. B.A. Kyuyepenko (AO HUILL «CTpouTe1bcTBO»)
HUHXEHEPHASI METOJIMKA PACYETA JIBYCKATHOI'O BJIOKA U3 MEMEPAHHbBIX TAHEJIE...17
B paGote omnmchIBaroTCsl KOHCTPYKIMHM JIBYCKaTHOrO 0J10Ka N3 MeMOpaHHbIX naHeseil. [IpuBoasTCss OCHOBHBIC THIIBI 3THX OJIOKOB, ONUCBHIBACTCS MX KOHCTPYKTHBHAS CXeMa.
OOBSCHSIOTCSI OCHOBHBIE HPU3HAKH d(P(PEKTUBHOCTH CHCTEM, COCTOSIIIIMX U3 MEeMOpaHHBIX MaHelel, B KOTOPBIX HPOJICTHAs YacTh BBIIOJIHACTCS U3 TOHKOT'O CTaJIBbHOTO JIUCTa (MeMOpaHbI).
YKa3bIBalOTCSl OTHOCUTEIIBHBIE )KECTKOCTHBIE XapaKTEePUCTHKH, OT KOTOPBIX 3aBUCHT paboTa IByCKaTHOro 0J0ka n3 MeMOpaHHbIX naHesneil. OCHOBHOM 4acThlo JaHHOH paboThI SBIISETCS
MHKEHEpHasi MeTOJMKA pacueTa MOKPBITHS B BUE IBYCKATHBIX OJIOKOB M3 MeMOpaHHBIX naHenei. [IpuBoastcs hopMysisl JUIsl ONpeIesIeHHs! BHYTPEHHUX YCHIINH B HanOoJIee HalpsHKEHHBIX
CCUCHUAX KOHTYPHBIX 3JICMCHTOB. I/IH)KCH@pHaS[ MCETOAHNKA PCKOMCHIYCTCS AT 06OCHOBaHI/ISI TCXHUYCCKUX pCIJ_IeHI/Iﬁ Ha CTaauu ((HpOCKT)).

KuroueBbie ciioBa: MCMGpaHa, OHOpHLIf[ KOHTYP, 60pT0B0]71 DJICMCHT, KapHI/I3HI>II7I DJICMCHT, KOHBKOBBIH DJICMCHT, MCMﬁpaHHaSI T1aHeJlb, BHYTPCHHHUC YCHUIINS, Z[ByCKaTHLIf[ 6J'IOK u3
MCMGpaHHHX HaHCJ‘ICf[, OTHOCHTCJIBHBIC JKECTKOCTHBIC XapAaKTCPUCTHUKH, TCOMETPUICCKAT HEJTMHEHHOCTh CHUCTCMEI, 3¢)¢)CKTI/IBHOCTL MCM6paHHI>IX (TOHKOJ‘II/ICTOBLIX) KOHCprKIII/II\/'I,
UDC: 624.072.2.014 DOI: 10.37538/0039-2383.2020.4.17.23.ENGINEERING METHOD FOR CALCULATING A GABLE BLOCK MADE OF MEMBRANE PANELS. M.I. Farfel, TSNIISK
named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research Center of Construction, Moscow; e-mail: farfelmi@yandex.ru.
Abstract. The paper presents the construction of a gable block made of membrane panels. The main types of these blocks are given, and their design scheme is explained. The main features of efficiency
of systems consisting of membrane panels, in which the span is made of a thin steel sheet (membrane), are given. The relative stiffness characteristics that affect the operation of the gable block of
membrane panels are specified. The main part of this work is an engineering method for calculating the coating in the form of gable blocks made of membrane panels. The formulas for determining the
internal stresses in the most stressed cross-sections of contour elements. Engineering method is recommended for substantiating technical solutions at the «Project» stage».
Key words: membrane, support contour, side element, cornice element, ridge element, membrane panel, internal forces, gable block of membrane panels, relative stiffness characteristics, geometric
nonlinearity of the system, efficiency of membrane (thin-sheet) structures.

Z]e DO YMALMOHHBIC PACYEThL

Defomation calculation
VK 519.633 DOI: 10.37538/0039-2383.2020.4.24.39
C.B. BAKYIIEB, a.1.1., npo¢. IleH3eHCKHMiT rocy1apcTBEHHbI YHHBEPCUTET apXHTEKTYPBI H CTpOoUTeIbCTBa; e-mail: bakuchsv@mail.ru
JlnddepenunaibHble ypaBHeHUs] PABHOBECHS! CIIOLUIHOM cpe/ibl VIS J10CKOii ie)opMauy B HMIIMHAPHYECKHX KOOPAMHATAX NPH OMJIMHE{HOH aNNpOKCHMAIMH 3aMbIKAIOILUX
YPaBHeHMH(IeOMETPHYECKH HeJHHeiliHasi Mojelib)...24
PaCCMa’I‘pI/IBaIOTCSI BOIIPOCHI ITIOCTPOCHUS HH¢¢)CPCHHHMLHLH ypaBHCHHﬁ PaBHOBECHS B IICPEMCIICHUAX IS TUIOCKOT'O HCq)OpMHpOBaHPIS{ CIUIOIIHBIX CPEX IIpHU OMITMHEHHOM
alMPpOKCUMAaINH 3aMBIKaIOIMNX ypaBHGHI/Iﬁ C yueTOM I‘eOMCTpI/I‘{ecKOf/'I HEJTUHEHHOCTH B ]_[]/IJ'[I/IHI[pH‘-[CCK()ﬁ CHCTEMC KOOpIUHAT. HCXOI[S{ U3 NPEAITOJIOKEHNA O HE3aBUCUMOCTH, BOO6LL[€
TOBOpPs, APYT OT Apyra qJuarpamMm 06’beMHOFO M CABUT'OBOT'O l[C(i)OpMPIpOBaHI/Iﬂ, PacCMOTPECHBI IECTh OCHOBHBIX CIIyJacB ¢)H3H‘{€CKI/IX 3aBHCHMOCTeﬁ, 3aBUCAIINUX OT B3AUMHOT'O
PACIONIOKEHUsI TOYEK N3JI0Ma OMIIMHEHHBIX MarpaMM 00beMHOT0 U CABUIoBoro aedopmuposanus. [ToctpoeHre OMIMHEHHBIX GH3NUECKUX 3aBUCHMOCTEH OCHOBAHO HA BHIYMCICHUH
CEeKyIIUX MOJyJiell 00bEMHOr0 ¥ CBUTOBOrO JehopMupoBaHHus. IIpy 3TOM Ha IEpBOM y4acTKe JHarpaMM CEeKyIHii MOy/ib U 0OBEMHOI0, U CABUIOBOTO 1e(OPMHUPOBAHHS IOCTOSIHEH, B TO
BpeMsI KaK Ha BTOPOM y4acTKe JAUarpaMM CeKylHii MOysib 00bEMHOro 1eopMUpPOBaHUs sBIseTCs QYHKIMEH 00beMHOI JeopMaliiy, a CeKyIIUi MOTYIIb C/IBUTa SBIISIETCS QYHKIMEH
MHTeHCUBHOCTH Aedopmaruii capura. TloctaBisist COOTBETCTBYOINE OMITHMHEHHbIE (hU3UUYecKue ypaBHEHHs B JuddepeHipanbHble ypaBHEH!s PaBHOBECHS CIUIOIIHON Cpe/ibl, 3alMCaHHbIe
C y4eTOM IreOMETPUYECKOl HeTMHEHHOCTH, MOTYYHIIH pa3peratonme auddepeHiranbHble ypaBHEHHUS! PABHOBECHS B IEPEMEILCHHSX UL IITI0CKOiT 1eopMariuy B LUIMHAPUYECKOH
cucreme koopauHart. [TomydyeHnsle auddepeHIpanbHbe ypaBHEHNs! PABHOBECHS B IEPEMEIICHUAX MOTYT HAliTH IIPUMEHEHNE NPY OIPEASICHUH HAPSHKeHHO-1e(OPMUPOBAHHOTO
COCTOSIHYS CIUIOLIHBIX CPEJl, HAXOUIIINXCS B YCIIOBUSIX IIOCKOr0 1e(h)OPMUPOBAHUS C YIETOM I'€OMETPUUECKOl HETMHEHHOCTH, (PM3HIECKUE COOTHOIICHHS ULl KOTOPBIX
anIpOKCUMHUPOBAHbI OMIMHEHHBIMU (yHKIUAMH.

KuioueBbie ¢j10Ba: CIUIOIIHAS cpena, miIockas L[C(i)OpMaLII/Iﬂ, MUINHAPUYICCKUE KOOPANHATHI, HH(I)(I)CPCHLII/I&HLHLIC YpaBHCHUS PaBHOBECHS, OUITHMHEWHbIE 3aMBIKAOIINEC YPaBHCHUA,
TE€OMETPUICCKH HEJMHEWHas MOJICIIb.
UDC 519.633 DOI: 10.37538/0039-2383.2020.4.24.39.DIFFERENTIAL EQUATIONSOF BALANSED CONTINUUM FOR PLANAR DEFORMATION IN CYLINDRICAL COORDINATES
AT BILINEAR APPROXIMATION OF CLOSSING EQUATIONS (geometrically non-linear model). S.V. Bakushev, The Penza state university of architecture and construction, e-mail: office@pguas.ru
Abstract. Under analysis, there are questions of differential displacements equilibrium equations construction of balanced continuum for one-dimension planar deformation of continuum at bilinear
approximation of closing equations taking into account geometrical nonlinearity in cylindrical coordinate system. Assuming independence, generally speaking, from each other and volumetric
deformation slip flow diagrams, addressed six major cases of physical dependency, dependent on the relative position of points of the jog bilinear charts volumetric and landslides deformation. Building
bilinear physical dependencies based on the computation of volumetric modules section and slip flow deformation. While the first phase diagrams secant modulus and volumetric and landslides
deformation is constant, while the second phase diagrams secant module volumetric deformation is a function of the volumetric strain, and secant shear modulus is shear deformation intensity function.
While putting corresponding bilinear physical equations into differential equations of continuum balance, made taking into account geometrical nonlinearity, we got resolving differential balance
equations at movements for one-dimensional planar deformation of continuum in cylindrical coordinate system. Received differential balance equations at the movements can be applied while
determining strain-stress state of continuum at the condition of one-dimensional planar deformation taking into account geometrical nonlinearity, physical relations for which are approximated by
bilinear functions.
Key words: Solid massive body, flat deformation, cylindrical coordinates, differential equations of equilibrium, trailing bilinear equations, geometrically non-linear model.

VJIK 621.315.176 DOI: 10.37538/0039-2383.2020.4.40.46
B.B. MULLIEHKO, nu:x. AO «KKOHIEPH TUTAH-2»; e-mail: mat_c@mal.ru
IMAPAMETPUYECKOE YPABHEHUE LEITHOM JIMHUM JIJISI PACYETA T'MBKOM HUTH...40
TIpencrasieHo napamMeTpuyecKoe ypaBHEHHE LIEMHO JIMHUH, HA OCHOBAHMU KOTOPOTro c(opMyJIMpOBaHa OCHOBHAs 3ajiayua IojBeca F’MOKOi HUTH B BU/IC CHCTEMbI HETMHEHHBIX YPABHEHUIA,
YTO IMO3BOJIICT PEIIATh 3aJavu ITOABECa ITPOBOIOB U TPOCOB B.H TOYHBIM METOJOM C UCIIOJIB30BAHUEM CTaHAAPTHBIX MaTEMAaTHICCKHUX IIPpOrpaMMm, HallpuMmep, Mathcad‘
Knmqesue cJioBa: FI/I6K35{ HHUTB, MCTOABI pacueTa IMpoBOAa, HEeIMHas JNHNS, IPOBOAA U TPOCHI, IUHUA DJICKTPOIIEpEeaavn.
UDC 621.315.176 DOI: 10.37538/0039-2383.2020.4.40.46.PARAMETRIC EQUATION FOR A CATENARY TO CALCULATE FLEXIBLE THREAD. V.V. Mishchenko, CONCERN TITAN-
2; e-mail: mat_c@mal.ru
Abstarct. Presented parametric equation of a catenary. The main problem of suspension of a flexible thread is formulated in the form of a system of nonlinear equations. That allows solve the task of
wires power lines accurate method using a standard mathematical software, such as Mathcad.
Key words: flexible filament, the methods of calculation of the wire, catenary, wires and cables, power line.

Z MHAMHWYECKHUE PacyEThl

Defomation calculation
V]IK 624.04:004 DOI: 10.37538/0039-2383.2020.4.47.53
B.B. 3bLJIEB, 1.T.H., ipo¢., A.B. INTEWH, k.1.H., 101, H.A. TPUTOPBEB, k.1.H. Poccuiickuii yausepcuter tpancnopra (MHUMT), r. Mocksa, e-mail: zylevwb@yandex.ru
MPOXOXKJIEHUE BOJTHOM CKATHUS KOHLIEHTPATOPA HATIPSI)KEHMI B BUJE KPYTJIOIO OTBEPCTHAL...47
PaGora nocesiieHa 3aa4e 0 IPOXOXKACHHH BOJTHON CKaTHs 001acTu ¢ KPYIJIbiM oTBepcTHeM. OHO# U3 Lesel paboThl ABIAETCS IEMOHCTPALIMS BO3MOKHOCTEH SIBHOH BBIYHCIMTENbHOM
CXEMbI HHTEIPUPOBAHHUS C HCIOIb30BAHHEM SKCTPAMOISIIUK 10 AfaMcy. PaccMaTpuBaeTces mocko-1eopMHpOBaHHOE COCTOSIHUE JUTsl JIMHEHHO ynpyroro Matepuana. Mcenenyercs
CXOJUMOCTb UCKOMBIX PE3yJIbTaTOB IPH CTYIICHUH CETKH. MaKkcuManbHas pa3MEpHOCTb 3a1auu cocTaBisieT 1o saeMenTam 3 000 000, mpuueM UCoIb30BaHa paBHOMEPHAs CeTKa
KBa/JPaTHBIX KOHEYHBIX 3JIeMeHTOB.O0CYKIAI0TCs IPEHMMYILIECTBA TAKOT0 MOAXO0/A IPU PELICHUH AHHAMUYECKOH 3a1a4n. McciaeayeTcst CXOAUMOCTb MPH YMEHBIICHHH I1ara 1o BPEMEHH.
TIpakTHYECKUM MPUIOKEHHEM UCCIICJOBAHUI MOTYT SIBISITHCSI CTPOUTEINIBHBIC M TPAHCTIOPTHBIC 00BEKTHI, HAPUMEP, TOHHEIIH TIPU MPOXMKACHHN CeHCMHUYECKUX BOJH. PaccMarpuBaeTcst
BO3MOYKHOCTb PACIIPOCTPAHEHHs PE3YJIbTATOB PELICHHS MO00HOM 3a1aul Ha TEOMETPUUECKH MTOTOOHYIO CHCTEMY ITYTEM HCIIOIb30BaHHs CBOMCTB MEXaHNUECKOT0 o100us. ITytem
YHUCJICHHOT'O PCIICHU ITOKa3bIBACTCSA, UTO I paCCMO’I‘peHHOﬁ 3aJa4yu B onpe}leneHHoﬁ CTCIICHU BBITNTOJIHACTCS ITPUHIINIT Cen-Benana.

KuroueBble c10Ba: BoJIHA CHKATHS B pryI‘Oﬁ Cpelie; KOHIEHTpaTop Hal‘lpﬂ)l(eHMﬁ; KpYIJIO€ OTBEPCTHUE; YMCIICHHOE PEIICHUE, KBaJAPATHBIC KOHECYHBIC SJIEMEHTHI; IPUHIIUITBI MEXaHUYECKOI 0O I'IO].IOGPISI;
sSIBHask CX€Ma MHTEIPUPOBAHUSA ypaBHCHHﬁ JABHIKCHHUSI; KOHCYHO-3JICMCHTHAsA CUCTEMa 60]11;]110]7[ Pa3MEPHOCTH; IKCTPATIOIALHS 110 AuaMcy; TPaHCIIOPTHBIC HAYKH, TIPUHIIUIT Cen-Benana.
UDC 624.04:004 DOI: 10.37538/0039-2383.2020.4.47.53. THE PASSAGE OF A COMPRESSION WAVE OF A STRESS CONCENTRATOR IN THE FORM OF A CIRCULAR HOLE. V.B.
Zylev, A.V. Shteyn, N.A. Grigoryev, The Russian University of Transport (MIIT), r. Mocksa, e-mail: zylevwb@yandex.ru.
Abstract. The article is devoted to problem about compressive wave’s passage of area with circular hole. There is one of the goals of this work is demonstrating possibilities of explicit computational
scheme of integration of equations of motion with extrapolation by Adams. The plane-strain condition for linear elastic material was considered. The convergence of results when the mesh is thickened
and decreasing time step was studied. The maximum dimension of the task is 3000000 by elements, and a uniform grid of square finite elements is used. The advantages of this approach when solving a
dynamic problem are discussed. A practical application of research can be construction and transport objects, for example, tunnels during the passage of seismic waves. The possibility of extending the
results of solving a similar problem to a geometrically similar system by using the properties of mechanical similarity is considered. By means of a numerical solution, it is shown that the Saint-Venant
principle is fulfilled to a certain extent for the considered problem.
Key words: compression wave in an elastic environment; stress concentrator; circular hole; numerical solution, square finite elements; principles of mechanical similarity; explicit scheme for integrating
equations of motion; finite element system of large dimension; Adams extrapolation; transport sciences, the principle of Saint-Venant.



VJIK 624.04 DOI: 10.37538/0039-2383.2020.4.54.60
A.M. IEUH, a.1.1H., A.B. YYMAHOB, acnupant Ilen3eHCKHil rocyIapcTBeHHbIH YHMBEPCHTET apXUTEKTYPbI H CTpouTebeTBa; e-mail: shein-ai@yandex.ru
KOJEBAHMS CTEPKHEBBIX CUCTEM C YYETOM ®U3MYECKOMA U TEOMETPHYECKOM HEJTAHENHOCTH...54
B craTbe onuchIBaeTCS aATOPUTM pacyeTa KoneOaHUH CTEPKHEBBIX CUCTEM METOIOM KOHEUHBIX 3JIEMEHTOB € y4eToM (DPM3HUECKOH 1 FeOMETPUUECKOil HelMMHEeHHOCTEH. YueT (usnueckon
HEJIMHEIHOCTU peall3yeTcsi Ha OCHOBE KyOMYEeCKO! 3aBHCHMOCTH HAPSDKEHUH OT OTHOCHTENBHOM JeOopMalliy 3JI€MEHTOB. Y4eT FeOMETPUYECKOH HEMMHEIHOCTH IIPOU3BOIUTCS 33 CUET
BBEJICHHSI B pacyueT reOMETPUIEcKOil MaTpulibl. [IpuBeeHBI pe3ysIbTaThl pacyeTa B BUAE rpauKoB HepPEMEIICHUH Y3II0B 2JIEMEHTa JIOKAaTopa.

KioueBble cjioBa: JI[I/IHaM]/I'{CCKI/Iﬁ pacuer, KOHGG&HHX, QJI/[BI/[‘ICCKEU[ HeJ‘IHHCﬁHOCTL, reoMeTpuiecKasn HEJ‘II/IHCf/’IHOCTI:, METOA NEPEMEHHBIX ITAPaMETPOB YIPYTOCTH, T€OMETPUUICCKAas MaTpULa.
UDC 624.04 DOI: 10.37538/0039-2383.2020.4.54.60.VIBRATIONS OF ROD SYSTEMS TAKING INTO ACCOUNT PHYSICAL AND GEOMETRIC NONLINEARITY. A.l. Shein, A.V.
Chumanov. Penza State University of Architecture and Construction; e-mail: shein-ai@yandex.ru
Abstract. The article describes an algorithm for calculating vibrations of rod systems by the finite element method, taking into account the physical and geometric nonlinearities. Accounting for physical
non-linearity is implemented based on the cubic dependence of stresses on the relative deformation of elements. Geometric nonlinearity is taken into account by introducing a geometric matrix into the
calculation. The calculation results are shown in the form of graphs of node movements of the locator element.
Key words: dynamic calculation, vibrations, physical nonlinearity, geometric nonlinearity, method of variable elasticity parameters, geometric matrix.

PacueTsl Ha ycTOHYNBOCTD
Stability calculation
VJIK 624. 13 DOI: 10.37538/0039-2383.2020.4.61.66
C.B. BOCAKOB, n.1.1.., npod. BHTY, PYII «Mucturyr BentHUUCy, r. Munck, Pecny6anka Benapycs, e-mail: Sevibo@yahoo.com
CIIOCOB B.H. )KEMOUYKHHA B 3AJJAYAX YCTOMYMBOCTHU CTEP)KHE HA YIIPYTOM OCHOBAHHUM...61
B cratee paccMaTpuBacTCA 3a1ada 06 yCTOP’I‘-{HBOCTH CTCPIKHSA Ha IIPOU3BOJIBHOM YIIPYTOM OCHOBAaHHUH I10J ILCI>’ICTBPICM C)I(PIMa}OH.ICﬁ CHIIBI. 33}13‘-121 penraeTest criocooom JK.H. JKemouknHa.
KO3¢)¢)HHI/ICHTH TIpA HEU3BECTHBIX YCHUIIHUAX B CBA3SAX B.H. XXemoukuHa u TIpA HEU3BECTHOM YIJIOBOM IIEPEMCIICHUH BBCICHHOI'O 3allICMJICHUS Ha KOHIIC CTCPIKHA B CHCTEME KaHOHUYICCKUX
ypaBHCHP[P’I CMCHUIaHHOTO MCTOaa CTPOI/ITCJ'IBHOI\/'I MCXaHHUKH 3alIACBIBAIOTCS C yICTOM Z[CﬁCTB]/IS[ HpOHOHLHOﬁ CHJIBI B CTCPIKHE. 321;[3‘{21 CBOIUTCS K PCIICHUIO OHHOpOZ[HOfI CUCTCMBI
JTIMHEHHBIX anre6pa1/[qec1<nx ypaBHCHPIﬁ, OpeaCINTECIIb KOTOpOP’I TIPUPAaBHUBACTCA HYIIIO. KOpHI/I OMpPEaCIINTEII Jal0T COBOKYITHOCTDh KPUTHYICCKHUX ITapaMETPOB, I10 KOTOPBIM
HaXoAATCs BEJIMINHBI KDUTHICCKUX CUJI IJIST CTCPIKHS. OTILCJ'IBHO paccMaTpuBacTCA C.l'[y'-laﬁ JKCCTKOTO CTCPIKHS, UIA KOTOPOT'O CYyHIECTBYCT €AMHCTBCHHAS (bopMa norepu yCTOI)’[‘II/IBOCTPI "
JUISL KOTOPOT'O IIPpH OCHOBAaHHUH Bm—n(nepa H3BECTHO TOYHOC PCIICHUC. B stom CJrydac BBIIIOJIHACTCS IIPOBEPKA CXOAUMOCTH PE3YJIbTATOB IIPH YBCIIMICHUH YHCIIa YIaCTKOB B.H.
KemoukuHa. HpP[BOZ[ﬂTCﬂ TIPUMEPHI OIIPEACIICHUST KpPITPI‘ICCKOi’I CHJIBI JUIA CKATOI'0 CTCPIKHSA Ha OCHOBAaHUHN BI/IHKJ’ICpa 1 yIIpyrom norynpoCTpaHCTBE.

Ki1ioueBble €J10Ba: yCTOHYMBOCTD, yIIpyroe ocHoBaHue, cnoco6 b.H. XKemouknna, Mmeton PuTiia, KpuTHUECKHIl mapaMeTp.
UDC 624. 13 DOI: 10.37538/0039-2383.2020.4.61.66.B.N. ZHEMOCHKIH METOD IN THE PROBLEMS OF STABILITY RODS ON AN ELASTIC BASE. S.V. Bosakov, BNTU, RUE
«Institute BeINIIS», Minsk; e-mail: sevibo@yahoo.com
Abstract. The article deals with the problem of stability of a rod on an arbitrary elastic base under the influence of a compressive force. The problem is solved by the method of B.N. Zhemochkin.
Coefficients for unknown forces in the bonds of B. N. Zhemochkin and for unknown angular displacement of the introduced pinching at the end of the rod in the system of canonical equations of the
mixed method of structural mechanics are written taking into account the action of the longitudinal force in the rod. The problem is reduced to solving a homogeneous system of linear algebraic
equations, the determinant of which is equal to zero. The roots of the determinant give a set of critical parameters that determine the values of the critical forces for the rod. Separately, we consider the
case of a rigid rod for which there is a unique form of stability loss and for which the exact solution is known at the base of the Winkler. In this case, the system checks for the convergence of the results
when increasing the number of stations B.N. Semochkina. Examples of determining the critical force for a compressed rod based on Winkler and elastic half-space are given.
Key words: stability, elastic Foundation, method B. N. Semochkina, the Ritz method, the critical parameter.

VJIK: 624.04 DOI: 10.37538/0039-2383.2020.4.67.71
C.B. SI3bIEB!, k.1.1., B.C. YEIIYPHEHKO?, cryzent, A.C. YEIIYPHEHKO", k.1.1., J.C. CABUTOB??, k.1.1.. /IoHcKoii rocy1apcTBeHHbIil TeXHHYeCKUI
yuusepcurer; 2Kazanckuii (IIpusosukckuii) denepanbuplii yausepentet; “Kasanckuii rocy1apcTBeHHblii dHepreTHyeckuii ynusepenrer; e-mail: serdariaziev@gmail.com
PACYET HA YCTOMYMBOCTD CKATBIX JEPEBSHHbIX CTEP)KHEM ITPU HEJTUHEAHOM IMOJI3YYECTH...67
PaccmatpuBaoTcs BOIpOCH! pacuera Ha MPOJ0JIbHBII U3rHO CHKaThIX JEPEBSHHBIX CTEPIKHEN ¢ yUeTOM MIHOBEHHOW HEIMHEHHOCTH Ae(OPMUPOBAHUS U MOJI3YUECTH, A TAKKE HAUaJIbHBIX
HECOBEPILICHCTB. B OCHOBY 10/105KEHO ypaBHEHHE BA3KOYIPYTrOIUIACTHYECKONH MOJIENH HAC/IEICTBEHHOIO CTapeHus, npeiokenHoe A.I'. TampassHoM. B kauecTBe ypaBHEHUsI, ONPEACIISAIOLIErO
3aBHUCHUMOCTB MEXKAY HAIIPSOKECHUAMU U MTHOBEHHBIMU }:[C[bopMaLIl/lﬂMH, HCIIOJIb30BaHa c])opmyna GCCTHepa. HpeﬂCTaBHCHa 3aja4a Ui IapHUPHO OIIEPTOTO IO KOHIAM CTEPIKHSA KBAApaTHOIO
MONEPEYHOro CeYeHHs, KOTopas cBeJeHa K JudGepeHIalbHOMY YPaBHEHHIO BTOPOTO MOPSAAKA OTHOCUTEIIBHO Nporuda. PeleHne noiny4eHHOro ypaBHEHHUs! BBHIOJIHACTCS YUCICHHO IPH TIOMOIIH
pa3p360TaHHOﬁ aBTOpaMHU IIPOTrpaMMBI B CPEIAC Matlab. Tlokazano CYILIECTBEHHOC BIIMSTHUE HAYaJIbHBIX HECOBEPIICHCTB Ha BEJINYNHY MT'HOBEHHOMN KpI/ITl/I‘ICCKOﬁ CHJIBI 1 KDUTHYECKOI'0O BPEMEHH. Hp]/l
OJIHOM U TOM K€ HarpysKke, B 3aBUCHMOCTHU OT BEJIMYHHBI CTPEJIbl HAUaJIbHOI HOrHOH, pocT Iporuda BO BpEMEHH MOKET HOCUTh KaK OIpaHMYEHHbIH, Tak U HeOrpaHU4eHHbIH xapaktep. Ha ocHoBe
](aCaTCJ'leO-MOIlyIlLHOﬁ TE€OPHUH BBIBEICHA dJOpMyJ'la MI'HOBEHHOT'O KPUTHYECKOI'O HAIIPSXKEHUA UL UACAJIBHBIX CTep)KHeﬁ, paGOTaIOU_Il/lX 3a npeaeiaMu ynpyrocTH, U BbIIIOJTHEHO CPaBHEHHUE
Pe3yJIbTaTOB, HOJYYSHHbIX C HCIIONB30BAHUEM YKA3aHHOM TEOPUH U KPUTEPHs HAuaJbHBIX HECOBEPLICHCTB.

KiaoueBble cjioBa: TI0JI3y4€CTh, A€PEBO, CTEPKEHD, HCHI/IHSﬁHOCTB, yCTOf[‘IHBOCTB.
UDC: 624.04 DOI: 10.37538/0039-2383.2020.4.67.71.CALCULATION OF THE STABILITY OF COMPRESSED WOODEN RODS UNDER NONLINEAR CREEP. Yazyev S.B.1,
Chepurnenko V.S.1, Chepurnenko A.S.1, Sabitov L.S.2,3, 1 Don State Technical University, department «Strength of materials», 2 Kazan Federal University, 3 Kazan State Power Engineering
University; e-mail: serdariaziev@gmail.com
Abstract. The problems of calculating the longitudinal bending of compressed wooden rods are considered taking into account the instantaneous nonlinearity of deformation and creep, as well as initial
imperfections. It is based on the equation of the viscoelastoplastic model of hereditary aging proposed by A.G. Tamrazyan. The Gerstner formula is used as an equation determining the relationship
between stresses and instantaneous strains. A problem is presented for a square cross-section pivotally supported at the ends rod, which is reduced to a second-order differential equation for deflection.
The solution of the obtained equation is performed numerically using a program developed by the authors in the Matlab environment. A significant effect of initial imperfections on the value of the
instantaneous critical force and critical time is shown. At the same load, depending on the value of the the initial deflection, the increase in the deflection in time can be either limited or unlimited. Based
on the modulo-tangential theory, the formula for instant critical stress for ideal rods working outside the elasticity is derived, and the results obtained using this theory and the criterion of initial
imperfections are compared.
Key words: creep, wood, rod, nonlinearity, stability.

Mexanuka rpyHTOB
Soil mechanics
VK 624.139 DOI: 10.37538/0039-2383.2020.4.72.77
AJIEKCEEB A.T., k.1.H., HUAOCII um. H.M. I'epceBanoBa (AO «HULL «CtpourenscTBo»), MI'CYIK; e-mail: adr-alekseev@yandex.ru
HAIIPSI’KEHHO-IE®@OPMHUPOBAHHOE COCTOSIHUE TYYNHUCTOI'O T'PYHTA ITPU TIPOMEP3AHUMN...72
TIpencrasneHbl QyHKIHOHAIBHBIC 3aBUCHMOCTH MKy HAPSHKCHHBIM U 1e(h)OPMUPOBAHHBIM COCTOSIHUSIMU (TEH30paMH) ¥ TapaMeTPaMH, XapaKTePU3YIOLIUMH TTPOMEP3arOLIHit
MYYMHUCTBIH rpyHT. [IpUBEJICHO OMUCAaHUE HATIPSKEHHO-e(hOPMHUPOBAHHOIO COCTOSIHUS ITyYHHHUCTOrO TPYHTA PU POMEP3aHNH € HOMOLIBIO TEOPUH TePMOYIPYTrocTH. CTaThs COICPIKUT
IIPUMEPHI pacyeTa pa3jJInvIHbBIX BUI0B Hal'[pﬂ)KCHHO-}Z[e@opMHpOBaHHOFO COCTOSTHH S TIPOMEP3ar0IICro 'pPyHTa € UCIIOJIb30BAHUEM TECOPHUU TEPMOYTIPYTOCTH.

KitioueBble cj10Ba: MOPO3HOE (KPHOTEHHOE) IydYeHHE IPYHTA, HAMPSKEHHO-1e()OPMUPOBAaHHOE COCTOSIHUE TPYHTA, TEOPHSI TEPMOYIIPYTOCTH.
UDC 624.139 DOI: 10.37538/0039-2383.2020.4.72.77.STRESS-STRAIN STATE OF THE HEAVING SOIL DURING FREEZING. A.G. Alekseev, Gersevanov NIIOSP, Moscow State University
of Civil Engineering; e-mail: adr_alekseev@yandex.ru
Abstract. Functional dependencies between the stressed and deformed States (tensors) and parameters that characterize the frozen heaving soil are presented. The description of the stress-strain state of
the heaving soil during freezing using the theory of thermoelasticity is given. The article contains examples of calculating various types of stress-strain state of frozen soil using the theory of thermoelasticity.
Key word: frost (cryogenic) soil heaving, stress-strain state of the soil, theory of thermoelasticit.
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Strength calculations

VJIK: 624.012.3; 624.012.4 DOI: 10.37538/0039-2383.2020.5.4.11

C.b. KPBUJIOB, a.1.1., C.A. 3EHUH, k.1.1., P.III. ITAPAIOB, k.1.H., F0.C. BOJIKOB, k.T.H., A.O. IUT'YJIEB, nmx., HHUKB um. A.A.I'Bo3neBa; e-mail: volkov@cstroy.ru
OINIPEAEJIEHHUE HANPSIOKEHUAN B APMATYPE KEJE30BETOHHBIX KOHCTPYKUMI JJIS1 PACYETA 1O NPEJAEJIBHOMY COCTOSIHUIO 11O YCTAJIOCTM...4
Coaep)lcamaﬂcsl B OT€YECTBECHHBIX HOPMaX I10 MPOCKTHPOBAHUIO )Ke]'le3066TOHHB]X KOHCprKLII/Iﬁ METOJHMKa pacye€Ta Ha BBIHOCIIMBOCTh (yCTaIIOCTL) NpeayCMaTpUBacT, YTO MAaKCUMaJIbHbIC HATIPSKEHUS B
apMaType€ HE NOJIKHBI IIPEBOCXOAUTL COOTBETCTBYIOIINUX PACUYETHBIX COl'lpOTI/IBJ'ICHl/lf/’I, ONpeneIsieMBbIX 110 OTPAHUYCHHOMY IIPEAEITY BBIHOCIIMBOCTH. PacuetHbie COIIPOTHUBJICHHUSA YCTAHABIINBAIOT B
3aBHUCHUMOCTH OT PEKUMa HArpy30K, XapakTepu3syeMmoro KOB(i)(i)"H"CHTOM ACHMMMETPHH LIMKJIA U BHJ1a apMaTypbl (ee knacca). npOBe}IeHHHﬁ AHAJIM3 ITOKa3aJl HEKOTOPBIC OTINYMSA

OTEYECTBEHHOM METOJMKHU pacyeTa OT NOAX0A0B MHOCTPAHHBIX HOPM B 4YaCTH pacyeTa 1o paCTﬂHyTOﬁ apMatype, B KOTOPBIX B KA4Y€CTBE OCHOBHOT'O KPUTEPUS TIPUHATO HOPMHUPOBAHUE T10 IIPEACIIBHBIM
aMIUMTy1am Hal‘lpﬂ)l(CHI/lﬁ. C YYE€TOM JaHHBIX IIPOBEACHHBIX HCCHC}IOBaHMﬁ, a TaKXe OTACJIbHbIX TTOJIOKEHU I pacueTra Ha yCTaJIOCTh, IIPUHATOIO B HOpMaX NMPOCKTUPOBAHUSA psijia APYyTUX CTpaH,
TIPEICTABIAETCS MOJIE3HBIM AKTYaJIM3UPOBATH CYNIECTBYIOUIYI0O METOAUKY pacye€Ta, CKOPPEKTUPOBAB €€ B YaCTH pacyeTa 1o paCTﬂHyTOﬁ apMaTtype ¢ y4€TOM UME IOLIUXCS NaHHBIX 10 MPEeAEeIbHbIM
aMIUTATy1amM Hanpmker—mﬁ. lIJ'IS{ 3TOM e GLIJ'IH TIPOBEJICHBI PACYETHO-TCOPETHIECKUE UCCIICIOBAHUS 110 YCTAHOBJICHUIO MIPEACIBHO JOMYCTUMBIX aMIUTATYT Hal‘lpﬂ)KCHMﬁ B apMartype. Ilo pesynbTaTaM
MCCIIE0BaHNUI OBUTH COCTABJICHBI MPEVIOKEHHUS IO PAcCYeTy PacTIHYTOI apMaTypbl (Kak HEHANPIATaeMOM, TaK U IIPEABAPUTEIBHO HAMPSHKEHHOM) HA yCTANOCTh. YKa3aHHbIE MPEAT0KEHHS COCTABICHBI C
YYE€TOM pa3IMIHBIX KOHCTPYKTHBHBIX pemer—mﬁ ApMHUpOBaHUA (HaXHeCTOl{HLIC Y MEXaHWUYECCKUE COCTMHCHUS apMaTyphbl, THYTBIC CTEPKHU 1 llp)

KiiroueBrble €j10Ba: Kene300€TOHHbBIE KOHCTPYKIHUH, METOJ pacyeTa, NPEACILHOC COCTOSAHHUE, YCTAJIOCTh, HEHAIIpATacMas apMaTtypa, IpeABapUuTEIbHO HAIPSHKCHHAsA apMaTypa, HAlIPsKCHUSA, aMIUIATyaa
HaIPSKEHUH, KJ1acC apMaTyphl.

UDC: 624.012.3; 624.012.4 DOI: 10.37538/0039-2383.2020.5.4.11 DETERMINATION OF STRESSES IN REINFORCEMENT OF CONCRETE STRUCTURES FOR FATIGUE LIMIT
STATE VERIFICATION. S.B. Krylov, S.A. Zenin, R.Sh. Sharipov, Yu.S. Volkov, A.O. Tsygulyov,NI1ZHB named after A.A. Gvozdev; e-mail: volkov@cstroy.ru

Abstract. The method of calculating endurance (fatigue) contained in the national standards for the design of reinforced concrete structures provides that the maximum stress in the reinforcing and
prestressing steel should not exceed the corresponding design resistances determined by a limited fatigue strength. The calculated resistances are set depending on the load mode, characterized by the



cycle asymmetry coefficient and the type of reinforcing and prestressing steel (class). The analysis showed some differences between the national calculation method and the approaches of foreign design
standards in terms of calculation for reinforcing and prestressing steel at tension, in which the main criterion is the calculation of the ultimate stress range. Taking into account the data of the conducted
research, as well as certain provisions of the fatigue calculation adopted in the design standards of a number of other countries, it is useful to update the existing calculation methodology, adjusting it in
the part of calculation for reinforcing and prestressing steel at tension, taking into account the available data on the ultimate stress range. For this purpose, computational and theoretical studies were
conducted to establish the ultimate stress range. Based on the results of the research, proposals were made for calculating of reinforcing and prestressing steel at tension for fatigue. These proposals were
made taking into account various detailing solutions of reinforcement (lapped splices and mechanical joints, bent bars, etc.).

Key words: reinforced concrete structures, calculation method, limit state, fatigue, reinforcing steel, prestressing steel, stresses, stress range, reinforcing and prestressing steel class.

TPHTU 67.11.31 YIK 624.012.4-183.2 DOI: 10.37538/0039-2383.2020.5.12.16

A.B. TPO®HUMOB, K.T.H., 1ouent, K.A. HA3BAPOBA, acnupant Cankr-IleTep6yprekuii rocy1apcTBeHHbIN apXHTEKTYPHO-CTPOUTEIbHBIN YHHBepcHTeT; e-Mail: nazarovaks@bk.ru

YYET BJIMUSIHUS IUVIUThI IIPU PACYETE HECYUIEA CIIOCOBHOCTHU BAJIOK MOHOJIMTHOI'O PEBPUCTOI'O IEPEKPBITHS]...12

B HacTOsALIEC BpEMS 6oJbIIoe Pa3BUTHE MOIYYACT CTPOUTEIBCTBO U3 MOHOJIUTHOT'O JKeNre300eToHa. OL[HaKO pacueT MOHOJIUTHOTO pe6pI/ICTOFO TIEPEKPBITHA 110 COBPEMEHHBIM HOPMaM MOXKET

NPUBECTH K CYLIECTBEHHOMY I1€PeapMHUPOBAHMIO, IIOCKOJIBKY apMaTypa IUIUTHI TaKxKe ydacTByeT B pabote Oanku. [Ipejuiaraercs MeTonnka pacyeTa ¢ yueToM apMUpPOBaHUs IUIMTHL. PaccMoTpeH

pacueT yyacTka MOHOJIUTHOI'O pe6pl/lCTOFO TEPEKPBITHA KaK 10 COBPEMEHHBIM HOpMaM, Tak U 110 HpeI[J'IO)KCHHOﬁ METOAUKE B 3aBUCUMOCTH OT U3MEHEHU I HAIPY3KH. HonyquHL}e PE3ynbTaThl CBEACHBI

B Ta0JIMLIBL, IPOBEJICH CPABHUTEIIBHBII aHAIN3, IOCTPOEHBI I'PAUKHU U C/EJIAHbl COOTBETCTBYIOLIME BBIBO/IBI O BIMSHUM apMUPOBAHHS IUIMTHI B pacyeTe OalIKu IIPU ONpPEIe/ICHHbIX HapaMeTpax.
Kuwuessble ciioBa: pacuetr Ganku TaBpOBOI'O CEYCHUS, AapMUPOBAHHUE IIJINTHI, MOHOJIUTHOE pCGpI/ICTOe NIEPEKPBITUE.

UDC 624.012.4-183.2 DOI: 10.37538/0039-2383.2020.5.12.16. ACCOUNTING OF INFLUENCE OF THE FLANGES IN CALCULATING THE BEAM STRENGTH OF THE RIBBED

SLAB. A.V. Trofimov, K.A. Nazarova, Saint-Petersburg state university of architecture and civil engineering; e-mail: nazarovaks@bk.ru

Abstract. Construction from monolithic reinforced concrete gets a big development. However, the calculation of monolithic ribbed overlap according to modern standards can lead to a significant

overhaul, since the shelf reinforcement is also involved in the work of the beam. Therefore, the proposed method of calculation, taking into account the reinforcement of the shelf. The calculation of the

section of a monolithic ribbed overlap (girder beams) is considered both according to modern standards, and according to the proposed method, depending on the load change and concrete class. The

results obtained were tabulated, a comparative analysis was carried out, graphs were constructed and corresponding conclusions were made on the effect of reinforcement of the shelf in the calculation of

the beam with certain parameters.

Key words: calculation of T-beam, flange reinforcement, ribbed slab.

VJIK 624.042; 539.3 DOI: 10.37538/0039-2383.2020.5.17.24

K.IL IS TUKPECTOBCKHM, 1.7.1., c..c. THAMCK um. B.A.Kyuepenko; e-mail stroymex@list.ru

PACYET JEPEBSIHHBIX IPOCTPAHCTBEHHBIX KOHCTPYKIHM ITPU CJOKHOM HANPSIKEHHOM COCTOSIHUM...17

H])I/IBOI[SITCFI NPEUIOKEHHUS 110 pacueTy KOHCpr’KHI/Iﬁ C KapkKacom us KJIECHOU 1 L[eJ'II:HOﬁ JAPEBECUHEBI U C OGIHI/IBKEIMPI W3 aHU30TPOITHBIX MaTEPHUAIIOB, pa60'raloumx B CJIO’)KHOM HaIpsHKEHHOM

COCTOSIHMH TIPY KPaTKOBPEMEHHBIX U JUIUTENbHBIX Harpy3kax. JIaloTcs MeToMKa 1 pHUMep pacyeTa Ha CABHI Hanboiee HaNpsHKEHHBIX CBSI3CH B IIBaX IPUMBIKAHUs 000JIOUKH K AHadparMam 1o TeOpuu

MPEACIIBHOIO paBHOBECHS. Hpe;maraeTc;{ BKIIFOUUTH Pacy€Thl SJIEMEHTOB KOHCT‘pyKHHﬁ, paGOTalOLLIl/lX B CJIO)KHOM HAITPSIZKEHHOM COCTOSIHUH B IIOCJIEAYIOIHNE PEAAKIIUA HOPM IIPOCKTUPOBAHUSA.
KinroueBble cj10Ba: 1epeBSHHBIC KOHCTPYKIMH, CTATUYECKAs! HEONPEASIMMOCTb, HEJIMHEHHbIE leyopManiiiy, HHTErpalbHbI MOY/Ib, aHU30TPOIHS, KPUTEPHHU HIPOYHOCTH.

UDC 624.042; 539.3 DOI: 10.37538/0039-2383.2020.5.17.24. CALCULATION OF WOODEN SPATIAL STRUCTURES UNDER COMPLEX STRESS CONDITIONS. K.P. Pyatikrestovskiy,

TSNIISK named after V.A. Kucherenko; e-mail stroymex@list.ru.

Abstract. The article proposes the calculations of structures made of glued or solid wood and paneling from anisotropic materials that work at complex stress state together with a frame under short-term

and long-term loads. A method and an example of calculation for the shift of the most stressed bonds in the seams of the shell abutment to the diaphragms are given according to the theory of ultimate

equilibrium. It is proposed to include calculations of structural elements operating in a complex stress state in subsequent versions of the design standards.

Key words: wooden structures, static indeterminability, nonlinear deformation, anisotropy, integral modulus, strength criteria.

YucaeHHbIe pacyeThbl
Numerical calculations
YK 624.04+624.07 DOI: 10.37538/0039-2383.2020.5.25.32
A.B. EPMAKOBA, k.T.H., 10ueHT ®T'AOY BO «IO:kH0-Ypanbekuii rocynapersennsiii yuusepeurer (HUY)», r. Yensounck; e-mail: annaolgall@gmail.com
IMPUMEP IPEOBPA30OBAHUS MATPUIIbI )KECTKOCTHU TPEYI'OJIBHOI'O KOHEYHOTI'O 9JIEMEHTA BAJIKU-CTEHKHU B MJIK3...25
PaccmatpuBaeTcs mpuMep MoCTENeHHOro Npeodpa3oBaHUs MATPULIBI KECTKOCTH TPEYTrOIbHOIO KOHEUHOTrO 31eMeHTa OaIKU-CTeHKH IIPH IPOBEACHUH HEIIMHEHHOr0 pacyeTa 110 IepBoMy
MPEIEIBHOMY COCTOSIHHIO METOIOM JOTOJIHHTENIBHBIX KOHEUHBIX d1eMenToB (MJIKD). K MomenTy pa3pymenus matepuan KO (6eToH) nposiBIseT oT ABYX (IIPU CXKaTHU) 0 YeThIpeX (IIPH PaCTSKCHUH)
(u3nuecku HeJIMHEIHBIX CBOMCTB. Matpuua xectkoct KD MeHsieTcs o1 BIUsHUEM Kax10ro u3 HuX. Jis yucieHHoro MozenupoBanus 3toi onepaiuun MJIKD ucnonb3yeT MaTpUIibl )KECTKOCTH
JIOTIOJTHUTEIIBHBIX KOHEYHBIX 35ieMeHToB (JIKD).

KiioueBsble ciioBa: METOA AOINOJIHUTEIIbHBIX KOHEYHBIX DJIEMEHTOB, METO/I KOHEYHbIX 3JIEMEHTOB, MaTPULIa KECTKOCTH KOHEYHOTO DJIEMEHTA, JJ,OHOJIHI/ITeJ'IbeIﬁ KOHEYHBIH 3JIEMEHT, MaTpula
JKECTKOCTH IOMOJIHUTECIIBHOIO KOHEYHOT'O 3JIEMEHTA.
UDC 624.04+624.07 DOI: 10.37538/0039-2383.2020.5.25.32. EXAMPLE OF GRADUAL TRANSFORMATION OF STIFFNESS MATRIX FOR TRIANGULAR FINITE ELEMENT OF
DEEP BEAM AT AFEM. A.V. Ermakova, South Ural state University (NRU), Chelyabinsk; e-mail: annaolgall@gmail.com Abstract.
The paper considers the example of gradual transformation of the stiffness matrix of triangular finite element of deep beam for fulfillment of nonlinear analysis according to first limit state by means
of Additional Finite Element Method (AFEM). Material FE (concrete) reveals from two (under compression) to four (under tension) physical nonlinear properties before its collapse. Stiffness matrix of
FE is changed under influence of each property. AFEM uses the stiffness matrixes of additional finite elements (AFE) for numerical realization of this operation.
Key words: additional finite element method, finite element method, stiffness matrix of finite element, additional finite element, stiffness matrix of additional finite element.

VJIK 624.012.41:519.3 DOI: 10.37538/0039-2383.2020.5.33.37

B.JI. XAPJIAHOB, a.1.H., C.B. XAPJIAHOBA, k.T.H. HAUC BoarI'TV, r. Boarorpan; e-mail: svetth@mail.ru

MOJAEJIMPOBAHUME NNPEJIBAPUTEJIBHO HAIIPSIKEHHOM ILJIMTHI NEPEKPHITUSI KOHEUHBIMHA 3JIEMEHTAMMU...33

MOJZ[CJ'[PIpOBaHl/lC 6€TOHa KOHEYHBIMH 3JIEMEHTAMH 3aTPYAHCHO B CBS3H C IBYMS Q)aKTopaMl/lZ HaJIMYueM Hucna;{a}omeﬁ BE€TBHU JHAarpaMMbl COCTOSTHHSA W CYIIIECCTBEHHBIM Pa3JIMYHUEM IIPE/CIIOB
MPOYHOCTH HPH OJHOOCHOM M TPEXOCHOM CKaTHH. J{yist mpe1BapuTeIbHO HAIPSHKEHHBIX JKeIe300€TOHHBIX AIEMEHTOB 100aBiIseTcs mpobieMa MOICINPOBAHHS MIPEIBAPUTEIILHO HAIPATaeMOM
apmatypsl. JUIs pereHus 3THX npobiiemM pa3paboTaHa METOJMKA pacyeTa, peaM3yrolas MeTo{ KOHEUHBIX 2JIEMEHTOB. JlaHHAst METOIMKA MO3BOJISET B OJJHOM IIPOrOHE pean30BaTh pacyer mo 1 u 2
TpyInaM IpeAesbHbIX COCTOSTHUN MPeIBAPUTENILHO HANPSKEHHBIX JKele300eTOHHBIX KOHCTpyKIuid. [IpuBeien npuMep pacuera MIMThl HEPEKPHITHS C OBAJIbHBIMHU IIyCTOTaMH. [loy4eHHbIe pe3yIbTaThl
CpaBHUBAJIUCH C pe3yJIbTaTaMHu HOpMaTHBHOﬁ METOJMKH pacyeTa.

KirroueBble ¢j10Ba: GeTOH, TEOPHs IPOYHOCTH, HAarpaMMa COCTOSIHHS, METO/] KOHEUHBIX 3JIEMEHTOB, SKBUBAJICHTHbIC HAIIPSDKCHNS, SHEPIHs 1e(OPMUPOBAHHUS, HEIIMHEHHBIC yPABHEHHS CTATHKH, (PHU3HUECKast
HCJIMHCHUHOCTb.

UDC 624.012.41:519.3 DOI: 10.37538/0039-2383.2020.5.33.37. MODELING A PRESTRESSED FLOOR SLAB WITH FINITE ELEMENTS. V.L. Kharlanov, S.V. Kharlanova, Volgograd state
technical University; e-mail: svetth@mail.ru.

Abstract. Modeling concrete with finite elements is difficult due to two factors: the presence of a falling branch of the state diagram and a significant difference in the strength limits for uniaxial and
triaxial compression. For prestressed reinforced concrete elements, the problem of modeling prestressed reinforcement is added. To solve these problems, a calculation method has been developed that
implements the finite element method. This method allows for the calculation of 1 and 2 groups of limit States of prestressed reinforced concrete structures in a single run. An example of calculating a
floor slab with oval voids is given. The results obtained were compared with the results of the standard calculation method.

Key words: concrete, strength theory, state chart, finite element method, equivalent stress, energy deformation, nonlinear equations of static, the physical nonlinearity.

2 UHAMHWYECKHUE PACYCThI
Dynamic calculation
V]IK 624.07.534.1 DOI: 10.37538/0039-2383.2020.5.38.46
U.N. UBAHYEHKO, a.1.1., npod. PYT MUUT; e-mail: ivaii0ll@mtu-net.ru
T'PAHUYHO-2JIEMEHTHBIN noaxoA K PACYHET Y BSAHMOﬂEﬁCTBHﬂ CKOPOCTHOTI'O )KEJE3HOJOPOXKHOI'O COCTABA U MOCTOBOI'O IIEPEXO/IA...38
Yactb TiepBas. HCﬁCTBHC Ha MOCTOBO# Tnepexon HO}lBM)KHOﬁ CHJIOBOM Harpy3ku HHSI pacuera MOCTOB Ha BCM npeuiaratoTcs rpaHuYHbIC JIEMEHTHI Il CTEPKHA Ha YIIPYTrOM OCHOBaHHUH (KOHC'{HHC
3JIEMEHTBI OOJIBLION [UTHHBI, TIPH alIPOKCUMAINK CMEIeHHit HaOOpOM JIMHEHHbBIX ¥ TPUTOHOMETpHUYECKUX (QyHKIHiT). ['paHNUHbIE 2IeMEHThI HCIONIB3YIOTCS IS pacyeTa KojaeOaHuii penbcoBoro myTH
BHE MOCTa M Ha MOCTY COBMECTHO CO CBSI3aHHBIM 4Y€pe3 ﬂpOCHOﬁKy JABYXITYTHBIM 0aJIOYHBIM MOCTOM TIpU CKOPOCTHOM JBHKEHUH HpOI/BBOJ‘ILHOﬁ CHJIOBOI Harpy3Kku. ZIJ'ISI TIOCTPOCHHST METOTUKH
HCIOJIB3YIOTCS MPEVIOKEHHBIC pPAHEE aBTOPOM CTAaThH LIAroBas npoueaypa Ajs peeHus 3agaqd HeyCTaHOBHBLLICﬁC)I JUHAMHUKHA COOpy)KBHI/If/’I H crocob pacueTa COOpPYKEHHUs Ha /I[CI\/'ICTBPIC TOABUIKHBIX
CHJIOBBIX BO3JICHCTBHIA.

KiioueBsle cioBa: TIOABUIKHAs CHUJIOBAs HArpys3kKa, MIaroBbI€ IIPOLEAYPbI, CTEPKHEBBIC TPAHUYHBIC DJIEMEHTBI, pCHBCOBLIﬁ nyThb, MOCTOBO# nepexon.
UDC 624.07.534.1 .BOUNDARY ELEMENT APPROACH TO CALCULATING THE INTERACTION OF HIGH-SPEED RAILWAY STRUCTURE AND BRIDGE CROSSING. PART I.
ACTION OF MOBILE POWER LOAD ON A BRIDGE CROSSING. L.I. lvanchenko, Russian University of Transport (RUT MIIT), Moscow; e-mail: ivaii011@mtu-net.ru .
Abstract. For calculating bridges on the high-speed railways, boundary elements for a rod on an elastic base are proposed (finite elements of long length with a set of linear and trigonometric functions
approximating the displacements). Boundary elements are used to calculate the vibrations of the track outside the bridge and on the bridge, together with a two-track beam bridge connected through the
layer under high speed of any power load. To construct the method the author uses the step-by-step procedure proposed him earlier for solving problems of unsteady dynamics of structures and a method
for calculating the structure for the action of mobile force influences.
Key words: mobile power load, step procedures, rod boundary elements, rail track, bridge crossing.

VK 624.04:531.391.3 DOI: 10.37538/0039-2383.2020.5.47.52

M.H. KHPCAHOB, 1-p ¢us.-mart. Hayk, npod. HIY MIH; e-mail: mpei2004@yandex.ru

OLIEHKA YACTOTBI KOJIEBAHU ®EPMBbI C IPOU3BOJIBHBIM YMCJIOM HAHEJIE...47

e, [Tnockast craTnuecku onpesenumas Gpepma 6alOHHOrO THIIA C TPOHHON HECUMMETPHYHOM PELIETKOH UMEeT IpsAMosIMHeliHble mosica. CTaBUTCS 3a/1a4a MOMy4HTh HIKHIOK aHATUTHYECKYHO
OLECHKY HCpBOﬁ YaCcTOTHI COOCTBEHHBIX KOJICOaHMIA qJCpMBI C MIPOU3BOJIBHBIM YHUCIOM TmaHenen B MPEATIONOKEHUH, YTO Macca d)CpMLI PaBHOMEPHO pacIpeacICHa 110 Y3JIaM HUJKHETO I10sICa, CTCPIKHU
YIpyrue, a apHApbI nacaibHble. MeTox. B mporpamMme, COCTAaBICHHOM B CHCTEME CHMBONBHON MaTeMaTHKn Maple, 13 peleHus CHCTeMbI JIMHEHHBIX YPaBHEHHUIT PaBHOBECHS y3/0B (JepMbI, B KOTOPYHO
BXOJAT U PEAKIIUU OIIOP, HAXOAATCS YCUIIHUS B CTCPIKHAX. Hﬂﬂ TIOTTy4€HUSA HIDKHEH OL€HKH YaCTOTHI UCTIOIB3YyETCA METO L[OHKGPHCS[. JKectrocTh KOHCTPYKIUHU OIIPEACIIACTCA C UCIIOJIB30BaAaHUEM
MATPHIIBI TIOAATIHBOCTH, TIONYYCHHOM 1o popMye MaxcBemia—Mopa B IPE/IIOI0KCHHA PABEHCTBA XKECTKOCTEH BeeX cTepkHer. Cepist peleHHIt, MOIyYeHHBIX U1 pepM ¢ PasIMIHBIM YHCIOM



nchncﬁ, O606HIaCTCFl Ha IMPOU3BOJILHOE YHCI0 TaHeJeH. PeSyJ'leaTbl. Urorosas q)opMyna HMECT NOJIMHOMHAIBHBIC 110 YUCITY naHesnen KOS(b(i)HIH/ICHTbI. HoxasaHo, 4TO TOYHOCTh HOJ‘[y‘ICHHOﬁ OLCHKH
3aBUCHT OT 4Kcia naneneit. C YBEIUYCHUEM YHCIIA TMaHelel OTHOCUTENbHAS TOYHOCTh YBEINYNUBACTCA. B Tporecce cuera O6Hapy)KeHO TAK¥XK€, 9YTO IIPHU HEKOTOPBIX YHUCIAX TaHenen ONpPEACIUTEIIb
CHUCTEMBI ypaBch-mﬁ paBHOBECHUA 06pau1ac‘rc;( B HOJIb, YTO O3HA4Ya€T MI'HOBCHHYIO KHHEMAaTHYCCKYIO U3MCHSACMOCTh KOHCTPYKIIHH. HOJ‘[y‘{CHa COOTBETCTBYIOIIAsA KapTHUHA PACIIPCACIICHUA CKOpOCTCﬁ
Y3JI0B, HOJATBEPXKAAONIast OOHAPYKCHHBIH S dEKT, U JaHa ero craTHIecKas HHTePIPETALS.

KioueBsle cj10Ba: Ganodnas cbepma, HHWXKHAA OLCHKA YaCTOTHI, Maple, WHAYKIUSA, YACIO HaHeHeﬁ, MTHOBC€HHAs U3MCHAEMOCTb, METOQ ﬂOHKepJ‘IES{.

UDC 624.04:531.391.3 DOI: 10.37538/0039-2383.2020.5.47.52. ESTIMATION OF THE VIBRATION FREQUENCY OF A TRUSS WITH AN ARBITRARY NUMBER OF PANELS. M.N.
Kirsanov, National Research University Moscow Power Engineering Institute, Moscow, Russia; e-mail: mpei2004@Yandex.ru.

Abstruct. A planar statically determinate truss with a triple asymmetric lattice has rectilinear chords. The task is to obtain a lower analytical estimate of the first frequency of natural vibrations of a truss
with an arbitrary number of panels, assuming that the mass of the truss is uniformly distributed over the nodes of the lower chord, the rods are elastic, and the hinges are ideal. Method. In the program,
compiled in the Maple symbolic mathematics system, the forces of the rods are found from the solution of the system of linear equilibrium equations for the nodes of the truss, which includes the
reactions of the supports. The Dunkerley method is used to obtain a lower frequency estimate. The stiffness of the structure is determined using the compliance matrix obtained by the Maxwell-Mohr’s
formula under the assumption that the stiffnesses of all the rods are equal. The series of solutions obtained for trusses with different numbers of panels is generalized to an arbitrary number of panels.
Results. The final formula has coefficients polynomial in the number of panels. It is shown that the accuracy of the obtained estimate depends on the number of panels. As the number of panels
increases, the relative accuracy increases. In the course of counting, it was also found that for some numbers of panels, the determinant of the system of equilibrium equations vanishes, which means
instantaneous kinematic variability of the structure. A corresponding picture of the distribution of node velocities is obtained, which confirms the discovered effect, and its static interpretation is given.
Key words: girder truss, frequency lower bound, Maple, induction, number of panels, instantaneous variability, Dunkerley method.

VJIK 624.073 DOI: 10.37538/0039-2383.2020.5.52.59

E.B. KOPEHEBAY, 1.T.1., n1pod., B.P. TPOCMAH? un:k. ‘MocKkoBcKoe Bhiciee 0011eBoiickoBoe kKomMaHHoe opaenos A ykopa, Jlenuna n Oxkrsiopbekoii Pesoaonun Kpacnosnamennoe
yuniume, “MTABT — ¢puanan ®T'BOY BO «'YMP® umenn agmupana C.0. Makaposa»; e-mail: elena.koreneva2010@yandex.ru

KOJIEBAHUSA AHU3O0TPOIIHBIX IIVTIACTUH, UMEIOIIUX IPUCOEAUHEHHBIE MACCHI UJIX TIPOMEXXYTOUYHBIE OIIOPBI. PEHIEHUS B ®YHKIUAX BECCEJIAL...52

B pabore Brepsble 0yYeHbl TOUHbIE AHAJUTHYECKHE PELICHNUs Ps/ia 3a/1a4 0 KoeOaHUAX KPYIJIbIX IUIACTHH, CIEJaHHbIX U3 aHU30TPOIIHOIO MaTepHaa. PaccMaTpuBaloTCs cleLyrolue 3a1aum:
CBOGOZ[HI)IC KOHC6aHl/l$[ AQHU30TPOIIHBIX KPYTJIBIX IIIACTHH, UMEIOIUX TOYCYHYIO U KOJIBLIEBYIO OIIOPHI; CBOGOZ[HI)IC KOHC6aHl/l$[ HOL[06HBIX TUIACTUH, UMCIOUINX IIPUCOCANHEHHYIO TOYEYHYIO MacCy U
Maccy, pacipeieseHHYI0 BJI0JIb OKPYKHOCTH. Jliisl 1osTydeH s peleHni UCob3yeTcs MeTo ] KomneHcupyomux Harpysok (MKH). [ljis 3Toro cTpouTcss OCHOBHOE M KOMIICHCUPYIOLIEE PEILeHHS.
OCHOBHOC PELICHUE YAOBJICTBOPACT pa3peiaromemMy [[l/ld)d)epeHL[l/laﬂI:HOMy YPaBHCHHUIO 3a/1a4¥, a KOMIICHCUPYIOIIEE PELICHUE YAOBJIETBOPAECT OTHOPOAHOMY I[HdeJepCHLIPIaJ’IBHOMy YpaBHEHHUIO,
OIUCBHIBAIOIIEMY IOCTABJIICHHYIO 3a/1a4y, U B CYMME C OCHOBHBIM PELICHUEM YAOBJIETBOPSICT 'PAHUYHBIM YCIIOBUSM. J:[J'IS[ UHTETPUPOBAHNUA UCXOJHOTO pa3spelIaroIero I[I/IdeJepCHLII/IaHLHOFO YpaBHEHUSA
paccMaTpHBaeTCs HOBBIN [IPHEM, CBA3aHHbIN ¢ HCIIOb30BaHUeM ypaBHeHus Huibcena. Vickomble peruenus nony4essl B GpyHkuusax beccenst. Bo Bcex H3ydaeMbix B paboTe Cilydasix MOTy4eHb
TPaHCUEHACHTHBIC YPAaBHEHHUS I ONIPEACICHUA YaCcTOT COﬁCTBCHHLIX KOHCGaHl/lI‘/‘IA

KiioueBble ciioBa: KojeGaHus KPYIIIbIX aHU30TPOIHBIX [UIACTHH, IPUCOCIMHEHHAs Macca, TOYEYHbIC U KOJIbLEBbIE onopbl, GyHKImK Beccenst.

UDC 624.073 DOI: 10.37538/0039-2383.2020.5.52.59.VIBRATION PROBLEMS OF ANISOTROPIC PLATES, HAVING THE ADDITIONAL MASSES OR THE INTERMEDIATE
SUPPORTS. THE SOLUTIONS IN TERMS OF BESSEL FUNCTIONS. E.B. Koreneva!, V.R. Grosman?, *Moscow Higher Combined-Arms Command Academy, 2Moscow State Academy of River
Transport named by admiral S.O. Makarov; e-mail: elena.koreneva2010@yandex.ru.

Abstract. The work for the first time obtains the exact analytical solutions of the certain problems of vibration of the circular plates made from anisotropic material. The following problems are

under consideration: free oscillation of anisotropic circular plates having the point or the ring intermediate supports; free oscillation of the similar plates with the additional point mass or the mass
distributed along the circumference. The method of the compensating loads (MCL) is used for the receiving of the solutions. For this aim the basic and the compensation solutions are obtained. The basic
solution satisfies to the resolving differential equation of the problem under consideration. The compensating solution satisfies to the homogeneous equation, describing the problem, and this solution
amounting to the basic solution satisfies to the boundary conditions. The new method connected with the use of the Nielsen’s equation for integrating of the resolving differential equation with the
variable coefficients is applied. The sought solutions are obtained in terms of Bessel functions. For the all cases under examination the transcendental equations for the determination of the free vibration
frequences are received.

Key words: vibration of the circular anisotropic plates, the additional mass, the point and the ring supports, Bessel functions.

VIK: 624.9 DOI: 10.37538/0039-2383.2020.5.59.68

C.B. OCBIKOB, acniupanr, A.B. TPO®UMOB, k.T1.H., nouent Cankrt-IleTepGyprekuii apXuTeKTypHO-CTPONTEIbHBII yHUBepeuTeT; e-mail: osykovvv@gmail.com
OAXO0JbI K OIPEJAEJEHUIO KO®PUIUEHTO B IMHAMWYHOCTHU ITPU PACYETE HA MPOI'PECCHUPYIOUIEE OBPYIIEHHE...59

BeimosiHeH 0030p MHOCTPaHHBIX U POCCUICKUX UCCIIEIOBAHHUMN, HOCBAIICHHBIX METOIMKAM OIpe/ieeHs: K0d()GHLHEeHTOB JUHAMUYHOCTH P pacyeTe Ha Hporpeccupytomiee oopyieHue.
HpOaHaJ'lH3HpOBaHbI OSMIIMPUYCCKUE U aHAITUTHYCCKHUE ITOAXOABI, a TAKKE UCCIIEIO0BAaHHUA C UCIIOJIB30BaHUEM (b]’l?;]’ll{eCKI/lX MOL[CJ'[eﬁ. BBIsSIBIICHBI OCHOBHBIE d)aKTOpBI, OKa3bIBaKOIIHUE BIIMAHUE HA
BEIMYHHY KO3 PULIHEHTa TMHAMHYHOCTH.

Kuarwuessble ciioBa: TIPOrpeCCUPYIOLIEEC 06prJCHHS, KOB(b(bl/lLIl/leHTLI JAWHAMHUYHOCTH, BHE3AITHOE YAAJICHUE DJIEMEHTOB, TNIaCTUYHOCTD, HEJIMHEHHBIA CTaTHYEeCKUI pacuer.

UDC: 624.9 DOI: 10.37538/0039-2383.2020.5.59.68. APPROACHES FOR DEFINING THE DYNAMIC AMPLIFICATION FACTORS USED FOR PROGRESSIVE COLLAPSE
ANALYSIS. S.V. Osykov, A.V. Trofimov, Saint Petersburg University of architecture and civil engineering; e-mail: osykovvv@gmail.com

Abstract. A review of foreign and Russian researches dedicated to the procedures for defining the dynamic amplification factors used for progressive collapse analysis is carried out. Empirical and
analytical approaches are analyzed, as well as researches using scaled substructures. The main factors that influence the value of the dynamic amplification factor are identified.

Key words: progressive collapse, dynamic amplification factors, sudden element removal, ductility, nonlinear static analysis.

B nomorps npoekTHpoBIIUKY

To help the designer

VK 624.072.2 DOI: 10.37538/0039-2383.2020.5.69.77

A.C. MAPYTSIH, K.T.H., 1oueHt ®uiman CeBepo-KaBkasckoro ¢enepaibHoro ynusepeutera B r. IIsturopcke; e-mail: al_marut@rambler.ru

ONTUMM3AIINA ®PEPMEHHBIX KOHCTPYKIIUH C PEIIETKAMH U3 IMIPSIMOYT OJIBHBIX TPVYE...69

an/lBCJZ[CH pacueT reOMETPHICCKUX XapaKTEPUCTHK IMPAMOYTOJIBHBIX pr6 no HpH6J’[PI)KCHHOﬁ METOAHKE, KOPPEKTHOCTH KOTDpDﬁ TIOATBEPIKACHA TECTHPOBAHHUEM C HCIIOJIb30BAHUEM

cTaHIapTHHIX npoduieit. [IpencrapiaeHa HOBasi KOMIIOHOBKA PEIIETOK 3Ur3aro00pa3HOro O4epTaHUs U3 MPSMOYTOJIBHBIX MPOGHIBHBIX TPYO, ONTUMHU3UPOBAHHAS U1 (PEPMEHHBIX CHCTEM Ha 6ase
CTAJIBHBIX ITPYTKOBBIX KOHCprKLU/lﬁ l'lOKpLIT]/lﬁ C 3aMEHOM TIPYTKOBBIX THYTBIX 3JIEMEHTOB Ha pr6qa’rl,1e. TToka3aHbl GCCQ)aCOHO'{HB]C Y3JI0BbIE COCAMHEHUS TOSICOB U PEIIETOK C HETIOCPEACTBEHHBIM
HPUMBIKAHHEM CTEPHKHEBBIX 2IEMEHTOB JIPYT K APYry 0€3 pacleHTPOBOK, a TAKKe ¢ KOHCTPYKTUBHBIMH SKCLUEHTPHCUTETAMH, OrpaHuYeHHbIMH 0,25 BBICOTHI TOSICHBIX 2JIEMEHTOB, YTO JOMYCKAET HE
YYHUTBIBATh UX B pacyeTax v O6eCI‘lC‘IMBaCT TIOBBIICHUEC CTCIICHU yHHQ)HKaL[HH Y3710B BEPXHUX U HUJKHHUX TTOSICOB HECYIIUX KOHCprKL[Hﬁ. BrisiBnena TIEPCIIEKTHBHOCTL UCITI0JIb30BaHUA HOBOI'O
TEXHUYECKOTO PEIICHHS B JETKUX METAJNIMYECKUX KOHCTPYKIMAX 30aHUN U coopyskeHHi. OuepyeHa 00/1acTh ero paloHaabHOrO IPUMEHEHHs, I/Ie TIPU MOMOIIH BAPUAHTHOTO NPOEKTHPOBAHUS
HU3BCECTHBIX U HOBBIX pCU_IeHHﬁ JlaHa KOJIMYECTBEHHAsA OLICHKA pecypcaM uxX HCCy].LICf[ CHOCOGHOCTH 1 MaT€PHUAJIOEMKOCTH. inIBC]Z[CHa BCs AHarpamMma H3MEHEHU I PacUECTHBIX IMapaMeTpoB
NPSIMOYTOJIBHBIX TPYO NpH TpaHCHOPMALMH UX MONEPEYHbIX CEYEHUH OT BEPTHKAIbHBIX KOHMHUIYpALMii 10 TOPU30HTAIBHBIX, BKIIIOYAs IEPEX0]] YePe3 KBaAPaTHbIH KOHTYP.

KiaroueBble cjioBa: pacueT onTUMaJIbHBIX TTapaMeTpPoOB, l'lpOCl)I/U'lBHLIe prGLI, CTEPIKHEBBIC CHCTEMBI, (bepMm, JIETKHE METAJNINYCCKNE KOHCTPYKIIUH.

UDC 624.072.2 DOI: 10.37538/0039-2383.2020.5.69.77. OPTIMIZATION OF TRUSS STRUCTURES WITH RECTANGULAR PIPE GRIDS. A.S. Marutyan, Branch of the North Caucasus
Federal University, Pyatigorsk; e-mail: al_marut@rambler.ru.

Abstract. The article gives the geometrical characteristics of rectangular pipes calculated by the approximate method, the accuracy of which is confirmed by testing standard profiles. A new arrangement
of zigzag-shaped grids made of rectangular profile pipes is presented. It is optimized for truss systems based on steel bar coating structures with the replacement of bent bar elements with tubular ones.
The article describes nodal connections without gussets for chords and grids with rod elements directly adjusted to each other without misalignment, as well as with structural eccentricities limited to
0.25 of the height of chord elements. It is possible not to take them into account in calculations and to increase the degree of unification of nodes of upper and lower chords of load-bearing structures.
The prospects of the new technical solution in lightweight metal structures of buildings are revealed. The scope of its rational application is outlined. The entire diagram of changes in the design
parameters of rectangular pipes during the transformation of their cross-sections from vertical to horizontal configurations is shown.

Key words: calculation of optimal parameters, profile pipes, rod systems, trusses, lightweight metal structures.
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PacyeTsl HA TPOYHOCTH
Strength calculations
VJIK 69:624.074:624.012.4 DOI: 10.37538/0039-2383.2020.6.2.13

0.0. AJIEIITAHA, Benymuii HHzkeHep-KOHCTPYKTOp, penoiaBaTe/b-uccieaosarens, B.H. HBAHOB, 1.1.1., npodeccop, E.A. TPUHBKO, 3aB. 1a6opaTopueii, accucTeHT
nenapramMenta crpoutenbcrsa PY/IH, Mocksa; e-mail: Xiaofeng@yandex.ru
UCCJAEJOBAHUE HAMPSIZKEHHOIO COCTOSIHUS TOPCOBOM OBOJIOUKHA OJUMHAKOBOI'O CKATA AHAJTUTUYECKUM U YUCJIEHHBIMU METOJAMM...2
PaznuuHblie BEIYMCIUTEIbHBIC KOMILICKCHI U METOABI pacue€Ta Ha CCFOHH}ILL[HI/Iﬁ JI€Hb IIPEJICTABJICHbBI B cq)epe MPOCKTUPOBAHHUS, BO3BEACHUS U IPUMEHECHUS TOHKOCTECHHBIX KOHCprKLlP[f[
THIa 06osiouek. B cBs3m ¢ TEM, YTO TOHKOCTCHHBIC KOHCTPYKIIUH B (bopme PasiIMYHBIX 000104€eK IIAPOKO HUCIOJB3YIOTCA B apXUTEKTYPE, MAIMKMHOCTPOCHUH, aBUaCTPOCHUH U T.X.,
HBO6XO}IHMO 3HaTh U NIOHUMaTh BO3MOKHOCTH Pa3JIMYHBIX METOIOB pacyeTa, BKII0OYass aHAJIMTHICCKHUEC. PabotsI 1o HCCJIICIOBAHUIO Haﬂpﬂ)l(eHHO-}Ie(bOpMHpOBaHHOl"O COCTOSAHUA (HHC)
000JI04KH OJIMHAKOBOI'0 CKaTa C HaIPaBJIAIOIIHUM DJIJTMIICOM B OCHOBaHHUM IPEACTABJICHBI Ha Ce]‘O)IHS{]JJH]/H‘/‘l JCHb B MaJIOM oObeMe. B cratbe BIICPBBIC IIPUBOAUTCS BBIBOJ
JuddepeHnnanbHbIX ypaBHEHNH paBHOBECHS 0€3MOMEHTHON TeOpHH 000JI0UEeK ISl ONPEIeNICHNs TapaMeTPOB HAIPSKEHHOTO COCTOSHUSI TOPCa OAMHAKOBOTO CKaTa C JUTHIICOM B
OCHOBaHHWH ITpH lleﬁCTBHH COOCTBEHHOTO BEca Marepuaia 000JIOUKH. HJ'[SI TIPOBEPKHU MMapaMETPOB HAIIPSHKCHHOI'O COCTOAHUA TOPCa IO IMOJTYYCHHBIM YPaBHCHUAM PaBHOBECHUA
06e3MOMEHTHOI TCOpUHN 000JI09€EK BBIMOIHAETCS CpaBHEHHE C pE3yJIbTaTaMHU 110 IBYM YHCJICHHBIM METO1aM pacueTa (ITO METOAY KOHCYHBIX 3JIEMCHTOB U 110 BapHallHOHHO-Pa3HOCTHOMY
Merony). Mcnons3yrores BeraucnurenbHblil kommieke SCAD Office Ha ocHOBe MeTo/1a KOHEUHBIX d11eMeHToB U nporpamma «SHELLVRMpy, Hanmcannast Ha 6a3e BapuaIimOHHO-
Pa3HOCTHOT'O METOJA. Bnaroz(apﬂ TIOJIyYEHHBIM U IPOAHAIM3UPOBAHHBIM YHCJIOBBIM PE3yJIbTaTaM HAIMPSHKEHHOTO COCTOsTHUS TOpCOBOﬁ 000JI04YKH OJHMHAKOBOTI'O CKaTa BbISIBJICHBI IIJIFOCHI K
MHUHYCBI IPUMCHECHUS PA3JIMYHBIX METOJA0B pacyeTa, B TOM YHCJIC aHATUTUIECKOTO.

KiroueBbie ciioBa: TEOpUs TOHKUX OGOJ’IO‘{CK, AHAIIMTUYECKOEC PEIICHUE, 06E3MOMEHTHOE COCTOSIHHAE, TOpPCOBast o60n0q1<a, IIOBEPXHOCTHh OJUHAKOBOI'O CKaTa, METO] KOHCYHBIX DJIEMEHTOB,
BapHALlMOHHO-PA3HOCTHBIN MeTos, BeruncauTenshbii komieke SCAD OFFICE, cucrema Mathcad.
UDC 69:624.074:624.012.4 DOI: 10.37538/0039-2383.2020.6.2.13. INVESTIGATION OF THE EQUAL SLOPE SHELL STRESS STATE BY ANALYTICAL AND TWO NUMERICAL
METHODS. O.0. Aleshina, V.N. Ivanov, E.A. Grinko, Peoples’ Friendship University of Russia, Moscow; e-mail: xiaofeng@yandex.ru.
Abstract. Various computing systems and calculation methods are currently used in the design, construction and application of thin-walled structures such as shells. Due to the fact that thin-walled
structures in the form of various shells, including torse shells of the equal slope, are widely used in architecture, construction, aircraft construction, etc. it is necessary to know and understand the



possibilities of various calculation methods, including analytical ones. Research on the stress-strain state of the equal slope shell with a directrix ellipse at the base is currently presented in a small
volume. The article is the first to derive differential equilibrium equations of the membrane shell theory for determining the parameters of the stress state of the torse of the equal slope with an ellipse at
the base under the action of the dead load of the shell material. To check the parameters of the torse stress state using the obtained equilibrium equations of the membrane shell theory, a comparison is
performed with the results of two numerical calculation methods (the finite element method and the variational-difference method). The computer system SCAD Office based on the finite element
method and the program “SHELLVRM?”, written on the basis of the variation-difference method, are used. Thanks to the obtained and analyzed numerical results of the stress-strain state of the torse
shell of the equal slope with a directrix ellipse in the base, the pros and cons of using various calculation methods, including analytical ones, are revealed.

Key words: torse shell, equal slope shell, deplopable surface, membrane theory, finite element method, variation-difference method, geometric modeling, differential geometry, SCAD OFFICE
computing system, Mathcad system.

VK 519.633 DOI: 10.37538/0039-2383.2020.6.14.23
C.B. BAKYIIEB, n.1.1., npo¢. [len3eHckuii rocy apcTBeHHbIN YHHBEPCHTET apXHTEKTYPBI H CTPOHTEILCTBA; e-mail: bakuchsv@mail.ru
JTADDEPEHILUAJBHBIE YPABHEHUSI PABHOBECHSA CILIOLIHOM CPEIBI IPU AIIIPOKCUMAILIAUA JUATPAMM OBBEMHOI'O U
CABUT'OBOI'O JE®OPMHUPOBAHUS BUKBAJIPAT UYHBIMHA ® YHKIUSIMU (OCECUMMETPUYHOE TE®OPMHUPOBAHMUE)...14
Paccmatpuatotcs Bonpockl moctpoeHust AudpepeHIuanbHbIX ypaBHEHHI PaBHOBECHS T€OMETPUYESCKH U (PM3HYECKU HEITMHEHHON CIUIONMIHOM cpejibl, HaXoAsIeiics: B yCIOBHSX
0CECHMMETPUYHOT0 1e)OPMHUPOBaAHYS, IPH ANIIPOKCUMAIIUK JJHAarpaMM 00bEMHOT0 U C/IBUTOBOTO AeopMHUpoBanys KBaapaTHyHbiMu (QyHKiusmu. [Tocrpoenne gpusnuecknx
3aBHCHMOCTEH OCHOBAHO Ha BHIYMCICHUH CEKYIIMX MOAYJIEH 00beMHOro 1 ciBUroBoro aedopmuposanus. [Ipu anmpoxcumanuu rpaduKoB JuarpaMM 00bEMHOTO M CABHIOBOIO
JehopMHUpPOBaHHS IPU OMOLIH ABYX OTPE3KOB MapadoI CEKyIIMii MOYIb CABUTa Ha IIEPBOM Y4acCTKE SBISCTCS JMHEHHOH (yHKuMel nHTeHCHBHOCTY AedopMariuii caBura; ceKymii
MOAyJIb 00bEMHOTO PpacmpeHUs-CKATHUS SABIISICTCS JIMHEHHON (byHKLIPICI)’[ TIIEPBOro0 MHBapHaHTa TCH30pa I[C(i)OpMaLIHI\;L Ha BTOPOM YYaCTKC JUarpaMmm u 06”LCMHOFO, " CABATOBOTIO
nehopMHUpOBaHHs CEKYLINH MOJY/Ib C/IBUTA SIBISETCS JPOOHOM (pauloHanbHOI) GyHKIMEil MHTEeHCHBHOCTH AedopMalumii caBUra; CeKyIuii MOayIb 00bEMHOTO PACIIMPEHUS-CKATHSL
SBIISIETCS APOOHOM (paloHaIbHON) QyHKIMEH epBOro NHBapHaHTa TeH30pa JedopMmanuu. Fcxoas U3 MpeanoaokeHHs: 0 He3aBHCUMOCTH, BOOOLIE TOBOPS, APYT OT Apyra AHarpamMmm
OGT,CMHOI‘O U CABUTOBOT'O Heq)OPMI/IPOBaHI/IH, PacCMOTPCHBI IECTh OCHOBHBIX CIIy4acB ¢)I/I3I/I'-ICCK]/[X 3&BHCHMOCTCﬁ, 3aBUCAIINX OT B3AaUMHOI'O PACIIOJIOKCHUS TOYCK HU3JIOMa l"paq)I/IKOB
JAuarpaMm 00BEMHOTO 1 CABHUTOBOT'O I[eq)opMI/IpoBaHHH, AIMIPOKCUMHUPOBAHHBIX Ka)KZ[LIﬁ ABYMSI napaGonaMH. Ha ocuose TIOJTyICHHBIX CI)I/I3I/I‘ICCKI/[X ypaBHCHI/[ﬁ BBIBOJATCS
;[H(b(bepe}mnanb}{me YPpaBHCHHS PAaBHOBCCHUS B IICPEMCIICHUAX JUIA CILJIOITHOM Cpenel, HaXOZ[HHICﬁCH B YCJIOBHUSAX OCECUMMETPUYIHOI'O HC(i)OpMP[pOBaHP[SI. I/ICHOJ’IL3y}OTCﬂ JBC
MaTEMaTHICCKUX MOJIC/IH, OIMUCHIBAIOIINEC MEXaHUICCKOC ITOBEACHNEC MaTepHrajia CILJIOITHOM Cpeabl: MOAECIb, HC YIUTHIBAIOMIAass TCOMETPUICCKYIO HCHHHCﬁHOCTL, 1 MOJECIb, yIUThIBAIOIIAs
reoMeTpHYecKylo HelnHeHHocTb. [TocTpoeHHbIe B cTaThe AU GepeHInaIbHbIe ypaBHEHNs PABHOBECHS B IEPEMEIIIEHUSIX MOT'YT HAWTH NPUMEHEHHUE TIPU ONPEENICHHN HAIPSHKEHHOTO U
J1e()OPMUPOBAHHOTO COCTOSIHMS CIUIOIIHON CPeJibl, HAXO/UIIIEHCS B YCIOBUSAX OCECHMMETPUYHOTO 1e(hOPMHPOBAHUSI, 3aMBIKAIOI[HE YPAaBHEHHUs (PU3HUECKUX COOTHOLICHMH /ISl KOTOPBIX,
NOCTPOSHHBIE HA OCHOBE YKCIIEPUMEHTAIBHBIX JJAHHBIX, allIIPOKCHMHUPOBAHBI OUKBAAPATUYHBIMU (QYHKIMSMH.

KiroueBble ¢/10Ba: CILIOIIHAS Cpejia, OCECUMMETPHYHAs AedopMariusl, allpoKCHMALHs JHarpaMM 00bEMHOT0 U CIBUIOBOrO JehOpMUPOBaHHs, KBaApaTH4Hble GYHKIHH, JiupdepeHranbHbie
YpaBHEHHUSI PaBHOBECHS B IEPEMEIIEHUAX, TEOMETPUICCKAs Hl/lHCﬁHOCTB, TreoMEeTpUYCCKasn HEJTMHEHHOCTb.
UDC 519.633 DOI: 10.37538/0039-2383.2020.6.14.23.DIFFERENTIAL EQUATIONS OF EQUILIBRIUM OF CONTINUOUS MEDIUM AT APPROXIMATION OF VOLUME AND
SHEAR DEFORMATION DIAGRAMS BY BIQUADRATIC FUNCTIONS (AXIALLY SYMMETRIC DEFORMATION). S.V. Bakushev, The Penza state university of architecture and construction;
e-mail: bakuchsv@mail.ru.
Abstract. The article studies the construction of differential equations of equilibrium for geometrically and physically nonlinear continuous medium under the conditions of axially symmetric
deformation whilst diagrams of volumetric and shear deformation are approximated by quadratic functions. The construction of physical dependencies is based on calculating the secant moduli of
volumetric and shear deformation. When approximating the graphs of the volumetric and shear deformation diagrams using two segments of parabolas, the secant shear modulus in the first segment is a
linear function of the intensity of shear deformations; the secant modulus of volumetric expansion-contraction is a linear function of the first invariant of the strain tensor. In the second section of the
diagrams of both volumetric and shear deformation, the secant shear modulus is a fractional (rational) function of the shear strain intensity; the secant modulus of volumetric expansion-compression is a
fractional (rational) function of the first invariant of the strain tensor. Based on the assumption of independence, generally speaking, from each other of the volumetric and shear deformation diagrams,
six main cases of physical dependences are considered, depending on the relative position of the break points of the graphs of the diagrams volumetric and shear deformation, each approximated by two
parabolas. On the basis of the obtained physical equations, differential equations of equilibrium in displacements are derived for continuous medium in conditions of axially symmetric deformation. Two
mathematical models are used to describe the mechanical behavior of a material of a continuous medium: a model that does not take into account geometric nonlinearity and a model that takes into
account geometric nonlinearity. Differential equations of equilibrium in displacements, constructed in the present article, can be applied in determining the stressed and deformed state of
continuous medium under conditions of axially symmetric deformation, closing equations of physical relations for which, based on experimental data, are approximated by biquadratic functions.
Key words: continuous medium, axially symmetric deformation, approximation of volumetric and shear deformation diagrams, quadratic functions, differential equations of equilibrium in
displacements, geometric linearity, geometric nonlinearity.

YK 624.05.18 DOI: 10.37538/0039-2383.2020.6.24.28
A.A. MUHACSIH, nnxenep IHUUCK um. B.A. Kyuepenko (AO «HULL «CtpourenncTBo»), r. Mocksa; e-mail: 1747210@ mail.ru
KPUTEPUU MPOYHOCTHU KOPPO3MOHHO MMOBPEXJIEHHOT'O BETOHA ITPU IINIOCKOM HAINPSI)KEHHOM COCTOSIHUMN...24
PaccmatpuBaertcst KpuTepyii IPOYHOCTU KOPPO3HOHHO MOBPEXKIEHHOTO OETOHA B Cllydae IIOCKOT0 HANPSHKEHHOIO COCTOSIHUSA. B cucTeMe KOOPAMHAT IIaBHBIX HOPMAJIbHbIX HANPSHKCHUH
KPUTEPHil ONMCHIBACT IOBEPXHOCTH uthIica. KoahduineHTsI CHIDKEHUSI TPOYHOCTH OETOHA B 3aBUCHMOCTH OT BPEMEHH M OT YPOBHS HAIPSHKEHHOTO COCTOSIHUS TTOJTy4EHBI
OKCIIEPUMEHTAIIBHBIM ITyTEM. Hp]x[ 9TOM XapaKTECPHBIC pa3MEPBI JUTUIICA 3aBUCAT OT KHHETHKH KOPPO3NOHHBIX ITPOIIECCOB, 3aBUCAIINX OT BPEMEHHU U HAIIPSHKECHHOI'O COCTOSHUA
KOHCTPYKIIMH.

KiroueBsble ciioBa: KOppo3us 6CTOHB, Kpl/lTCpHﬁ TIPOYHOCTH, IJIOCKOE HAIPSXKEHHOE COCTOAHUE.
UDC 624.05.18 DOI: 10.37538/0039-2383.2020.6.24.28.CRITERIA FOR STRENGTH OF A CORROSIVELY DAMAGED CONCRETE UNDER FLAT STRESS. A.A. Minasyan, TSNIISK
named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research Center of Construction, Moscow; e-mail: 1747210@ mail.ru.
Abstract. Discusses the strength criterion of corrosively damaged concrete in the case of a flat stressed state. In the coordinate system of principal normal stresses, the criterion describes the surface of
an ellipse. The coefficients of reducing the strength of concrete depending on time and the level of stress were obtained experimentally. In this case, the characteristic dimensions of the ellipse depend on
the kinetics of corrosion processes, depending on the time and stress state of the structures.
Key words: concrete corrosion, strength criterion, flat stress state.

Pacyersl Ha yCTOWYHBOCTD

Stability calculation

VIK: 624.072.2.014 DOI: 10.37538/0039-2383.2020.6.28.32

A.E. CBATOIUIEHKO, k.1.H. TAY HO «Ynpasiienue rocykcneprussi», e-mail: sae-2004@yandex.ru

HECYIIAS CIOCOBHOCTbD HEHTPAJIBHO CKATBIX KOHCOJIBHBIX CTOEK IPU ITOJATJINBOM KPEIUVIEHUU K OCHOBAHMUIO...28

TIpemuiaratorcs pereH s 1o BEIYMCICHUIO HECYIeH crocoOHOCTH (IpeAenbHOM nMpoaoabHOM critbl Nyt =NX¢@ ) HEHTpaIbHO CKAThIX KOHCOJIBHBIX CTOCK C IMOJATINBBIM KPEIICHUEM K
OCHOBaHHIO. Pacuet npenenbHOit Npo10IbHOI cuitbl BinosHseTces no anroputMy CIT [1] ¢ yrouHeHHeM pacueTHOM JJIMHBI CKATOrO CTEPIKHS B 3aBUCUMOCTH OT JKECTKOCTH COIIPSDKECHHUS C
OCHOBaHHEM. BBITIOJIHEH cpaBHUTENBHBIN aHAIN3 NPEIeIbHON MPOJOIBHON critbl, orydaemoii o CIT [1], ¢ pesynpraTtamu uncieHHbIX pacyeToB Ny 1o MKD (MeTon koHeuHOro
BHQMBHTa). PaccunTaHbl aHAIMTHYECKHE 3aBUCHMOCTH Hecyu[er?’l CHOCOGHOCTI/I Nun B 3aBUCHMOCTH OT JKECTKOCTH 3a/ICJIKH KOHCOJIBHOI'O CTCPIKHA kg .

Kuarwuessle ciioBa: yCTOI‘;IlH/IBOCTb, LEHTPAJIbHO CHKaThIC€ KOHCOJIbHbBIE CTOﬁKH, KpHUTHYECKas cuia Sﬁnepa, TIOAATINBOC KPEIIIICHNE KOHCOJIBHOI'O CTEPXKHSA, HECyIas CHOCOOHOCTH KOHCOJIBHOTO CTEPIKHA.
UDC: 624.072.2.014 DOI: 10.37538/0039-2383.2020.6.28.32.CALCULATING THE INTERNAL AXIAL FORCES COMPRESSED ROD WITH ROTATIONAL STIFFNESS COLUMN-
BASE CONNECTIONS. A.E. Svyatoshenko, GAU NO "State expertise Department", Nizhny Novgorod; e-mail: sae-2004@yandex.ru.

Abstract. Solutions are proposed for calculating the bearing capacity (ultimate longitudinal force) of centrally compressed cantilever struts with flexible attachment to the base. The calculation of the
ultimate longitudinal force is carried out according to the SNiP algorithm [1] with the specification of the calculated length of the compressed bar depending on the rigidity of the interface with the base.
A comparative analysis of the ultimate longitudinal force obtained according to SNiP [1] with the results of numerical calculations based on the FEM (finite element method) is carried out. Analytical
dependences of the bearing capacity are calculated depending on the stiffness of the cantilever bar embedding.

Key words: stability, axial compression, Euler’s critical force, moment-rotation characteristics, buckling resistance of members.

YucneHHbIC pacyeThl

Numerical calculations

V]IK 539.3 DOI: 10.37538/0039-2383.2020.6.33.40

C.B. BOCAKOB, a.1.H., 1pod., IL.JI. CKAYEK, acnupant Besiopycckuii HAIHOHAILHbII TeXHHYecKHil ynnBepcuTet, r. MuHck; e-mail: sevibo@yahoo.com
OINPEJEJEHUE KOHTA KTHBIX HAIIPSKEHU ITPU IIAPHUPHOM ONIMPAHUU BAJIKA HA KPAY CTEHBI...33

B cratbe TIPUBOJUTCS PEIICHHUE KOHTaKTHOM 3aJla4M IIpH MIApHUPHOM OITMPaHUH OHHOHPOHCTHOﬁ OaJIk Ha Kpaﬁ CTCHBI, MOlIeJ'IPIpyCMOﬁ B BUJIC |/8 HU30TPOIHOTO YIPYIoro IMpoCTpaHCTBa.

OcHoBHast LEJIb pacyeTa 3aKIYacTCsa B ONIPEACICHUNA HaHp)DKeHHO-ﬂB@)OpMHpOBaHHOFO COCTOSTHHSI MECT COTIPSIKEHUS Oanku u Ol'lOpHOﬁ TOBEPXHOCTH CTCHBI. B TIpOLECCE pacyueTa peIIarTCsa
CJICTYIOIIME 3a/1a4M: IIOCTPOCHHE M30JIMHUN KOHTAKTHBIX Hanpmlcennﬁ B 06HaCTI/I HETIOCPEJICTBEHHOI'O KOHTaKTa 6amm M CTE€H C YYE€TOM MTEPALlMOHHOTO MpoIecca, onpeaciieHne 00JIaCTH KOHTaKTa pu
Ppa3iInYHbIX noKaszaTtensix ruokoct o M.U. I'opbyHoBy-IlocanoBy, mocTpoeHHe H30INHUH BEPTHKAIBHBIX IEPEMEIICHHI CTEH, YCTAHOBICHHE TPAHHUL TPUMEHUMOCTH MOJICTH pacyeTa, IpH KOTOpPOi
CTEHBI pacCMaTpPHBAIOTCS B Buje 1/8 mpocTpancTsa, BIMsHEE Mokasarens ruokoctn no M.M. T'opGyHoBy-ITocaoBy Ha pacrpe/ienenie KOHTAaKTHBIX HaNpspKeHni y rpanu 1/8 npoctpancrsa. Pacuer
Beinonusiercs MmetonoM b.H. XKemoukuna. [IpuMepom ciyxut pacueT Oanki Ha COCPEIOTOUCHHYIO HArpy3Ky, MPUIIOKEHHYIO B CEpeIHe mpoJieTa Oanku.

KuroueBsbie ci10Ba: KOHTaKTHas 3a7a4a, 1/8 ynpyroro nsorponsoro npocrpanctsa, meroq b.H. XKemoukuna, nokasaresns ruokoctu mo M.W. I'opOysoBy-IlocanoBy, KOHTaKTHbIE HANPSHKEHHS, 00J1aCTh KOHTAKTA.
DETERMINATION OF CONTACT STRESSES OF HINGED BEAM ON THE EDGE OF WALL. S.V. Bosakov, P.D. Skachok, Belarusian national technical University, Minsk; e-mail:
sevibo@yahoo.com.

Abstract. The article deals with the solution of a contact problem with a hinged support of a single-span beam on the extreme walls, modeled as 1/8 of an isotropic elastic space. The main purpose of the
calculation is to determine the stress-strain state of the joints of the beam and the supporting surface of the wall. In the process of calculation, the following tasks are solved: construction of isolines of
contact stresses in the area of direct contact of the beam and walls, taking into account the iterative process, determination of the contact area for various flexibility index according to M.l. Gorbunov-
Posadov, the construction of isolines of vertical displacements of the walls, the establishment of the boundaries of the applicability of the calculation model, in which the walls are considered as 1/8 of
the space, the influence of the flexibility index according to M.l. Gorbunov-Posadov on the distribution of contact stresses at the edge of 1/8 space. The calculation is performed by the method of B.N.
Zhemochkin. An example is the calculation of a beam for a concentrated load applied in the middle of a beam span.

Key words: contact problem, 1/8 of an isotropic elastic space, B.N. Zhemochkin method, flexibility index according to M.l. Gorbunov-Posadov, contact stresses, contact area.



VJK: 624.044 DOI: 10.37538/0039-2383.2020.6.41.48

E.N.BPUTBUH, kana. ¢pus.-mat. Hayk, [ YB3 IITACA, r. Auenp, Ykpauna; E-mail: evgbritvin@gmail.com

YETBIPEXY3J0BOM TETPASAPHYECKHAA KOHEYHbBIN 3JIEMEHT C BPAIIATEJIbHBIMH CTENEHSIMH CBOBO/IbI B Y3JIAX C YYETOM

PABOTDBI BPAIIEHUA DJIEMEHTAPHOI'O OFBEMA...41

ITyrem yuera paGOThI BpAILICHUS 3JIEMEHTapHOTO 00bEMa, Oy4eHHBIH paHee B padoTe [1] ueTbIpexy3noBoi TeTpa3ApHueCKHii KOHEUHBI 3JIEMEHT C BPAIATEIbHBIMU CTEHCHAMH CBOOOIBI
B y3J1ax (TpH MOCTyHATENbHbIE IUIFOC TPU [OBOPOTA) PA3BHUT ISl pelieHus 3a/1a4 ycroiunsoctu U P-Delta ananmusa. Marpuua j%ecTKOCTH 3JIeMEeHTa IPE/ICTaBIIeHa B BUIE CYMMBI
MPOU3BE/CHHH TaOyIMPOBAHHBIX YMCIIOBBIX MAaTPUIL HA areOpandeckue MaTpuLibl, KOA(QGHUINEHTH KOTOPBIX BBIPAXKEHBI Yepe3 KOOPAMHATHI BEPLIMH TeTpasapa. IIpogeMoHCTpupoBaHa
XOPpOIIIast CXOAUMOCTB PEIIeHHS, TOTyYeHHOTO Ha OCHOBE Pa3padoTaHHOTO 2JIEMEHTa.

KiroueBble ¢/10Ba: KOHEUHbIH IEMEHT, TETPA3APUYECKUIl KOHEUHBIH SJIEMEHT, TeTPa3APUUECKUI KOHEUHbIH 3JIEMEHT ¢ BPallaTe/IbHBIMU CTEIIEHSIMH CBOOO/IbI, yCTOH YUMBOCTh TPEXMEPHBIX TEJL.
UDC: 624.044 DOI: 10.37538/0039-2383.2020.6.41.48.FOUR-NODE TETRAHEDRAL FINITE ELEMENT WITH DRILLING DEGREES OF FREEDOM IN NODES TAKING INTO
ACCOUNT WORK OF THE ROTATION OF THE ELEMENTARY VOLUME. E.I. Britvin, PSACEA, Dnipro, Ukrain; e-mail: evgbritvin@gmail.com.

Abstract. By taking into account the work of rotation of an elementary volume, a four-node tetrahedral finite element with rotational degrees of freedom at the nodes (three translational plus three
rotations), obtained earlier in [1], was developed to solve problems of stability and P-Delta analysis. The element stiffness matrix is represented as the sum of the products of tabulated numerical matrices by
algebraic matrices whose coefficients are expressed in terms of the coordinates of the vertices of the tetrahedron. A good convergence of the solution obtained on the basis of the developed element is demonstrated.
Key words: finite element, tetrahedral finite element, tetrahedral finite element with drilling degrees of freedom, stability of three-dimensional bodies.

Z [P[HaMP[‘{eCKI/Ie pacyuCThI

Dynamic calculation
VJIK 502/504:626/ 627:624.042 DOI: 10.37538/0039-2383.2020.6.49.56

B.II. LIAPKOB, K.T.H., cT. Hay4. ¢., foueHt, 5.M. BAXTHH, a.1.1., npod. PTAY — MCXA umenu K.A. TumupsizeBa, r. Mocksa; e-mail: VV.P.Sharkov@mail.ru
OCOBEHHOCTH JE®OPMAIANA 3ANIOJTHUTEJISA B CAJIOCAX ITPH IMHAMWYECKHUX BO3JEUCTBUAX CEUCMHUYECKOI'O XAPAKTEPA U X
B3AUMOCBS3b C BOSHUKAIOLIIMMHU HAT'PY3KAMM U BO3JIEMCTBUSIMM...49
Hayunas HoBM3HA pabOTHI B TOM, YTO B ONbITAaX IPH JUHAMUYECKHX BO3JCHCTBUIX CEHICMUYECKOrO XapakTepa BbISIBIICHA B3aUMOCBS3b MEXKy KAPTHHOH M XapaKTepoM HEPaBHOMEPHBIX
0CaJIOK 3aMOIHUTES O IUIOMIAAN CHIIOCA C BO3HHKAIOIIMMH B HEM AMHAMHYECKUMH JaBJICHUSMH U HAlpaBJICHUEM BO3JEHCTBHUS. DTa B3aUMOCBS3b 10 HACTOSIIEr0 BpeMEH! He Obl1a
M3BECTHOI U €€ CIIeJlyeT YUUTHIBATh IIPHU CO3/IaHHU PACUETHBIX Mojenei. [ToydeHHbIE B OIBITAX PE3YJIbTaThl OOBSCHSAIOT IPHYNHBI BOSHUKHOBEHUS IPU CEHCMHYECKUX BO3/ICHCTBHAX B
3aIIOJIHUTCIIC U OGPaTHLIX 3aChIlKax CTCH U COOpy)!(CHI/Iﬁ prHHOMaC]JJTaGHLIX Z[Cq;)OpMaLlI/Iﬁ (S[M, TIPOBAJIOB U Hp.), MCCTOITIOJIOKCHHUE U Pa3MEPBI KOTOPBIX aBTOP YBA3BIBACT C XapaKTCPOM,
HMHTCHCUBHOCTBIO U HAIIPABJICHHUEM 3CMHCTp$[CCHPII>'I.

KioueBsle ciioBa: CHJIOCHI, 3alI0JTHUTEIIb, MOJIETIb, celicMUYecKue BO3JZ[CI7ICTBI/ISI, HEPAaBHOMEPHBIC OCAIKH, TUHAMUYECCKUE NaBJICHUS, BH6pOyHHOTHCHI/IC, CHJIBI TPEHUS.
UDC 502/504:626/ 627:624.042 DOI: 10.37538/0039-2383.2020.6.49.56.FEATURES OF AGGREGATE DEFORMATIONS IN SILOS UNDER DYNAMIC SEISMIC IMPACTS AND THEIR
RELATIONSHIP WITH EMERGING LOADS AND IMPACTS. V.P. Sharkov, B.M. Bakhtin, Russian state agrarian University-Moscow agricultural Academy (RGAU-MSHA) named after K. A.
Timiryazev, Moscow; e-mail: V.P.Sharkov@mail.ru
Abstract. The scientific novelty of the work is that in experiments with dynamic effects of a seismic nature, the relationship between the picture and the nature of uneven aggregate sediments over the
silo area with dynamic pressures and the direction of impact arising in it is revealed. This relationship has not been known to date and should be taken into account when creating computational models.
The results obtained in the experiments explain the causes of large-scale deformations (holes, sinkholes, etc.) that occur during seismic impacts in the aggregate and backfill of walls and structures. the
author links the location and size of these deformations to the nature, intensity, and direction of earthquakes.
Key words: silos, aggregate, model, seismic effects, uneven precipitation, dynamic pressures, vibration compaction, friction forces.

V]IK 69.04 DOI: 10.37538/0039-2383.2020.6.56.60

B.JI. MOHAPYC, a.T.H., wieH-koppecnonaeHT PAACH, A.1. KAPAKO3O0BA, k.1.1., CuTM HY MI'CY, r. MockBa; e-mail: mondrus@mail.ru

OB OCOBEHHOCTSIX PACYETA BAIIEHHBIX COOPYKEHUMA...56

BeicoTHOE CTPOHTENBCTBO IPHOOPEIIO OOJIBIIYIO BAXKHOCTb B MocieaHee BpeMst. OHON U3 OCHOBHBIX HArpy30K JUISl TAKUX KOHCTPYKIHIA SIBIISIETCS BETPOBasi HArpy3Ka, KOTOPYIO CIIOKHO

npejckasarb 1 onucarb. C OHOH CTOPOHBI, HEOOXOJUMO OLICHUTH JABJICHHE BETPA, C IPYroil, KpaitHe Ba)KHO y4eCcTh a9POJMHAMHUKY KOHCTPYKIIHH, TO €CTh IPE0Opa3oBaTh BETPOBOE

JIaBJICHHUE B BETPOBYIO HArpy3Ky HPH ITOMOILIHU a3pOJUHAMUYECKOiT ntepenaTounoii pyHkiuu. XKene3o0eToHHbIE 1 METAJUIMYECKIE BEICOTHBIE KOHCTPYKIIMH OJTHOM U TOH 7K€ BBHICOTHI

HY)XJAIOTCS B Pa3HBIX CII0CO0ax pacyeTa BBUIY OCOOCHHBIX CBOMCTB 9TUX MaTepHaNOB. B cTaThe paccMaTpHBAIOTCS OCOOCHHOCTH PACyeTa CTAIbHBIX PEIIETYAThIX KOHCTPYKIIUH.
KiroueBble cj10Ba: GaliHy, MauThl, BETPOBAs HArpy3Ka, pacuyeT KOHCTPYKLHA, yJIbCALIUU BETPa, CIIEKTP CKOPOCTH BETpA.

UDC 69.04 DOI: 10.37538/0039-2383.2020.6.56.60.TO THE QUESTION OF THE FEATURES OF THE TOWER STRUCTURES. V.L. Mondrus, A.l. Karakozova, The department of structural

and theoretical mechanics NRU MSUCE; e-mail: mondrus@mail.ru

Abstract. High-rise construction has become more important in recent years. One of the main loads for such structures is wind load, which is difficult to predict and describe. On the one hand, it is

necessary to estimate the wind pressure, on the other, it is extremely important to take into account the aerodynamics of the structure, that is, to convert the wind pressure into a wind load using the

aerodynamic transfer function. Reinforced concrete and metal high-rise structures of the same height require different calculation methods due to the special properties of these materials. The article

discusses the features of the calculation of steel lattice structures.

Key words: towers, masts, wind load, construction design, wind pulsation, wind speed spectrum.

VJIK 624.07.534.1 DOI: 10.37538/0039-2383.2020.6.61.68

U.U. UBAHYEHKO, a.T1.H., npod. PYT MUUT, r. Mocksa; e-mail: ivaii011@mtu-net.ru

TPAHAYHO-3JEMEHTHBIN MOJX0/1 K PACUETY B3AUMOJIENCTBUASI CKOPOCTHOI'O )KEJIE3HOJIOPOKHOI'O COCTABA 1 MOCTOBOI'O

MNEPEXO/JA. Yacts 2. [lelicTBHe HA MOCTOBO¥ Nepexo/| MOABUKHON MHEPIIMOHHOI HATPY3KH B BH/Ie CKOPOCTHOTO 7KeJIe3HOI0POKHOI0 COCTaBa...61

21]'[51 pacueTra MOCTOB Ha BCM TIpeUTararoTCsA rpaHNIHBIC DJIEMEHTHI U1 CTEPIKHA Ha YIIPYTOM OCHOBaHUH (KOHe‘IHLIe OJICMCHTBI 60HBHIOﬁ JUIAHBI, TIPA allIpOKCUMauu CMe[HeHI/Iﬁ
HaOOPOM JIMHEHHBIX U TPUTOHOMETPHUECKUX (DYHKIHIT). [ paHMYHbIC 5JIeMEHTBI MCTIONB3YIOTCS JUIsl pacyeTa KoJieOaHHil IyTH BHE MOCTa M Ha MOCTY, COBMECTHO CO CBSI3aHHBIM Yepe3
HpOCJ’[OﬁKy JABYXITYTHBIM 0aJI0YHBIM MOCTOM TIpA ABHXKCHUH HHepHHOHHOﬁ Harpys3ku B BUIC CKOPOCTHOTI'O JKEJIE3HOAOPOKHOI'0 COCTaBa. I[J'Iﬂ TIOCTPOCHUSA METOAUKHU HUCIIOIIB3YIOTCSA
TIPEUIOKECHHBIC paHEE aBTOPOM CTAaThU: IIaroBsas Ipoueaypa AJisl peuieHus 3agaq HeyCTaHOBHBHJeﬁCﬂ JHUHAMUKH coopy)lceHnﬁ 1 METOI «Y3JIOBBIX yCKOpeHHﬁ» JUI ydeta HeﬁCTBHﬂ Ha
COOPYKECHHUA HOL[BP[)](Hoﬁ HHepHI/IOHHOﬁ HarpyskH.

KiaroueBble cioBa: TOJIBMIKHAs HarpysKa, maroBbl€ MPONEAYpPhbl, CTEPKHEBBIC TPAHUYIHBIC DJIEMEHTBI, ITOJIHOE YCKOPEHHUE, pel‘lBCOBLIf;I yTh, HEPOBHOCTH B HpeHMOCTOBOﬁ 30HE ¥ HA MOCTY, CKOpOCTHOﬁ COCTaB.
UDC 624.07.534.1 DOI: 10.37538/0039-2383.2020.6.61.68. BOUNDARY ELEMENT APPROACH TO CALCULATING THE INTERACTION OF HIGH-SPEED RAILWAY STRUCTURE
AND BRIDGE CROSSING.Part 2. Action on a bridge crossing of mobile inertial load as high-speed railway train. I.1. lvanchenko, Russian University of Transport (RUT MIIT), Moscow; e-mail:
ivaii011@mtu-net.ru

Abstract. For calculating bridges on the high-speed railways, boundary elements for a rod on an elastic base are proposed (finite elements of long length with a set of linear and trigonometric functions
approximating the displacements). Boundary elements are used to calculate the vibrations of the track outside the bridge and on the bridge, together with a double-track girder bridge connected through a
layer when moving of an inertial load (such as high-speed railway train). To construct the method, the author uses the step-by-step procedure proposed him earlier for solving problems of unsteady
dynamics of structures and the method “nodal accelerations” for recording actions of moving inertial load on structures.

Key words: moving load, step procedures, rod boundary elements, full acceleration, rail track, unevennesses in a bridgehead area and on a bridge, high-speed train.

B nomomns 11 DOCKTHPOBIIUKY
To help the designer
VJIK 624.072.2 DOI: 10.37538/0039-2383.2020.6.69.76

A.C. MAPYTSIH, k.T.1., nou. ®Puianan CeBepo-KaBkasckoro erepaisHoro ynusepceutera B r. IIaturopeke; e-mail: al_marut@mail.ru
ONTUMMBALIMS ®EPMEHHBIX KOHCTPYKIMI C IOSICAMM PETYJISIPHO-IIEPEMEHHbBIX CEYEHUM U3 IMTPSAMOYTI'OJIbHbIX TPYBE...69
TIpuBesieHa 3aKOHOMEPHOCTH 0 ONTUMH3ALNOHHOMY PAacueTy pa3MEpHbIX MapaMeTPOB MOSICOB PEry/IiPHO-IIEPEMEHHBIX CEUCHHIT 13 IPSIMOYTOJIbHBIX TPYO 1uist hepM U hepMEeHHBIX
KOHCprI(LIHﬁ, TEXHUYECCKasA HOBU3HA KOTOPBIX IMMOATBEPIKIACHA TaTeHTHOM 3Kcnean30ﬁ‘ ﬂpe)mTaBneHa COBMECTHUMOCTH UX KOMIIOHOBKH C pEIICTKaMHU 3“1‘331‘006])3.3}{0]‘0 ouepTaHus U3
TPAMOYTOJIBHBIX pr6, ONTUMHU3UPOBAHHBIMHU IS (t)epMeHHBIX crcreM Ha 6ase CTallbHBIX TIPYTKOBBIX KOHCprKLII/]ﬁ ]TOKpLITI/Iﬁ C 3aMEHOM TIPYTKOBBIX 'HYTBIX DJICMECHTOB Ha pr6anL]e‘
TTokazaHsl 6€C(1)aCOHO‘{HLIe Y3JIOBBIC COCTMHEHHUS ITOSACOB U PEHICTOK C HETIOCPEACTBECHHBIM IIPUMBIKaHUEM CTEPIKHEBBIX JIEMECHTOB JAPYT K APYry oe3 PacUCHTPOBOK U C KOHCTPYKTUBHBIMA
OKCHEHTPUCHUTETAMH, OTPAaHUYCHHBIMHA 1/4 BBICOTBI IMMOSICHBIX DJICMEHTOB, UTO JOITYCKA€T HE YUUTBIBATh UX B pacuycTax u obecrieynBaeT yHH(I)MKaLH/IIO Y3JIOB BEPXHUX U HHKHUX ITOSICOB
HECylux KOHC’]‘pyKHHﬁ. BrisiBiiena TIEPCIIEKTUBHOCTH UCIIOJIB30BAHUA HOBOI'O TEXHUYECCKOI'O PEIICHUS B JIETKHUX METAJUIMYCCKUX KOHCTPYKIIUAX SHaHHﬁ u COOpy)KeHHI\;L Oqepqua 00J1acTh
€ro parlMoOHaJIbHOI'O MPUMEHEHH A, I'I€ MTPH TTOMOIIN BapUaHTHOTO IMPOCKTUPOBAHNA U3BECTHBIX U HOBBIX pemel—mﬁ JlaHa KOJIMYECTBCHHAA OILICHKa pecypcaM Uux Hecymeﬁ CIOCOOHOCTH U
MaTCpHUaAJIOEMKOCTH. OTpa)lceHa KapThHa HM3MEHEHHIH PacUYC€THBIX MapaMeTPOB MPAMOYTOJIBHBIX pr6 TpHu perynﬂpHo—nepeMeHHoﬁ Tpchqjopmaunn WX ITONECPEYHBIX CEUYECHHH OT
BEPTHKAJIBHBIX KOH(PUTYpaLHii 10 TOPU30HTAIBHBIX C IIEPEX0I0M Yepe3 KBaPATHYIO.

KiioueBsle cioBa: pacueT ONTUMAJIBHBIX MAPAMETPOB, PETYIISIPHO-IIEPEMEHHBIC CEUCHHUS, l'lpOCIJI/IIIbHLIC prGLI, CTEPIKHEBBIE CUCTEMBI, dJCpMLI, JIETKUE METAJUIMYECKUE KOHCTPYKIIUH.
UDC 624.072.2 DOI: 10.37538/0039-2383.2020.6.69.76. OPTIMIZATION OF TRUSS STRUCTURES WITH REGULAR-VARIABLE CROSS-SECTION CHORDS MADE OF
RECTANGULAR PIPES. A.S. Marutyan, the Candidate of Technical Sciences, Associate Professor, Branch of the North Caucasus Federal University, Pyatigorsk; e-mail: al_marut@rambler.ru
Abstract. The article describes optimization calculation of dimensional parameters for chords of regularly-variable cross-sections made of rectangular pipes for trusses and truss structures. Its technical
novelty is confirmed by patent examination. The compatibility of their layout with zigzag lattices made of rectangular pipes, optimized for truss systems based on steel bar structures, with the
replacement of bent bar elements with tubular ones, is presented. Article shows faceless nodal connections of chords and lattices with the rod elements directly adjacent to each other without
misalignment and with structural eccentricities limited to 1/4 of the height of the chord elements. It ensures the unification of nodes of the upper and lower chords of load-bearing structures. The
prospects of applying this new technical solution in light-weight metal structures are revealed. The scope of its rational application is outlined, where the quantitative assessment of the resources of their
load-bearing capacity and material consumption is given. The article reflects changes in the design parameters of rectangular pipes with a regularly variable transformation of their cross-sections from
vertical to horizontal configurations with a transition through a square one.
Key words: calculation of optimal parameters, regularly-variable cross-sections, profile pipes, rod systems, trusses, light-weight metal structures.
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Pacuetsr Ha IIPOYHOCTH
Strength calculations
V]IK 624.04 DOI: 10.37538/0039-2383.2021.1.2.9
M.B. CYXOTEPUH?, a.1.1., 1011., A.M. MACJIEHHUKOB?, A.T.H., npod., T.Il. KHbII1, kana. ¢pus.-mar. Hayk, gou., U.B. BOMTKOL, k.t.H., 1o}, 'TYMP® HM.aJiIMUpaiIa
C.0.Makapoga, 2CIIGI'ACY; e-mail: sukhoterinmv@gumrf.ru
HU3Ir'MB OPTOTPOIHOM NPSIMOYT0JIbHOM KOHCOJIbHOM MUIUTBL...2
TIpeuioskeH nTeparMOHHBIA METO CyNEepHO3HIMH HCIPaBILIONMX GyHKIuHA. YacTHOe peleHre 0CHOBHOro IuddepeHIanbHOro ypaBHeH!s H3ruda IpeicTaBIeHO0 MHOTOUICHOM
4eTBepTOi cTeneHu («6amoyHasy GpyHKIH), KOTOPBI AaeT HEBSI3KY TOJBKO 110 M3rHOA0IeMy MOMEHTY Ha NapajulelIbHbIX CBOOOIHBIX TPaHIX. DTa HEBsI3Ka U MOCIIEAYIONINe B3AUMHO
KOMIIEHCHPYIOTCS ABYMsI BUIAMH HCTIPABISIIONIMX (pyHKIHUH — FHIIEpOO0I0-TPUrOHOMETPHYECKUX PAJIOB € HeolpeieneHHbIMU Koo duimentamu. Kaxaas QyHKIMS ya0BIECTBOPSET JIUIIb
YaCTH 'PaHUYHBIX YCIOBHH. Pelenue 3aiaun qocturaercss 6ECKOHEUHOM Cyneprno3uuuei nenpasisionmx GyHKuui. Jis cXoaMMOoCTH 1porecca BCe HEBSA3KH JIOJDKHBI CTPEMHUTBCS K HYJIIO.
TIpu nocTikeHnH 3aJaHHOI TOYHOCTH TIpoLEce NpeKparuaeTcs. [IpuBeieHb! YHCIEHHBIC pe3yIbTaThl pacueTa KBaApaTHOW peOPHUCTOM IIIUTHI.

KiroueBble ¢/10Ba: KOHCOJIbHASL OPTOTPOIIHAS IUIMTA, U3THO, TUNEPOOIO-TPUrOHOMETPHYECKHE PS/Ibl, TOYHOE PEILECHHE.
UDC 624.04 DOI: 10.37538/0039-2383.2021.1.2.9. BENDING OF ORTHOTROPIC RECTANGULAR CANTILEVER PLATE. M.V. Sukhoterinl, A.M. Maslennikov2, T.P.
Knysh1, 1.V. Voytkol, 1 Admiral Makarov State University of Maritime and Inland Shipping, 2 Saint Petersburg State University of Architecture and Civil Engineering; e-mail:
sukhoterinmv@gumrf.ru.
Abstract. An iterative method of superposition of correcting functions is proposed. The partial solution of the main differential bending equation is represented by a fourth-degree polynomial (the beam
function), which gives a residual only with respect to the bending moment on parallel free faces. This discrepancy and the subsequent ones are mutually compensated by two types of correcting
functions-hyperbolic-trigonometric series with indeterminate coefficients. Each function satisfies only a part of the boundary conditions. The solution of the problem is achieved by an infinite
superposition of correcting functions. For the process to converge, all residuals must tend to zero. When the specified accuracy is reached, the process stops. Numerical results of the calculation of a
square ribbed plate are presented.
Key words: cantilever orthotropic plate, bending, hyperbolic-trigonometric series, exact solution.

V]IK 624.073 DOI: 10.37538/0039-2383.2021.1.10.18
E.B. KOPEHEBA, 1.T.H., npo. MocKkoBCKoe BbiciIee 0011eB0iiCKOBOe KoMaH/IHOe op/ieHoB JKykoBa, Jlennna u Oxrsa6pbckoii Peomouuu KpacnosHaménnoe yunimuie; e-mail:
elena.koreneva2010@yandex.ru
M3Ir'b KOMBUHAPOBAHHBIX IUIACT MH KYCOYHO -IIEPEMEHHOM TOJIIMIAHBL. PEINEHUS B ®YHKIUAX JEXKAH/IPA...10
B pa60Te paccMaTpuUBarOTCS BOIIPOCHI n3ruba TUTaCTHH, COCTOAIINX U3 OTACIIBHBIX YIAaCTKOB C PA3JIMYHBIMUA 3aKOHAMH U3MCHCHHUS TOJIIINHBI, Ka)KZ[LIﬁ U3 OTUX YyIaCTKOB UMECT (i)OpMy
KOJIbIIa. HSy‘-IaCMLIC TUTAaCTUHBI UMCIOT B INTAHC KPYTOBYIO qupMy. OTZ[CJ'H:HHC Y4aCTKH COCTOAT U3 OAHOT'O U TOT'O K€ WJINA U3 PA3JINIHBIX MaTCPHAJIOB. DTt MaTepualiel MOT'yT OBITH
OIHOPOIHBIMH U HCOAHOPOAHBIMHU, U30TPOITHBIMU U aHU30TPOITHBIMH. B mecTax cThIKOB OTACIIBHBIX YIaCTKOB TOJIIHHA KOHCTPYKIIUA MOXKET OBITH KaK HCHpCpLIBHOfI, TaxK U UMCTh
Pa3phIBbI HEPEPHIBHOCTH. MI3y4daroTcst BONPOCHI JISHCTBUS PA3IMYHBIX OCECMMMETPHYHBIX HArpy30K Ha MOJ00HBIE KOHCTPYKIMH. PaccMaTpyBaroTcs Takue npoQHiIn OTACIbHBIX Y4aCcTKOB,
KOTOpBIE J0MYCKAIOT HOJyYSHHE PElLleHNiT B IPUCOSANHEHHbIX QyHKIMX JIexanapa u B noanHoMax Jlexanapa. Y CTaHOBIICH JOCTaTOYHO MIMPOKHIT KJIACC COOTBETCTBYIOIIUX IPOduIIeii.
JUi1st BBIIIOJIHEHUS! YCIIOBUH CONPSDKEHMUS OT/IEIbHBIX YYaCTKOB BBOASITCS CIIELUAIBHO 110JJ00paHHbIe BCIIOMOTaTelIbHbIe (pyHKIMH. B KauecTBe npuMepa paccMaTpUBaeTCs pacuer
KOMOMHMPOBAHHOH IJIACTHHBI, COCTOSIIECH U3 TPEX y4acTKOB M 3arpy>KEHHOH Pa3pbIBHBIMY HAarpy3KaMu.

KiroueBble ¢j10Ba: KOMOMHHPOBAHHbIE IUIACTHHBI, KyCOUHO-IIEPEMEHHAs TOIIMHA, GyHKuun Jlexanapa.
UDC 624.073 DOI: 10.37538/0039-2383.2021.1.10.18. THE FLEXURE OF COMBINED PLATES WITH PIECE-WISE VARIABLE THICKNESS. THE SOLUTIONS IN
TERMS OF LEGENDRE FUNCTIONS. E.B. Koreneva, Moscow Higher Combined-Arms Command Academy; e-mail: elena.koreneva2010@yandex.ru
Abstract. The work considers the problems of flexure of plates of circular form and consisting of separate parts with different laws of thickness variation. The each part of this plate has the form of a
ring. The mentioned separate sections may be made from the same or from the different materials. The material of the piece-wise variable plate parts can be isotropic or orthotropic, homogeneous or
nonhomogeneous. In the places of the separate parts conjugation the plate’s thickness can be continuous or discontinuous. The action of symmetric load on piece-wise variable plate is studied. The
analytical approach is used, the solutions are obtained in the closed forms in terms of Legendre functions and Legendre polynomials. Rather wide set of plates’ profiles is determined. For the satisfaction
of the conditions of the separate sections conjugation the special auxiliary functions are introduced. The computation of the plate, consisting of three sections and subjected to an action of discontinuous
loads, is considered as an example.
Key words: combined plates, pieces-wise variable thickness, Legendre functions.

YJK 519.633 DOI: 10.37538/0039-2383.2021.1.18.33
C.B. BAKYIIEB, x.1.1., npo¢. [Ten3enckuii rocy apcTBeHHbIN YHHBEPCHTET apXHTEKTYPBI M CTPOHTeabCTBa; e-mail: bakuchsv@mail.ru
JTADODEPEHIUAJILHBIE YPABHEHUSI PABHOBECHS UJEAJIBHO YIIPYTOIIACTUYECKOM CILIOIIHOM CPEJIBI VIS IIJIOCKOM JIE®OPMALIMH B
LIUJIMHIPUYECKHAX KOOPJIUHATAX ITPH BUJIMHEMHOM AIIITPOKCUMALIMU 3AMBIKAIOIINX YPABHEHMIA...18
PaccmarpuBatotcs Bonmpochl mocTpoeHust AudpepeHuanbHbIX ypaBHEHHI PABHOBECHS B MIEPEMEILCHHSIX UL ITIOCKOT0 1e()OPMUPOBAHMS HICAIBHO YIIPYTrOIUIACTUYECKOM, B OTHOILICHUI
CIBHTOBBIX Jie(hopMalinii ¥ HeMMHEHO yIPYroi B OTHOLICHHH 00beMHBIX Je(hOpMalnii, CIUIOMIHON cpe/ibl TPy OMINHEHHON anmnpOKCHMAINH 3aMbIKAIOIINX YPABHEHHUH, KaK C y4eToM, TaKk
n 6e3 ydera reoMeTpHIECKOil HETMHEHHOCTH, B LIMJIMHAPUYECKOH cicTeMe KoopauHaT. HennHelHble [uarpaMMbl 00bEMHOT0 M CIBUTOBOrO Ae(OpMHUPOBaHHS alIPOKCUMUPYIOTCS
OunnHeHbIMH QYHKIMAMU. ICXO/1s1 M3 IPEAIOI0KEHUS O HE3aBHCUMOCTH, BOOOIIIE FOBOPS, APYT OT Apyra 00beMHOI0 U CIBUTOBOr0 1e()OPMUPOBAHHUS, PACCMOTPEHBI IATh OCHOBHBIX
ciyyaeB QH3MUECKHX 3aBHCHMOCTEH, 3aBUCSIINX OT B3aMMHOI'O PAaCIOI0KEHUS TOYEK M3I0Ma OHIMHEHHBIX AMarpaMM 00bEMHOr0 U CIBUTOBOro aedopmupoBanus. Iloctpoenne
OMITMHENWHBIX (1)1/!31/1‘[60](?[)( 3aBUCHUMOCTE OCHOBAHO Ha BBIYHCIIEHUN CCKYyIINX MO}Z[yJ'leﬁ 00BEMHOTO B CIABHUTI'OBOI'O Lle(i)OpMI/lp()BaHHﬂ. HpH OTOM Ha IIEPBOM Y4aCTKE auarpamMm CeKyIJ_U/lﬁ
MoAayJb 1 OﬁLeMHOFO, M CABUT'OBOI'O I(e(bopwmposam/m TIOCTOSIHEH, B TO BPEMsI KaK Ha BTOPOM Y4JaCTKE AHarpaMmm ceKymnﬁ MOIYyJb 00bEMHOTO I(e(bopMHpOBaHHS{ SABJIACTCA ('l)yHKLH/lef;I
06’LeMHOﬁ ;[e(bopmaulm, a ceKymm?'r MOIYJIb CABUTA ABIISICTCA q)yHKL[Heﬁ HUHTCHCHUBHOCTH L(ed)opmaunfz'l caBura. HOHCTaBHﬂﬂ COOTBETCTBYIOILIINE OUIMHENWHBIE (1)1/[3]/['-160](]46 COOTHOLICHHUSA B
;[mi)(i)epel—mnanm—lme YpaBHCHHS PaBHOBECHUS CIIJIOITHOM Cpenabl, 3alTMCaHHBIC KaK 0e3 y4deTa, Tak U C y9€TOM FeOMe’I‘pH‘IeCKOﬁ HeHHHeﬁHOCTH, TIOJTyIHITA
paspeniaronme nn(b(bepenunanm—lme YpaBHCHUS PAaBHOBECHS B IICPEMEIICHUAX JUTA TJIOCKOM ne(i)opMauIm B LII/UII/IHI[pI/I‘-IeCKOﬁ CHUCTEMEC KOOpAWHAT. HonyquHme LlI/I(b(i)epeHLH/laJ'[BHBIe
YpaBHCHU PAaBHOBECHSA B IIEPEMECIICHUAX B HMIIMHAPUICCKUX KOOpAUHATaX MOTI'yT HaWTH TIPUMEHEHUEC IIPH ONIPEACIICHUN HanpsmceHHo—ued)opanosaHHoro COCTOSHUA UIICATTBHO
YOpYromiacTH4€CKux, B OTHOIECHUH CABUTOBBIX z[eq)opmaunﬁ ¥ HEJIMHEWHO YHOpyrux B OTHOILICHUHA 00BEMHBIX J:Le(bopMaum‘i, CIUIOLTHBIX CPE€M, HAXOIAIINXCS B YCIIOBUAX IIJIOCKOTO
nehOpMHUPOBAHHMS, KAK C YUETOM, TaK 1 63 yueTa reOMETpUYECKOH HeMMHEHOCTH, (PU3MYECKHEe COOTHOLICHHUS ISl KOTOPBIX alpPOKCUMHPOBAHbI OMITMHEHHBIMU (DYHKIMSIMH.

KiroueBble ¢/10Ba: CIUIOIIHAS Cpe/a, II0CKas AedopManust, THIMHAPHYECKHE KOOPANHATHI, HACAIbHO YIpyromiacTHieckoe aehopmupoBanue, b depeHmanbHble ypaBHeHNS PABHOBECHS,
reoMeTpu4iecKas HHHCﬁHOCTL, TreoMeTpHuieCKas HEJIMHEWHOCTb.
UDC 519.633 DOI: 10.37538/0039-2383.2021.1.18.33. DIFFERENTIAL EQUATIONS OF EQUILIBRIUM OF ELASTIC PERFECTLY PLASTIC CONTINUOUS MEDIUM
FOR PLANE DEFORMATION IN CYLINDRICAL COORDINATES AT BILINEAR APPROXIMATION OF THE CLOSING EQUATIONS. S.V. Bakushev, The Penza state
university of architecture and construction; e-mail: bakuchsv@mail.ru.
Abstract. The article considers the construction of differential equations of equilibrium in displacements for plane deformation of elastic perfectly plastic regarding shear deformations continuous
medium and nonlinearly elastic continuous medium with respect to volumetric deformations with bilinear approximation of the closing equations, both regarding and regardless geometrical nonlinearity
in a cylindrical coordinate system. Nonlinear diagrams of volumetric and shear deformation are approximated by bilinear functions. Proceeding from the assumption of independence, generally speaking,
of volume and shear deformation from each other, five main cases of physical dependencies are considered, depending on the relative position of the break points of bilinear diagrams of volume and
shear deformation. The construction of bilinear physical dependencies is based on the calculation of the secant moduli of volumetric and shear deformation. In this case, in the first section of the
diagrams, the secant modulus of both volumetric and shear deformation is constant, while in the second section of the diagrams, the secant modulus of volumetric deformation is a function of volumetric
deformation, and the secant shear modulus is a function of the intensity of shear deformations. Substituting the corresponding bilinear physical relations into the differential equations of equilibrium of a
continuous medium, written both regardless and regarding geometrical nonlinearity, the resolving differential equations of equilibrium in displacements for plane deformation in a cylindrical coordinate
system are received. The received differential equations of equilibrium in displacements in cylindrical coordinates can be applied in determining the stress-strain state of elastic perfectly plastic with
respect to shear deformations continuous medium and nonlinearly elastic with respect to volumetric deformations continuous medium under conditions of plane deformation, both regarding and
regardless geometrical nonlinearity, physical relations for which are approximated by bilinear functions.
Key words: continuous medium, plane deformation, cylindrical coordinates, elastic perfectly plastic deformation, differential equilibrium equations, geometrical linearity, geometrical nonlinearity.

Henuneiinple pacuers
Nonlinear calculations

YJIK 531 DOI: 10.37538/0039-2383.2021.1.33.39

B.U. AHAPEEB, a.1.H., C.A. CEPEJIA, marucrpautr HUY MI'CY, Mocksa; e-mail: asv@mgsu.ru

MOJI3YYECTh HEOJTHOPOHOM NOJIMMEPHON NWJINHIPUYECKOM OBOJIOYKHU IMTPU HATPEBE...33

B crarbe paccmaTpuBaeTcs 3a1a4a HOJI3y4eCTH OTMMEPHON TOJICTOCTEHHON MIMHAPHYECKOH 000104KH ITPH IEHCTBHHM M3MEHSIONIETocs BO BpEMEHH TEMIIEpPaTypHOro nois. B ocHoBy
pacyera IoJI0KeHO HellMHeltHoe ypaBHeHne Maxkcsemta—I'ypeBrya, IMPOKO UCIIONIB3YEMOE B pacueTaX MOIMMEPHBIX KOHCTPYKIMMA. JIis peneHus KBasuCTallMOHapHOH HeTMHeHHO!
3a/1a4M UCTIONB3YETCS «IOCTOWHBIIN» METOJ, T MO/ CII0EM MOAPa3yMEeBaeTCs ONMpeieIeHHOe BpeMs rporiecca. I10100HbIe METOIBI PEIICH S 3a/1a4 MTOJI3y4eCTH HOCST TAKXKEe Ha3BaHHE
«IIArOBBIN», «IOCIEIOBATEIbHBIX HAIPYKEHHID», «HHKPEMEHTAIbHBIH» U T.J. 3a1a4a PelIacTcss B OCCCHMMETPUYHOI ITIOCTAHOBKE B YCIIOBUSIX ILIOCKO# JeopMmannn. Pe3ynbrarsl.



Hcnons3oBanne auddepentmansHoro ypaBHenns Makcsemia—I ypeBiya 1o3BosisieT pemaTh 3a1adi peosiornH NPy BO3ACHCTBIN MEPEMEHHOr0 BO BpEMEHH TEMIIEPAaTYPHOTO TTOJI.
Tloka3aHo M3MeHeHHE HANPSHKEHHOTO COCTOSIHUS OT BPEMEHH U CYIECTBEHHOE OTIIMYNE €TI0 OT YIPYToro pelieHHs.

KioueBble ciioBa: MOJI3y4eCTh, HECOAHOPOAHOCTD, HCHHHCﬁHOCTL, TIOJTUMEPBI, TOJICTOCTCHHAS HUIWHAPUYECKAsA 00oJouKa.
UDC 531 DOI: 10.37538/0039-2383.2021.1.33.39. CREEP OF INHOMOGENEOUS POLYMER CYLINDRICAL SHELL DURING HEATING. V.I. Andreev, S.A. Sereda, NRU MGSU, Moscow; e-mail:
asv@mgsu.ru
Abstract. The article deals with the problem of creep of a polymer thick-walled cylindrical shell under the action of an uneven temperature field. The calculation is based on the nonlinear Maxwell —
Gurevich equation, which is widely used in the calculations of polymer structures. To solve a quasi-stationary nonlinear problem, a "layer-by-layer" method is used, where a layer means a certain time of
the process. Such methods for solving creep problems are also called step, sequential loading, incremental, etc. The problem is solved in an axisymmetric formulation under conditions of plane
deformation. The use of the Maxwell — Gurevich differential equation allows solving rheology problems when exposed to a timevarying temperature field. The change in the stress state with time and its
significant difference from the elastic solution are shown.
Key words: creep, inhomogeneity, nonlinearity, polymers, thick-walled cylindrical shell.

YK 624.13 DOI: 10.37538/0039-2383.2021.1.40.44
C.B. BOCAKOB!, j1.1.1., npodreccop, O.B. KO3YHOBA?, k.1.1., nouent PYII «Mucrutyt BentHUUC», BHTY, r. Munck, *Besiopycckuii rocy1apcTBeHHbII YHHBEPCUTET
TpaHcnopra, r. Fomens, BHTY, r. Munck; e-mail: sevibo@yahoo.com
CIIOCOB B.H. XEMOYKHWHA B PACYUETA IIVIUT B ®OPME YACTH KPYI'A NJIK KOJIBIIA HA ITIPOU3BOJIBHOM YIIPYT'OM OCHOBAHMUMN...40
PaccmarpuBatotcs 3agaun pacuera IUIMT HA yIPYTOM OCHOBAHHH B IOJIIPHBIX KOOPJMHATAX B TPAJAULMOHHON OCTAHOBKE 0e3 yyeTa KacaTelbHbIX HAaNpsHKeHHH B KOHTAKTHOH 30He. dopma
IUIUT IPUHUMACTCS B BHJIE CEKTOpa Kpyra ¢ HPOM3BOJILHBIM YIJIOM WM YaCTH KOJbLA. AHAIUTHYECKUE PEIICHHs MOJOOHBIX 3a1a4 H3BECTHBI JUIS IUTHT KPYTJION WM KOJIBLIEBOH (hOPMBI B
mane. Pacuer Bepercst criocobom XKeMoukrHa, TOITOMY BHAaYalle ONPEASIISIIOTCS IIPOrHObI INTHTHI B BUJIE CEKTOPA Kpyra ¢ MPOU3BOJIBHBIM YIJIOM MIIM YacTU KOJIbIIA € 3alleMJICHHOI
HOpMaJbIO. DTOT 3Tan pacdeTa BBIIOIHACTCSI METOAOM PI/[TI_la, TIC 3a KOOpAUHATHBIC ¢)yHKL[P[P[ TIPUHAMAIOTCS WICHBI psiia 110 IIPOU3BECACHUAM CTerneHeH pagnyca Ha TPUTOHOMETPHICCKUC
¢)yHKHHH yFHOBOﬁ KOOpAWHATBI. HOJ‘Iy‘-{CHHLIC BBIpXXCHUS UL HpOFI/I60B TUIMTEI C 3aHlCMHCHHOf[ HOPMAJIBIO IMTO3BOJISIIOT CQ)OpMP[pOBaTI) CHCTEMY pa3peuIarolnx ypaBHeHPII)’[ CHOCOG&
)KCMO‘{KP[H&, pemeHneM KOTOpOﬁ SIBJISIFOTCS TMHCHHOE 1 YIIJIOBOC NEPEMEIICHHUS BBEACHHOI'O 3aIIEMIICHHS M PACIIPEACICHUC PCAKTUBHBIX Hal'lpSDKCHI/Iﬁ moq TLTUTOM. Z[anee
M3BECTHBIMH METOAAaMH OIIPEACIIAIOTCS NEPEMCIICHUS IUIMTHI Ha YIIPYTOM OCHOBAHHUU U yCUIINS B HEH. HpPIBOI[SITCSI JBa IpuMepa s IUIAT B ¢OpMC TIOJIyKpyTra u KOJIBIIEBOI'O CEKTOpa €
MPSIMBIM YTJIOM Ha YIIPYTOM HOIyHPOCTPaHCTBE. I1omydeHHbIe pe3yIbTaTbl MOTYT HAaiiTH IPUMEHEHHUE IIPH PacueTe KPYIIIbIX U KOJbLEBbIX (DYHIAMEHTOB HA HEOCECUMMETPHYHYIO
HArpy3Ky U IUTUTHBIX (DYHIAMEHTOB CIIOXKHON (hOPMBI B HOJIAPHBIX KOOPMHATAX.

KiroueBble cj10Ba: KOHTaKTHas 3aJla4a, ynpyroe oCHOBaHUE, Cl'lOC06 )KCMO‘IKI/IHa, TTATA CIIOXKHOM dJOpMI)I B IIOJIAPHBIX KOOpAUHATaX.
METHOD B.N. ZHEMOCHKINA IN CALCULATION OF PLATES IN THE FORM OF A PART OF A CIRCLE OR A RING ON AN ARBITRARY ELASTIC BASE. S.V. Bosakovl, O.V. Kozunova2, 1
RUE “Institute BeINIIS™, Belarusian National Technical University, Minsk, 2 Belarusian State University of Transport, Gomel, Belarusian National Technical University, Minsk; e-mail: sevibo@yahoo.com
Abstract. Problems of calculating slabs on an elastic foundation in polar coordinates in the traditional formulation without taking into account the shear stresses in the contact zone are considered. The
shape of the plates is taken in the form of a sector of a circle with an arbitrary angle or part of a ring. Analytical solutions for such problems are known for slabs of a circular or annular plan. The
calculation is carried out by the Zhemochkin method, therefore, the deflections of the slab are first determined in the form of a sector of a circle with an arbitrary angle or a part of a ring with a clamped
normal. This stage of the calculation is performed by the Ritz method, where the terms of the series by the product of the powers of the radius by the trigonometric functions of the angular coordinate are
taken as the coordinate functions. The expressions obtained for the deflections of a slab with a clamped normal make it possible to form a system of resolving equations of the Zhemochkin method, the
solution of which is the linear and angular displacements of the introduced clamping and the distribution of reactive stresses under the slab. Further, by known methods, the movements of the slab on the
elastic foundation and the forces in it are determined. Two examples are given for slabs in the form of a semicircle and an annular sector with a right angle on an elastic half-space. The results obtained
can find application in the calculation of circular and ring foundations for non-axisymmetric loads and slab foundations of complex shapes in polar coordinates.
Key words: contact problem, elastic foundation, Zhemochkin method, plate of complex shape in polar coordinates.

Pacyersl Ha HAJIEKHOCTD
Reliability calculation
YJIK 624.046.5 DOI: 10.37538/0039-2383.2021.1.45.53
A.A. COJIOBBEBA, acn., C.A. COJIOBBEB, K.T.H., 1oueHT Bosioroackuii rocyrapcrsensblii yausepeurer; e-mail: solovevaaa@vogu35s.ru
PACYET HAJIE’KHOCTH 3JIEMEHTOB CTA JIBHBIX ®EPM 110 KPUTEPUIO YCTO MYMBOCTH C UCITOJIb30BAHUEM P-BJIOKOB...45
HazexHoCTh HecyIMX JIEMEHTOB KOHCTPYKLMI CITy)KHT OIHUM U3 TI0Ka3aTesell UX MeXaHH4ecKoi Oe3onacHocT. B craTbe pa3paboTaHbl METO/IbI pacyeTa HaJIe)KHOCTH CTEPIKHEH
CTaJIbHBIX (hePM 110 KPUTEPHIO YCTOHUMBOCTH C HCIIOIb30BAaHUEM P-0JI0KOB. P-OJI0KM COCTOAT U3 IBYX IPAHNYHBIX (YHKUHMH pacrpeieeHus BepoSTHOCTEH, popMHUpPYIOIHX 00nacTh
BO3MOXXHBIX ¢yHKHI/lﬁ pacnpez[eneHHﬁ, U CIIy>KaT It MOACITHPOBAHUST CquaﬁHLIX BCJIMYHH B YCIOBUAX HETIOJIHO# 110 KOJIMYECTBY MU KAQUCCTBY CTaTUCTHYECKOM I/IH(l]OpMaIII/II/I. Ha
nmpumepe BCpOﬂTHOCTHOf{ ONCHKH YCHJINA B CTCPIKHE q)CpMI:I TIPOAEMOHCTPUPOBAH aJITOPUTM CYMMHUPOBAHUA IIPONU3BOJIBHBIX p-6]’[OKOB MOHCHeﬁ cnyqaﬁm;lx Harpysok. pCSyJ'[BTaT pacucra
HaJC)KHOCTH C UCITIOJIb30BAHUEM p-6J’[0KOB NpEICTaBJIICH B HHTepBaI[LHOﬁ q)opme, Hcnone3oBanne p-6HOKOB TIO3BOJIACT TIOITYIUTH 60HC€ OCTOPOXXHYIO OIICHKY HaJIC)KHOCTH IIPH HETIOJTHOM
CTaTUCTHYECKOM I/IHCbOpMaLU/II/I. )1115[ TIOBBIIICHUSA I/IHq’JOpMaTI/IBHOCTH pe3yibpTara pacueTa HaAC)KHOCTH HCO6X0}IHMO TIOJIy9UTH OOJIBIIIE CTATUCTHYECKOM I/IHq)OpMaIH/II/I (8]
CHy‘{aﬁHLIX BCJINYMHAX B PACUYCTHBIX MAaTECMaTHICCKUX MOJCIIAX, YTO ITO3BOJIUT C¢OpMI/lpOBaTL p-GHOKI/I C 60J’[CC Y3KHUMH I'PaHUIHBIMH q)yHKLIHSIMH pacnpencincHus.

KiroueBsble ciioBa: HaJIC’)KHOCTb, p-GIIOK, yCTOfl‘WlBOCTB, (bepma, BEPOATHOCTh 6e30TKa3HON pa60Tm, HEOIIPEACIICHHOCTD, CJ'ly‘Ialeaﬂ Harpyska, TeopHus CBUJICTCIILCTB.
UDC 624.046.5 DOI: 10.37538/0039-2383.2021.1.45.53. STRUCTURAL RELIABILITY ANALYSIS OF STEEL TRUSS ELEMENTS ON BUCKLING USING P-BOX APPROACH. A.A.
Solovyova, S.A. Solovyov, Vologda State University; e-mail: solovevaaa@vogu35.ru
Abstract. The reliability of load-bearing structural elements is one of the indicators of structural safety. The article presents methods for steel trusses bars reliability analysis according to the buckling
criterion using p-boxes. A p-box consists of two boundary probability distribution functions that form the area of possible distribution functions. Such model used for modeling random variables in
conditions of incomplete statistical data by quantity or quality. An algorithm for summing p-boxes of random load models is demonstrated on the example of a probabilistic estimate of the force in the
truss bar. The result of reliability analysis using p-boxes is presented in interval form. The use of p-boxes makes it possible to obtain a more cautious assessment of reliability in case of incomplete
statistical data. To increase the informativity of the reliability analysis result, it is necessary to obtain more statistical data about random variables in design mathematical models of limit state, which will
allow forming p-boxes with narrower boundary distribution functions.
Key words: reliability, p-box, buckling, truss, failure probability, uncertainty, random load, evidence theory.

g!nﬂamnqecxne pacyeThl
Dynamic calculation
VYJIK 539.3 DOI: 10.37538/0039-2383.2021.1.54.58
E.M. 3BEPSIEB, a.1.H. UHcTuTyT npukiaanoii maremaruxu um. M.B. Keaasimma PAH, Mocksa; e-mail: zveriaev@mail.ru
YUYET BHYTPEHHEI'O BA3KOI'O TPEHHS B YPABHEHUSX KOJIEBAHUI BAJIKA KAK JUIMHHOM IPSIMOYTOJIbHOM IMOJIOCHI...54
C moOMOIIBIO METO/Ia POCTBIX UTEpaLHii, 06001Iatomero MeTos! nonyoodparusiii CeH-BeHana, PeliccHepa 1 TUMOILIEGHKO, HA IPUMeEpPE IMHAMHYECKHX YPABHEHHUH IUIOCKOM 3a/1a4i TEOPUH
YIIPYrOCTH JUISL JUTMHHON YHPYTO#i MOJIOCK! CTPOUTCS OJHOMEPHAsI TEOPHsl, Pa3pellaroliee ypaBHEHHE KOTOPOil COBIAIaeT C ypaBHEHHEM Kojiebanuii Ganku. OcraibHble HEN3BECTHBIC
3a1avu ONpeaeIsIroTCsa 683 WHTCTPUPOBaHUS, ITYTEM MPSIMBIX BBIYHCIICHHH. B HCXOAHBIC YPAaBHEHUSA TCOPUH YIIPYTOCTH BBOAATCS YIICHBI, COOTBETCTBYIOIIHNE BA3KOMY TPEHHUIO B
YpaBHCHUAX Hasne-Crokca. HonyquHLIe METOAOM IIPOCTBIX ]/ITepaLII/Iﬁ ACUMIITOTUICCKHUEC XapaKTCPUCTUKHN HEU3BECTHBIX ITO3BOJIAIOT HCKATh PEILICHUE B BUIC paanomer-mf/'l HCU3BCCTHBIX B
ACUMITOTUYICCKHUE PAIBI. Pa3pema}0u.{ee YpaBHCHUE COACPIKUT UICH, SaBI/ICSHJ_lI/Iﬁ oT Koa(b(bnunem‘a BS3KOI'O TPCHUA.

Knrouesble cioBa: nonyo6paraslii Metos Cen-BeHana, urepauun, BHyTpeHHEe TPeHHE, Kolebanus Oaku.
UDC 539.3 DOI: 10.37538/0039-2383.2021.1.54.58.INTRODUCING OF INTERNAL VISCOUS FRICTION IN EQUATIONS OF BEAM OSCILLATION AS LONG RECTANGULAR
STRIP. E.M. Zveriaev, Keldysh Institute of Applied Mathematics RAS, Moscow; e-mail: zveriaev@mail.ru
Abstract. On the base of the method of simple iterations generalising methods of semi-inverse one of Saint-Venant, Reissner and Timoshenko the one-dimensional theory is constructed using the
example of dynamic equations of a plane problem of elasticity theory for a long elastic strip. The resolving equation of that one-dimensional theory coincides with the equation of beam vibrations. The
other problems with unknowns are determined without integration by direct calculations. In the initial equations of the theory of elasticity the terms corresponding to the viscous friction in the Navier-
Stokes equations are introduced. The asymptotic characteristics of the unknowns obtained by the method of simple iterations allow to search for a solution in the form of expansions of the unknowns into
asymptotic series. The resolving equation contains a term that depends on the coefficient of viscous friction.
Key words: semi-inverse Saint-Venant method, iterations, internal friction, beam oscillations.

VJIK 624.21/8 DOI: 10.37538/0039-2383.2021.1.58.61
n.10. BEJ’[Y[[KPIVI, a.1.H., U.B. JABAPEB, k.1.1.. THX00KeaHCKHii rOCy1apCTBEHHbIN YHUBEPCUTET, I. XabapoBck; e-mail: mosttogu@mail.ru.
OB D®PEKTE PEI'YJIMPOBAHUS YCUJIUU UCITOJIB30BAHUEM BPEMEHHOU HEPA3PE3HOCTH B PA3BPE3HBIX CUCTEMAX CTAJIEXKEJIE3OBETOHHBIX MOCTOB...58
B l'ly6IIP[KaLH/WI IIOKa3aHa 3¢)®eKTHBHOCTB HCITOJIB30BaHUA IIPUHIIATIA BpeMeHHOﬁ HEPa3pe3HOCTH ITOCPEACTBOM 061:6}1]/“-]6]-{]45{ Pa3pe3HbIX MPOJIETHBIX C’]‘p()eHHﬁ C ITOMOILBIO BDEMEHHOI'O
CTBIKa B Hepa3pe3Hoﬁ CIECII KaK BapuaHTa pEryJiupoBaHus yCI/UIHﬁ C CO31aHHEM pe3epBa rpy30I0ABEMHOCTH HECYIIINX KOHCprKLII/lﬁ TIPOJICTHBIX CTpOeHHﬁ MOCTOBOI'O COOPYKCHHUA.
KoHKpeTHBIM pacuyeTHbIM IPUMEPOM MoKa3aH dG(EKT B BENHUNHE HAPSDKEHNH M M3rHOAOIEero MOMEHTA Uil Pa3Pe3HbIX MPOJIETHBIX CTPOCHUH, O0BEANHCHHBIX BPEMEHHBIM CTHIKOM B
JIBYXIIPOJIETHBII HEPa3pE3HOH CIel.

Ki1roueBble cjI0Ba: peryanpoBaHie yCHIINI, IPOOIbHAS HA/IBIIKKA, PE3ePB HECYIIIEil CIOCOOHOCTH.
UDC 624.21/8 DOI: 10.37538/0039-2383.2021.1.58.61.ON THE EFFECT OF EFFORT REGULATION BY MEANS OF TEMPORARY CONTINUITYIN SPLIT SPAN STRUCTURES OF
STEEL-REINFORCED CONCRETE BRIDGES. I.Yu. Belutsky, 1.V. Lazarev, Pacific National University, Khabarovsk; e-mail: mosttogu@mail.ru.
Abstract. The publication shows the effectiveness of applying the principle of temporary continuity by combining split span structures into acontinuous couplingusing a temporary joint. The method can
be viewed as an option for effort regulation, creating abearing capacity reserveinload-bearing constructions within the span structures of bridges. The calculations provided show the effect on stress rate
and bending moment in split span structurescombined into a double-spancontinuous coupling by a temporary joint.
Key words: Effort regulation, longitudinal slide, bearing capacity reserve.



CelicMHYeCKHE PacyeThl
Seismic calculations
VJIK 699.84 DOI: 10.37538/0039-2383.2021.1.62.65
A.M. CABUHOB, Bej.nayu.corp., I M. HUTMETOB, k.1.1., C.JI. KOBAJIEBA, mu.uayu.corp., T.I'. HATMETOB, mu.uay4.cotrp. ®I'BY BHUU I'OUC (PLI); e-mail: savandri98@mail.ru
OIPEJEJEHUE JIOTAPUGMHUYECKOI'O TEKPEMEHTA KOJEBAHUI 3JAHUI U COOPYKEHMIA...62
Jlnst mactiopTa 31aHui ¥ COOpyXKeHHUit TpedyeTcs onpeneanTs JorapudMudeckuii 1ekpeMeHT 3atyxanus. [Ipeanaraemple BeipaxkeHust [1, 2] 11t onpefeneHns AeKpeMeHTa HCIOIb3y0T
BEJIMYHHY JOOPOTHOCTH, OZIHAKO H3BECTHO BBIPAKCHUE, B KOTOPOM JICKPEMEHT 3aTyXaHHs OIpPEIEAeTCs Yyepes JorapudM OTHOIICHUS aMILIUTY] 3aTyXatoLero curiaina. CpaBHEeHHs
(dopMyiT 1o pacuery JorapupMHIECKOro JeKpeMeHTa KoiebaHHil ObIIM BBITIOTHEHBI Ha IIPHIMEPE JTAHHBIX, TTOTyYEeHHBIX MPHU HUCIBITAHUH OAJIKH ¢ apMUPOBAHHEM.

KioueBbie clioBa: jorapupMuIecKHil AeKPEMEHT KoJeOaH i, 3/[aHus, COOPY/KEHHUS, OLICHKA TEXHUYECKOT0 COCTOSHMUS, METO/| AIMHAMUYECKHX UCIIbITAHUIT, H3MEPeHHe COOCTBEHHBIX KOJIeOaHMil,
JI0OPOTHOCTb.
UDC 699.84 DOI: 10.37538/0039-2383.2021.1.62.65.DETERMINATION OF THE LOGARITHMIC DECREMENT OF NATURAL VIBRATIONS OF BUILDINGS AND
STRUCTURES. A.M. Savinov, G.M. Nigmetov, S.D. Kovaleva, T.G. Nigmetov, FSBI VNIl GOCHS (FT); e-mail: savandr198@mail.ru.
Abstract. For the passport of buildings and structures, it is required to determine the logarithmic damping decrement. The proposed expressions [1, 2] to determine the decrement use the value of the Q-
factor, however, an expression is known in which the damping decrement is determined through the logarithm of the ratio of the amplitudes of the damped signal. Comparison of the formulas for
calculating the logarithmic decrement of vibrations was carried out using the example of data obtained when testing a beam with reinforcement.
Key words: logarithmic decrement, buildings, structures, assessment of technical condition, dynamic method, measurement of natural oscillations, Q-factor.

ﬂerODMaL[I/IOHHBIe PacucThl
Deformation calculations
V]IK 621.315.176 DOI: 10.37538/0039-2383.2021.1.66.72
B.B. MULIEHKO, unx. AO «KOHLUEPH TUTAH-2»; e-mail: mat_c@mal.ru
YPABHEHHME COCTOSIHUSI IIPOBOJIA TP IIAPAMETPUYECKOM BUJIE IEITHOM JIMHUU...66
HpCHJ'IO)KCHO «YPaBHCHHC COCTOSIHHS IPOBOAA» IIPH IMapaMETPUICCKOM CHOCO6C TIPEACTaBICHUA HCHHOﬁ JIMHUHW B BUAC CUCTCMBI HEJTMHEHHBIX ypaBHCHHP’I. Krnaccuueckoe YpaBHCHHC
COCTOSTHH TIPOBOJAA — YaCTHBIN cnyqaﬁ HPCHCTEBHGHHOﬁ CHCTEMbI HEJTMHEHHBIX ypaBHCHHﬁ. BBGHGHO TIOHATHC «HUCXOMHOT0» COCTOSHHS IPOBOJA, HA OCHOBAHHH KOTOPOI'O ITOKa3aHO
pelIeHHE MapaMeTPUIECKOro «ypaBHEHUE COCTOSHUS POBOJIA.

KiroueBble cj10Ba: IMHUSA 3NeKTpoIiepeaaun, nposoj BJI, Mexanuueckuii pacuer nposoja.
UDC 621.315.176 DOI: 10.37538/0039-2383.2021.1.66.72.EQUATION OF STATE OF A WIRE IN THE PARAMETRIC FORM OF A CHAIN LINE. V.V. Mishchenko, CONCERN TITAN-2;
e-mail: mat_c@mal.ru
Abstract. The "equation of state of the wire" is presented for the parametric representation of a chain line as a system of nonlinear equations. The classical equation of state of a wire is a special case of
the presented system of nonlinear equations. The concept of the "initial" state of the wire is introduced, which is used to show the solution of the parametric "equation of state of the wire".
Key words: power line, overhead wire, mechanical wire calculation.

Kparkue cooOruieHust U 3aMeTKu
Brief messages and notes
VJIK 624.04.062 DOI: 10.37538/0039-2383.2021.1.73.74
K.IL ISITUKPECTOBCKUIA, n.1.1., {THAMCK nv.B.A.Kyuepenko (AO «HHUII «CrponTtenneTBoy), r. Mocksa; e-mail:stroymex@list.ru
K COCTABJIEHUIO IPOT'PAMMBbI UCCJEJJOBAHU OBPA3LIOB KAMEHHOM KJIAJIKUA U3 PA3JIMYHBIX CTEHOBBIX MATEPHAJIOB C YYETOM UX
TEOMETPHUYECKHUX U ®U3UYECKUX OCOBEHHOCTEN...73
HpI/IBO}IﬂTCﬂ KpaTKue COO6pa)KCHI/I${ O JIOITOJTHCHUH IIPOTrpaMMBbl HCIIBITAHNN | 06p360TK€ OKCIIEPUMECHTAJIBHBIX I/ICCJ’[CZ[OB&HHﬁ 06pa3u03 KIIagKu AJ1s1 YIIPOIICHHS U ITOBBINICHUS
HaJI©KHOCTH 00pabOTKH Pe3y/IbTaTOB.

KioueBsble cj10Ba: kKaMeHHAst KJIaJIKa, UCIIBITAaHUA 06pa3u03, aHaJIu3 pe3yJIbTaTOB.
UDC 621.315.176 DOI: 10.37538/0039-2383.2021.1.66.72. DEVELOPMENT OF TESTING METHODS FOR BRICK AND MASONRY SAMPLES, CONSIDERING THE BIAXIAL STRESS
STATE. K.P. Pyatikrestovskiy, TSNIISK named after V.A. Kucherenko, JSC «NITS «Stroitelstvo»; e-mail stroymex@list.ru
Abstract. The article contains a brief description about the addition of the test program of the walls from masonry and the processing of results of experimental studies. It'll make the processing of the
results so much easier and improve their accuracy.
Key words: masonry, sample testing, analysis of results.
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Pacuersl Ha 10 )OYHOCTH
Strength calculations
YK 624.13 DOI: 10.37538/0039-2383.2021.2.2.15
0.B. KO3YHOBA, K.T.H., g01.}, 10kTopant?, ‘Beal’ YT, r.lomenn, 2BHTY, r.Munck, Pecny6.nxa Besnapyck; e-mail: kozunova@gmail.com
OBIIUA MOAXO/I K PACUET Y CJIOKHBIX CTEPJKHEBBIX M INTACTUHYATBIX CHCTEM HA ITPOU3BOJILHOM YIIPYTOM OCHOBAHWH...2
B paccmarpuBaemoii pabore 00001aeTcsi METOMKA CTAaTHIECKOT0 PacyeTa CIOKHbBIX CTEPIKHEBBIX H IIACTMHYATHIX CUCTEM Ha MPOU3BOJIBHOM YIIPYrOM OCHOBAHUH MOJ ACHCTBHEM
BHEIIHEH HArpy3KH, MPH MOJEIUPOBAHNHM OCHOBAHMS PA3IMYHBIMH MOJEISIMH, HAYMHAS OT KJIACCHYECKOi MoJien BuHKIepa 10 KOMOMHHPOBAHHOM MOZIEIIH, COCTOSIIEH U3 MOACIH
Bunkiepa u 1Byxcioiinoit Mmozsenu Korana. AKTyanbHOCTb U CBOEBPEMEHHOCTD IPE/JIaraeMoii paboThl 3aKJIFOYAETCSs B TOM, YTO BOIPOCHI PACUeTa CIOMKHBIX KOHCTPYKLHUIA Ha YIPYroM
OCHOBAHHH JI0 HACTOSIIEr0 BPEMEHH HE MCCIIEI0BAHbI B IIOJIHON Mepe U HeT 00LIero noaxoa K ux pacuery. ABropy n3sectHbl pabotst M.U. I'opOyHosa-Tlocanosa, M. A. CumByauau, I'.51.
Tlonoga, C.H. Kienukosa, C.JI. CeMeHIOKa, B KOTOPbIX PA3IMYHbIMH I10JX0/[aMH NIPOBEICHBI HCCIIEA0OBAHMS [0 PACUYETY MPOCTHIX CTEPIKHEBBIX KOHCTPYKLIHH,
M30JIIPOBAHHBIX (DYHAAMEHTHBIX, B TOM YHCJIE CETYATBIX ILIHT, a TAKXKE MPOCTPAHCTBEHHBIX MOHOIMTHBIX (DYHAMEHTOB, KAK CUCTEMBbI IEPEKPECTHBIX JICHT Ha yIPYroM
OCHOBAHUH. HpeﬂnaraeMaﬂ METOJANKAa OCHOBaHa Ha BapyalluOHHOM METOAE PI/ITI_la U CMCIIaHHOM MCTOJC CTpOI/ITeIIbHOf;I MCXAHHKH C UCITOJIb30BAHUCM (byHKLII/Iﬁ BimstHus XKemoukuHa. HHS{
OIPENCIICHUS KOBd)(i)I/ILIHeHTOB KaHOHHYCCKUX ypaBHeHHﬁ " CBOGOL[HBIX YJICHOB CMCIIAHHOI'O METOAa CTpOHTeIIBHOﬁ MCXaHUKH 4€pe3 crioco6 XKXemoukuHa B pacyeTe UCIIOJIB3YIOTCA
COOTHOLICHHUSA JJIsA HpOT‘I/I6OB TUTAT WK 0ajIoK ¢ 3alICMJICHUEM B UX LEHTPE. I[IIS{ yopomeHus COOTHOIIEHUH METoma KemoukunHa B HIapHUPHO-COCTUHCHHBIX Oankax 3alICMJICHUC C
HEU3BECTHBIMH NEPEMETLICHUAMU yIl06H0 BBOJIUTH B HA4YaAJIC UJIN KOHIIC Ka)}c;{oifr Oanku. Yncnennas peamusanus 06H.I€F0 TOAX0oJa BBIMOJIHEHA C UCITOJIb30BAHUEM
KOMITbIOTEPHOH mporpamMmbl Mathematica.

Kuarwuessle cioBa: CTEPIKHEBBIC U INTACTHHYATHIE CUCTEMBI, INAPHUPHO-COCTHHEHHBIC 6am<n W TUIMTBI, ceTyaTas d)yH}:[aMCHTHaH 1mra, KOMGHHHpoBaHHOC OCHOBAHHUE, pryFl/lﬁ cnoﬁ,
BapUaLMOHHbIH MeTo PuTa, cnoco6 JKemoukuna, beHKunn BJIMSIHMS, OCAJIKH, KOHTAKTHBIE HAIIPSKEHUS.
UDC 624.13 DOI: 10.37538/0039-2383.2021.2.2.15.GENERAL APPROACH TO THE DESIGN OF COMPLEX BAR AND PLATE SYSTEMS ON AN ARBITRARY ELASTIC
FOUNDATION. O.V. Kozunova, Head of the Design Department, Candidate of Technical Sciences, Associate Professor, Associate. Professor BeISUT, Gomel, doctoral student of BNTU, Minsk; e-
mail: kozunova@gmail.com.
Abstract. This paper generalizes the method of static calculation of complex rod and plate systems on an arbitrary elastic foundation under the action of an external load, when modeling the foundation
with various models, ranging from the classical Winkler model to a combined model consisting of the Winkler model and the Kogan two-layer model. The relevance and timeliness of the proposed work
lies in the fact that the issues of calculating complex structures on an elastic foundation have not yet been fully investigated and there is no general approach to their calculation. The author knows the
works of M.1. Gorbunova-Posadova, I.A. Simvulidi, G. Ya. Popova, S.N. Klepikova, S.D. Semenyuk, in which various approaches were used to study the design of simple rod structures, isolated
foundation slabs, including mesh slabs, as well as spatial monolithic foundations, as a system of cross belts on an elastic foundation. The proposed technique is based on the Ritz variational method and
the mixed method of structural mechanics using Zhemochkin’s influence functions. To determine the coefficients of the canonical equations and free terms of the mixed method of structural mechanics
through the Zhemochkin method, the calculation uses the ratios for the deflections of plates or beams with pinching in their center. To simplify the relations of the Zhemochkin method in hinged-
connected beams, it is convenient to introduce pinching with unknown displacements at the beginning or end of each beam. The numerical implementation of the general approach was carried out using
the Mathematica computer program.
Key words: bar and plate systems, articulated beams and slabs, mesh foundation slab, combined base, elastic layer, Ritz variational method, Zhemochkin method, influence functions, settlements,
contact stresses.

YK 624.078.7 DOI: 10.37538/0039-2383.2021.2.16.26

J.B. KOHUHY, k.1.H., A.C. KPBLJIOB?, K.T.H., I.A. YECHOKOBS3, unzk. "2IIHUMCK um.B.A.Kyuepenko (AO «<HULL «CtpouteancTBo»), Mocksa; e-mail:

konden@inbox.ru, *AO «Xuaru Jucrpuésionm JIT I»; e-mail: chesnokovdenis23@gmail.com

OIIEHKA PE3YJIbTATOB UCIIBITAH Ui YTOJKOBBIX AHKEPHBIX YIIOPOB HA CABUI'OBOE BO3JIENCTBHUE...16

Pacuer 1 mpoekTHpoOBaHNE aHKEPHBIX YIIOPOB B CTANICKENE300€TOHHBIX TepeKphITHsAX ocymiecTisiercst o CIT 266.1325800.2016. {nst mpuBapHBIX yHOPOB PAa3IMYHBIX (OPM CyIIECTBYIOT
aHAIMTHYECKHE 3aBHCHMOCTH, TIO3BOJISIONINE OLIEHUTH CABUTOBYIO IPOYHOCTD IIBa 00BbeANHEHHs. [IToMIMO NPUBApHBIX YTIOPOB JIOMYCKAeTCsl MPUMEHEHHe Z-00pa3HbIX YTOJIKOBBIX YIIOPOB,
3aKpeIUIIeMBIX Ha CTAJIbHOMN Oajike ¢ MOMOIIBIO F00eIb-rBo3/ei. X mpouHoCcTh nomkHa noarBepskaarsest ucnbrannsmu o ['OCT P 58336-2018. TlockonbKy gaHHBIN cTaHIapT
OITMCHIBAET METOJIbI UCIIBITAHUIT YIIOPOB M HE COASPIKUT MPAKTHUECKUX YKa3aHUH 110 OIIEHKE Pe3yJIbTaTOB HKCIIEPHMEHTA, aBTOPAMU TIPEUIaraeTcs METOANKA OLEHKH TaKHX

ucnbITaHui. J{iist pa3paboTKH METOMKH OLEHKH ObLIH MCIIOIb30BaHbI Ja00paTOPHbIE HCIIBITAHHS YTOJIKOBBIX YIIOPOB, BKIIOUABIINE B cest 15 cepHii ¢ pa3IMIHBIMU KOHCTPYKTHBHBIMH
rapamMeTpamMmu KOMOMHHpoBaHHOMH Ganku. IIpeokeHHas MeToanKa pa3paboTaHa ¢ ydeToM TpeOOBaHMIT OTEUECTBEHHBIX CTaHAAPTOB 10 HAJIGXKHOCTH. J{11s Bepu(HKaIi METOIUKH OLIEHKU
BBITIOJTHEHO CPaBHEHHE C Pe3yJIbTaTaMH OIIEHKH 10 €BPONEHCKOMY CTaHIapTy Ha METO/IbI HCIIBITAHHS aHKEPHBIX YIIOPOB.



KiroueBrble ciioBa: cranexesie300€TOHHbIE TNIEPEKPBITHS, cTajexese300eTOHHbIE 6an1<u, KOMGHHP[pOBaHHLIC 6am<1/1, AHKEPHBIC YIIOPBI, OLICHKA HCHLITaHHﬁ, CTaTUCTUYCCKUE METO/bI, BBICOKOIIPOYHbBIC
nrobdenu.
UDC 624.078.7 DOI: 10.37538/0039-2383.2021.2.16.26.ESTIMATION OF THE POWDER-ACTUATED SHEAR CONNECTORS TESTS. D.V. Konin!, A.S. Krylov?, D.A. Chesnokov?,
L2TSNIISK named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research Center of Construction, Moscow; e-mail: konden@inbox.ru; Hilti Distribution LTD, Moscow; e-
mail: chesnokovdenis23@gmail.com.
Abstract. The shear connector design should be executed according to the SP 266.1325800.2016. For the different typed of welded connectors are there analytic dependences, which could be used for
shear connection strength estimation. The design code also allows to use powder-actuated Z-shape shear connectors. Their bearing capacity should be proved by tests according to the GOST R 58336-
2018. Inasmuch the GOST doesn't consist the test estimation approach, the authors offer the method. For the test estimation methods the test results of 15 series specimen had been used. The results were
compared with estimation according to the European standard for the verification.
Key words: composite floors, composite beams, shear connectors, statistic methods, dowels.

YK 624.05.18 DOI: 10.37538/0039-2383.2021.2.27.31
A.A. MUHACSH, unx. HHAUCK um. B.A. Kyuepenko (AO «<HUL «CtpouTteancTBo»), r. Mocksa; e-mail: 1747210@ mail.ru
U3MEHEHME HECYIEA CHOCOBHOCTHU KOPPO3UOHHO-MOBPEXKJIEHHBIX ILJIUT IIEPEKPBITUSA B 3ABUCUMOCTH OT I'JTYBUHbBI IOBPEXIEHUS
BETOHA PACTSIHYTOM 30HBL...27
PaccmarpuBaetcs n3MeHeHHe HecyIel ClIOCOOHOCTH KOPPO3HOHHO-TIOBPEXKICHHBIX COOPHBIX JKeJIe300€TOHHBIX IUTHT MEPEKPHITHI B YCIOBHAX IIUKIMYECKOTO 3aMOPaXKHBAHUS -OTTaHBAHHS
B HAaTYPHBIX KJIMMAaTHYECKUX yCJIOBHsIX. LleJIbio HCCieoBaHus SBISIETCS ONPEASICHHUE BIMSHUS TTyOUHBI TOBPEXK/ICHUS O€TOHA PaCTAHYTOMH 30HBI HA H3MEHEHHE Hecyllel ClIocCOOHOCTH U
nporu0oB. BpuH BEIOPaHbI M IPOBEICHBI YKCIIEPUMEHTATBHbIE UCCIICTOBAHUS KOPPO3HHHO-TIOBPEKICHHBIX COOPHBIX JKelIe300€TOHHBIX IUUT NepeKpbITHil. [To pesynbraTam ucciea0BaHus
BBISIBJICHO BIIMSIHHE TUTyOUHBI pa3pyIICHHOro OETOHA PAcTAHYTOH 30HBI Ha HECYIYIO CIOCOOHOCTh KOHCTPYKIHIA. B pe3yibTaTe dKCIiepUMEHTAIBHBIX HCCIICIOBAHMH TTOTyYeHbl H3MEHEHHUS
Hecylel crocoOHOCTH U NMPOru6oB COOPHBIX JKEIe300€TOHHBIX IUTHT B 3aBHCUMOCTH OT INIyOHHBI HOBPEXKACHHUS PACTSHYTOr0 OeTOHA. BhINOIHEHHbIE NCCIIeJOBAaHUS TTO3BOJISIOT OLIEHUTh
HECYIIYIO CIIOCOOHOCTh U 3HAYEHUsI IIPOrnOO0B KOPPO3HOHHO-TIOBPEXKICHHBIX XKeJIe300€TOHHBIX IUIUT B 3aBUCUMOCTH OT OTHOCHUTEJIBHOI BEJIMUMHBI pa3pylLIeHust OSTOHA PacTSHYTOH 30HbBI
0e3 BBIIOJIHEHHS JIOTOJHUTEIBHBIX KCIICPUMEHTOB M PacUeTOB.

KiroueBblie cjioBa: Koppo3ust 6eToHa, Hecyllas CloCOOHOCTb, IOBPEX/IeHHEe OETOHA, PACTAHYTas 30HA.
UDC 624.05.18 DOI: 10.37538/0039-2383.2021.2.27.31. THE CHANGE IN THE BEARING CAPACITY IS CORROSIVE-DAMAGED FLOOR SLABS DEPENDING ON THE DEPTH OF
DAMAGE TO THE STRETCHED ZONE CONCRETE. A.A. Minasyan, TSNIISK named after V.A. Kucherenko, JSC «NITS «Stroitelstvo» Research Center of Construction, Moscow; e-mail:
1747210@ mail.ru.
Abstract. In this work, the influence of the depth of tensile concrete deterioration on the load-bearing strength and deflections of precast reinforced concrete slabs were determined experimentally.
The momenta determination and measurement of deflections was carried out by loading the structure stepwise. Analysis of the results of the study indicated the following: as the plates are damaged, with
the increase in the height of tensile concrete deterioration, the stress diagram gets gradually filled in the compressive sectional area and its height decreases, which can lead to the destruction of the
structure. At the same time, the shear and bending moment diagram of sectional deformation gets curved. As the slab deflections increase, its load-bearing strength decreases.
Key words: concrete corrosion, load bearing capacity, damage to concrete, stretched zone.

Y]IK 624.014.2 DOI: 10.37538/0039-2383.2021.2.32.36
A.E. CBATOIIEHKO, k.1.H., TAY HO «YnpasieHue rocaxkcneptusbi», r. H. HoBropox; e-mail: sae-2004@yandex.ru
BBIYMCJIEHUE OTPBIBAIOIINX YCHUJINI ® YHIAMEHTHBIX BOJITOB B BA3AX IIEHTPAJIbHO M BHELIEHTPEHHO CJKATBIX KOJIOHH...32
HpennaraeTcx WHXXCHEPHAst METOJUKA I10 pacd€Ty OTPBIBAIOIINX yCI/lJ'[I/Iﬁ B ¢yHHaMCHTHLIX Oonrax B 6a3ax LICHTPAJIBHO ¥ BHCIICHTPECHHO CXKATHIX KOJIOHH. Brruncinenue yCI/UII/If/'I
BBITIOJTHCHO Ha OCHOBE pacdeTa BHCHCHTPECHHO CXKATBIX CTCp)KHCﬁ C YUCTOM: BIIUAHUA q)OpMLI CCUCHHUS; HAYaJIbHOT'O HCKPUBJICHUS Hef/'l’I‘paJ'lLHOf/'I OCH KOJIOHHBI, cnyqaf/'moro
SKCLEHTPUCUTETA; HeJIMHEeiTHOI paboThl cTanu. B ocHoBe pacuera ycuiuii npukperuienus (Nult u Mfic ) kononH Ha oOpe3e (yHIaMeHTa PUHATA METOMKA IPAKTUYECKUX PacueToB
LEHTPAIBHO CXKATBIX JIEMEHTOB C UCIIOJIb30BaHUEM KOA(D(DUIIMEHTOB YCTOHYNBOCTH MPH LEHTPATBHOM CKaTHU ¢ (KOA((GUIMEHTOB MPOAOILHOI0 U3ruda), KOTOpbIe BHIUUCICHBI B
3aBHCHMOCTH OT MOKOCTH A. Pacuer ycuinii npuKperieHns Ajs CTep KHei ¢ pa3iIMyHON npuBeaeHHON ruOkocThio BbinonHsics MKD B nporpammuoM komiiekce FEMAP, a Takoke
QHAJIMTUYECKH C UCIIOJIb30BaHHEM (PUKTHBHBIX YCHIIMH B IIGHTPAJIBHO CXKATBIX CTePKHAX. 1 pacyeTa OTPHIBAIOIIMX YCWIIHH B QyH/IAMEHTHBIX 00JITaX COCTaBIIEHA pacyeTHast MOAEIb C
Y4ETOM KOHTAKTHOT'O B3aHMOJICHCTBUS Oa3bl U XkeJIe300eTOHHOro ocHoBaHus. [TocTpoeHs! rpaduky BIUSHUS THOKOCTH LEHTPAJIBHO U BHELIEHTPEHHO CXKATOrO CTEPIKHS OT OTPHIBAIOLIETO
yeuiust B pyHIaMEHTHBIX 00JITaxX Ha CTA/(MU UCUEPIIAHUS HECYIel ClIOCOOHOCTH KOJIOHHBI IIPU pacyeTe ee Ha yCTOWYHBOCTh KaK 3JIEMEHTA CIUIOIIHOTO CeUCHHs IPH LIEHTPAJIbHOM H
BHELCHTPEHHOM CKaTHH.

KiroueBble ¢j10Ba: yCTOWYMBOCTD, LIEHTPAIBHO CHKAThIE CTEPIKHHU, HECYIIask CHOCOOHOCTD, yCHIINE, (DUKTHBHbBIC YCUIIHUS, CTePKEHb, QDyHIaMEHTHbIE OOITHI, 6a3bl KOJIOHH.
UDC 624.014.2 DOI: 10.37538/0039-2383.2021.2.32.36. CALCULATION OF EFFORTS RIPS FOUNDATION BOLTS IN THE BASES OF CENTRAL AND ECCENTRIC COMPRESSION
COLUMN. A.E. Svyatoshenko, GAU NO "State expertise Department”, Nizhny Novgorod; e-mail: sae-2004@yandex.ru
Abstract. An engineering technique for calculating the tearing forces in the foundation bolts in the bases of centrally compressed columns is proposed. The calculation of the forces is based on the
calculation of extra-centrally compressed rods, taking into account: the influence of the cross-section shape; the initial curvature of the neutral axis of the column; random eccentricity; nonlinear steel
work. The calculation of the attachment forces (Nult and Mfic) of columns on the foundation edge is based on the method of practical calculations of centrally compressed elements using the stability
coefficients at central compression ¢ (longitudinal bending coefficients), which are calculated depending on the flexibility I. The calculation of the attachment forces for rods with different reduced
flexibility was performed by FEM in the FEMAP software package, as well as analytically using fictitious forces in centrally compressed rods. To calculate the tearing forces in the foundation bolts, a
calculation model is made taking into account the contact interaction of the base and the reinforced concrete base. Graphs of the effect of the flexibility of the centrally compressed rod on the
tearing force in the foundation bolts at the stage of exhaustion of the bearing capacity of the column when calculating its stability as an element of a continuous section under central compression are
constructed.
Key words: stability, centrally compressed rods, load-bearing capacity, force, dummy forces, rod, foundation bolts, column bases.

Henuneiinbie pacuerst
Nonlinear calculations
VJIK 519.633 DOI: 10.37538/0039-2383.2021.2.37.45
C.B. BAKYIIEB, x.1.1., npo¢. [Ten3enckuii rocy apcTBeHHbIN YHHBEPCHTET apXHTEKTYPBI H CTPOHTEILCTBA; e-mail: bakuchsv@mail.ru
JTAGOEPEHIUAJBHBIE YPABHEHUSI PABHOBECHS UEAJIBHO YIIPYTOIIACTUYECKOM CILIOIIHOM CPEJBI VIS IIJIOCKOM
OJIHOMEPHOM JIE@OPMALIMU ITPA AINITPOKCUMALIMU 3AMBIKAIOIINX YPABHEHUI BUKBAJIPAT HUHBIMH ®YHKIUSMMU...37
PaccmarpuBatotcs Bormpochl mocTpoeHust AuddepeHpanbHbIX ypaBHEHHI PABHOBECHS TEOMETPUUECKH M (PU3MYECKU HENMMHEHHON HIealbHO YIIPYroIIacTHYECKO B OTHOLICHUH
CIABHUT'OBBIX ):[e(b()pMaHHf;I CIIJIOITHOM Cpenpl, HaXO)IﬂLL[eﬁCﬂ B YCJIOBUAX OJHOMEPHOI'O IIIIOCKOTO }Z[e(l)opMI/lpoBaHI/lﬂ, TIpA anmpoOKCUMaluy JuarpamMm 06’l>éMHOI‘0 U CABUT'OBOI'O
}Z[eli)opMHpOBaHHﬂ KBaJApaTUIHBIMU (byHKLIHS{MH. HOC’I‘pOeHHe Q)I/ISI/I'-IeCKHX 3aBUCUMOCTEH OCHOBAHO Ha BBIYHCIIEHUN CEKyIInX Moz[yneii 00BEMHOTO0 U CIABHUI'OBOI'O )Z[e(bOpMI/IpOBaHHﬂ. ]-[p]/I
alrnpoKCUMaIlnu T‘pa(i)HKOB JAuarpamMm 00BEMHOTO U CABHUT'OBOT'O L[e(bOpMHpOBaHI/Iﬂ IIpHU ITOMOIIH ABYX OTPE3KOB napa6on CeKyHII/If;I MOAYJIb CABUTA HA IIEPBOM Y4aCTKE ABJIACTCSA JIMHEHHON
(yHKIHEH NHTEHCUBHOCTH iehopMalnii CABUra; CEKYIIMH MOLYJIb 00EMHOIO PaCIIMPEHHUS-CHKATUS SBIISIETCS JIMHEIHON QyHKIHEH epBoro MHBapHaHTa TeH3opa aedopmanuii. Ha
BTOPOM Y4acTKe JuarpaMM U 00bEMHOr0, H CABUIOBOrO Ae(h)OPMHUPOBAHNUS CEKYILMIT MOYJIb CABHra SBJISACTCS APOOHO# (paliMOHAIBHOI) (DyHKI[MeH HHTEHCHBHOCTH Je(hOpMalliii CIIBUTa;
CEKYIIMH MOyJIb 00BEMHOTO PACIIMPEHHSA-CKATHS SBISCTCS APOOHOI (palMOHAIBHON) (QYHKIHMEH epBoro HHBapuaHTa TeH3opa Aedopmaruu. cxomus U3 NpeArnonoxeHus o
HC3aBHCHUMOCTH, BOOGH.IC TOBOpPA, APYT OT Apyra [uarpaMm 06’béMHOF0 U CIABUT'OBOI'O }Z[e(l)OpMI/IpoBaHI/IH, PacCMOTPEHBI ITATh OCHOBHBIX CITy4acB (I)I/ISI/I'-IGCKHX 3aBHCHMOCTeﬁ, 3aBUCAIINX OT
B3aMMHOTI'0 PACIIOJIOKEHHUSI TOUEK N3JI0Ma rpaMKOB quarpamMm o0bEMHOTO U ¢ABUroBoro aedopmupoBanus. Ha ocHOBE MOMydeHHBIX (PU3MYECKUX yPAaBHEHHI BBIBOISITCS
g depeHnnatbHbIe ypaBHEHHsI PABHOBECHS B IEPEMEIIICHHUSX JUIS CIUIOMIHON Cpe/ibl, HAXO/SIIECHCS B YCIOBUSX MIOCKOT0 OJHOMEpHOro AehopMupoBaHus. IIocTpoeHHbIE B CTaThe
nuddepeHIranbHble YPaBHEHNS PABHOBECHS B IIEPEMELIECHHAX MOTI'YT HAaiTH IIPUMEHEHUE IPU ONPEJIEICHUH HAMIPSHKEHHOTO U 1e()OPMHPOBAHHOTO COCTOSIHUS T€OMETPUUYECKH 1
(hu3nuecKy HEMMHEIHO HeaTbHO YIPYToMIaCTHIECKONH B OTHOIICHHUH CABUTOBBIX JAe(hopMaliiii CIUIOMIHOM cpe/ibl, HAXOJSIIEHCS B YCIOBUSX INIOCKOrO OAHOMEPHOr0 AeOpMHUPOBaHHS,
3aMbIKaIOIINe YPaBHEHUS (PU3HIECKUX COOTHOIICHHMIT sl KOTOPBIX, ITIOCTPOCHHBIC HA OCHOBE DKCIIEPUMEHTAJIBHBIX JaHHBIX, AIPOKCHMHPOBAHbI OMKBaAPATHIHBIMH (YHKIIHSIMH.
KiioueBsle c1oBa: HUACATIBHO YIPYTOIUIaCTHYECKas CIUIOIIHASA Cpea, MIIOCKas OOHOMEPHAsT ue@)opMam/m, anmnpoKCUMalys auarpaMm 00BEMHOIO U CABHUT'OBOIO I[Cd)OpMPlpDBaHI/I)I, KBaJApaTU1HBIC
Q)yHKHI/H/I, ZIPI(i)(i)epCHLII/IaJILHHC YPaBHEHHS paBHOBECHS B IIEPEMEILICHUAX, T€OMETPHUIECKaAsA II]/IHCﬁH()CTB, reoMeTpruyecKas HEJIMHEHHOCTD.
UDC 519.633 DOI: 10.37538/0039-2383.2021.2.37.45. DIFFERENTIAL EQUATIONS OF EQUILIBRIUM OF IDEALLY ELASTOPLASTIC CONTINUOUS MEDIUM FOR PLANE ONE-
DIMENSIONAL DEFORMATION IN APPROXIMATION OF CLOSING EQUATIONS BY BIQUADRATIC FUNCTIONS. S.V. Bakushev, The Penza state university of architecture and
construction; e-mail: bakuchsv@mail.ru.
Abstract. The present article considers the construction of differential equations of equilibrium of geometrically and physically nonlinear ideally elastoplastic in relation to shear deformations of
continuous medium under conditions of one-dimensional plane deformation, when the diagrams of volumetric and shear deformation are approximated by biquadratic functions. The construction of
physical dependencies is based on calculating the secant moduli of volumetric and shear deformation. When approximating the graphs of the volumetric and shear deformation diagrams using two
segments of parabolas, the secant shear modulus in the first segment is a linear function of the intensity of shear deformations; the secant modulus of volumetric expansion-contraction is a linear function
of the first invariant of the strain tensor. In the second section of the diagrams of both volumetric and shear deformation, the secant shear modulus is a fractional (rational) function of the shear strain
intensity; the secant modulus of volumetric expansion-compression is a fractional (rational) function of the first invariant of the strain tensor. Based on the assumption of independence, generally
speaking, from each other of the volumetric and shear deformation diagrams, five main cases of physical dependences are considered, depending on the relative position of the break points of the graphs
of the diagrams volumetric and shear deformation. On the basis of received physical equations, differential equations of equilibrium in displacements for continuous medium are derived under conditions
of plane one-dimensional deformation. Differential equations of equilibrium in displacements constructed in the present article can be applied in determining stress and strain state of geometrically and
physically nonlinear ideally elastoplastic in relation to shear deformations of continuous medium under conditions of plane one-dimensional deformation, closing equations of physical relations for
which, based on experimental data, are approximated by biquadratic functions.
Key words: ideally elastoplastic continuous medium, plane one-dimensional deformation, approximation of volumetric and shear deformation diagrams, quadratic functions, differential equations of
equilibrium in displacements, geometric linearity, geometric nonlinearity.



BKCHEQI/IMEHTQIILHLIG HCCJICIOBAHUA
Experimental studies
YK 519.65:624.042 DOI: 10.37538/0039-2383.2021.2.45.52
AIL JIOKTHOHOB, x.1.1., npo¢. ¥Oro-3anaxuslii rocyrapcrBennslii yuusepeurert, r. Kypek; e-mail: loapa@mail.ru
MHO®OPMAIIAOHHASI CHCTEMA AHAJIN3A BAJIOYHBIX 3JJEMEHTOB 110l KOMBUHUPOBAHHOM HAT'PY3KOJ...45
PaCCMOTpeHO MaTEeMaTH4YE€CKOE€ MOJACIIUPOBAHUE, YUCIICHHOC U OKCIICPUMEHTAIIBHOE UCCIIENOBAHNE P[H(1)OpMaHHOHHO-HSMepHTeHBHOﬁ CHUCTEMBI I aHaJIu3a 0aJIOUHBIX JIEMCHTOB
CTPOUTENILHOW KOHCTPYKIMU. ABTOp 00001aeT METO/] ONpe/IelICHUs Ha4aIbHBIX [TapaMeTpoB B 0OpaTHOH 3aaue Koy, panee pa3paboTaHHBIH 17151 KOHCOJIBHON OaJIKH 11O
KOHLICH'I‘pP[pOBaHHOﬁ Harpy31<of/'1, Ha cirydan KOM61/IHI/[p0BaHHLIX Harpysok. HpOBCZ[CH AHaJIN3 BIIMSIHUS TOTPCITHOCTH U3MEPCHHUS HpOFPIﬁOB Ha TOYHOCTH pacdeTa LCIICBBIX XapaKTCPUCTHUK.
PaCCMOTpCHO OTKJIOHCHHE KOOpAUHAT HpOFHGOMCpOB OT KOOpANHAT TOYCK aJIbTCPHAHCA IIOJIMHOMA qC6LI]JJCBa IICPBOro poaa.

KioueBble cjioBa: 63.1'[](21, MOJEINPOBAaHUE, HpOFl/l6OMep, l/lHdJOpMaHl/lOHHO-HBMepHTeHLHaﬂ CHUCTEMaA.
UDC 519.65:624.042 DOI: 10.37538/0039-2383.2021.2.45.52. INFORMATION SYSTEM FOR ANALYSIS OF BEAM ELEMENTS UNDER COMBINED LOAD. A.P. Loktionov,
Southwest State University, Kursk; e-mail: loapa@mail.ru
Abstract. Mathematical modeling, numerical and experimental study of beam elements of a building structure are considered. The author generalizes the method for determining the initial
parameters in the inverse Cauchy problem, previously developed for a beam under a concentrated load, to cases of combined loads. The analysis of the influence of the error of deflection
meters on the accuracy of calculating the target characteristics is carried out. The deviation of the deflection meters from the alternance points for the Chebyshev polynomial is considered.
Key words: beam, modeling, deflection meter, information and measurement system.

B IIOMOIIb ITPOCKTUPOBINUKY
To help the designer
YK 624.072.2 DOI: 10.37538/0039-2383.2021.2.53.61
A.C. MAPYTSIH, k.T.H., nouent ®uanan Cesepo-KaBkasckoro ¢enepanbnoro ynusepeurera B r. [lsnruropceke; e-mail: al_marut@mail.ru
ONTUMM3ALMS ®PEPMEHHBIX KOHCTPYKIIUIA C IMIOSICAMM CTYIIEHYATO-IIEPEMEHHBIX CEYEHUIA U3 IPSIMOYI'OJIbHBIX TPYE...53
HpnBez{eHa 3aKOHOMEPHOCTSH IO ONITUMHU3AaIIMOHHOMY pacHueTy yH]/IQ)P[KaHI/IOHHLIX 30H IPUMCEHUTEIIBHO K IT0sCaM CTYIICHIATO-TICPEMCHHBIX CEeUCHHI 63JIO'-IHOFO THIIA C OIPENCIICHUEM UX
KOHCTPYKTHUBHBIX KO3(1)(1)P[HI/ICHTOB. ITokazana PpanMOHAIIBHOCTDH q)OpMI/IpOBaHI/IH OTHX IIOSACOB B ¢)CpMCHHLIX KOHCTPYKIOHAX U3 MPSIMOYTOJIbHBIX pr6 3a CYCT pa3HUIIBI HEC BBICOT cequHﬁ,
HO MX TOJIIIMH MPH IIOMOIIM CTHIKOBBIX CBAPHBIX COCMHEHUH Ha NPOJOJILHBIX Mpope3six. MHkeHepHas METO/IMKA pacyeTa TaKUX CTHIKOB, a TAKXKE UX HECYIast ClIOCOOHOCTh
anpoOHUpPOBaHBI HCIBITAHUSAMY HA Pa3pbiB KOHTPOJIBHBIX 00pa3LoB. YHUBEPCAIBHOCTh TEXHUUECKOIO PEIICHHS CBAPHBIX CTHIKOB C MPOJIOJILHBIMHU IPOPE3IMU 00ECIIeYUBACT HX IPUMEHEHUE
B KOHCTPYKIMSIX U3 TPYOUAThIX U MPOKATHBIX MPOQHIICH, COXpaHIeT NIPUHATYIO KOMIIOHOBKY CTaHAAPTU3UPOBAHHBIX (epM ¢ Oec(haCOHOUHBIMH y3J1aMHU U (IIaHIIEBBIMH
COCIMHEHUSIMU. BBISBICHO 3aMETHOE COKPAILEHHE KOHCTPYKIIMOHHOIO MaTepuana (CTanu) B CTaHJapTH3UPOBAHHBIX (pepMax U3 THyTOCBapHbIX NpoduIIeii Ipu 3aMeHe HOsICOB HOCTOSIHHBIX
CEUEHHUI 10SICaMU CTYIIEHYATO-IIEPEMEHHBIX CeueHHHl. IIpHBE/IeH CONOCTaBUTENbHBIH pacueT KOHCTPYKTUBHBIX KOI()(GUIIMEHTOB 1 OCPEAHEHHBIX KOI(GOHUIIMEHTOB HCIIOIb30BAHUS MOSICHBIX
9JICMEHTOB, KOI'/Ia IPOTSHKEHHOCTH YHU(DHUKALIMOHHBIX 30H M IaHeJIeH MosIcOB coBnaaioT. [lonTBeprkieHa 10CTaTOuHAs KOPPEKTHOCTh NPUOIMIKEHHOI METOJMKH pacyera Juls ee
HCIOJIb30BaHUs B PEIICHUAX ONTHUMHU3ALMOHHBIX 3a/1a4 U BADUAHTHOM IIPOCKTUPOBAHUH HECYLIUX KOHCprKUHﬁ.

KirroueBble ¢j10Ba: pacyeT ONTHMAIbHBIX 1APAMETPOB, 30HbI YHHU(DUKALMH, CTYHEHYATO-TIEPEMEHHbIE CeUeHUs, NPODHIIbHbIE TPYObl, THYTOCBAPHbIE NPO(GUIIH, CTEPKHEBBIE CUCTEMBI, (hepMBbl,
JIETKUE METAJUTMIECKUE KOHCTPYKIUHU.
UDC 624.072.2 DOI: 10.37538/0039-2383.2021.2.53.61. OPTIMIZATION OF TRUSS STRUCTURES WITH CHORDS OF STEP-VARIABLE CROSSSECTIONS MADE OF
RECTANGULAR PIPES. A.S. Marutyan, the Candidate of Technical Sciences, Associate Professor, Branch of the North Caucasus Federal University, Pyatigorsk; e-mail: al_marut@mail.ru
Abstract. The article describes the regularity of the optimization calculation of unification zones in relation to beam chords of step-variable cross-sections with the determination of their design
coefficients. The rationality of the formation of these chords in truss structures made of rectangular pipes is shown due to the difference not in the heights of the sections, but in their thicknesses with
welded joints on the longitudinal slits. The engineering method for calculating such joints, as well as their load-bearing capacity, has been tested by tensile strength tests of the samples.The universality of
the technical solution of welded joints with slits ensures their use in structures made of tubular and rolled profiles, and it preserves the accepted layout of standardized trusses with assemblies and flanged
connections. The significant reduction in structural material (steel) in standardized trusses made of bent-welded profiles was revealed when chords of uniform cross-sections were replaced with chords of
step-variable cross-sections. The article also gives the comparative calculation of the design coefficients and the averaged coefficients of chord elements use when the lengths of the unification zones and
the belt panels coincide. Sufficient correctness of the approximate calculation method for solving optimization problems and variant design of load-bearing structures is confirmed.
Key words: calculation of optimal parameters, unification zones, step-variable cross-sections, profile pipes, bent-welded profiles, rod systems, trusses, light-weight metal structures.

YK 692.48: 69.05 DOI: 10.37538/0039-2383.2021.2.62.72
A.A. IIOT'OPEJIBLIEB, k.1.1., C.B. TYPKOBCKMIA, k.1.1. IHUHUCK um. B.A. Kyuepenko AO «HHUILL «CTpouTenneTBoy; e-mail: pogara@yandex.ru
JIMH300BPA3HBIE ®EPMbI U3 KJIEEHON JIPEBECHHbBI: OCOBEHHOCTH KOHCTPYKIMMA, UCIIBITAHUSA, PACUET U IPUMEHEHHME...62
JInnzoo6pasubie GepMbl SBISAIOTCS 3QPEKTHBHBIMY U MEPCIIEKTUBHBIMU KOHCTPYKIMSIMU, HMEIOLMMU IPU GOJIBILINX IIPOJIETAX PS/ IPEHMYILECTB B CPABHEHHH C )epMaMu APpYroro
OouepTaHus. OCHOBHBIMHU y3naMu (bepM SBJISIFOTCS OITOPHBIEC. B atux y371axX BO3HUKAIOT OoJIbIIIHE CABHUTAIONINE yCUITHSA. TpaIlI/ILII/IOHHLIe BHJIbI COeI[HHeHHﬁ He obecrneunBain TpeﬁyeMOﬁ
HaAC)KHOCTH OIIOPHBIX Y3JI0B. Hpe]:(noxcenbl YETBHIPC BapHaHTa OIIOPHBIX Y3JIOB U )KECTKHE CTBIKA (bepM. OCHOBy COCTaBJIAIIOT COCAMHCHNS Ha HAKIIOHHO BKJICCHHBIX CTCPKHAX. HpI/IBeHeHBI
Ppe3y/IbTaThl UCTIBITAHUH OMOpHOro (parMenTa depmsl mposerom 30 M B HATypalIbHYIO BeaHuuHY. [ToTy4eHo HanpsHkeHHO-1e(OPMHPOBAHHOE COCTOSTHUE OMOPHOTro y31a (epmbl. JlokazaHa
HPOYHOCTD U I3P(HEKTHBHOCTD NMPEUIOKEHHON KOHCTPYKLHHK. Briepsbie hepmbl ponerom 24 M npumenens! B 1983 r. quist npom3zaanus B Bonokonamcke. Coopubie dhepmbl nposietoM 48 M
HCHOJIB3YIOTCS B criopTKOMILIeKce «STHTapb» B Mockse. JIBe (epMbl MX HUX OBUIM MCTIBITAHBI 10 pa3pyuieHus. [IpuBeieHb OCHOBHbIE PE3yJIbTaThl. DKCIEPUMEHTAIBHO OATBEPIKICHBI
00JIb11Iast JKECTKOCTH (hepM U pacyeTHbIE MPeOChUIKU. [IpUBEICH alNropuT™ pacyera JKeCTKHX Y3JIOB CONPSHKCHHUS BEPXHET0 M HIDKHETO MOSICOB B MPHOIIOPHON 30HE JIMH3000pa3HbIX
(hepM u3 KiIeeHoit ApeBecuHsbl, BhMONIHEHHbIX 10 cucteMe «[THUMCK) Ha BKIICEHHBIX CTEPXKHSX, B COOTBETCTBUH ¢ nososkeHusiMu CIT 64.13330.2011 «/lepeBsiHHbIC KOHCTPYKIIHH.
AxrtyanusuposanHas penakuust CHull 11-25-80». Paccmotrpens! 1Ba Trma y310B. [lepeunciensl 00bekThl B Poccun, epeKpbIThie JIMH3000pa3sHbiMU (pepMaMK ¢ XapaKTepHbIMU
0COOCHHOCTSIMH MIPOJIETOM 10 56 M.

KiioueBble cj10Ba: sxecTKHi y3ei, TMH3000pa3Has hepma, BKICCHHBIE CTEP)KHH, BbIICPrUBAHNE, CMATHE MONEPEK BOJOKOH, HECYIasi CTIOCOOHOCTb.
UDC 692.48: 69.05 DOI: 10.37538/0039-2383.2021.2.62.72. GLUED WOOD LENTICULAR TRUSSES DESIGN FEATURES, TESTING, STRUCTURAL ANALYSIS AND
APPLICATION. A.A.Pogoreltsev, S.B.Turkovskii, JSC «Research center «Construction» (Kucherenko TSNIISK), Moscow, Russia; e-mail: pogara@yandex.ru
Abstract. Lenticular trusses are effective and promising structures that have a number of advantages over trusses of a different shape covering large spans. The main nodes of the trusses are the support
ones. At these nodes large shear forces occur. Traditional types of connections did not provide the required reliability of the support nodes. Four variants of support nodes and rigid joints of trusses are
proposed. The basis is the connections with glued rods. The test results of the support node fragment of the truss with a span of 30 m in full size are presented. The stress-strain state of the truss support
node is analyzed. The strength and effectiveness of the proposed design is proved. For the first time trusses with a span of 24 m were used in 1983 for an industrial building in Volokolamsk.
Prefabricated trusses with a span of 48 m are used in the Yantar sports complex in Moscow. During tests, two of them were loaded until complete destruction. The main results are presented. The high
rigidity of the trusses and the design assumptions are experimentally confirmed. The algorithm of analysis of rigid joints of the upper and lower belts in the supporting zone of lenticular trusses made of
glued wood, designed according to the “TSNIISK” system with glued rods, in accordance with the provisions of SP 64.13330.2011 “Wooden structures”. Two types of nodes are considered. Named
objects in Russia, covered with lenticular trusses spans up to 56 m.
Key words: rigid joint, lenticular truss, glued rods, pulling out, crumpling across the fibers, load-bearing capacity.

VK 624.042.8:519.3 DOI: 10.37538/0039-2383.2021.2.73.78
B.JI. XAPJIAHOB, a.1.H., C.B. XAPJIAHOBA, k.T.H. UAuC BoarI'TYV, r. Boarorpaa; e-mail: harlanovvi@yandex.ru
METO/ ®UKTUBHBIX PEAKLIUI B MOJIEJTUPOBAHUN KOHTAKTHOM MOBEPXHOCTH HA IIPUMEPE ®JIAHIIEBBIX COEJIMHEHMIA...73
IIpennosxeH UTEpaOHHBII METOA pacdyeTa (lmaHueBblx COEIMHEHUH B KOHEUHO-3/IEeMEHTHOH 1ocTaHoBKe. CyTh IPEAT0KEHHOTO METO/1a 3aK/II0YAETCsl B BbIICICHUM KOHTAKTHOH 3a1a4H B
OT/IeIbHBIH JIOKAIH30BaHHbIN MPOLIECC, 3aBUCSIIMIT TOJIBKO OT HAYaJIbHOTO PACHPE/IENICHHs YCHIINI OT OCHOBHOI Harpy3ku Ha (IaHIEeBOE CoeqUHEHNE. B HCXOIHYI0 MAaTPHILY KECTKOCTH
HECBsI3aHHBIX TECJI ZlOﬁaBJ'I}IeTC}I CBS3YIOLIast MAaTPUILA KOHTAKTa C JJIEMEHTAMU 6OJIBILION )XEeCTKOCTH. Pacuer MPOU3BOAUTCS B BA dTAlla: HA IEPBOM dTaI€ ONPEACIIAIOTCA ITEPEMELICHUS OT
JeiCTBUTENBHBIX HATPY30K, HA BTOPOM, OCPEICTBOM BEKTOPa (DMKTHBHBIX PEAKLHI, UTEPALMOHHO YTOUYHSIOTCS HANPSHKEHUs B KOHTAKTUPYIOIIMX HOBEPXHOCTAX. IIpoBe/icHO cpaBHEHHE
PE3YyIbTaTOB, MMOJYUYCHHBIX I10 IIPECAJIOKCHHOMY METOAY C DKCIICPUMEHTOM U C HpHﬁHH)KeHHB]M METOAOM pacuera.

Kunrwouesrble ciioBa: HC(i)OpM]/IpyCMOC TBEPAOE TEJIO, KOHTAKTHAs 3ajia4a, @ﬂaHuCBOC COCAMHECHHUEC, MK?3.
UDC 624.042.8:519.3 DOI: 10.37538/0039-2383.2021.2.73.78. THE METHOD OF FICTITIOUS REACTIONS IN THE MODELING OF THE CONTACT SURFACE ON THE EXAMPLE
OF FLANGED CONNECTIONS. V.L. Kharlanov, S.V. Kharlanova, Volgograd state technical University; e-mail: harlanovvi@yandex.ru
Abstract. An iterative method for calculating flanged connections in the finite element formulation is proposed. The essence of the proposed method is to separate the contact problem into a separate
localized process that depends only on the initial distribution of forces from the main load on the flange connection. In the initial matrix of stiffness of unrelated bodies, a binding matrix of contact with
elements of high rigidity is added. The calculation is performed in two phases: the first phase determines the movement of the actual loads on the second, through a vector of dummy reactions, iterative
specified voltage at the contact surfaces. The results obtained by the proposed method are compared with the experimental results and with the approximate calculation method.
Key words: deformable solid, contact problem, flanged connection, FEM.




N 3 3a 2021ron
PacyeTsl Ha TpoUHOCTH
Strength calculations
V]IK 624.072.21 DOI: 10.37538/0039-2383.2021.3.2.11
0.B. BOJIIBIPEBA, k.1.1.,Ilen3encKkuii rocy apcTBeHHbIIl YHHBEPCHTET aPXHTEKTYPhI H CTPOHTENILCTBA; e-Mail: boov@yandex.ru
METO/AbI ONNPEAEJIEHUS TPEIIUH B )KEJIE3OBETOHHbBIX BAJIKAX...2
Meronom undpoBoit 06paboTKK 06Pa30B OMpeAEICHO HAIHYNE TPEIIHH B XKEIe300eTOHHOM Oaske. M3Mepenue moeil nepemMenieHnii B 3aIlaHHOM INIOCKOCTH OCHOBAHO HA N3MEPEHHUH
MepeMEILEeHUS OTACIbHBIX YACTHILL, UL 4ero 00pasbl STUX YaCTHI] PETUCTPUPYIOTCS Ha LU(ppoBYo Kamepy. [TomydeHsl nonst nepeMelieHui, aepopmannii cisura u 00beMa, HoIydeHa
KapThHa 06p2130BaHI/I$[ ¥ PacCKpBITUA TPCIINUH, UX YUCJICHHBIC 3HAYCHUS. HOCTPOGHBI KPHUBBIC 3aBUCUMOCTH HCpCMCHICHI/Iﬁ Y IIAPUHBI PACKPBITHUA TPCIIUH OT HArpy3KHu. Onucan aJroOpuT™M
06Hapy)KCHI/I$I TPCIINH B 6€TOHC )l(CJIC3066TOHHOI>'I 63.]'[](1/1. B OKCIICPUMCHTAJIBHBIX HCCIICAOBAHUAX IIPEAIIOIATACTCA UCIIOJIB30BAHUEC THMHAMHUYICCKOT'O OTKIIMKA 6aJ'IKI/I Ha UMITYyJIbCHYIO
Harpysky (yz[ap), TIO3BOJIAOIICTO KJ'IaCC]/[Cl)I/[HI/IpOBEITL COCTOSIHUC 6am<14 — COCTOSIHHUE C TPCIIWMHAMHA WA 663 TPCIINH. B pa60Te JIaHO OIMHCAaHHUC 3KCHCpI/IMCHTaHBHOI71 YCTaHOBKH, OITMCaH
aAJITOPUTM OIIPEACIICHUST HOBpe)KHeHHﬁ, TIPUBCICHBI PE3YyIbTAaThl paGOTLI alropurMa.

Kuwuessble ciioBa: METO HHd)pOBOP’I 06pa6OTKI/I 06pa303, OIIpEeCIICHUE HCpCMCLL[CHHﬁ, TIOJIOCHI CIBUTA, OGHapy‘)KCHl/lC l'lOBpC)K[[CHI/Iﬁ KOHCTPYKIMH, MOHUTOPHUHI' CTPOUTEJIBHBIX KOHCprKL[Hﬁ,
BHOPOYCKOPEHHE, aBTOPEIPECCUOHHAS MOJIelIb, AHAJIN3 IVIABHBIX KOMIIOHEHT, KJIACTEPHbIH aHaIN3.
UDC 624.072.21 DOI: 10.37538/0039-2383.2021.3.2.11.METHODS FOR DETERMINING CRACKS IN REINFORCED CONCRETE BEAMS. 0. V. Boldyreva, Pezen State University of
Architecture and Construction; e-mail: boov@yandex.ru
Abstract. The presence of cracks in the reinforced concrete beam was determined by the method of digital image processing. The measurement of displacement fields in a given plane is based on the
measurement of the movement of individual particles, for which the images of these particles are recorded on a digital camera. The fields of displacements, shear deformations, and volume are obtained,
and the pattern of crack formation and opening, as well as their numerical values, are obtained. The curves of the dependence of the displacements and the width of the crack opening on the load are
constructed. An algorithm for detecting cracks in the concrete of a reinforced concrete beam is described. In experimental studies, it is assumed to use the dynamic response of the beam to the impulse
load (impact), which allows us to classify the state of the beam — the state with cracks or without cracks. The paper describes the experimental setup, describes the damage detection algorithm, and
presents the results of the algorithm.
Key words: digital image processing method, displacement detection, shear bands, structural damage detection, monitoring of building structures, vibration acceleration, autoregressive model, principal
component analysis, cluster analysis.

YK 624.072.21 DOI: 10.37538/0039-2383.2021.3.12.18
B.A. KOMAPOB, nipo¢., k.T.1., O.B. BOJIABIPEBA, k.1.H.,JIeH3eHCKHii rocy1apcTBEeHHbI YHHBEPCUTET apXUTEKTYPHI M CTPOMTEILCTBA; e-mail: komarov58reg@yandex.ru
MCCJIEJOBAHUS MPOYHOCTH CKATBIX IOJIOC BETOHA KOHCOJIBHBIX OIIOP PUTEJIEN C OJAPE3KAMM MHOT'O3TAKHBIX KAPKACOB...12
YcoBepIIeHCTBOBaH METO/I pacyeTa CXKAThIX M0JI0C OETOHA KOHCOJIBHBIX OHOP pureneii ¢ moape3kaMy JUIsi MHOTO3TaXHbBIX COOPHBIX KapkacoB. IIpoBe/ieHbI IKCIIepHMEHTAIbHbIC
MCCIIE/IOBAHMS IPOYHOCTH CIKATHIX 10JIOC OETOHA KOHCOJIBHBIX OIOpP PHUreNei NPy U3MEHEHUH JAIMHBI YCIOBHBIX TPY30BbIX IUIONIAI0K, 00pPa30BaHHbBIX y3/1aMHU CONPSDKEHHS
JIOTIOJIHUTEIIBHON COCPEAOTOUCHHOM apMaTyphbl, yCTAaHABINBAEMOH 3a OJPE3KO, C IIPOJOJILHOI apMaTypoii puress npu nposerax cpesa a42,5M1,,. YMCIEHHBIM METOZI0M HUCCIIEIOBAHO
HaIpPsDKEHHO-Je(hOPMUPOBAHHOE COCTOSIHME OETOHA B CHKATHIX I10J0CaX KOHCOJIBHBIX ONOpP PHIeNel, yCOBEPIICHCTBOBAHO TOCTPOCHUE CTEPKHEBOI MOJIENH CXKATOH 10JI0CH! OeTOHA
KOPOTKOI KOHCOJIM PUTesisi HA OCHOBE IIPUHATON HOPMATUBHOM METOIOJIOIMH ¥ THIIOTE3bl 00Pa30BaHUsl YCIOBHBIX BHYTPEHHHUX IPY30BBIX ONOP (ILIONIA0K), pa3paboTaHbl IPAKTHYECKHUE
PEKOMEH/IALMY 110 PacyeTy IMPOYHOCTH CKATBIX MOJIOC OETOHA KOHCOJIBHBIX OIOP pUreseil MHOr09TaXKHBIX KapKacoB.

KirroueBblie ¢J10Ba: MHOTO3Ta)XHbIE KapKaChl, PUIellb ¢ OAPE3KO, KOHCOIbHAS ONOpa, IPOYHOCTh CKATOM MOJIOCH! OETOHA, CTEPIKHEBAsk MOJIENIb, METOJI pacyera.
UDC 624.072.21 DOI: 10.37538/0039-2383.2021.3.12.18. STUDIES OF THE STRENGTH OF COMPRESSED CONCRETE STRIPS OF CANTILEVER SUPPORTS CROSSBARS WITH
UNDERCUTS MULTI-STOREY FRAMES. V.A. Komarov, O.V. Boldyreva, Penzen State University of Architecture and Construction; e-mail: komarov58reg@yandex.ru.
Improved methodfor calculating compressed concrete strips of cantilever crossbar supports with undercuts for multi-storey prefabricated frames. Experimental studies of the strength of compressed
concrete strips of cantilever crosshar supports when changing the length of conditional loading platforms formed by the junctions of additional concentrated reinforcement installed behind the undercut
with the longitudinal reinforcement of the crossbar at cross-section spans a<2,5hoz are carried out. The stress-strain state of concrete in the compressed strips of cantilever crossbar supports is studied
numerically, the construction of a rod model of a compressed concrete strip of a short crossbar console is improved on the basis of the accepted normative methodology and the hypothesis of the
formation of conditional internal cargo sup-ports( platforms), practical recommendations for calculating the strength of compressed concrete strips of cantilever crossbar supports of multi-storey frames
are developed.
Key words: multi-storey frames, crossbar with pruning, cantilever support, strength of compressed concrete strip, rod model, calculation method.

V]IK 692.44/.47 DOI: 10.37538/0039-2383.2021.3.18.23

H.C. HOBOXKHWJIOBA! k.1.1., 101eHT, E.C. MUXAMJIOBA? MAarucTp, Bel.CeHaaIucT 1Camc'r-l'leTepﬁyprchMﬁ TACY, 33(13 IMAO «FIY[K «Hopm}bcm{ﬁ HuKeab»; e-mail: nsn01@list.ru
OCOBEHHOCTH HAMIPSIZKEHHOT'O COCTOSIHUSI IOKPBITUSI, CPOPMUPOBAHHOI'O MEPEKPECTHOM APOYHOI CUCTEMOM, IPU JEHCTBUU COCPEJOTOYEHHbBIX
HATPY3O0K...18

B Hacrosiiee Bpemst Ipu CTPOUTEIILCTBE 3AAHUI U COOPYKEHHUH MPOMBIIIICHHOTO, TPaXK/[AHCKOTr0 M TPAHCIIOPTHOTO HA3HAUCHHSI IIUPOKO NPUMEHSIOTCS OKPBITHS OOJIBIINX POJIETOB.
Takxe 3a49acCTyIO BCTACT BOIIPOC YBEIMYCHUS IIPOJIETOB U BBICBOGO)K[[EHHS{ BHYTPEHHETO IPOCTPAHCTBA IIPU PEKOHCTPYKIINH SZ[aHHﬁ. KOHCprKTPIBHOe PCIICHUEC ITOKPBITHUA B BUJIC
TIEPEKPECTHBIX apOYHBIX CUCTEM 6BUIO OCHOBaHO Ha JOKa3aHHBIX MIPEUMYIIECTBAX IMIPUMEHCHHS ITEPEKPECTHBIX OaJIOYHBIX CHCTEM (KeCCOHHBIX HeperBITHﬁ). HepereCTHLIe aApPOYHBIC
crucreMsl obecrieunBaioT 6osee 3G GeKTHBHYI0 paboTy KOHCTPYKIIMH IIPU PAaBHOMEPHO ¥ HEPABHOMEPHO PaCIpe/Ie/IeHHBIX Harpy3Kax, [03BOJISIOT I1epe/JaBaTh 3HAUHTEIIbHbIC
COCPEAOTOYCHHBIC CUMMETPUYHBIC HAIPY3KH HETIOCPEACTBEHHO Ha ITOKPBITHUE B/I0JIb apOK B oboux HampapJICHUAX OT ITOABECHOI'O TPAHCIIOPTHOTO OﬁOpy}lOBaHI/lﬂ I KOHC’I‘pyKHHﬁ
HaHCTpOﬁKH TIpU pEKOHCTPYKIINH 3}13]—1[/[]7[. Ha ocHoBanuu TPOBEACHHBIX HCCHeHOBaHI/If/i HarpsHKEHHOT'O COCTOAHUA ITPU MOIACITUPOBAHUN ITEPEKPECTHBIX apOYHBIX CUCTEM I10Q HeﬁCTBHeM
COCPENOTOYCHHBIX HArpy30K MMPH Pa3IMIHBIX BapHaHTaX UX MPHUIIOKEHUS BBISIBJICHO, YTO CHIDKCHUC yCHJ’[I/Iﬁ B DJICMCHTax HepereCTHOﬁ apquor?'l CHCTEMBI 110 CPaBHECHHUIO C 06BIqH0ﬁ
apOYHON KOHCTPYKIHMEH HOKPBITHs cocTassieT B cpearem 30—40%.

Kuarwuessle cioBa: )Keﬂe3066TOHHLIC KOHCTPYKIIUH; APOYHBIC ITOKPBITHS; IIPOCTPAHCTBEHHBIC KOHCTPYKIHH; IEPEKPECTHBIC APOYHBIE CUCTEMBI, COCPENOTOYCHHBIC HAIPY3KH, HAIIPSXKEHHOE COCTOSHHE.
UDC 692.44/.47 DOI: 10.37538/0039-2383.2021.3.18.23.FEATURES OF THE TENSE STATE OF THE COATING, FORMED BY THE CROSS-ARCH SYSTEM, WHEN CONCENTRATED LOADS ARE
IN PLACE. N.S. Novozhilova!, E.S. Mikhailova?, *Saint-Petersburg state university of architecture and civil engineering, 2PJSC «MMC «NORILSK NICKEL»; e-mail: nsn01@list.ru.

Abstract. Currently, in the construction of buildings and structures of industrial, civil and transport purposes, large spans are widely applied. In the same way, it is often the question of increasing the
spans and the release of the internal space during the reconstruction of buildings. The constructive solution of the coating in the form of cross-arched systems was based on proven advantages of applying
crossheam systems (caisson overlappings). Cross-arched systems provide more efficient design work with evenly and unevenly distributed loads, allow to transmit significant focused symmetric loads
directly to the coating along the arches in both directions from the suspended transport equipment or the superstructure designs during the reconstruction of buildings. Based on the conducted studies of
the intense state in modeling cross-arched systems under the action of concentrated loads at various embodiments of their application, it was revealed that a decrease in force in the elements of the cross-
arched system compared to the conventional arched coating structure is an average of 30—40%.

Key words: reinforced concrete structures; arched coatings; spatial structures; Cross arched systems, focused loads, stressful state.

V]IK 624.042: 517.926 DOI: 10.37538/0039-2383.2021.3.24.37
A.H. ITIOTATIOB, a.T.1., npodeccop, IO:xuo0-Ypanabckuii rocy1apcTseHnblii ynusepenter, r. Yeasndunck; e-mail: potapov.alni@gmail.com
MCIOJb30BAHUE AJITEBPANYECKOM IMPOBJEMBI KBAJIPATUYHOI'O BUJIA B 3AJJAYAX CTPOUTEJTBHON MEXAHUKM: AHAJI3 Y MNEPCIEKTUBBI MOIXO0/IA...24
Ha npumepe gacTHOit 3agaun Konebanuit AMcKpeTHO# quccunaruBHOK cuctemsl (JJIC), a1 KOTOpoit pa3paboTaH MOAXOA K HHTETPUPOBAHHUIO CHCTEMbI OOBIKHOBEHHBIX
mupdepenunanpueix ypasHeHunii (OJ1Y), cBSI3aHHBII ¢ aHATM30M COOTBETCTBYIOIIETO XapaKTEPUCTUUECKOr0 MATPUYHOrO KBaapaTHOro ypaBHeHus: (MKY), paccMOTpeH psizt KpaeBbIX 3a1a4
C’]‘pOHTeJ’[BHOﬁ MEXaHHKH, B PCHICHUH KOTOPBIX MOXKET OBITH 3a}1€ﬁCTBOBaH p%paﬁOTaHHL]ﬁ AJITOPUTM. B nauase crateu JIaHO KPaTKOC€ U3JIOKCHHUE ITOAX0/1a K HHTECIPUPOBaHUIO Oﬂy
nkenus JJJ1C, nprBeaeHs! OCHOBHBIE COOTHOMIECHUS I Xapakreprctnaeckoro MKY n ananmutraeckoe npeacrasienue pemenns MKY, o3BonmBmme co3aarh CTporui
MaTeMaTH4YeCKHit anrmapar B paMKax TCOpUHU BPEMEHHOI'O aHaJIn3a. B kauectBe KpaeBbIX 3a1a4 CTpOHTeHLHOﬁ MEXaHUKH PaCCMOTPEHBI Haunbosiee pacnipOoCTpaHEHHBIC 3aJa9H, YPAaBHCHUA
KOTOPBIX IPEACTAaBJICHBI OCHOBHBIMH OIIEpATOPaMU TCOPHUH YIIPYI'OCTH: OIIEPATOPOM Jlannaca u 6I/II‘apMOHI/I‘[€CKHM onepaTropom. l'lepexou OT CJIOKHBIX ypaBHe}mﬁ B YaCTHBIX
MPOM3BOJHBIX K Oostee npocteiM OJY ocyIecTBIIeH Ha IPHUMEPE UCIIOJIb30BaHHs BapHAILIMOHHOrO MeTozia BiacoBa—KanTopoBuya 1 ero paznnynbix Moaudukarmii. [IpuseneHst
MaTEMaTHYCCKUE MOJCIIN CIICAYIOINX KPAaCBbIX 3a/1aq: 3ala4u pacTsKCHUA MeM6paHBI 1 KPpYUCHHS ITPU3MATUICCKOI'0 CTCPKHA, 3a1a4n TEXHUYECCKOU TCOPHUH TUTaCTUH (n3rn6a,
yCTOﬁ‘[HBOCTH H COOCTBEHHBIX KOHe6aHMﬁ), 3aaada u3ruba IMmiIacTHHBI U3 HennHeﬁHo—ynpyroro Marepualia, IjIoCKas 3ajada TCOpHUH YIIPYroCcTH, psAa BapruallMOHHBIX 3a/1a9 TEXHUYECKOUN
Teopuu 000104eK (LIMIHMHAPHIECKUX OPTOTPOITHBIX 000I0UEK CPEeaHEH AJMHBI U MOIOruX 00onouek). KpoMe Toro, mpuBeieHb MOZICN HAaYaIbHO-KPAeBbIX 3a/1a4 U3 TCOPHU
IMHAMHUYECKOT0 aHaJIN3a COOpYKEeHHi. PaccMOTpeHbI KosieOaHUs AUCKPETHO-KOHTHHYAIbHBIX MPOCTPAHCTBEHHBIX CHCTEM C PACUCTHON CXEMOH MHOTOATAXKHBIX 31aHHUM, KoeOaHus
BBICOTHBIX COOPYKEHHUI THIa 0007I049EK BPAIICHHS, KOJICOAHNS] KOHCTPYKTHBHO-HEITHHEHHBIX U (QU3UUCCKH HETMHEHHBIX CHCTEM.

KinoueBble cj10Ba: KpaeBas 3a/1a4a, [UIACTHHA, 000I04Ka, AUCCUMATHBHASL CUCTEMA, HEIPOIOPLHOHATIBHOE AeMI(HPOBAaHNE, MATPHYIHOE KBaApaTHOE ypaBHeHUe, A depeHnnanbHbLl onepatop, MaTpuIa.
UDC 624.042: 517.926 DOI: 10.37538/0039-2383.2021.3.24.37. THE USE OF AN ALGEBRAIC PROBLEM OF QUADRATIC TYPE IN STRUCTURAL MECHANICS PROBLEMS:
ANALYSIS AND PERSPECTIVES OF APPROACH.A.N. Potapov, South-Ural State University; e-mail: potapov.alni@gmail.com.
Abstract. On the example of a particular problem of oscillations of a discrete dissipative system (DDS), for which an approach to the integration of a system of ordinary differential equations (ODE) is
developed, associated with the analysis of the corresponding characteristic matrix quadratic equation (MQE), a number of boundary value problems of structural mechanics are considered, in the solution
of which the developed algorithm can be used. At the beginning of the article, a brief summary of the approach to the integration of the ODE of the motion of a DDS is given, the main relations for the
characteristic MCU and the analytical presentation of the MCU solution are given, which made it possible to create a rigorous mathematical apparatus in the field of the theory of time analysis. As
boundary value problems of structural mechanics, the most common problems are considered, the equations of which are represented by the main operators of the theory of elasticity: the Laplace
operator and the biharmonic operator. The transition from complex partial differential equations to simpler ODE is carried out on the example of using the Vlasov — Kantorovich variational method and
its various modifications. Mathematical models of the following boundary value problems are presented: the problems of membrane tension and torsion of a prismatic rod, problems of the technical
theory of plates (bending, stability and natural vibrations), the problem of bending a plate made of a nonlinear elastic material, a plane problem of the theory of elasticity, vari-ational problems of the
technical theory of shells (cylindrical orthotropic shells of medium length and shallow shells). In addition, models of initial-boundary value problems from the theory of dynamic analysis of structures
are presented. Oscillations of discrete-continuous spatial systems with a design scheme of multi-storey buildings, oscillations of high-rise structures such as shells of revolution, oscillations constructive-
nonlinear systems and physically nonlinear systems are considered.
Key words: boundary value problem, plate, shell, dissipative system, non-proportionate damping, matrix quadratic equation, diferential operator, matrix.
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YK 624.072.2.014 DOI: 10.37538/0039-2383.2021.3.37.45

M.U. ®PAPDEJD, k.1.1., AO «<HUL «Ctpontenncrso» IHUUCK um.B.A. Kyuepenxo, HHY MI'CY, r. Mocksa; e-mail: farfelmi@yandex.ru

MEMBPAHHBIE ITOKPBITHSI 3JAHUI MACCOBOT'O HASHAYEHMSI...37

B crarbe npecTaBieHb! TUITBI MEeMOPaHHBIX TOKPBITHIA JUTS 3[aHUI MaccoBOro Ha3HayeHus. OCHOBHOM COCTaBHON YacThIO TAKMX MOKPBITUH sIBJIsETCS MeMOpaHHas ITaHelb Ha KBaiPaTHOM
WM TIPSIMOYTOJIBHOM ITITaHaX. PaccMOTpeH MexaHH3M Tepe/aud HEIHbIX YCHIINH ¢ MeMOpaHbl Ha KOHTYP ¢ 00BSICHEHUEM MOSIBIICHHS], BCICACTBHE ATOTO, BHYTPEHHUX YCHIIUH B HEM.
PaccmoTpensl BO3MOMKHBIE THITBI CTAOMIIN3AIMH MEMOPAHHBIX TOKPBITHH OT BETPOBOTO «OTCOCA» M HEPABHOBECHBIX HArpy3oK. [IpuBeieHbI MpUMEpHI UCIIBITAaHUS JBYCKAaTHOTO OJI0Ka,
COCTABJICHHOT'O U3 MEeMOpaHHBIX NaHesIel, Ha paBHOMEPHYIO U HEPaBHOMEPHYIO Harpy3ky. OnucaHbl MaTepHabl, IPUMEHsIEMBbIE I H3TOTOBJICHUSI MeMOpaH, 1 yKa3aHbl IEPCIEKTUBHBIC
HarpaBJeHus UX npuMeHenus. [TokazaHsl MpHMephI pacyeTa JBYCKaTHBIX OJIOKOB C IPUMEHEHHEM MEeMOPaHHbIX ITaHeJIel PH NPUMBIKAaHMU MeMOpaHbI HEIOCPEICTBEHHO K BepXHeil 1
HIDKHEH TOJIKaM KOHTYpa. Z[aHLI TIPUMEPBI COOPYKCHHBIX MCM6paHHHX HOKpI:lTI/Iﬁ pinIs: | 3£[aHI/II>'I IIpoJICTaMu 10 48 M CeNbCKOXO03SMCTBEHHOTO 1 CKJIIaJICKOTO Ha3HAYCHUA.

KuaroueBnbie ciioBa: MeM6paHa, OHOPHLIﬁ KOHTYp, CTaﬁI/IHI/BaLU/IS{, LEIHBIC YCHUIINS, HEPIKABCIOIas CTallb, MeM6paHHO€ HOKPBITHE, MeMGpaHHaﬂ TaHCIb, CTaNbHOM Kapkac, reOMeTpuieCKast HEJIMHEHHOCTH CHCTEMBI.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2021.3.37.45. MEMBRANE COATINGS FOR MASS-USE BUILDINGS.M.I. Farfel, TSNIISK named after V.A. Kucherenko, JSC «NITS
«Stroitelstvo» Research Center of Construction, Moscow; e-mail: farfelmi@yandex.ru
Abstract. The article presents the types of membrane coatings for mass-use buildings. The main component of such coatings is a membrane panel on a square or rectangular plan. The mechanism of
transmission of chain forces from the membrane to the circuit is considered with an explanation of the appearance, as a result, of internal forces in it. Possible types of stabilization of membrane coatings
from wind «suc-tion» and non-equilibrium loads are considered. Examples of testing a gable block made up of membrane panels for a uniform and uneven load are given. The materials used for the
manufacture of membranes are described and promising areas of their application are indicated. Examples of the calculation of gable blocks with the use of membrane panels when the membrane is
adjacent directly to the upper and lower shelves of the contour are shown. Examples of constructed membrane coverings for buildings with spans of up to 48 m for agricultural and warehouse purposes
are given.

Key words: membrane, support circuit, stabilization, chain forces, stainless steel, membrane coating, membrane panel, steel frame, geometric non-linearity of the system.

Henuneiinbie pacuerst
Nonlinear calculations
YK 534.012 DOI: 10.37538/0039-2383.2021.3.46.53
C.B. BAKYIIEB, x.1.1., npo¢. [len3enckuii rocyapcTBeHHbIN YHHBEPCHTET apXHTEKTYPBI H CTPOHTEIbCTBA; e-mail: bakuchsv@mail.ru
YIPYTOIUIACTUYECKHUE BOJIHBI JE®OPMALUIA B CTEPKHAX NEPEMEHHOI'O CEYEHMUSL...46
PaCCManI/IBaCTCSI TIOCTPOCHHUE TUHAMHYICCKUX HH@)@)CPCHHHHHLHHX ypaBHeHI/Iﬁ PaBHOBECHS B CTCPIKHAX C ITOCTOSIHHBIM UITH cnaﬁo TIEPEMCHHBIM IIOIICPCIHBIM CCUCHUCM. MaTCpI/[aJ'I
CTCPIKHS OIMCBIBACTCS YPABHCHUSIMH I'COMECTPUICCKH U (1;)I/I3I/I‘ICCKP[ HEJTMHCHHOMN TCOpHUH YIIPYTOCTH B.B. HoBoxwunosa. ®usnueckre COOTHOIICHHS TIpA 3TOM UMCIOT CI)OpMy
IIPON3BOJIBHBIX IMIEPEKPECTHBIX 3aBUCHUMOCTEH MEXKAY IIEPBBIMU MHBApUAHTAMH TCH30POB U BTOPBIMHU HHBAPpHAHTAMH JICBHATOPOB HalTpSI)KCHI/[f/i " HCCIJOpMaI.{P[f[ JUISL TCOMETPHUICCKH
JIMHEHHOH MOzienH, 1 ()OpMY IPOU3BOJIBHBIX NMEPEKPECTHBIX 3aBUCUMOCTEH MEX/Ly NEPBHIMUA HHBapPHAHTaMH TCH30POB U BTOPHIMU MHBaPHAHTAMH JIEBHATOPOB 0OOOIIYHHBIX HANPSDKEHUIT 1
HEJTMHCHHBIX Z[C(i)OpMaLII/Iﬁ JUISL TECOMETPUICCKU HEJTUHCHHON MOJCIIH. HOJ’[y‘{CHLI YpaBHCHHUA XapaKTCPUCTHUK U COOTHOIICHUH HAa HUX JUIS IPEACTABIICHHBIX THHAMUYICCKUX ypaBHCHI/Iﬁ
PaBHOBECHS, YTO ITO3BOJIACT ONPEACIIUTE CKOPOCTH PACIIPOCTPAHCHUS HeHHHeI)’IHO-pryTOHJ’IaCTH‘-ICCKI/IX BOJIH [[C(i)opMaLIHﬁ. HI/IHaMI/I‘-ICCKHe Z[I/I(i]q)epCHLII/IaHLHBIC YpaBHCHUS B
TIEPEMCIICHUAX, OITMCBIBAIOIIHNE IIPOLECC PACIIPOCTPAHCHUS INIOCKUX OJHOMEPHBIX HeJ’IHHef{HO-pryTOHHaCTH‘-ICCKI/IX BOJIH IIC(I)OpMaLII/Iﬁ B CTEPXKHAX C ITOCTOSTHHBIM UITH cnabo
NePEMEHHBIM IOIEPEYHBIM CEUCHHEM, MaTepUal KOTOPBIX ONUCHIBACTCS YPAaBHEHUAMH (DU3HUECKH U FEOMETPUYECKH HEJTMHEHHOI TEOPUH YIIPYrOCTH, MOTYT HAHTH IPUMEHEHUE IIPU
pElLICHHN JUHAMUYECKHX 3a/1a4, CBA3aHHBIX KaK C COyJapeHUEM CTEeP)KHEil, Tak U C yIapoM CTEPXKHs O HEHOABIKHYIO IIperpay.

Kinouesrble ¢/10Ba: CTEPXKEHb IIEPEMEHHOIO CEUEHHs, BONIHBI Jedopmanuii, uddepeHnuansHoe ypaBHEHHE PaBHOBECHS B IEPEMELICHHUAX, FT€OMETPUYECKas TMHEHHOCTh, F€OMETPUYECKas HETMHEHHOCTD.
UDC 534.012 DOI: 10.37538/0039-2383.2021.3.46.53.ELASTICO-PLASTIC WAVES OF DEFORMATIONS IN BARS OF VARIABLE CROSS-SECTION. S.V. Bakushev, The Penza state
university of architecture and construction; e-mail: bakuchsv@mail.ru
Abstract. The construction of dynamic differential equations of equilibrium in bars with a constant or weakly variable cross section is considered. The bar material is described by the equations of
geometrically and physically nonlinear V.V. Novozhilov's theory of elasticity. Physical relations in this case have the form of arbitrary cross-dependencies between the first invariants of tensors and the
second invariants of stress and strain deviators for a geometrically linear model, and the form of arbitrary cross-dependen -cies between the first invariants of tensors and the second invariants of
generalized stress and nonlinear deformation deviators for a geometrically nonlinear model. Equations of characteristics and ratios in them for the presented dynamic equilibrium equations have been
received, which makes it possible to determine the propagation velocities of nonlinear-elastoplastic deformation waves. Dynamic differential equations in displacements describing the process of
propagation of plane one-dimensional nonlinear-elastoplastic deformation waves in bars with a constant or weakly variable cross-section, the material of which is described by equations of physically
and geometrically nonlinear theory of elasticity, can be applied in solving dynamic problems related both to the collision of bars and with the impact of the bar on a fixed obstacle.
Key words: bar of variable cross-section, deformation waves, differential equilibrium equation in displacements, geometric linearity, geometric nonlinearity.

V]IK 69.04 DOI: 10.37538/0039-2383.2021.3.54.65
C.B. BOCAKOB!, A.T.H.,ipo¢., B.H. CUMBUPKHWH?, k.1.1., AW MOPZ[I/IIIS, K.T.H., HHOCTP.4JIeH PAACH,IEenopyccmlﬁ HAIMOHAJIBHBIH TeXHHYeCKHii yHUBepcHTeT, I . MUHCK,
Benapych, 2000 «<EBPOCO®T», r.Mocksa, Poccus, 3000 «BICTununupunr», r.Munck, berapycs; e-mail: sevibo@yahoo.com N
K OHEHKE COITPOTUBJIEHUS CABUT'Y CEYEHHUU PUTEJIEH B CTBOPAX KOHTAKTHBIX LIBOB CBOPHO-MOHOJIMTHOU BEPTUKAJIBHOU JTUA®PATMbI ) KECTKOCTM...54
B pabote paccmarpuBaeTcs 3aaua 0 HAIPSHKEHHOM COCTOSIHUM CThIKA BEPTUKAIbHON AuadparMbl )KECTKOCTH M MOHOJIUTHOTO PHIesi B cCOOPHO-MOHOJIMTHOM Kapkace. [TogoOHas 3anaua
BO3HMKAET, HAIPUMEP, PH MCIIOIB30BAHUH U3BECTHOI KOHCTPYKTHBHON CHCTEMBbI cOOpHO-MOHOINTHOTO Kapkaca APKOC B y311e coeiMHeHHs] HECYILero MOHOJIMTHOTO pHUresst U cOOpHO#
naHenu auadparmsl xkectkocTd. [ToqpoOHO 1 0OCTOATENIBHO PACCMATPUBAIOTCS M AHAJIU3UPYIOTCSI PE3YJIbTaThl PACUETOB MO POCCUIICKUM, OEJIOPYCCKHM U 3apyOeiHBIM HOPMAM.
BeinonHsiercst conocTaBlieHHE ¢ Pe3yJIbTaTaMH SKCIIEPUMEHTAIBHBIX HCCIIEIOBAHMIT 10 Cpe3y B KOHTAKTHOM ILIBE MEXK/Ly KOJOHHOM, AnadparMoii >KkeCTKOCTH i MOHOJIUTHBIM
TIEPEKPBITHEM. HOHHI/IMaIOTCﬂ BOIIPOCHI YTOYHCHU S BEJINIUH PaCYCTHBIX yCHJ’[I/Iﬁ 1 apMHUPOBaHUsA, COACPIKAHUSA CYHICCTBYIOIINX HOPMATUBHBIX TOKYMCHTOB. an/IBOHI/ITCﬂ 06LHHpHLIﬁ
3KCHepI/IMeHTaHBHBIﬁ u HOpMaTHBHLIﬁ Mmatepuail B TaOJUYHOM U aHAJMTHYECKOM BHJIC. B BBIBOJIaX PEKOMEHIYETCS N3-3a BaXHOCTHU U aKTYaJIbHOCTH pacCMaTpHUBAa€MbIX B CTaThE BOIIPOCOB
IIPOIOJDKUTH TCOPETHICCKHUE U DKCIICPUMCHTAIBHBIC HCCIICJOBAaHNS B 3TOM 00JaCTH U COBEPIICHCTBOBATH OTCYCCTBECHHYIO HOPMaTUBHYIO 633}/‘

KioueBble ¢10Ba: cOOPHO-MOHOJUTHBIN Kapkac, Anadparma )ecTKOCTH, MOHOJINTHBIH pUrellb, KOHTAKTHBI IITOB.
UDC 69.04 DOI: 10.37538/0039-2383.2021.3.54.65.TO PREDICTION OF A BEAM SHEAR RESISTANCE ON THE LINES OF CONTACT JOINTS OF A MIXED PRECAST AND IN-SITU SHEAR
WALL.S.V. Bosakov*, V.N. Simbirkin?, A.l. Mordich?, *Belarusian National Technical University, Minsk, Belarus, ’ZEUROSOFT, Moscow, Russia, >BESTengineering, Minsk, Belarus; e-mail: sevibo@yahoo.com.
Abstract. The paper deals with a problem of the stress state of the joint of column, shear wall and monolithic beam in a mixed reinforced concrete frame. A similar problem exists, for example, when
using a well-known ARKOS mixed structural system. The results of calculations according to Russian, Belarusian and foreign building codes are considered and analyzed in detail. A comparison is
made with the results of experimental studies on the shear in the contact joint between the column, the shear wall and the in-situ floor plate. The important questions of clarification of the values of
design forces and reinforcement, the content of existing normative documents are discussed. In order to confirm its conclusions, the article provides extensive experimental and normative material in
tabular and analytical form. The conclusions recommend, due to the importance and relevance of the issues considered in the article, to continue theoretical and experimental research in this area and to
improve the standard code regulations.
Key words: mixed precast and in-situ reinforced concrete frame, shear wall, monolithic beam, contact joint.
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Dynamic calculations
V]IK 624.04 DOI: 10.37538/0039-2383.2021.3.66.70
C.B. BOCAKOB, a.1.H., npo¢., Besropycckuii HanmoHa bHblii TexHuueckuii yuupepcurer, PYII "Hucruryt BenHUHAC" r.MuHck, e-mail: Sevibo@yahoo.com
CMEIIAHHBIN METO/] CTPOUTEJIbHOM MEXAHUKH B 3AIAYAX JTUHAMUKHU IIACTHUHOK...66
B pabote H3105KeHO NPUMEHEHNE CMEIIAHHOTO METO/1a CTPOUTEIbHON MEXaHUKH JUIsl PELICHHUS 3a/1a4 JHHAMUKH Ha IPUMEpPe IPSIMOYTOIBHOM MIIaCTUHKN. [lnacTHHKa [IapHUPHO orepTa
IO YIJIaM U Ha Hel pacosioxkKeH MEXaHH3M C IPSIMOYTOJIbHOM 5KECTKOM OMOPHOM MOBEPXHOCTBIO, HA KOTOPBIH CUMMETPUYHO JEHCTBYET BHEIIHSA TapMOHUYECKas cUila. MeXaHu3M 110
yriaaM onrpacTCs Ha Y€ThIPe Bm6pon30mn0pa C 3a[laHHOﬁ JKECTKOCTBHO. HOCJ’IC,E(OBaTCJ'I];HO II0Ka3aHO, KaK Ha OCHOBAHMHM CMCIIAHHOTO METOAa CTpOI/ITCJII)HOﬁ MEXaHUKH ONPEACTIAIOTCA
4acTOTHI ¥ (POPMBI COOCTBEHHBIX KONEOAHNH MEXaHU3Ma, YCUITHS B BUOPOU30JISITOPAX U NPOTHObI HECYIeH MIACTUHKU HPH YCTAHOBUBILIEMCS! IIPOLIECCE BHIHYKACHHBIX KOJICOaHMIA.
OtesbHO PACCMOTPEH MEPEXOAHOM Mpoliece Havyasa KojaebaHuid, rae Ha ocHoBaHMM npuHImna J['Anambepa cocTaBlieHa M YHCICHHO PEIICHA CHCTEMa TPeX 00BbIKHOBEHHBIX
g depeHnnaIbHbIX YpaBHEHHH BTOPOTo MOPsIIKA ¢ HEN3BECTHBIMU JIMHEHHBIM U YITIOBBIMH ITEPEMEIICHHSAMN MeXaHU3Ma. [IpHBOASTCS YMCIICHHBIC PEe3y IbTAThI ISl IPSIMOYTOJIBHOM,
OHEPTOﬁ 110 yriiam JKeJIe300€TOHHOM TJIACTHHKH C PpacroIOKECHHBIM Ha HEW MEXaHWU3MOM Ha Bn6pon30ﬂmopax.l'lonyqemn,le TECOPETHICCKUEC ITOAXOABI TAKKE MOKHO HCII0JIB30BaTh C
HEOOJIBITUMH U3MEHEHUSIMH TIpU JTUHAMHUYECKHUX pacdyeTax CTEPKHEBBIX CUCTEM U KHHEMaTHYCCKOM BOSﬁy)K}IeHHH HECyImux K()HCprKLH/Iﬁ JABWKYIIETO TpaHCIIOpTa.

KuroueBrble cioBa: cMelIaHHbINA METO/, CBO60HHHC M BBIHYKJICHHBIC KOJ'Ie6aHV[SI, nepexom—loﬁ TIponecc, NpsAMOYrojbHas IiacCTuHKa, BHGPOHSOJ'ISITOP.
UDC 624.04 DOI: 10.37538/0039-2383.2021.3.66.70. THE MIXED METHOD OF CONSTRUCTION MECHANICS IN THE PROBLEMS OF PLATE DYNAMICS. S.V. Bosakov, Belarusian
National Technical University, Minsk; e-mail: Sevibo@yahoo.com.
Abstract. The paper describes the application of the mixed method of structural mechanics for solving problems of dynamics on the example of a rectangular plate. The plate is hingedly supported at the
corners and a mechanism with a rectangular rigid support surface is located on it, on which an external harmonic force acts symmetrically. The mechanism at the corners is supported by four vibration
isolators with a given stiffness. It is consistently shown how, on the basis of the mixed method of structural mechanics, the frequencies and forms of natural vibrations of the mechanism, the forces in
vibration isolators and the deflections of the bearing plate are determined during the steady process of forced vibrations. Separately, the transient process of the beginning of oscillations is considered,
where, on the basis of the D'Alembert principle, a system of three ordinary differential equations of the second order with unknown linear and angular displacements of the mechanism is compiled and
numerically solved. Numerical results are given for a rectangular reinforced concrete plate supported at corners with a mechanism located on it on vibration dampers. The obtained theoretical approaches
can also be used with minor changes in dynamic calculations of rod systems and kinematic excitation of supporting structures of moving vehicles.
Key words: mixed method, free and forced vibrations, transient process, rectangular plate, vibration isolator.

CeoMeTpryecKre pacyeTsl
Geometric calculations

VK 514.74:72.01 DOI: 10.37538/0039-2383.2021.3.71.77
E.A. TPUHBKO, unxk. Poccuiickuii yauepcurtet apy:x061 Hapoao (PYIH), r. Mocksa e-mail: grinechka@mail.ru
TIMOBEPXHOCTH IIVIOCKOITAPAJIJVIEJIBHOI'O TIEPEHOCA KOHI'PYOHTHBIX KPUBBIX...71
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N.U. KoroB (MAN) B 1972 rogy npeutoxui BBICIUTS KHHEMAaTHYECKUE TOBEPXHOCTH TUIOCKOIIAPAILIEIFHOTO TIepeHOCa, TTOBEPXHOCTH BpAICHHsI, Pe3HbIE TOBEPXHOCTH MOHXa,
IUKITMYECKUE TTOBEPXHOCTHU C 06pa3y}0mel71 OKPYKHOCTBIO ITOCTOAHHOI'O paJinyca, pOTaTUBHBIC, CITMPOUJaJIbHBIE H BUHTOBBIC IIOBEPXHOCTH B OT/ICJIBHBIN KJ1acc HOBCpXHOCTeFI
KOHT'PYSHTHBIX CEUYCHU. LleJ'IB}() HCCJICIOBAHUSA ABJIACTCA MOJTYYCHUE 0606H.IeHHLIX apaMeTpUICCKUX ypaBHe}mﬁ HOBerHOCTeﬁ KOHTPYOHTHBIX CEUYCHHMI MasTHUKOBOI'O THITa HA
IUIMHIAPaX IMPH IIIOCKOMapaJuICIIbBHOM MEPEHOCE MOABUKHBIX JKECTKUX KPUBBIX. Mero/1bl UcciieIoBaHMS. I/ICHOHL3y}OTC}I METO/Ibl AaHAJIMTHYECKOMN U z[mb(bepeHunanLHoﬁ TE€OMETPHUH. HHH
BH3YyaJIM3alUK TIOBepXHOCTeH puMenstoTest cucteMbl MathCad n AutoCad. Pe3ynbTaTsl nccienoBaHus 3aKIF0YalOTCs B BBIBOJIE TAPAMETPUIECKHX YPaBHEHHH HCCIICTyEeMbIX
HOBerHOCTeﬁ B 001IeM BUJIE, y,Z[06HOM JUTA MCITOJIB30BAHUSA METOJOB KOMITBIOTEPHOT'O MOJICIIMPOBaHUA. Meronuka TPOJAEMOHCTPHUPOBAHA Ha ABYX IPUMEpPaX C IMOJIYKPYTJIBIMA U
napaboInueCKIMH KOHIPYIHTHBIMU KPUBBIMH. B 3aKiIfoueHHH OTMEYaeTCss BO3MOXKHOCTD HCIIOJIb30BAaHMUSI TTOTYIEHHBIX ()OPM IIOBEPXHOCTEH B ITapaMETPUYECKON apXUTEKType i
apXUTEKType CBOOOIHBIX GOpM.

KuaroueBnbie ciioBa: I[I/lClJEbepeHLU/laJ'ILHaﬂ TeoMETpHus HDBerHDCTCﬁ, TIOBEPXHOCTH INIOCKOIIApaICIBHOTO MIEPEHOCA, aHATMTHYECCKHE METO/IbI B TCOMETPHH, KOMIIBIOTEPHOC MOJACIIHPOBAHNAC, BU3YyaIM3aAa
TIOBEPXHOCTEU.
UDC 514.74:72.01 DOI: 10.37538/0039-2383.2021.3.71.77. SURFACES OF PLANE-PARALLEL TRANSFER OF CONGRUENT CURVES. E.A. Grinko, Peoples' Friendship
University of Russia (RUDN), Moscow; e-mail: grinechka@mail.ru
Abstract. Introduction. 11 Kotov (MAI) in 1972proposed to distinguish kinematic surfaces of plane-parallel transfer, surfaces of revolution, Monge's carved surfaces, cyclic surfaces with a
generating circle of constant radius, rotative, spiroidal and helical surfaces into a separate class of surfaces of congruent sec -tions. The aim of the study is to obtain generalized parametric
equations of surfaces of congruent sections of the pendulum type on cylinders with plane-parallel transfer of moving rigid curves. Research methods. Methods of analytical and differential
geometry are used. The systems MathCad and AutoCad are used to visualize surfaces. The results of the study consist in the derivation ofparametric equations of the studied surfaces in a
general form that is convenient for using in computer modeling methods. The technique is demonstrated in two examples with semicircular and parabolic congruent curves. In conclusion,
the possibility of using the obtained surface forms in parametric architecture and free-form architecture is noted.
Key words: differential geometry of surfaces, plane-parallel transfer surface, analytical methods in geometry, computer modeling, visualization of surfaces.
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Pacuersl Ha IIPOYHOCTH

Strength calculations

VYK 539.3 DOI: 10.37538/0039-2383.2021.4.2.11

E.M. 3BEPSIEB'?, n.1.1., A.B. IBIXTUH?, k.1.H., XOA BAH JIOHI', acnupant *MHCTHTYT npukiaaHoii Matematukn um. M.B. Keansima PAH, Mocksa, ZMockoBekuii
aBMALMOHHBII MHCTUTYT, MockBa; e-mail: zveriaev@mail.ru

IPOCTPAHCTBEHHAS 3AJAYA JJISI IPSIMOYT OJIbHOM YIIPYI'OM IIJIACTUHBI...2

C’I‘pOI/ITCﬂ ACHUMIITOTHYIECKOC 110 MAJIOMY ITapaMETPy TOJIIINHBI PEIICHUEC TpCXMCpHOffi 3aa9u TCOpHUH yIpyrocTtu st HpﬂMOyTOJ'lLHOﬁ macTuHbL Crcrema ypaBHCHI/Iﬁ npeoGpa3yeTcst K
HUTCPAllMOHHOMY BHUY, ITO3BOJIAIOIIEMY BBIYHCIIUTE BCE HEU3BCCTHBIC 3a1aUH Y€PE3 MMOCICAOBATCIBHOCTD OIIEPAaTOPOB l'[m(apa TICPBOT'O IIOpsAKA. HOJ’[y‘-ICHHI:IC TIpH BBINTOJTHCHUHN
TPaHUIHBIX yCJ'IOBI/Iﬁ Ha JJMIEBBIX CTOPOHAX IUIACTUHBI YPABHCHUS PA3ACIAIOTCA Ha MECJICHHO MCHIOIIUECS KIIACCHICCKNUEC U 6I>ICTp0 MCHAIOIIHECS THUIIa KPaeBOro 3¢¢CKT3. Pemenne
6I>IC’I‘p0 MCHSAIOIINXCA ypaBHeHI/Iﬁ CJIYJKHUT [T BBIIIOJIHCHUS TPAHUIHBIX yCJ’[OBHﬁ, HpCHCGpCFaCMHX B KJIACCHYECKOM TEoOpuun 1431"146a IUTaCTHUH, OITH CBIBAEMOM MCIJICHHO MCHAIOIIUMHUCS
YpaBHCHUAMU. Pemienne CBOGOI[HO OT HCOOCTAaTKOB KJTaCCHYECKOM TeopuH, HOCTpOCHHOﬁ Ha TUIOTE3axX U JOIMYIICHUAX. Hpe;{nonaraeTCﬂ, YTO aCUMIITOTHICCKOC PCIICHUE
YAOBJIICTBOPSACT YCIOBUAM CXOAUMOCTH TCOPEMBI Bbanaxa o HeHOZ[BPI)KHOﬁ TOYKE.

KinioueBble cj10Ba: 1macTHHa, IPOCTPAHCTBEHHAS 3a/1a4a, KpaeBoi 3¢ deKT, NPUHIKIT CKAaThIX 0TOOPaXKEHUI, Teparuy, Majblii mapamerp, meto] CeH-Benana—Ilukapa—banaxa.
UDC 539.3 DOI: 10.37538/0039-2383.2021.4.2.11. SPATIAL PROBLEM FOR RECTANGULAR ELASTIC PLATE. E.M. Zveryaev'?, A.V. Pyhtyn?, Hoa Van Dong? Keldysh
institute of applied mathematics RAS, Moscow, 2Moscow aviation institute, Moscow; e-mail: zveriaev@mail.ru
Abstract. An asymptotic with respect to a small parameter of thickness solution for a three-dimensional problem of the theory of elasticity for a rectangular plate is constructed. The system
of equations is converted to an iterative form that allows one to calculate all unknown problems through a sequence of first-order Picard operators. The equations obtained when the
boundary conditions on the front sides of the plate are satisfied are divided into slowly varying classical and rapidly changing types of edge effect. The rapidly changing ones serve to fulfill
the boundary conditions that are neglected in the classical theory of plate bending. The shortcomings of the built on hypotheses and assumptions classical theory are absent. It is assumed
that the asymptotic solution satisfies the convergence conditions of the Banach fixed point theorem.

Key words: plate, spatial problem, boundary effect, contraction mapping principle, iterations, small parameter, Saint-Venant-Picard-Banach method.

YK 624.04 DOI: 10.37538/0039-2383.2021.4.12.16
B.A. ATHATBEB, a.1.H., A.B. ATHATBEB, a.1.H., U.C. 3ABBSJIOB, acnupant BoJrorpajackuii rocyiapcrBeHHbIi TeXHHUeCKHii yHuBepcuret; e-mail: alignat70@yandex.ru
AJITOPUTM PACYETA M3IT'MBAEMOM IIJIACTUHKH HA OCHOBE MK B ®OPME KJACCHUYECKOI'O CMEIIAHHOI'O METOJIA C
HNCIOJB30BAHUEM MTPSIMOYTOJIBHOI'O K3 C YETBIPBMSI OCHOBHBIMU HEU3BECTHBIMU B YI'JIAX...12
B crarbe TIPUBEACHBI PE3YJIbTAThI HCCIICAOBAHUS 34)(1)6KTI/IBHOCTH NPUMEHEHHUS IPAMOYTOJIBHOT'O H3FH6aeMOFO KOHEYHOr'0 JIEMEHTA C YCTBIPbMSI OCHOBHBIMHA HEU3BECCTHBIMHU B KaXKJIOM U3
€ro yrioB B pacuere riactuHky 1o MKD B ¢jopme KJ1acCHYECKOro CMEIaHHOTO METO/ia, Pa3BHBaeMOro aBropamu. ONKCaH arOPUTM pacyeTa: IOCTPOSHNE MAaTPHIIB OTKINKOB KO 1
BEKTOpa y3JI0BBIX BO3/EHCTBUI, COCTaBIeHHE Pa3pEIIAONIMX YPaBHEHHH 1 UX pemenue. [IpuBeseH npuMep pacueTa MIaCTUHKU, U3 KOTOPOTO CIEAYET BbIBOJ O TOM, YTO AXKeE IIPU
KOHEYHO-3JIEMEHTHOM ceTKe 2X2 TOYHOCTb pacyeTa MPaKTHYECKH TaKas JKe, Kak ¥ [PH pelieHu: 1o TpaauurnonHoMy MKD B nepemenieHusx npu cetke 4x4.

KiioueBble cj10Ba: METO/ KOHEUHBIX JIEMEHTOB B ()OPME KIIACCHYECKOTr0 CMEIIAaHHOTO METO/1a, U3THO IUIACTUHKH, alrOPUTM, IPUMEp pacyera.
UDC 624.04 DOI: 10.37538/0039-2383.2021.4.12.16. THE ALGORITHM FOR CALCULATING A BENDED PLATE BASED ON THE FEM IN THE FORM OF THE
CLASSICAL MIXED METHOD USING A RECTANGULAR FE WITH FOUR MAIN UNKNOWNS IN THE CORNERS. V.A. Ignatyev, A.V. Ignatyev, |.S. Zavyalov, Volgograd
state technical university; e-mail: alignat70@yandex.ru
Abstract. The article presents the results of a study of the effectiveness of using a rectangular bendable finite element with four main unknowns in each of its angles in the calculation of the
plate by the FEM in the form of the classical mixed method developed by the authors. The calculation algorithm is described: the construction of the FE response matrix, and the vector of
nodal effects, the compilation of resolving equations and their solution. An example of plastic calculation is given, from which it follows that even with a finite element grid of 2x2, the
calculation accuracy is almost the same as when solving according to the traditional FEM in displacements with a 4x4 grid.
Key words: Finite element method in the form of the classical mixed method, plate bending, algorithm, calculation example.

V]IK 624.13 DOI: 10.37538/0039-2383.2021.4.17.24
0.B. KO3YHOBA, K.T.H., 1ouent’, nokropant? 'Beal' YT, r.lomenn, 2BHTY, r.Munck, Pecny6anka Besapyck; e-mail: kazunova@gmail.com
HEKOTOPBIE BOITPOCBI PACUETA IINIOCKHUX PAM HA YIIPYT'OM OCHOBAHHWH HA ITIPOCTPAHCTBEHHYIO HAI'PY3KY...17
TIpennaratorcs kK 00CYKICHHIO HOBbIE TOCTAHOBKH 33/1a4 CTATHYECKOr0 pacyeTa INIOCKUX PaM Ha yIpyroM OCHOBAHHH Ha IPOCTPAHCTBEHHYIO HArpy3Ky, KaK pacueTHBIX MOAEIeH
JICHTOYHBIX (’byHLlaMCHTOB TI0 MHOTO3TaXXHBIC 3JaHUS U COOPYKCHU . HpPIBO)_IPITCﬂ AJITOPUTM PEUICHU DTUX 3aa4 CMEUIaHHBIM METOIOM CTpOPITCJ'I])HOIjl MECXAHUKH C MCII0JIb30BAaHUEM
cooTHomuieHuit criocoba b.H. JKemouknHa 1 HEKOTOPbIE YMCICHHBIE PE3Y/IbTAThI, TOJIYUYCHHbIC IPH MTOMOIIM KOMITBIOTEPHO# mporpamMmel Mathematica. OTMeTHM, 4TO BOIPOCHI pacyeTa
IUIOCKUX PaM, OMHUPAIOIINXCS HAa YIIPYroe OCHOBAHKE, HAa IIPOCTPAHCTBEHHYIO HArPY3KY 0 HACTOSIIEr0 BPEMEHU HE MCCIICJOBAHbI B OJIHON Mepe. ABTOpPY H3BECTHBI paboTs! Tosbko b.H.
XKemoukuna, M.11. T'opbynosa-TTocanosa, M. A. Cumymuau, C.H. Knenukosa, C.J]. CeMeHIOKa, B KOTOPBIX Pa3InYHbIMU TOAXOJAMH MPOBEIACHBI HCCIIEIOBAHMS MO PACUETy BEPTUKAIbHBIX
IOCKUX pam [1-3], N301MpOBaHHBIX (PyHAAMEHTHBIX, B TOM YHCJIE CETYATHIX IUHT [2], a TaKKe NPOCTPAHCTBEHHBIX MOHOIUTHBIX (hyH/ITAMEHTOB KaK CHCTEMBI IEPEKPECTHBIX JICHT HA
YHPYroM OCHOBaHHH [4, 5] Ha BepTUKaNbHYIO HAarpy3Ky. IIpudem nedopmarmu KpyueHHs CTEpPXKHEH CTPOro y4uThIBaIuCh ToNbKO B paborax C.J[.CemeHtoka. MeTo1Ka pacyera MIOCKUX
paMm Ha ynpyroM OCHOBaHWH, IIPUBOIUMAs B pa60Te aBTOpa, OCHOBaHa Ha CMCITaHHOM METOIE C’I‘pOHTeHLHOﬁ MCXAHHUKH C UCITI0JIb30BAHUEM (byHKLII/Iﬁ imsinust JKemMoukuHa. ﬂ]’[i{
OIMPEACIICHUA K()3d)(1)HLII/IeHTOB u CBO60]1HBIX YJICHOB KAHOHUYCCKHUX ypaBHeHHﬁ B pacy€Te UCIOJB3YIOTCS COOTHOLICHUS IS HpOI‘I/I60B 6an01<, KaK CTEPKHEBBIX JJIEMCHTOB C 3aIIEMJICHUEM
B )KECTKHX Y3JIaX COIIPsHKCHUA.

KuoueBble ¢JI0Ba: JIEHTOYHBIE (I)yHJIaMeHTLI, TUIOCKHE paMBbl, pacy€THass MOJECIIb, CUCTEMA NIEPEKPECTHBIX JICHT, YIIPYTIO€ OCHOBAaHHUE, CMEIIaHHBIA METOJ, METOQ PI/IT].[a, d)yHKLH/II/I
BJIMAHHUSA }KeMO‘{KI/IHa, OCaJKH, KOHTaKTHBIC HAITPSKCHUSA.
UDC 624.13 DOI: 10.37538/0039-2383.2021.4.17.24. SOME QUESTIONS OF CALCULATION OF PLANE FRAMES ON AN ELASTIC BASE ON SPATIAL LOAD. O.V.
Kozunova, BelSUT, Gomel, BNTU, Minsk; e-mail: kazunova@gmail.com
Abstract. The paper proposes for discussion new formulations of the problems of static calculation of flat frames on an elastic foundation for a spatial load, as design models of strip
foundations for multi-storey buildings and structures. An algorithm for solving these problems by the mixed method of structural mechanics using the relations of the method of B.N.
Zhemochkin and some numerical results obtained using the computer program Mathematica are presented. Note that the issues of calculating flat frames based on an elastic foundation on a
spatial load have not yet been fully investigated. The author knows the works of only B.N. Zhemochkin, M.I. Gorbunova-Posadova, I.A. Simvulidi, S.N. Klepikova, S.D. Semenyuk, in
which various approaches were used to study the calculation of vertical flat frames, isolated foundation slabs, including mesh slabs, as well as spatial monolithic foundations, as a system of
cross belts on an elastic foundation for a vertical load. Moreover, the torsional deformations of the rods were strictly taken into account only in the works of S.D. Semenyuk. The method for
calculating flat frames on an elastic foundation, given in the author’s work, is based on the mixed method of structural mechanics using Zhemochkin’s influence functions. To determine
the coefficients and free terms of the canonical equations, the calculation uses the ratios for the deflections of beams as bar elements with restraint in rigid junctions.
Key words: strip foundations, flat frames, design model, system of cross belts, elastic foundation, mixed method, Ritz method, Zhemochkin’s influence functions, settlements, contact
stresses.


mailto:grinechka@mail.ru

YK 69.01 DOI: 10.37538/0039-2383.2021.4.24.30
B.IL. IITAPKOB, K.T.H., 10LE€HT, cT. Hay4. coTp. Poccuiickuii rocyrapcrBennsiii arpapubiii yuusepcurer — MCXA umenu K.A. Tumupsizesa; e-mail: V.P.Sharkov@mail.ru
OB ACUMITOTHYECKHUX BETMUNHAX BEPTUKAJILHOT' O TABJIEHUSI B CUJIOCAX ITPY X ONTOPOYKHEHUH (JISI CJOYYAS LIEPOXOBATBIX CTEH)...24
HoBu3HOIi paboTBhI ABJIAETCS TO, YTO U BBISBICHHOTO aBTOPOM SKCTPEMAIIBHOTO HANpshKEHHO-AedopmupoBanHoro coctosuus (HJIC), BO3HUKAOIIEro py OHOPOXKHEHUU CUIIOCOB,
BIICPBBIC MOJYYCHBI BEIMYMHBI BEPTUKAJIBHOTO JaBJICHUS 3aII0JITHUTEIISL, B TOM YHUCJIC JITI0OPA U OCPETHEHHOE €T0 3HAYCHUE. I/IMCIOH_II/ICC}I 110 3TOH Teme Cl)OpMyJ'ILI HE YYUTHIBAIOT
BO3HHUKAIOILIETO IMPHA 3TOM CKa‘{KOO6pa3HOFO TIOBBIICHUS KaCaTCIbHbIX HaHp}DKCHHﬁ (I{O BCJIIMUYMH FJ'IaBHLIX) Y TOPU30HTAIIBHOTO aBJICHUS. HOJ’Iy‘{CHHaSI 3MIOpa AaBJICHUS 110 OTHOIICHUIO K
CTATUYECKO OpUTHHAIIbHA, UMEET C Heil pa3phiB; ee 0OYepTaHne UMeeT MapaboIndecKkyo GopMy ¢ MHHHMAIBHON OPJMHATON B LIEHTPE. Pe3ybTaThl MOIyYeHBI IS IEPOXOBATHIX CTCH B
CHJIOCaX KPYTIJIOro CEUYCHU OOJIBIION BBICOTBI, & JaBJICHUSA — IJIA aCUMIITOTHYCCKUX 3HAYCHHUH. Hpn TIEPEXO0I€ U3 UCXOTHOT'O B SKCTPEMAJIBHOE H,[lC CKaqKOO6pa3Hoe najicHue
BEPTUKAJIBHOI'O JaBJICHUA MOXKET OBITH MHOTI'OKpaTHBIM: CPEAHET0 — 10 4,7 pasa, a 'y ocu cujioca — 10 12,4 paza. Takue MaciTaOHbIE CKAuKH naBne}mﬁ, BO3HHUKAIOIIXE IPHU CABUTE
3aIlOJTHUTEIIA Y CTEH, MOT'YT ABJIATHCA HCTOYHUKOM TUHAMHUYECCKUX B03ﬂeﬁCTBMﬁ, CHOCOGCTBy}OH.IPIX aaaneﬁmeMy OIIOPOKHEHHUIO ChJIoCca.

KioueBble ciioBa: CHJIOC, BBII'PY3Ka, BEPTUKAJIbHBIC TaBJICHUA, CKa4Y0K HaBJ‘IeHHﬁ, PacyeThl, SKCTPEMAJIBHOC HHC, OIMIOPBI, JUarpaMmma Mopa.
UDC 69.01 DOI: 10.37538/0039-2383.2021.4.24.30. ABOUT ASYMTATIC VALUES OF VERTICAL PRESSURE IN SILOS DURING THEIR EMPTYING (FOR THE CASE
OF ROUGH WALLS). V.P. Sharkov, Russian state agrarian university — Moscow state agricultural academy named after K.A. Timiryazev; e-maii: V.P.Sharkov@mail.ru
Abstract: The novelty of the work is that for the identified by the author the extreme stress-strain state (SSS) that occurs during the emptying of silos, the values of the vertical pressure of
the filler were obtained for the first time, including the diagram and its averaged value. The formulas available on this topic do not take into account the resulting abrupt increase in shear
stresses (up to the main values) and horizontal pressure. The resulting pressure diagram with respect to the static one is original, has a break with it; its outline has a parabolic shape with a
minimum ordinate in the center. The results were obtained for rough walls in silos with a circular cross-section of high heights, and pressures — for asymptotic values. In the transition from
the initial to the extreme stress-strain state, the jump-like drop in vertical pressure can be multiple: average — up to 4.7 times, and at the silo axis — up to 12.4 times. Such large-scale
pressure surges that occur when the aggregate moves against the walls can be a source of dynamic influences that contribute to the further emptying of the silo.
Key words: silo, unloading, vertical pressures, pressure, jump calculations, extreme stress-strain state, diagrams, Mohr diagram.

ﬂeggopMag VOHHBIC pacY€Thbl
Deformation calculations
V]IK 621.315.176 DOI: 10.37538/0039-2383.2021.4.31.36
B.B. MULLIEHKO, raasusiii cnemuamuct AO «KOHUEPH TUTAH-2»; e-mail: mat_c@mal.ru
K BOIIPOCY OINPEJEJEHUS YIIPYTOM JE®OPMALIMM ITPOBO/IOB U TPOCOB...31
BBCL[CHO IIOHATHUC ((Z[ef/'[CTBy}OHICFO» TSOKCHUS B IIPOBOJAC IS 3aMCHBI lTpPI6J'IPDKCHHOI‘O «CPEOHET0» 3HAYCHUS, UCIIOJIB3YEMOT'O TSI OIIPCACIICHUS pryTOI;'[ }:[e(i)opMauHH IpoBOaa.
«JleficTBYyrOIIEE» TSHKEHUE BBI3BIBACT YHPYTyHO Ae(OpMaLHIo THOKOI PaCTsHKUMON HUTH, PaBHO3HAYHYIO Ae)OpMaIMK 1oJ| JEeHCTBUEM (haKTHIECKOTO THKEHHUS, HEPABHOMEPHOTO MO JUTHHE
HHWTH. Hpeu(:TaBneHa qyopMyna JUIA «}:[eﬁ()TByIOH.ICFO» TSOKCHHUS B IIPOBOJC.

KimoueBsbie c10Ba: TuHUS 3IeKTpornepeayn, npoo BJI, Mexanudeckuit pacyeT npoBoa.
UDC 621.315.176 DOI: 10.37538/0039-2383.2021.4.31.36. ON THE ISSUE OF DETERMINING THE ELASTIC DEFORMATION OF WIRES AND CABLES. V.V. Mishchenko,
CONCERN TITAN-2; e-mail: mat_c@mal.ru
Abstract. The concept of “effective value” tension in the wire is introduced to replace the approximate “average” value used to determine the elastic deformation of the wire. “Effective
value” tension causes elastic deformation of the flexible tensile thread, which is equivalent to deformation under the action of the actual tension, which is not uniform along the length of the
thread. The formula for the “effective value” tension in the wire is presented.
Key words: power line, overhead wire, mechanical wire calculation.

YucnieHHbIE pacyeThl
Numerical calculations

VYK 69.04 DOI: 10.37538/0039-2383.2021.4.36.43

A H. IIOIIOB, acninpant, A.Jl. JOBLIOB, a.1.H. THX00KeaHCKHIi rOCYAapCTBEHHBIIl YHHBEPCHTET, I'. Xa6aposck; E-mail: sanyapov@mail.ru

KOHTAKT C TPEHUEM B IMHEMHOM 3AJJAYE JOINOJHUTEJIBHOCTH C YYETOM 3A30POB...36

PaccmarpuBaetcs MozeIMpoBaHiEe KOHTAKTHOIO B3aUMOJICHCTBUS 1eOPMHUPYEMBIX TEJI C y4e€TOM Ha4yaIbHOI'O 3a30pa. 3a/1a4ya CTaBUTCS Kak JIMHeHHas 3a/1a4a JononHuTensuocty (JI3)
[1]. ITpexmeT uccne10BaHKs — pacIIMPEHNE CYIIECTBYIONIEH OCTAHOBKH 3a/1a4y [2] Ha pelIeHne KOHTAKTHBIX 3371au ¢ y4eToM 3a30poB. IIpoBeieHa cepHs pacyeToB 3a/1a4 U CPaBHEHHE
TIOJTYICHHBIX pCLLICHI/Iﬁ C IIPpOTrpaMMHBIM KOMIIJICKCOM ANSYS, YacTh U3 KOTOPBIX IIPUBE/ICHA B CTAThE. Pa306paHH JAOCTOMHCTBA U HEJOCTATKH IIpeiIaraéMoro moaxonaa.

Kuarwuessble ciioBa: KOHCTPYKTHBHas HCJ’[I’IHeﬁHOCTL7 KOHTAaKT C TPEHUEM, OJHOCTOPOHHHUE CBA3H, JIMHEHAs 3a71a4a JOTIOJIHUTEIIBHOCTH, 3a30p, YUCIECHHBIE MOACIH, METOJ KOHEYHBIX 3JIEMEHTOB.
UDC 69.04 DOI: 10.37538/0039-2383.2021.4.36.43. FRICTIONAL CONTACT IN THE LINEAR COMPLEMENTARITY PROBLEM WITH GAPS ACCOUNT. A.N. Popov,
A.D. Lovtsov, Pacific National University, Khabarovsk; e-mail: sanyapov@mail.ru

Abstract. Considers the modeling of contact interaction of deformable bodies taking into account the initial gap. The problem is set as the linear complementarity problem (LCP) [1]. The
subject of the study is an extension of the existing statement of the problem [2] to the solution of contact problems taking into account gaps. A series of problem calculations and a
comparison of the solutions obtained with the ANSY S software package were carried out, some of which are given in the article. The advantages and disadvantages of the proposed
approach are analyzed.

Key words: constructive nonlinearity, frictional contact, unilateral constrains, linear complementarity problem, gap, numerical models, finite element method.

Q!MHaMHHeCKHC pacyeThl
Dynamic calculation
VK 624.07.534.1 DOI: 10.37538/0039-2383.2021.4.44.49
U.N. UBAHYEHKO, a.T1.H., npod. PYT MHUT, r. Mocksa; e-mail: ivaii0l11@mtu-net.ru
METO/I PACYETA BAJIKHA HA YIIPYTOM OCHOBAHUMHY MPU IENCTBUYA WHEPLIMOHHOM HATPY3KH C MEPEMEHHOW CKOPOCTBIO EE IBUKEHUS. Yacts 1.
JleiicTBue Ha 6asKy mpocTeiinieii CHI0BOI U MHEPIMOHHOI HAarpy3Kku...44
HpeﬂnaraeTc;{ METOX pacueTra CTep)KHeﬁ Ha yIIpyromM OCHOBaHHWH IIpH Z[eﬁCTBHH HHepLIHOHHOﬁ Harpys3ku v €€ IBHKCHHUU C nepeMeHHoﬁ CKOPOCTBIO. PaCCMOTpeHBI TCECTOBBIC 3aJ1a4U O
JABWXKCHHUH CUJIBI UJTH T'Py3a € IEPEMEHHBIMU CKOPOCTAMM I10 ITAPHUPHO onepToffr Oajike Ha YOopyrom OCHOBaHHH. HHS{ TIOCTPOCHUS METOAUKH UCIIOJIB3YIOTCS IIPEAIIOKECHHBIC PaHEEC aBTOPOM
CTaThU: HIAaroBas npoueaypa it peruicHus 3agaq HeyCTaHOBHBmeﬁCﬂ JUHAMHUKH coopy)l(el-mﬁ 1 METOX «Y3JIOBBIX yCKOpeHHﬁ» JUIA ydeTa }Z[eﬁCTBHSI Ha COOPYKEHUA HO}Z[BH)I(Hoﬁ
HMHEPIUOHHOW Harpy3KH.

KaioueBbie ciioBa: TNIEPEMCHHAs CKOPOCTh, IIaroBbIC NIPOUEAYPEI, CTEPXKHHA HAa YIIPYTOM OCHOBaHHH, mene3Hoz{0p0)}<Hmﬁ IIyTh.
UDC 624.07.534.1 DOI: 10.37538/0039-2383.2021.4.44.49. CALCULATION METHOD FOR A BEAM ON ELASTIC BASE UNDER THE ACTION OF INERTIAL LOAD
WITH VARIABLE SPEED OF ITS MOVEMENT. Part 1. The action of the simplest force and inertial load on the beam. I.I. Ivanchenko, Russian University of Transport (RUT
MIIT), Moscow; e-mail: ivaii01l@mtu-net.ru
Abstract. The method for calculating rods on an elastic base under the action of an inertial load and its movement with variable speed is proposed. Test problems on the movement of a
force or a load with variable speeds along a pivotally supported beam on an elastic base are considered. To construct the methodology, the following methods are used, proposed earlier by
the author of the article: the step-bystep procedure for solving problems of unsteady dynamics of structures and the method of “nodal accelerations™ to account for the action of a mobile
inertial load on structures.
Key words: variable speed, step procedures, rods on an elastic base, railway track.

YK 624.07.534.1 DOI: 10.37538/0039-2383.2021.4.49.54
U.N. UBAHYEHKO, a.T.H., npod. PYT MHUT, r. Mocksa; e-mail: ivaii011@mtu-net.ru
METO/I PACYETA BAJIKA HA YIIPYTOM OCHOBAHWH IPU JEVMCTBUU UHEPLIMOHHOM HATPY3KH C IEPEMEHHOM CKOPOCTBIO EE
JABU/KEHUS. YacTb 2. [leiicTBHe Ha CTEP:KHH, MOJIETHPYIOIIHE MPOTS:KEHHBIH PeIbCOBBI MyTh, JKeJIe3HOA0POKHOI HATPY3KH...49
IIpennaraercst MmeTos pacuera CTEpXKHEH Ha yIIpyroM OCHOBAaHUH TPH AHCTBUY MHEPIHOHHOI! KeIe3HOA0POKHON HArpy3KH NPH €€ ABIKCHUU C IEPEMEHHON CKOPOCTBIO.
PaccmarpuBaetcst 3a1a4a 0 B3aMMOCHCTBUY MPOTSHKEHHOM GaIki Ha YIPyroM OCHOBAaHMH M 9KHIIAXa B YCIOBHSIX CMEHBI €0 PABHOMEPHOTO JBI)KCHHS HA PABHOIICPEMEHHOE,
MOJIETIUPYIOLIIee TPOLECC TOPMOXKEHHS BarOHa, 4TO MO3BOJISICT OLIEHUBATH MPOLIECC 00e3rpyKUBAHUS KOJICCHO! Mapbl BATOHA B aBapHHHON CUTyaruu. J{Jist HOCTPOCHUS METOUKH
UCTIONB3YIOTCS TIPENIOKEHHBIE PaHEee aBTOPOM CTaThU: LIaroBasi MpoLeypa Ul pelIeHns 3a1a4d HeyCTaHOBUBIIEHCS AUHAMHUKU COOPY>KEHUH 1 METOI «y3JI0BBIX YCKOPEHUI» ISl ydeTa
JICHCTBUS HA PEJILCOBBIN MyTh MOABMKHOM MHEPIIMOHHOM JKEJIE3HOJOPOKHON HArPy3KH.

KumoueBsble cjioBa: TNEPEMEHHAas CKOPOCTh, IIAroBbIC NIPONEAYPEI, CTEPXKHHA Ha YIIPYTOM OCHOBaHHWH, BaroH CKOPOCTHOI'O COCTaBa, )KeJ'[eBHO}lOpO)KHBIﬁ IyTh.
UDC 624.07.534.1 DOI: 10.37538/0039-2383.2021.4.49.54. CALCULATION METHOD FOR A BEAM ON ELASTIC BASE UNDER THE ACTION OF INERTIAL LOAD
WITH VARIABLE SPEED OF ITS MOVEMENT. Part 2. Action on rods that simulate an extended rail track under railway loads. I.I. IVANCHENKO, Russian University of
Transport (RUT MIIT), Moscow; e-mail: ivaii011@mtu-net.ru.
Abstract. The article proposes the method for calculating rods on an elastic base under the action of an inertial railway load when it moves at variable speed. The problem of the interaction
of the extended beam on the elastic base and the carriage in the conditions of changing its uniform motion to an equally variable one simulating the process of wagon braking is considered.
It allows to evaluate the process of unloading the wagon wheel-set in an emergency situation. To construct the methodology the following methods proposed earlier by the author of the
article are used: the step-by-step procedure for solving problems of unsteady dynamics of structures and the method of "nodal accelerations" for taking into account the action of a mobile
inertial railway load on the rail track.
Key words: variable speed, step procedures, rods on elastic base, high-speed train car, a railway track.
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To help the designer

V]IK 624.072.2(043) DOI: 10.37538/0039-2383.2021.4.55.64

A.C. MAPYTSH, k.T.1., nou. ®unain Cesepo-KaBka3sckoro ¢enepaiabnoro ynusepcurera B r. IIsturopcke; e-mail: al_marut@mail.ru

ONTUMM3ALIUS KOHCOJIbHO-BAJIOYHBIX KOHCTPYKIIUMI U3 IPO®UJIBHBIX TPYB...55

TIpuBeieHO HOBOE TEXHUYECKOE PEIlIeHHEe KOHCOIbHO-0aIOUHbBIX KOHCTPYKIMIT H3 IIIOCKOOBATIBHBIX M IPIMOYTOJIBHBIX MPOQUIBHBIX TPYO (THYTOCBAapHBIX MPOQHIICH), OTINYAIONIUXCS

PperysspHO-IepeMEHHON BBICOTOI! IIPX MOCTOSIHHOW LIMPHHE MOIEPEYHOro CeueHus. B 0iHOM BapuaHTe cedeHue Oanky Ha KOHCOJIH UMeeT popMy KpyriIoro KOJblia U B 3aI€JIKe —

IUIOCKOOBANIbHYIO ()OPMY BBICOTOI, paBHOI 3,064 1uaMeTpa KONIbLa, a B APYroM BapHaHTe cedeHHe OalKi Ha KOHCOIM MMeeT (hopMy KBaapaTa U B 3a[eNKe — (hopMy IpSIMOYTOJIbHUKA

BLICOTOﬁ, paBHOf/’[ 3,0 pa3Mepa KBaapara. HpI/I oMo HpHﬁHH)!(CHHOﬁ MCETOIHUKH pacuyeTa TOHKOCTCHHBIX CEUYCHHI 0 UX CpeaHUM (CpCI{HHHLIM) JIMHUAM, HCOMHOKPATHO

aHpOGI/IpoBaHHOf/’[ B BAPHAHTHOM M OITHUMAJIBHOM IIPOCKTHPOBAHNH HECYIITUX KOHCprKLIHﬁ, ONTUMH3HUPOBAHBI OCHOBHBIC ITapAMETPbl KOHCOJIBHBIX 631101( C KPYTJIO-IIIIOCKOOBAJIbHBIMHA 1

KBaApaTHO-IPAMOYTOJIBHBIMH CCUCHUAMHU, OKa3bIBAIOIINX CHJIIOBOC COIIPOTHUBIICHUC paCHpCLlCJ'ICHHOﬁ u COCpCHOTO‘{CHHOﬁ Harpyske. HpeL[CTaBJ'ICH CpaBHHTCJ‘ILHLIf{ pacuer

KOHCTPYKTHUBHBIX K03¢)¢)I/ILII/ICHTOB n KOaCl)(i)I/ILlI/[CHTOB HCIIOJIb30BaHU KOHCOHBHO-ﬁaJ‘IO'-{HLIX DJIEMCHTOB Ha IIPUMEPE UX peanu3alnuu u3 OZ[HOﬁ M TOM 7K€ JINCTOBOM 3arOTOBKU. BhIsIBIICH

pocCT Hecy1ieil CITOCOOHOCTH C IEPEX0I0M OT IPSIMOYTOJIBHOI (HOPMBI CEUEHHMS K IIIOCKOOBAIBHOM, 000POTHOIT CTOPOHO KOTOPOTO SIBJISIETCS YBEIHICHNHE Ta0aprUTOB 110 BBICOTE U IIUPHHE

TOro ke cedenus. [ToaTBepxkIeHa JOCTaTOUHASI KOPPEKTHOCTh MPHOJIMKEHHOW METOIMKHI pacyeTa i e NCHOJIb30BAHUsI HA PAa3HBIX CTAAUSX IPOSKTUPOBAHUS HECYIIMX KOHCTPYKIMI.
KiioueBble ciioBa: pacuer ONTUMAIbHBIX IIAPAMETPOB, PErYJSIPHO-IIEPEMEHHbIE CeYeHHUs, TPOGHIIbHBIE TPYOBI, THYTOCBapHbIE HPO(UIIH, 6aI0UHbIE CHCTEMbI, KOHCOJIBHBIE OaJIKH.

UDC 624.072.2(043) DOI: 10.37538/0039-2383.2021.4.55.64. OPTIMIZATION OF CANTILEVER-BEAM STRUCTURES MADE OF PROFILE PIPES. A.S. Marutyan, Branch of the North

Caucasus Federal University, Pyatigorsk; e-mail: al_marut@mail.ru.

Abstract. A new technical solution is given for cantilever-beam structures made of flat oval and rectangular profile pipes (bent-welded profiles), which differ in regularly variable height with the

constant cross-section width. In one variant, the cross-section of the beam on the console has the shape of a round ring and in the embedding has a flat oval shape with a height equal to 3.064 of the ring

diameter. In another variant, the cross-section of the beam on the console has the shape of a square and in the embedding has the shape of a rectangle with a height equal to 3.0 of the square size. The

article describes basic parameters of cantilever beams with circular-flat-oval and square-rectangular cross-sections that provide force resistance to distributed and concentrated loads. These parameters

were optimised using an approximate method for calculating thin-walled sections along their median lines and were tested in the variant and optimal design of load-bearing structures. A comparative

calculation of the design coefficients and the coefficients of the use of cantilever-beam elements is presented by the example of their implementation from the same slab. The sufficient correctness of the

approximate calculation method for its use at different stages of the design of load-bearing structures is confirmed.

Key words: calculation of optimal parameters, regularly variable cross-sections, profile pipes, bentwelded profiles, beam systems, cantilever beams.

YK 692.48: 69.05 DOI: 10.37538/0039-2383.2021.4.64.73
A.A. TIOTOPEJIBIIEB, k.1.1, C.B. TYPKOBCKMI, k.1.u IHUUCK nm. B.A. Kyuepenko AO «HHI] «Ctpouteanctro»; e-mail: pogara@yandex.ru
3KCIEPUMEHTAJBHBIE UCCJIEJOBAHUS CTBIKOB PACTSIHYTBIX JIEMEHTOB JEPEBSIHHBIX KOHCTPYKIIMHM HA V-OBPA3HBIX AHKEPAX...64
TIpuBesieH aHaM3 MPOOIEMbI CTHIKOB PACTSHYTHIX JIEMEHTOB KJICCHBIX JACPEBSIHHBIX KOHCTPYKIMSX, SBISIONMXCS 0TBeTcTBeHHbIMH y3naMu. Ctbiku cuctembl LIHMMCK mupoko
MCIIONB3YIOTCS JUIsl COOPHBIX KOHCTPYKIMii Oobiioro nposera. OHU 00€CIeYnBAOT PABHOIPOYHOCTh C OCHOBHBIM CEUEHHEM, HE UyBCTBUTEIIbHBI K TPELLIMHAM, HAJICKHbI 1
3(1](1)€KTI/IBHH. PaCCMO’I‘pCHH Pe3yabTaThl HATYPHBIX HCIIBITAHNM CTBIKA HIKHETO T0sIca (i)CpMBI TIPOJIETOM 56 m. HOI[TBep)KI[eHa J0CTaTO4YHAasI IIPOYHOCTD CTBIKA, BBIABIICHBI BOSMOKXHOCTHA
YIyqneHus KOHCTPYKIIUH. PCSyJ'[LTaTI:I YYTCHBI B PaCTAHYTBIX CTBIKaxX tbepM aKBarrapka ((MOpCOH)), HpI/IBeI(eHLI HaTYpHBIC UCIIBITAHUSA CTBIKA I YTOUHCHUS PAaCUCTHBIX MOJIOKEHHUH U
KOHTpOJISt KauecTBa n3rotosienus. Harpyska npuknasisanacs 10 1750 kH crynensmu o 200 xH ¢ pasrpyskoii. M3mepsinuch JeopManin aHKEpOB U APEBECHHBI TEH301aTYHKaMH.
HOJ’[y‘-ICHBI 3aBUCUMOCTH Hal'[pf[)KCHHﬁ OT Harpys3KH U XapakTep pacrnpeacjICHus uX B COCANHCHUAX. BhInmonHeHbl YHCIEHHBIE HCCIICAOBAHUS UCIIBITAHHOTO y3Jj1a. BKCI'IepI/IMeHTa.HLHO
nokasana 3¢ dekTuBHOCTh cTHIKOB cucTeMsl [IHUVICK.

KuaioueBbie ciioBa: paCTS{HyTLIﬁ CTBIK, aHKCPHBIC INIaCTUHBI, V—06pa3m>le BKJICCHHBIC aHKCPBHI, yIIpyras paﬁoTa, HOPMAaJIbHBIC HAIIPSHKECHUSA BIOJIb BOJIOKOH.
UDC 692.48: 69.05 DOI: 10.37538/0039-2383.2021.4.64.73. EXPERIMENTAL STUDIES OF TIMBER STRUCTURES’ STRETCHED JOINTS ON V-
SHAPED ANCHORS. A.A. Pogoreltsev, S.B. Turkovskii, JSC «Research center «Construction» (Kucherenko TSNIISK), Moscow, Russia; e-mail: pogara@yandex.ru
Abstract.The analysis of the problem of joints of stretched elements of glued wooden structures, which are critical nodes, is given. The joints of the TsNIISK system are widely used for
prefabricated structures of a large span. They provide equal strength with the main section, are not sensitive to cracks, are reliable and efficient. The results of full-scale tests of the joint of
the lower chord of the truss with a span of 56 m are given in this article. Also in this article sufficient joint strength is confirmed and the possibilities for improving the structure are
revealed. The results are taken into account in the stretched joints of the farms of the Moreon water park. Full-scale tests of the joint are presented to clarify the design positions and control
the quality of manufacture. The load was applied up to 1750 kN in 200 kN steps with unloading. Deformations of anchors and wood were measured using strain gauges. The dependences of
stresses on the load and the nature of their distribution in the joints are obtained. Numerical studies of the tested unit are carried out. The efficiency of the joints of the TsNIISK system has
been experimentally proved.
Key words: tensile joint, anchor plates, VV-shaped glued in anchors, elastic work, normal stresses along the fibers.

N 53a 2021ron
Pacuersl Ha 10 )OYHOCTH
Strength calculations
V]IK 692.44.47 DOI: 10.37538/0039-2383.2021.5.2.7
H.C. HOBOXKHWJIOBA?, k.1.1., nouent, B.B. OCTSAHKO?, maructp, umkenep-koncrpykrop I1I kareropun ‘Cankr-IlerepGyprekuii rocy1apcTBeHHbIii apXHTEKTYPHO-
CTpouTebLHbII yHUBepcuTeT, 2000 «CM-TIpoext»; e-mail: nsn01@list.ru
YCTOMYHABOCTH IMMPOTUB MPOT'PECCUPYIOIIETO OBPYIIEHUSA MEPEKPECTHO-APOYHBIX CUCTEM IOKPBHITHSI B CPABHEHUM C OBBIYHBIMU APOYHBIMHA
MOKPBITUSIMU IIPU PACUETE KBA3BUCTATUYECKUM METO/JOM...2
KoHcTpyKumst mepeKpecTHBIX apO4YHBIX CUCTEM MOKPBITHS ObLIa PACCMOTPEHA HA OCHOBAHUH J0Ka3aHHOH () (HEKTHBHOCTH NPUMEHEHHUSI TEPEKPECTHBIX OATOYHBIX CHCTEM-KECCOHHBIX
nepekpbITuil. [IpuMeHeHNe nepeKpecTHbIX apOYHBIX CUCTEM HOKPBITHS M03BOJISIET CO3/aTh IPOCTPAHCTBEHHYIO KOHCTPYKLIHUIO, KOTOPasi UMEET Psiji IPEUMYLIECTB 110 CPABHEHUIO C
OOBIYHBIMHI APOYHBIMHU MOKPBITHAMH MPH paboTe Ha OOJIBLINX MPONETaX NPHU AeiiCTBUM PABHOMEPHO U HEPAaBHOMEPHO PacpeAe/ICHHBIX HArpy30K, a TAKKe COCPeIOTOYEHHBIX Harpy30K
(CMMMETPHYHBIX 1 HECUMMETPUUHBIX). [IpH 3TOM B paboTy BKIIIOYAIOTCS apKH 00OMX HAMPABJICHHH, YTO IPUBOIHUT K YMEHBIICHUIO IIONEPEYHbIX CEUCHHI U, COOTBETCTBEHHO, K 9KOHOMHHI
CTPOUTEJIbHBIX MaTepranoB. OJJHUM U3 BOKHEHIIMX PEUMYIIECTB HEPEKPECTHBIX APOYHBIX CUCTEM IOKPBITHS [0 CPABHEHUIO C OOBIMHBIMH aPOYHBIMH MOKPBITHSAMU SIBIISIETCS
HOBBIICHHAS! YCTONYMBOCTb IIPOTHUB MPOrpeccupyoiiero oopymuenns. KBa3ucraTuaeckuM METOAOM B JIMHEHHO# MOCTaHOBKE ObLIM MPOBEACHBI HCCIICJOBAHUS PAOOThI OOBIMHBIX APOYHBIX
U NEPEeKPECTHBIX apOYHBIX CHCTEM IOKPBITHII Ha KBaipaTHbIX M1aHax ¢ pasmepamu 30,0 M, 45,0 M u 60,0 M ¢ pasnnuHbIME ToAbeMamu crpeinst apku f= 1/4L, f=1/6L, f=1/8L. B
pe3ynbTaTe BBISBICHO CHIKEHHUE MPOAOIBHBIX CKUMAIOIINX YCUIIHI: IPH JIOKAJIbHBIX OTKA3aX YIJIOBBIX KOJIOHH JUIs IEPEKPECTHBIX cUCTEM B cpefHeM 2,0-2,5 pa3a; npH JIOKaJbHbIX
OTKa3ax TOPIIEBBIX KOJIOHH B mpexeiax 1,5-2,3 pasa.

KaioueBbie ci10Ba: kejie300€ TOHHBIE KOHCTPYKIINH; apOYHBIC ITOKPBITHA; IPOCTPAHCTBEHHBIC KOHCTPYKINH,; IIEPEKPECTHBIC apOYHBIC CUCTEMBI; IIPOTrPECCUPYIOLIEE 06pymeHne;
yCTOﬁ‘{HBOCTB TIPOTHUB TNIPOTPECCUPYIOLIETO 06py].[[eHI/I$l; Hanpﬂ)erHo—z[e(bopMI/lposaHHoe COCTOSHHUC, KBa3HCTAaTHUYECKHI MCTO/.
UDC 692.44.47 DOI: 10.37538/0039-2383.2021.5.2.7. RESISTANCE TO THE PROGRESSIVE COLLAPSE OF CROSS-ARCHED COATING SYSTEMS IN COMPARISON
WITH CONVENTIONAL ARCHED COATINGS WHEN CALCULATING THE QUASISTATIC METHOD. N.S. Novozhiloval,V.V. Ostyanko?, !Saint-Petersburg state university
of architecture and civil engineering, 2000 «SM-Proekt»; e-mail: nsn01@list.ru
Abstract. The design of cross-arched coating systems was considered on the basis of the proven effectiveness of the use of cross-beam system-caisson overlaps. The use of cross-arched
coating systems allows you to create a spatial structure, which has a number of advantages compared to conventional arched coatings when working on large spans under action is uniformly
and unevenly distributed loads, as well as focused loads (symmetrical and asymmetric). At the same time, the arches of both directions are included in the work, which leads to a decrease in
transverse sections and, accordingly, to saving building materials. One of the most important advantages of cross-arched coating systems compared to conventional arched coatings is
increased stability against progressive collapse. The quasistatic method in the linear formulation was conducted studies of the operation of conventional arched and cross-arched coating
systems on square plans with dimensions of 30.0 m, 45.0 m and 60.0 m with different arrow lifts Arch F=1/4L, F=1/6L, F=1/8L. As aresult, a decrease in longitudinal compressive
efforts was revealed: in with local failures of the angular columns for cross-systems, an average of 2.0-2.5 times; With local failures of the end columns in the range of 1.5-2.3 times.
Key words: reinforced concrete structures; arched coatings; spatial structures; Cross arched systems; progressive collapse; stability against progressive collapse; stress-strain state;
Quasistatic method.

YucneHHbIE pacyeTsl
Numerical calculations
Y]IK 624.04 DOI: 10.37538/0039-2383.2021.5.8.12
C.B. BOCAKOB, 1.1.H., npod., H.C. IIETBKO?, un:k. 'Besopycckuii HAMOHAILHBII TexHnuecknii yansepcurer, PYIT «Mucrutyt BetHUUCy, r.Munck, Pecny6anka
Beaapych, “I1aBHblii KoHcTpyKkTop OO0 «MOTHjeBCKHil IEHTpP CTPOUTEILHOI THATHOCTHKI», T. Moruies, Pecny6anka Beaapyck; e-mail: Sevibo@yahoo.com
HEJIMHEWHBIE KOJTEBAHUSA MPIMOYTOJbHBIX OPTOTPOITHBIX IUIMT C OJHOW CTENEHBIO CBOBO/bI ITPA PA3JTUYHBIX OMTOPHBIX 3AKPEIUIEHUSX...8
B paboTte paccMaTpHBalOTCs HENMHEIHbIE CBOOOHBIE M BBIHYKICHHbBIE H3THOHBIE KOJIEOaHHs PSIMOYTOJIbHBIX OPTOTPOIHBIX IIACTHHOK C OJJHOH CTEIEHBI0 CBOOOIBI C PA3IMUHBIMH
OINOPHBIMHU 3aKpeIUIeHUsIMU. JIJIs olpesieIeH s BEPTUKAIbHON KECTKOCTH IUIACTUHKY B MECTE HAXOXICHHUS KOJNEOIIOMIEHCs MacChl HCTIONb3yeTcst TeopeMa Ionbaend1ara o Ipou3BOAHOM
MOTEHIMANIbHON SHEepruy fedopMaruii HeJMHEHHO YIpyroi MIACTHHKHM 10 NepeMelieH 0. LI apuyeckye )KeCTKOCTH OPTOTPOITHOMN IJTACTUHKHM B JIBYX MEPIEHIHKYIIAPHBIX
HaNpaBJIEHUAX HAXOATCS 110 3aBUCUMOCTH GKECTKOCTh—KPHBHU3HAY JUIS 5KeJe300€TOHHBIX MIIACTHHOK. IIpHBOIATCS pEIeH!s IapHUPHO ONEPTOH 1O YETHIPEM CTOPOHAM, IHAPHUPHO
ONEPTOH 110 IByM H 3allleMJIEHHOH 10 IByM OCTaJIbHBIM CTOPOHAM, IIAPHUPHO ONEPTOii B YETHIPEX YIIIOBBIX TOYKAX NPSIMOYTOJIbHBIX OPTOTPONHBIX MIACTHHOK. ITokaszaHo, 4yTo
HCHOJIb30BaHIE KOCUHYC-OnHOMOB DuiioHeHK0-bopouya no3BosIseT pemars no100HbIe 3a1a4u JUIs IIACTUHOK C JAPYTHMHU OIIOPHBIMHU 3aKPETUIEHUSAMU.

KioueBnbie ¢j10Ba: NIpsMOYToJibHasi OPTOTPOITHAS IIACTHHKA, N3TMOHBIE HETMHEHHbIE KoneOaHus, SHeprus aedopmanuii nsrnbda, kocunyc-6uaomsl GunoHeHko-bopouya.



UDC 624.04 DOI: 10.37538/0039-2383.2021.5.8.12. NONLINEAR OSCILLATIONS OF RECTANGULAR ORTHOTROPIC PLATES WITH ONE DEGREE OF FREEDOM AT
DIFFERENT SUPPORT ANCHORS. S.V. Bosakov?, N.S. Shchetko?, *Belarusian National Technical University, RUE “BelNIIS Institute”, Minsk, Republic of Belarus, 2Chief Designer of LLC
“Mogilev Center for Construction Diagnostics”, Mogilev, Republic of Belarus; e-mail: Sevibo@yahoo.com

Abstract. The paper considers free and forced bending vibrations of rectangular orthotropic plates with one degree of freedom with different support anchors. To determine the vertical stiffness of the
plate at the location of the oscillating mass, the Goldenblatt theorem on the derivative of the potential energy of deformations of a nonlinearly elastic plate with respect to displacement is used. The
cylindrical stiffness of an orthotropic plate in two perpendicular directions is determined by the “stiffness-curvature” relationship for reinforced concrete plates. Solutions are given for pivotally
supported on four sides, pivotally supported on two and pinched on the other two sides, pivotally supported at four corner points of rectangular orthotropic plates. It is shown that the use of Filonenko-
Borodich cosine binomials makes it possible to solve similar problems for plates with other support anchors.

Key words: rectangular orthotropic plate, bending nonlinear vibrations, bending strain energy, Filonenko-Borodich cosine binomials.

YK 624.04+624.07+517.972.5 DOI: 10.37538/0039-2383.2021.5.13.19
A.B. EPMAKOBA, k.T.H., 1oneHT ®I'AOY BO «lO:xH0-Y panbckuii rocyrapersennslii yuusepeuter (HAY)», r. Yeasiounck; e-mail: annaolgall@gmail.com
MATPHLIBI dKKECTKOCTHA OCHOBHOM U TIOMOJHUTEJbHBIX PACYETHBIX CXEM B MJIK3...13
B craTbe paccMaTprBaroTcs MaTpHILbI JKECTKOCTH OCHOBHOM M JIONIOJHUTENIBLHBIX PACUETHBIX CXEM, IPUMEHAEMbIE IPU IPOBEICHUH HETMHEHHOTO pacyeTa 110 IPOYHOCTU METOJJOM
JIOTIOTHUTEIBHBIX KOHEUHbIX 21eMeHToB (M/IKD). OcHoBHAs HauallbHAsh MATPHIIA JKECTKOCTH PACUSTHON CXeMbl KOHCTPYKIIMH MEHSETCS 1101 BIMSHUEM KaXK/I0T0 U3 €€ HeJIMHEHHBIX
CBOMHCTB. JIJIst 4MCIIEHHOr0 MOieMpoBaHus 3Toi onepaury MJIKD ucnonb3yer MaTpuLbl JKECTKOCTH JIOTIOJIHHTEIBHBIX PACUETHBIX CXeM. MaTeMaTHuecKHe XapaKTepUCTHKH dJIEMEHTOB
OTHX MaTpHIl OTBEYAIOT T‘pCGOBaHHﬂM pacdera CUCTEM C HECKOJIbKUMHU HEJTMHEHHBIMH CBOﬁCTBaMPI, IIOCKOJIBKY BCC OTH CBOWMCTBA MOJTHOCTHIO TIPOSBIIIFOTCS IIPU pa60Te KOHCTPYKIIH B
06JIaCTI/[, 6JIP[3KOI7[ K IpEACIIbHOMY COCTOSIHHIO.

Kuiwuessble ciioBa: METOA NOITOJTHUTEIIBbHBIX KOHEYHBIX DJIEMEHTOB, METO/] KOHEUHBIX JJIEMEHTOB, IONIOJHUTEIIbHAS pacye€THaA CXEMa, MaTpulla KECTKOCTH I[OHOHHHTCHBHOﬁ pacquHoﬁ CXEMBI.
UDC 624.04+624.07+517.972.5 DOI: 10.37538/0039-2383.2021.5.13.19. STIFFNESS METRICES OF MAIN AND ADDITIONAL DESIGN DIAGRAMS IN AFEM. A.V. Ermakova, South Ural
state University (NRU), Chelyabinsk; e-mail: annaolgall@gmail.com.
Abstract. The paper considers the stiffness matrices of main and additional design diagrams when Additional Finite Element Method (AFEM) is applied to nonlinear strength analysis. Main initial
stiffness matrix of structure design diagram changes due to every nonlinear property. AFEM uses stiffness matrices of additional design diagram for numerical modeling of this procedure. Mathematical
characteristics of these matrix elements correspond to requirements of analysis for systems with several nonlinear properties due to all these properties are appeared for behavior of structure at close to
limit state range.
Key words: a?jditional finite element method, finite element method, additional design diagram, stiffness matrix of additional design diagram.

YK 691.421:666.72:691:620. DOI: 10.37538/0039-2383.2021.5.20.25
B.A. OBO30B, a.1.H., npod. HHUNUCK nm.B.A.Kyuepenko (AO «<HUL «CrpouteancTBo»), r. Mocksa; e-mail: obozov@yandex.ru
K OBbSICHEHUIO 3®DPEKTA BAYIIMHTEPA B CIYUYASIX MECTHOM HATPY3KH HA CTEHBI...20
HcenenoBano HanpshkeHHO-1eOPMUPOBAHHOE COCTOSIHUE (PPAarMEHTOB CTEH € UCHOJIb30BAHUEM TPEXMEPHBIX KOHEUHO-3JIEMEHTHBIX MOJIEJICH IPH MECTHBIX Harpy3kax. MccienoBaHsl
ClIy4au COCPEOTOUEHHBIX U PACIPEIEICHHBIX Ha JOKAIbHBIX Y4aCTKaX Harpy3ok. PaccMOTpeHbl CTeHbI ¢ KIaAKOH U3 HOIHOTENOr0 KUPIHYa, a TAKKE U3 IyCTOTENbIX KepaM MIEeCKHX
KaMHEH ¢ 00JIbIIIM TIPOIIEHTOM ITyCTOTHOCTH. Ha ocHoBe ananuza BapHaHTHBIX paCcdY€TOB, OTIINIAIOIINXCS PACIIOIOKCHHEM MECTHOM Harpysku, yCTaHOBJICHO, YTO 3(1)(1)6KT Bayumm"epa
COCTOHUT HE B YIIPOUHCHUHU KJIAJAKU IIPU MPUIIOKCHUN MECTHOM Harpysku, a B riepepacrnpeaeacHnn Hal'lpﬂ)l(eHI/Iﬁ MEXAY Harpy>X€HHBIM Y4aCTKOM U OCTaJIbHOM YaCThIO KOHCTPYKIHH,
6naro;[ap${ YEeMYy HarpspKCHUS HEITOCPECACTBCHHO 110 HATPY>Ka€MBIM YIaCTKOM CHHIKAIOTCS 110 CPAaBHCHHUIO C HANIPSDKCHUAMU IIPU IMTPUIIOXKCHUN TaKoM ke Harpysku, HO I10 BCEH TIomaau
KOHCTPYKIHH. )IaHa OICHKA PEKOMCHIAINAM I10 pacuCTy KIIaJKH Ha MCCTHBIC HAarPpy3KHU B IleflCTBy}OL[IPIX HOpMax, a TaK)XK€ pCKOMEHIAINHU 10 pacueTy Ha MECTHBIC Harpy3KH CTCH C
HCIIOJIE30BAHUEM TPEXMEPHBIX KOHCTHO-3JIEMCHTHBIX MOHCHCﬁ.

Kuarwuessle ciioBa: 3(b(be]<'r anmpmrepa, CT€HAa, KUpIIn4, prHHO(bOpMaTHBIf[ KepaMI/Il{eCKHﬁ l'lyCTOTeJ'lBIﬁ KaM€Hb, TPEXMEpHasA KOHEYHO-DJIEMEHTHAsA MOJEIIb, MECTHAsl Harpy3ka, pacuer,
HAaIPsHKEHHO-1e(hOPMHUPOBAHHOE COCTOSIHHUE.
UDC 691.421:666.72:691:620. DOI: 10.37538/0039-2383.2021.5.20.25. TO EXPLAIN THE BAUSCHINGER EFFECT IN CASES OF LOCAL LOAD ON WALLS. V.1. Obozov, TSNIISK
named after V.A. Kucherenko (JSC “SIC “Construction), Moscow; e-mail: obozov@yandex.ru
Abstract. The stress-strain state of wall fragments is investigated using three-dimensional finite element models under local loads. The cases of concentrated and distributed loads in local areas are
investigated. The walls with a full-bodied brick masonry, as well as hollow ceramic stones with a large percentage of voidness, are considered. Based on the analysis of variant calculations differing in
the location of the local load, it was found that the Bauschinger effect does not consist in strengthening the masonry when applying a local load, but in redistributing stresses between the loaded section
and the rest of the structure, so that the stresses directly under the loaded section are reduced compared to stresses when applying the same load but over the entire area of the structure. The
recommendations for calculating masonry for local loads in the current norms are evaluated, as well as recommendations for calculating local loads of walls using three-dimensional finite element
models.
Key words: Bauschinger effect, wall, brick, large-format ceramic hollow stone, three-dimensional finite element model, local load, calculation, stress-strain state.

Henuneiinpie pacuerst
Nonlinear calculations
VJIK 519.633 DOI: 10.37538/0039-2383.2021.5.25.34
C.B. BAKYUIEB, a.T.H., npo¢. [leH3eHcKuii rocy1apcTBeHHbI YHHBEPCHTET apXUTEKTYPBI M CTPOMTEILCTBA; e-mail: bakuchsv@mail.ru
JTUPDEPEHIUAJIBHBIE YPABHEHUS PABHOBECHS UJEAJIBHO YIPYTOIUIACTUYECKOM CILIOMHOM CPEJBI 1JI1 HEHTPAJIbHOCUMMETPAYHOI'O
JE®OPMUPOBAHUS ITPU AIIITIPOKCUMALIUU TUATPAMM OBBEMHOI'O U CIBUTOBOTI'O JE®OPMUPOBAHUS BUKBA/IPATUYHBIMU ®YHKIUSIMMN...25
PaCCMa’I‘pI/IBa}OTCﬂ BOIIPOCHI ITIOCTPOCHUS z[nd)(bepeHunansHle ypaBHeHHﬁ PaBHOBECHUSA TCOMETPUICCKH N (1)1/[3]4‘-18(3](]4 HEJTMHEWHOMN nacajibHO yrlpyronnam‘nqecxoﬁ CILIOIITHOM Cpensl,
HaXOHﬁHleﬁCﬂ B YCJIIOBHAX NEHTPAJTBbHO-CUMMETPUYIHOTO )Z[e(b()pMHpOBaHI/Iﬂ, TIpH aImpOKCUMai JuarpaMmm OGBEMHOFO " CABUT'OBOI'O ne(bopanOBaHm{ 6HKBa[[paTH‘-IHBIMH (1)yHKHH$[MI/I.
Tloctpoenne pu3nUeCKUX 3aBUCUMOCTEH OCHOBAHO Ha BBIYMCIICHHHU CEKYIIUX MOJYJIeil 00beMHOro 1 cBUroBoro aedopmuposanus. IIpu annpoxcuMaiu rpaukoB auarpamm 00beMHOTO
U CABUrOBOr0 Ae)OpMHUpPOBaHHS NPH IOMOIIH ABYX OTPE3KOB Mapaboi1 CeKyIHii MOYJIb C/IBUIa HA IIEPBOM YYaCTKe SIBJISCTCS JIMHEHHO (yHKIMeH NHTEeHCHBHOCTH edopMariuii cBura;
CEKyIINH MOZYJIb 00BEMHOIO PACIIMPEHUSI-COKATHUS SIBJISETCS JIMHEIHOM (yHKIMel epBoro HHBapuaHTa TeH3opa aedopmannii. Ha Bropom yuacTke auarpamm u 00beMHOT0, U CABHIOBOIO
nehopMUpOBaHHs CEKYLIMH MOJTy/Ib CIIBUTA SABIISETCS APOOHOM (paloHanbHON) QyHKuUKMEH nHTeHCHBHOCTH AedopMalmii caBUra; CeKyIHii MOLyIb 00BbEMHOTO PACIIMPEHHS-CKATUSL
sIBJIsieTCsl ApoOHOH (paloHanbHOMN) GyHKIMEH nepBoro nHBapuaHTa TeH3opa aedopmaruu. Ficxoast U3 nMpenoaokeHnst 0 He3aBUCHMOCTH, BOOOIIE FOBOPS, APYT OT Apyra Juarpamm
00BEMHOr0 M CIBUTOBOTO 16()OPMUPOBAHMUS, PACCMOTPEHBI ISITh OCHOBHBIX CITy4acB (pU3HUECKUX 3aBUCHMOCTEl, 3aBUCSIIUX OT B3AHMHOT'O PACIIONOKEHHUS TOUYEK U3JI0Ma IpauKoB
JarpaMM 00beMHOT0 U ¢ABUroBoro aedopmuposanus. Ha ocHOBe nosmy4eHHbIX (HU3MYECKUX YPaBHEHUH BBIBOAATCS AU depeHIanbHbIe YPaBHEHNsI PABHOBECHS B EPEMELLCHUSX AJIs
HICATbHO pryFOHJTaCTH‘IeCKOﬁ CILTOLITHOM Ccpenpl, HaXOHﬂLHeﬁCﬂ B YCJIOBHAX HECHTPAITBHO-CUMMETPUIHOT O I[e@opMHpOBaHHS{. HOCTpOGHHBIe B CTaThbC an)cbepeHunanLHme YpaBHCHUSA
PaBHOBECHS B IICPEMEIICHUAX MOT'YT HaWTH TIPUMEHCHUEC ITPU ONIPEACIICHUN HAIIPSHKCHHOTI'O U L[e(b()pMHpOBaHHOFO COCTOSIHHUA UJICATIBHO pryFOHJTaCTH'-IECKOﬁ CILJIONITHOM Ccpensl,
HaXOHﬁHleﬁCﬂ B YCJIOBHUAX NEHTPAJIBbHO-CUMMETPUYIHOTO )Z[e(b()pMHpOBaHI/Iﬂ, 3aMBIKaIOIMNEe YPaBHCHUS (1)1/!31/1‘{60](1/[)( COOTHOIIIEHH T JUISL KOTOPBIX, ITOCTPOCHHBIC HA OCHOBE
OKCIICPUMCHTAJIBHBIX JaHHBIX, alllIPOKCUMHUPOBAHBI 6PIKBaHpaTH‘{HI>IMI/I q)yHKLU/IS{MI/I.

KuroueBsble c10Ba: CruiomHas cpena, HEeHTPaJIbHO-CUMMETpUYIHAs ]Z[C(bOpMaLU/lS[, aMIpOKCUMaIHs, KBaJIpaTHIHbIC Cl)yHKLU/H/l, }Z[I/I(i)(i)epCHHl/laJ'IBHbIC YpaBHEHHS paBHOBECHSA, T€OMETpHUICCKass
HHHCﬁHOCTb, reoMeTpru4ecKas HEJIMHEHHOCTh.
UDC 519.633 DOI: 10.37538/0039-2383.2021.5.25.34. DIFFERENTIAL EQUATIONS OF EQUILIBRIUM OF IDEALLY ELASTOPLASTIC CONTINUOUS MEDIUM FOR CENTRALLY
SYMMETRIC DEFORMATION WHEN THE DIAGRAMS OF VOLUMETRIC AND SHEAR DEFORMATION ARE APPROXIMATED BY BIQUADRATIC FUNCTION. S.V. Bakushev,
The Penza state university of architecture and construction; e-mail: bakuchsv@mail.ru
Abstract. The present article considers construction of differential equations of equilibrium of geometrically and physically nonlinear ideally elastoplastic continuous medium under conditions of
centrally symmetric deformation, when the diagrams of volumetric and shear deformation are approximated by biquadratic functions. The construction of physical dependencies is based on calculating
the secant moduli of volumetric and shear deformation. When approximating the graphs of the volumetric and shear deformation diagrams using two segments of parabolas, the secant shear modulus in
the first segment is a linear function of the intensity of shear deformations; the secant modulus of volumetric expansion-contraction is a linear function of the first invariant of the strain tensor. In the
second section of the diagrams of both volumetric and shear deformation, the secant shear modulus is a fractional (rational) function of the shear strain intensity; the secant modulus of volumetric
expansion-compression is a fractional (rational) function of the first invariant of the strain tensor. Based on the assumption of independence, generally speaking, from each other of the volumetric and
shear deformation diagrams, five main cases of physical dependences are considered, depending on the relative position of the break points of the graphs of the diagrams volumetric and shear
deformation. On the basis of obtained physical equations, differential equations of equilibrium in displacements are derived for an ideally elastoplastic continuous medium under conditions of
centrally symmetric deformation. The differential equations of equilibrium in displacements constructed in the present article can be applied in determining the stress and strain state of ideally elastoplastic
continuous medium under conditions of centrally symmetric deformation, the closing equations of physical relations for which, based on experimental data, are approximated by biquadratic functions.
Key words: continuous medium, centrally symmetric deformation, approximation’s, quadratic functions, differential equations of equilibrium in displacements, geometric linearity, geometric nonlinearity.

B nomonib npoekTupoBImuKy
To help the designer
YK 624.014 DOI: 10.37538/0039-2383.2021.5.35.40
W.W. BEJSAKOB!, 1.1.1., npod., M.U. ®PAP®EJIb'?, k.1.H., M.U. TYKOBAY, k.1.0. LITHAUCK um.B.A.Kyuepenko (AO «HUILL «CTpoutebeTBo»), r. Mocksa, 2HUY MI'CY, r. MockBa; e-
mail: vedykov@gmail.com
O JOMOJHEHMH B CII 16.13330.2017 TPEBOBAHMI 110 YCTAHOBKE CBSI3EN...35
B nomons npoekTupoBmunkam npuBeieHbl 1 00ocHoBaHbl BHOCHMbIe M3menenns B CIT 16.13330.2017 «CranbHble KOHCTpYKIMU». B coctaB M3menenwuit Bxonsat 11 paznenos u
IIpunoxenus B u I'. Hanbosee 3Ha4MMBIMU SBIISIOTCS H3MEHEHUSI, BHOCUMBIE B pas3zielt 15 kK TpeOoBaHMSM 110 MPOSKTHPOBAHHUIO KOHCTPYKIUI 3/IaHUH M COOPYKEHHH, BKITIOYAIOIIHE
TpeOOBaHMs K JIEMEHTaM KapKacoB 3/IaHUi, TAaKHX KakK GpepMbl, OJIKU U paMHbIe KOHCTPYKIIHH, & TAK)KE K YCTAaHOBKE CBS3€H B PA3IMYHBIX 3/1aHUSX. 3716Ch OTPaKEHBI BOIIPOCHI
CIEI[HAIMCTOB B 00JIACTH pacyeTa ¥ NPOSKTUPOBAHHMS CTaJbHBIX KOHCTPYKIIHH, TIOCTYIAIOIINE K pa3padoTyrKaM HOPM, KOTOpPBIE JOJDKHBI BHOCHTh HOPMAaTHBHBIC
TpeOOBaHMs1, COOTBETCTBYIOIINE COBPEMEHHOM IIPAKTUKE IPOSKTUPOBAHUS U CTPOUTENbCTBA. Tak, B [IpriiokeHns 10 MaTepraiaM CTPOUTEIbHBIX KOHCTPYKIMI BHECEHBI yTOYHEHUS B
YaCcTH MCIOJIb30BaHUS HOBBIX cTajiell. B crarbe nmprBeieHbI HOBBIE TPEOOBAaHHS 110 IPOSKTUPOBAHHUIO CBSI3EH, yCTaHABINBAaEMble HA OCHOBaHHMH TTOCTYIHMBIINX BOIIPOCOB M NPEUIOKEHHI
TPOCKTHPOBIMKOB, CTAIKMBAIOIIMXCS C TPYIHOCTSIMU M HEOJHO3HAUHOCTHIO PEIICHUS TAKUX 3a]a4 B CBOCH MPaKTHIECKOW paboTe.

KirouyeBble ¢j10Ba: CTalbHbIC, CTPOUTENBHBIC KOHCTPYKIIMH, HECYIask ClIOCOOHOCTD, JKECTKOCTh, KAPKACHI, IPOU3BOJICTBCHHbIC 3/1aHusl, (PEPMBbI, TSKH, CBA3M.



UDC 624.014 DOI: 10.37538/0039-2383.2021.5.35.40. ABOUT THE ADDITION TO THE JOINT VENTURE 16.13330.2017 OF THE REQUIREMENTS FOR ESTABLISHING
LINKS. LI. Vedyakov?, M.1. Farfel*2, M.I. Gukova!, 'TSNIISK named after V.A Kucherenko, JSC “NITS “Stroitelstvo” Research Center of Construction, Moscow, 2NRU MGSU,
Moscow; e-mail: vedykov@gmail.com.

Abstract. To help the designers, the Amendments to the Joint Venture 16.13330.2017 “Steel Structures” introduced are presented and justified. Amendments include 11 sections and
Appendices B and I'. The most significant are the changes made to section 15 to the requirements for the design of structures of buildings and structures, including requirements for
elements of building frames such as trusses, beams and frame structures, as well as for the installation of connections in various buildings. It reflects the questions of specialists in the field
of calculation and design of steel structures that come to the developers of standards, who must make regulatory requirements that correspond to modern design and construction

practice. So, in the Appendices on the materials of building structures, clarifications have been made regarding the use of new steels. The article presents new requirements for the design of
ties, established on the basis of received questions and suggestions of designers, who face difficulties and ambiguity in solving such problems in their practical work.

Key words: steel, building structures, load-bearing capacity, rigidity, frames, industrial buildings, trusses, strands, ties.
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B.H. IEPKAY, a.1.H. ®uiman PYII «Aucturyr beaHUUC» — «HayuHo-TexHHYECKHil LEeHTP», I. Bpect, Pecniybinka Benapycs; e-mail: v-derkatch@yandex.ru
ACIHEKTbHI IPOEKTUPOBAHMS CTEH KAPKACHO-KAMEHHBIX 3JIAHUI C ONEPEKAIOIIMM BO3BEJEHUEM KAMEHHOI'O 3AIIOJTHEHUSI...41
HpP[BC[[CHLI TPCGOBaHI/ISI EBpOKOL[a 6K TIPOCKTUPOBAHUIO KOHCTPYKTHUBHBIX CHCTEM KapKaCHBIX 3£[aHI/II>'[ C OIICPEIKAIOIIUM BO3BCACHUEM KaMCHHOI'O 3aII0JIHCHUS. TTokazanbl NIpeUMyIIeCTBA
pacCMOTpCHHOﬁ KOHC'I‘pyKTI/IBHOf/'I CHCTCMBI 110 CPAaBHCHHIO C KOHCpr](THBHOﬁ CHCTEMOM 3HaHHf[, B KOTOPBIX KAMCHHOC 3aII0OJTHCHHUC BBIITOJIHACTCS ITOCJIC BO3BEACHHUS KapKaca. BoimonseH
aHaJIn3 METOAMKH pacdeTa COIPOTHUBJICHUS CXKAaTUIO, CABUTY U I/I3I‘I/16y KaMEHHBIX CTEH C XKeJIe300€ TOHHBIM OﬁpaMHCHHCM 1 JaHbI NPEUIOKCHHUS 110 €€ COBCPIICHCTBOBAHUIO.

KioueBble ciioBa: KapKaCHO-KaMEHHBIC 3/1aHUs, KAMEHHOE 3aIll0JITHEHUE, JKeJe300€TOHHOE 06paMJ‘I€HI/I€, COIIPOTUBJICHHUE, CKATHE, CABUT, H3ruo.
UDC 693.22 DOI: 10.37538/0039-2383.2021.5.41.46. DESIGN FEATURES OF THE WALLS IN FRAME-MASONRY BUILDINGS WITH ADVANCED BUILDING OF
MASONRY FILLING. V.N. Derkach, Filial RUE "Institut Belniis" — "Juln-Technical Center", Brest, Republic of Belarus; e-mail: v-derkatch@yandex.ru
Abstract. The requirements of Eurocode 6 for the design of structural systems of frame buildings with advanced building of masonry filling have been presented. The advantages of the
considered structural system are shown in comparison with the structural system of buildings in which masonry filling is performed after the building of the frame. The analysis of the
methodology for calculating the compression, shear and bending strength of masonry walls with reinforced concrete framing have been presented and proposals for its improvement are
given.
Key words: frame-masonry buildings, masonry filling, reinforced concrete framing, strength, compression, shear, bending.
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YK 69.001.5 DOI: 10.37538/0039-2383.2021.5.47.53
M.A. MYXUH?, un., A.C. BETKOB!, mm:k., C.M. CMUPHOM?, umzk., 'IHUUCK um. B.A.Kyuepenko (AO «HHUII «Ctpouteasersor) 2000 «BunepGeprep Kupnuu» r.
Mockaa; e-mail: mukhin@myrambler.ru
OILIEHOYHOE MCCJEJOBAHUE NIPOYHOCTH KJIAIKA U3 KAMHEM C TOPU30HTAJILHBIMUA ITYCTOTAMM «FORATI»...47
TIpoBeeHb! OLIEHOYHBIE UCTIBITAHUS 110 ONPE/ISICHUIO IIPOYHOCTHBIX U 1e()OPMALIMOHHBIX HOKa3aTeleil KIaJKu U3 KaMHel ¢ ropu30HTalbHbIMU IycToTamu «Forati», mpoussoactea OO0
«Bunepbeprep Kuprnuu». B xo/ie TOArOTOBKM K HCIBITAHUSAM U UCIIBITAHUHN JUISL ONIPE/IeIeHUs] IIPOYHOCTHBIX M 1e()OPMALIMOHHBIX MOKa3aTeseil IPOYHOCTH KaMHEH ¢ rOpH30HTaIbHBIMH
nycroramu «Forati» HCIOIB30BAIMCH CTAHIAPTH3UPOBAHHBIE METOABL. MICIIBITaHUS KPYITHBIX KJIaJ04YHBIX 00pa3I0B IPOBE/ICHBI B COOTBETCTBHHU C METOAMKOM, ycraHoBiaeHHOi [OCT
32047-2012. Ha ocHOBE MOJIy4eHHBIX JAHHBIX B X0/I€ pabOThI ObLIM MOArOTOBICHBI PEKOMEH/JALIMH Il BO3BEJICHUS B ONBITHO-IKCIEPUMEHTAIBHOM ITOPSIKE CTEHOBBIX KOHCTPYKLUH U3
KkamHel «Forati» Ipu CTPOUTENBCTBE 3aHUIT U COOPYKEHHUIL.

KiroueBble ciioBa: KJIaJKa, UCIIbITaHHs, KEPAMHUYECKOE KIaJOYHOE U3AEINE, KAMEHb C TOPU30HTAJIbHBIMU ITyCTOTaMH, lllﬂld(i)OBaHHOC u3aeaue, NPOYHOCTh.
UDC 69.001.5 DOI: 10.37538/0039-2383.2021.5.47.53. EVALUATION STUDY OF THE STRENGTH OF STONE MASONRY WITH HORIZONTAL VOIDS "FORATI". M.A.
Muhin 1, A.S. Vetkov 1, S.I. Smirnov 2, 1 CNIISK im. V.A. Kucherenko JSC "Research Center" Construction, Moscow, 2 LLC "Wienerberger Brick", Moscow; e-mail:
mukhin@myrambler.ru
Abstract. Evaluation tests were carried out to determine the strength and deformation parameters of stone masonry with horizontal voids "Forati*, produced by LLC "Venerberger Kirpich".
In preparation for testing and testing, standardized methods were used to determine the strength and deformation indicators of the strength of stones with horizontal voids "Forati". Testing
of large masonry samples was carried out in accordance with the methodology established by GOST 32047-2012. On the basis of the data obtained in the course of the work,
recommendations were prepared for the construction of wall structures made of Forati stones in an experimental and experimental manner during the construction of buildings and
structures.
Key words: masonry, testing, ceramic masonry product, stone with horizontal voids, polished product, strength.
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M.O. TABJIOBA, k.T.H., B.A. 3AXAPOB, nn:k., C.B. KYIHIHUP, nn:k., M.H. TABJIEHKO, nux. THAMUCK nm.B.A.Kydepenko (AO«HUI«CTpoutenbcTBoy»); e-mail: 1747302@mail.ru
HAJEXKXHOCTD KPYITHOPA3SMEPHBIX ®ACAJTHBIX TAHEJEN U3 CTEKJIO®UBPOBETOHA ITPH DKCILTYATAIIAU...54
HpOBeL[eHBI na60paT0prIe HCIIbITAHUSA yCT‘pOﬁCTBa q)acauoa SZ[aHHﬁ C IPUMEHECHUEM KPYITHOPa3MEPHBIX 06J'[I/ILIOBO‘[HI;IX DJICMCHTOB, B YaCTHOCTH U3 CTeKJ’[O(i)PIﬁpOGeTOHa. Hosrie
li)aCaZIHBIe KOHCTPYKIMH U TCXHUICCKHUEC PCIICHUA Tpe6y}0T KOMIUICKCHOI'O IMoAX0aa IMpH MPOBEACHUH PACUYCTHO-TCOPETHICCKOI'0 M SKCIICPUMEHTAIIBHOT'O obocHoBanwusi. [To pe3yiabTaTam
HMCTIBITAaHHI CrienuaaIrucTaMu ONpeaeICHBI IICPEMCIICHUS (z[eq)opmaunn) npu nporn6ax CTEKHO®H6p06eTOHHHX raHesen nona HeﬁCTBHeM HpHKHaI[BIBaeMOﬁ HarpyskH, a Takxe
YCTaHOBJICHBI HATPY3KH ’I‘pe]llPlHOOﬁpai}OBaHI/lﬂ 06HI/ILIOBO‘-[HBIX DJICMCHTOB, YTO MOXCT OBITH BBITIOJTHEHO TOJIBKO OKCIICPUMCHTAJIbHBIM CHOCOGOM. HpOBeI[eHHe HCIIBITAHNI
TO3BOJIAICT ONPEACIINTD KPUTEPHUU U YCIOBUA HAIC)KHOCTH U 0Oe3omnacHoi OKCIUTyaTanuu (I)aca;u-mx KOHC’I‘pyKHI/Iﬁ.

KuroueBble ciioBa: (acaj 31aHuUs, KpYIHOpa3MepHasi 00JIMIIOBKA, CTEKIOPUOPOOSTOHHbIC MTAHEIH, OrpakIalolne KOHCTPYKIMH, (acaHbie KOHCTPYKIINH, HCIIBITAaH sl (hacaioB, SKCIUTyaTallHOHHAS
HAOCKHOCTD.
UDC 692.232.2 DOI: 10.37538/0039-2383.2021.5.54.63. RELIABILITY OF LARGE-SIZED FACADE FACADE PANELS DURING OPERATION. M.O. Pavlova, V.A. Zakharov,
S.V. Kushnir, M.N. Pavlenko, TSNIISK named after V.A. Kucherenko, JSC “NITS “Stroitelstvo” Research Center of Construction, Moscow; e-mail: 1747302@mail.ru.
Abstract. Laboratory tests of building facades with the use of large-size facing elements, in particular, made of glass-fiber-reinforced concrete, have been carried out. New facade structures
and technical solutions require an integrated approach when carrying out theoretical and experimental justification. According to the test results, the specialists determined the displacements
(deformations) during deflections of glass-fiber-reinforced concrete panels under the action of the applied load, and also established the cracking loads of the facing elements, which can
only be performed experimentally. Testing allows you to determine the criteria and conditions for the reliability and safe operation of facade structures.
Key words: building facade, large-size cladding, fiberglass concrete panels, enclosing structures, facade structures, facade testing, operational reliability.

B nopsiike obcyxaenus

In order to discuss

V]IK 620.172.242.001.57 DOI: 10.37538/0039-2383.2021.5.64.73

XK. CEU®YJIIAEB, n.1.1., npod. Asep6aiinkanckuii HUA CTpouTenncTsa H ApXuTekTyphl; e-mail: xanlar.seyfullayev@mail.ru

PA3PABOTKA METOJAWUKHN PACUYETA KEJE30BETOHHBIX 3JITEMEHTOB HA OCHOBE HEJJMHENHON JE®OPMALIMOHHOW MOJIEJIN MEXAHUKU
JE®OPMUPYEMBIX TBEPJBIX TEJL..64

Paspaborana HOBast METO/IMKA pacyueTa jKeIe300€TOHHBIX IEMEHTOB, KOTOpasi OCHOBAaHA HAa TOYHOM M CTPOTOM IIPUIIOKEHHU HETMHEHHON 1e(hOpMaHOHHON MOJICIIH MEXaHUKH
ne(hOpMHUPOBAHHBIX TBEP/bIX TEJ K 3a[ja4aM YIPYro-IuiacTHIECKOro H3rnda TeopuH xene300eToHa, Ha OCHOBAaHHH KOTOPOil OCYLIECTBIISIETCS IIPOSKTUPOBAHKE JKEeIe300e TOHHBIX
KoHCTpyKIuid. CyTh METOAMKH 3aKJIFOYACTCS B TOM, YTO B YCJIOBHSIX POYHOCTH XKENe300eTOHHBIX 3JIEMEHTOB, BRIPOKECHHBIX Yepe3 MpeaebHbie qedopmanin 6eToHa cxkaToil 30HbI b,ult € u
PAacTsIHYTOH apMaTypsbl s,ult € , Ha OCHOBAaHUM HOBBIX IOHSTHI O MPEACIbHBIX COCTOSHUX ObUIM BBIBECHBI HOBBIC YCIOBUSI OTHOCHTEIIBHO BBICOTBI CXKATOMN 30HBI O€TOHA M3rnbaeMbIX
9JIeMeHTOB. MeTo/inKa pacyera MOJHOCTIO OTBEYAET MPaBUiIaM, MPUHIUIAM 1 TpeboBaHusiM EBpokosa-2. CornacHo NpeagokeHHOi METOMKE YUTEHbI OCHOBHBIC XapaKTEPHCTUKU
MaTepuasoB: MOJI3y4ecTb, IIMTENbHAs IPOYHOCTh OETOHA, HapacTaHUE IPOYHOCTH aPMATYPhI OCTIE NPEena TEKy4ecTr. Pe3ynbTaThl YMCICHHBIX PHMEPOB ITOKA3bIBAIOT, YTO y4eT
OCHOBHBIX 1e()OPMAIIMOHHBIX XapaKTEPUCTHK OETOHA U apMaTypbl IPUBOJUT K H3MEHEHHUIO PE3ysIbTaTOB 110 00BIYHOM MeToauKe nopsiaka 15-20%.

KiroueBble ciioBa: HenmmHelHas AeopMalOHHAst MOZIEIb, MTOJI3Y4eCTh OCTOHA, AIUTEIbHAS IPOYHOCTh OETOHA, HapacTaHHE IPOYHOCTH apMATYpPbI, YCIOBHUs MPOYHOCTH, EBpokoa-2.
UDC 620.172.242.001.57 DOI: 10.37538/0039-2383.2021.5.64.73. THE METHOD FOR CALCULATING REINFORCED CONCRETE ELEMENTS BASED ON A NONLINEAR
DEFORMATION MODEL OF MECHANICS OF DEFORMABLE SOLIDS. H.K. Seifullaev, Azerbaijan Research Institute of Construction and Architecture; e-mail:
xanlar.seyfullayev@mail.ru
Abstract. A new method for calculating reinforced concrete elements has been developed. It is based on the precise and strict application of the nonlinear deformation model of mechanics
of deformed solids to the problems of elastic-plastic bending of the theory of reinforced concrete. The design of reinforced concrete structures is carried out based on it. The conditions of
strength of reinforced concrete elements expressed in terms of the ultimate deformations of concrete of the compressed zone and stretched reinforcement are transformed to the new
conditions derived on the basis of new concepts about the limiting states with respect to the height of the compressed zone of concrete of the bent elements. The calculation method fully
complies with the rules, principles and requirements of Eurocode-2. According to the proposed methodology, the main characteristics of materials are taken into account: creep, long-term
strength of concrete, the increase in the strength of reinforcement after the yield point. The results
of numerical examples show that taking into account the main deformation characteristics of concrete and reinforcement leads to a change in the results by usual method of about 15-20%.
Key words: nonlinear deformation model, concrete creep, long-term concrete strength, reinforcement strength increase, strength conditions, Eurocode-2.
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PacyeTsl Ha TpoUHOCTH
Strength calculations
V]IK 624.13 DOI: 10.37538/0039-2383.2021.6.2.6
C.B. BOCAKOB, a.1.H., n1pod. Besiopycckuii Hanuonaabubiii rexunveckuii ynusepeurer, PYII «Aucrutyr BeaHUMUCy», r.Munck, Pecnybiuka Beaapycn; e-mail: Sevibo@yahoo.com
COBMECTHOE NIPUMEHEHUE BAPUAITUOHHO-PABHOCTHOI'O METOJA U CITOCOBA B.H. )KEMOYKHWHA [P PEINEHUA KOHTAKTHBIX 3AJIAY JUISA
YIPYTUX OCHOBAHMIA CJIOKHOI'O OYEPTAHUSI...2
TIpemtaraemslii aBTOPOM MOAXO JUIs pacyeTa KOHCTPYKIUIA Ha YIIPYTOM OCHOBAHHH CJIOKHOTO OYePTaHHsl OCHOBBIBAETCS HA KOMOMHHPOBAHHOM M IIOITAITHOM NPUMEHEHHU BapHAI[HOHHO-
pasHocTHOrO Metoja u crioco6a b.H. JKemoukuna. BapuannoHHO-pa3HOCTHBII METOJ] HCHOJIB3YETCsI [UTsl ONPE/ICIICHHS IePEMEICHHI OBEPXHOCTH KOHTAKTa KOHCTPYKIIMHU C YIPYTUM
ocroBanueM. Crioco6 b.H. YKemoukuHa — JU1si HAXOJKACHHS paclpe/ieIeHNsl KOHTAKTHBIX HAPSDKEHUH MEXK/ly KOHCTPYKIHMEH 1 OCHOBAaHHEM. DTHM yCTpaHseTcsi HE0OX0MMOCTh
nocTpoeHus 6e3pasmMepHolt QYHKIMH 1Tl ONpeJIeIeHHs IepeMEIeHHI TOBEPXHOCTH YIPYTroro OCHOBAHHS OT JCHCTBHS €AMHUYHOMN CHIIBI, PABHOMEPHO pacrpe/ieneHHol o yyactky b.H.
JKemoukuHa, 4TO B Cilydae YIpyroro OCHOBaHHs CII0XKHOIO OYepPTaHHsl HHOT/IA IIPEJICTAaBIsIeT HEPOCTYIO M 3a4acTyi0 HEpEIICHHYIO 3a1auy. B npearaemoii padore ycremHo
NIPUMEHEHBI HeperyJIsipHasi pa3HOCTHAsI IIPSIMOYTOJIbHAsL CeTKa M TPEYroibHble siueiku. [IpuBoANTCS MpHMep pacueTa KecTKOH (yHIaMEHTHOH IUIUTHI Ha JIHE KOTJIOBAHA Ha JCHCTBHE
CTATUYECKH MPHIIOKEHHOI COCPEeIOTOYEHHOH CHIIBI, BBI3BIBAIOLICH €€ IocTynaTelbHoe nepeMerienue. I'paduyecku BBIIOIHEHO COMOCTABICHHE MOy YeHHOM dIIOPBI KOHTAKTHBIX
HANpPSDKCHUI C TOYHBIM PELICHUEM Paclpe/ie/IeHNs] KOHTAKTHBIX HaNpsDKEHMIT JUIs [ITaMIla Ha yIpyroi MOIyIUIOCKOCTH U YIIPYTOM CJIOE.

Ki1ioueBble ¢j10Ba: KOHTAKTHAs 33/1a4a, BApHALMOHHO-Pa3HOCTHEI MeTo, criocod B.H. YKemoukuHa.
UDC 624.13 DOI: 10.37538/0039-2383.2021.6.2.6. COMBINED APPLICATION OF THE VARIATIONAL-DIFFERENCE METHOD AND THE METHOD OF B.N. ZHEMOCHKIN IN
SOLVING CONTACT PROBLEMS FOR ELASTIC FOUNDATIONS OF COMPLEX SHAPE. S.V. Bosakov, Belarusian National Technical University, Minsk, Belarus; e-mail:
Sevibo@yahoo.com
Abstract. The approach proposed by the author for calculating structures on an elastic foundation of a complex shape is based on the combined application of the variational-difference method and
the method of B.N. Zhemochkin. The variational-difference method is used to determine the displacements of the contact surface of a structure with an elastic foundation. Method B.N. Zhemochkin — to
find the distribution of contact stresses between the structure and the base. This eliminates the need to construct a dimensionless function to determine the displacements of the surface of the elastic
foundation from the action of a unit force uniformly distributed over the section B.N. Zhemochkin, which in the case of an elastic foundation of a complex shape is sometimes a difficult and unsolved
problem. In the presented work, an irregular finite difference rectangular mesh and triangular cells are also successfully applied. An example of calculating a rigid foundation slab at the bottom of a pit
for the action of a statically applied concentrated force causing its translational movement is given. The obtained diagram of contact stresses is graphically compared with the exact solution of the
distribution of contact stresses for a stamp on an elastic half-plane.
Key words: contact problem, variational-difference method, B.N. Zhemochkina.

YK 624.012.45 DOI: 10.37538/0039-2383.2021.6.7.12
0.U. EODUMOB! jion., k.1.1., ®.C. 3AMAJIMEB! o, k.1.1., H.H. TACBKOB? 1.1.1., npod., AJTb-XACHABH Slccep Camu 'apu6?, umk. 'Kazanckuii rocy1apersennbIii
APXHTEKTYPHO-CTPOUTE/IbHBII YHHBEPCUTET, “[leH3enckuii rocy1apcTBeHHbIIl yHHBEPCHTET APXUTEKTYPhI H CTPOMTENLCTBA; e-Mail: kgasu@kgasu.ru
K OHEHKE NIPOYHOCTU U3I'NBAEMBIX CTAJIEBETOHHBIX 3JIEMEHTOB U3 AYEUCTOI'O BETOHA, APMUPOBAHHBIX XOJIOAHOI'HYTBIM ITPO®UJIEM...7
HpHBel{CHH pacueTHast MOJCJIb U METOJUKA OLICHKHU ITPOYHOCTH H3FH6aCMHX CTajcOETOHHBIX JIEMEHTOB U3 SYCHCTOTO 6CTOHa, OCHOBAHHBIC Ha lTpCI[eJ'[I)HOf/'I OTHOCHUTEIILHOM z[eq)opmaunn
cKkaTs. UNCICHHBIMH HCCIIEIOBAaHUAMH CTANCOETOHHBIX GaJIOK IO METOJY TpPEeCNbHBIX YcHuid, mpumenseMbix B CIT 2666.1325800.2016 «KoHCTpyKInK CTaleKene300eTOHHBICY,
TIOKa3aHbI 60HLLHI/IC PACXOXACHUS C pEe3ylIbTaTaMH HAaTYPHBIX DKCIICPUMEHTOB. HpeIU'IO)KCHLI ¢0pMyHLI JUISL OTBICKaHUS TPaHUIbI C)KATOM 30HBI OLICHKH Hecymeﬁ CITOCOOHOCTH
u3rubaemoro snemenTta. [Tokazana YAOBJICTBOPUTEIbHAA CXOAUMOCTH npe;[naraeMofz’I MCTOJUKH.

KiioueBble ciioBa: craneOeTOHHBIA N3rnOaeMblii 2JIeMEHT, TYEHCThIi OETOH, JKeCTKast apMaTypa, pacyeTHas MOZelIb, IPAaHUIIA CHKATOH 30HBI, H3rMOAIOIINH MOMEHT.
UDC 624.012.45 DOI: 10.37538/0039-2383.2021.6.7.12. TO THE ESTIMATION OF THE STRENGTH OF BENDED STEEL CONCRETE ELEMENTS FROM AREA CONCRETE
REINFORCED WITH A COLD BENT PROFILE. O.I. Efimov!, F.S. Zamaliev!, N.N. Laskov?, AL-Hasnawi Yasser Sami Ghareb?, *Kazan State University of Architecture and Civil Engineering,
2Penza state University of architecture and construction; e-mail: kgasu@kgasu.ru
Abstract. A computational model and a method for assessing the strength of bending steel-concrete elements made of aerated concrete, based on the ultimate relative compressive deformation, are
presented. Numerical studies of steel-concrete beams by the method of limiting efforts used in SP 2666.1325800.2016 “Steel-reinforced concrete structures” show large discrepancies with the results of
field experiments. Formulas are proposed for finding the boundary of the compressed zone and assessing the bearing capacity of a bent element. Satisfactory convergence of the proposed method is
shown.
Key words: steel-concrete bending element, cellular concrete, rigid reinforcement, design model, compressed zone boundary, bending moment.

YK 69.04 DOI: 10.37538/0039-2383.2021.6.13.18
H.C. HOBOXXHUJIOBA k.T.H., nouent Cankr-IleTepGyprckuii rocyiapcTBeHHbI apXHTEKTYPHO-CTPOHTeIbHBII yHHBepeuTeT; e-mail: nsn01@list.ru
HMCCJIEJJOBAHUE HAIIPSKEHHOI'O COCTOSIHUS KUPIIMYHOM KJIAJIKH, YCUJIEHHOM KEJE30BETOHHOI OBOMMOM U3 JIETKUX BETOHOB...13
Amnanu3nposajocs B mporpammHoM komiiekce ANSYS Workbench nanpsbkerHo-nedopmupoBanHoe coctosHue 0omnee 30 BUIOB MOJieseil KUPIUYHBIX CTOIOO0B U3 Pa3IMYHBIX MapOK
KUPIUYa U PaCTBOPA, YCHUIICHHBIX XKeNe300eTOHHBIMU 000iMaMK U3 JIETKOro OETOHa pa3anyHoi oTHOCTH. beToHbl 000iiM paccmarpuBaucs kiaaccoB B10-B20. Hanpsokenust B Kiaake 1
B OeTOHE 000MMbI U3MEHSIIOTCS B 3aBUCUMOCTH OT TUIOTHOCTH TIPUMEHAEMOT0 JIETKOTO 6erona. C MOBBIICHUEM [UIOTHOCTH OETOHA 000NMBI pu OLlMHaKOBOﬁ TMPOYHOCTH KJIAJKH U Kjlacce
OeToHa HAaOIIOACTCSI CHIDKEHUE HAMPSDKCHUIT B KJaJIKe U TTOBBIIICHHE HANPsDKEHUI B OeToHe 060iimbl. 1o pe3ynbratam HcciieJOBaHUS IIPU yCHICHUH 000iiMaMu U3 JIETKOro OeToHa
wI0THOCTBIO 1400 Kr/M3  BBISIBJICHO HETIOJIHOE HCIIOJIb30BAaHUE MIPOYHOCTH OETOHA 000/M HPH MOJTHOM MCIONB30BAHUH IPOYHOCTHBIX XapaKTEPUCTHUK Kiaaku. [Ipn ycunennu oboiimamu u3
6eToHOB 10THOCTBIO 1800-2000 Kr/M3 MCHOIB30BaHUE MPOYHOCTHBIX XAPAKTEPUCTHK KJIAAKU U 000MMBI 3aBUCHT OT MPHMEHSIEMOro Kiiacca 6eToHa Ha CKaTHe.

KiioueBble clioBa: KMpIUYHAS KIIAJKa, yCHICHUE JKe1e300eTOHHOM 000iMOii, Jerkuii 6eToH, HaNPSHKEHHOE COCTOSTHUE.
UDC 69.04 DOI: 10.37538/0039-2383.2021.6.13.18. RESEARCH OF THE STRESS STATE OF BRICK MASONRY REINFORCED WITH A REINFORCED CONCRETE COLLAR FROM
LIGHTWEIGHT CONCRETE. N.S. Novozhilova, Saint-Petersburg state university of architecture and civil engineering.
Abstract. Analyzed in the ANSYS Workbench software package, the stress-deformed state of more than 30 types of models of brick columns from various brands of bricks and a solution, reinforced by
reinforced concrete clips from lightweight concrete of various densities. Concretes were considered for both classes in 10-B20. The voltage in the masonry and in the concrete of the climate change
depending on the density of the used light concrete. With an increase in the density of the coherent concrete, with the same storage strength and concrete class, there is a decrease in stresses in the
masonry and raising stresses in the concrete of the climate. According to the results of the study, with a strengthening of lung concrete, 1,400 kg/m3 density was detected incomplete use of concrete
strength for a fee with the full use of the strength characteristics of the masonry. When strengthening concrete closings with a density of 1800-2000 kg/m3 , the use of the strength characteristics of the
masonry and the cable depends on the applied concrete class on compression.
Key words: brickwork; strengthening reinforced concrete rope, lightweight concrete, stressful state.

Henuneiinpie pacuerst
Nonlinear calculations
VJIK 519.633 DOI: 10.37538/0039-2383.2021.6.18.32
C.B. BAKYUIEB, a.T.H., npo¢. [leH3eHcKuii rocy1apcTBeHHbI YHHBEPCHTET apXUTEKTYPBI H CTPOMTEILCTBA; e-mail: bakuchsv@mail.ru
JTA®PEPEHIIUAJILHBIE YPABHEHUSI PABHOBECHS B IEPEMEIIEHUSAX TPEXMEPHOM TEOPUM ®U3UYECKH HEJTUHEWHOM YIIPYTOCTH JIJIS
PA3PBIBHBIX 3AMBIKAIOIIUX YPABHEHUI B IEKAPTOBOM CUCTEME KOOP/JIUHAT...18
PaccmarpuBaercs mocrtpoenue quddepeHnnanbHbIX ypaBHEH!H PABHOBECHS B IEPEMEIICHUSIX TPEXMEPHON TeOpuH GpU3HYECKH HENHHEHHON yIPYTrOCTH B PSIMOYTOJIBHOM JIeKapTOBOIt
CHCTeMe KOOP/MHAT NPY OMIMHEHHOI armnpokcuMaryu rpagukoB 00beMHOr0 U CABUroBoro aehopmupoBanus. PU3ndecKre 3aBUCHMOCTH 3aMHCaHbI TS YeThIPEX BO3MOJKHBIX 3aKOHOB
ne(hOpMHUPOBAHHUS CIIOLIHOM CPE/Ibl B COOTBETCTBUU C OMIIMHEHHBIMU rpadukaMu 00bEMHOT0 U CIBUr0OBOro AedopmMupoBanus. 3aKoHbI Je(OPMUPOBAHUS ONMPEIEISIOTCS CEKYIIIUMI
MOJYJISIMH OMITMHEIHBIX IPaUKOB AuarpamMmM 00beMHOTO0 U cBUroBoro aedopmuposanus. CHopMyInpoBaH arOpUTM OMPEASICHHS HAPSHKECHHO-1e(OPMUPOBAHHOTO
COCTOSIHUSI HEJIMHEIHO-yIPYTHX TEN B TPEXMEPHON MOCTAHOBKE, 3aMBIKAIOIIME YPABHEHHS IS KOTOPBIX alNPOKCUMUPYIOTCS OMIMHEHHBIMH (DyHKIHSIMU. AJTOPUTM OCHOBAH Ha
OIPE/ICIICHIH BO3MOXKHOT'O TTOJI0XKEHHUS OBEPXHOCTEHl H3710Ma 00BEMHOIO U CABHIOBOTO AehopMupoBanust. [Ipy 5TOM BbISBICHBI IIECTh BAPUAHTOB, XapAKTEPU3YIOLIMXCS B3AUMHBIM
PACIONIOKEHUEM OBEPXHOCTEH M37I0Ma 00BbEMHBIX M CBUTOBBIX Je(hopMariii, B KaXKIOM H3 KOTOPBIX BO3MOXKHBI HE 00JIee YEThIpeX CIIydaes, Pa3InyalouiXcsi COOTHOLICHUSIMH NIEPBOTO
WHBapHuaHTa TEH30pa zleq)opmaunﬁ W MHTCHCHUBHOCTH ue(bopmaunﬁ CABHTIa IO OTHOIICHHIO K UX 3HAYCHUAM, ONPECACIIAIOIINM TOYKH U3JI0Ma ]"pa(bl/lKOB JAuarpamMm 00BEMHOT0 1
CIABHUI'OBOI'O }Ie(bOpMHpOBaHMSL nOCTpOeHHBIe TPEXMEPHBIC ﬂn(b(bepenunanbnme YpaBHCHHS PaBHOBECHS B IEPEMECIICHUAX U aJITOPUTM ONPEACIICHUA Haﬂpﬂ)KeHHO-}Ie(bOpMHpOBaHHO]‘O
COCTOSTHUSA TPEXMEPHBIX TE€JI MOT'YT HalTH TMPAKTHICCKOC MPHUJIOKEHUE TIPH pacueTe KOHC’I‘pyK].II/Iﬁ C MCIIOJIB30BaHUEM TPEXMEPHBIX ypaBHeH]/Iﬁ PpaBHOBECHUA (1)1/]3]4'—[60[([/] HEJTMHEHHOM TCOpUHN
YHOPYroCcTH B NIEPEMEIICHUAX, 3aMbIKAIOIINE YPaBHCHUA (bHSP[‘[eCKI/IX COOTHOIICHHH JUIS KOTOPBIX arrpOKCUMHUPOBAaHbI OUITMHEHHBIMUA quHKLH/IHMI/L

Kunrwouesrble ciioBa: TpEeXMEpHas TEOpHUs yIpyrocTu, (1)"3"‘{60](&51 HeHHHCﬁHOCTL, ﬂu(i)(i)eper—runanm—me YpaBHEHHA PaBHOBECHS B ICPEMEIICHUAX, OWIIMHETHAs anmpoKcuMalys 3aMbIKaroIuX
YpaBHEHHIH, aITOPHTM.
UDC 519.633 DOI: 10.37538/0039-2383.2021.6.18.32. DIFFERENTIAL EQUATIONS OF EQUILIBRIUM IN DISPLACEMENT OF THREEDIMENSIONAL THEORY OF PHYSICALLY
NONLINEAR ELASTICITY FOR DISCONTINUOUS CLOSING EQUATIONS IN CARTESIAN COORDINATES SYSTEM. S.V. Bakushev. The Penza state university of architecture and
construction; e-mail: bakuchsv@mail.ru
Abstract. We consider the construction of differential equations of equilibrium in displacements of three-dimensional theory of physically nonlinear elasticity in rectangular Cartesian coordinate system
at bilinear approximation of volumetric and shear deformation graphs. Physical dependences are written for four possible rules of deformation of continuous medium in accordance with bilinear graphs
of volumetric and shear deformation. The deformation rules are determined by secant modules of bilinear graphs of volumetric and shear deformation diagrams. An algorithm has been formulated for
determining the stressstrain state of nonlinear elastic bodies in three-dimensional formulation, the closing equations for which are approximated by bilinear functions. The algorithm is based on
determining of the possible position of fracture surfaces of volumetric and shear deformation. Therefore six variants have been identified, characterized by geometric relationship of fracture surfaces of
volumetric and shear deformations, in each of them no more than four cases are possible, differing in ratios of the first invariant of the strain tensor and the intensity of shear deformations with respect to
their values, which determine break points of volumetric and shear deformation diagrams. The constructed three-dimensional differential equations of equilibrium in displacements and an algorithm for
determining the stress-strain state of three-dimensional bodies can be applied in calculating structures using three-dimensional equilibrium equations of the physically nonlinear theory of elasticity in
displacements, the closing equations of physical relations for which are approximated by bilinear functions.
Key words: three-dimensional theory of elasticity, physical nonlinearity, differential equations of equilibrium in displacements, bilinear approximation of closing equations, algorithm.
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V]IK 624.072.2.014 DOI: 10.37538/0039-2383.2021.6.33.41

A.C. MAPYTSH, k.1.1., nou. IlIsaturopckuii uncruryt CeBepo-KaBka3sckoro denepanbnoro yuusepeurtera; e-mail: al_marut@mail.ru

TPEYT'OJIbHASI PABHOKATETHAS IPO®UJILHASI TPYBA (THYTOCBAPHOM ITPO®UJIb) U PACUET EE OIITUMAJIBHBIX IAPAMETPOB J1JIS1
®EPMEHHBIX KOHCTPYKIIMIA...33

TIpuBeieHO HOBOE TEXHUYECKOE PEIICHHE TPEYroIbHOI PaBHOKATETHON HPOdMIIbHOI TpyOb! (THYTOCBAPHOTO MPOGHIIsT), ONTHMH3UPOBAHHOI MO KPUTEPUIO PAaBHOYCTOHINBOCTH
IIPUMCEHHUTCIIBHO K q)CpMCHHLIM KOHCTPYKIHUSAM. IIPU IIOMOIITHA HpHﬁJ’II/[)KCHH()ﬁ MCTOOHUKH pacueTa TOHKOCTCHHBIX CEUYCHHI 0 UX CpeaIHUM (CpCI(I/IHHLIM) JIMHUAM, HCOTHOKPATHO
aHpOGHpOBaHHOﬁ B BApHAaHTHOM M OIITUMAJIBHOM IIPOCKTUPOBAHNN HECYIIUX KOHCprI(HHﬁ, Ee otnnuuTenbHbIH IIPU3HAK 3aKJIH0YCH B TOM, 9TO ﬂBOﬁHLIC 0T60pTOBKI/I II0CJIC 3aBapKu
MIPOJIOJIBHOTO 1IBa (JOPMUPYIOT CHAPYXKU NPSMOIT YTOJI KaTeTOB NPO(MHIIA, @ BHYTPH — BEPTUKAIBHOE PeOPO MIMPUHOI, PABHOU YETHIPEM TOJIIUHAM TPYOBI, ¥ BBICOTOM, COCTABIISIOIIEH
0,2698 THIIOTEHY3bI, PACTIONOKEHHOI TOPU30HTANIBHO. [IpeicTaBlIeH CPABHUTENIBHBINH PacuyeT KOHCTPYKTHBHBIX KO3((HUIMEHTOB 1 KOI()(QULIMEHTOB UCIIONb30BAHUS MOSICHBIX SJIEMCHTOB H3
NPSIMOYTOJIbHBIX U PABHOKATETHBIX TPYO Ha MpUMEpPE UX PeallM3aliuy B OJHOMH 1 TOM ke nomydepme (OTIPaBOYHON MapKe). BBIABICHO yMEHbIIEHHE PACX0/ia KOHCTPYKIIMOHHOTO
MaTepuaia (CTaJ’II/I) U CHHOKCHHUC CTpOHTCHLHOﬁ BBICOTBI (t)CpMCHHOf/'[ KOHCTPYKIHNH. Kak CJICACTBUC U3 NIPCACTABICHHOI'O OOHOBJICHHS TIOSICHBIX 3JICMEHTOB Cl)CpMCHHOﬁ KOHCTPYKIHH
0003HaYCHA NEPCIEKTUBHOCTH HEe MeHee Y (HEKTHBHOrO OOHOBIICHHS U CTEPIKHEBBIX 2JIEMEHTOB ee pemeTku. Eie pa3 noarsepi/eHa npuemiemMas KOppeKTHOCTb IPUOIIIKEHHOH
METOAMKHM pacyeTa Juisl ee MPUMEHEHHS Ha Pa3HBIX CTAHAX MPOCKTHPOBAHMUS HECYIMX KOHCTPYKIHIA.

KiioueBble cjioBa: pacuer ONTUMAJIbHBIX IIAPAMETPOB, PABHOYCTOHYUBBIC CEYEHHUS, MPOGHIBHBIC TPYObI, THYTOCBapHbIC IPO(GUITH, HEePMEHHbIC CHCTEMBI, PEIIeTYaThIe KOHCTPYKIMH.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2021.6.33.41. TRIANGULAR EQUAL-ROLLED PROFILE PIPE (BENT-WELDED PROFILE) AND CALCULATION OF ITS OPTIMAL
PARAMETERS FOR TRUSS STRUCTURE. A.S. Marutyan, Branch of the North Caucasus Federal University, Pyatigorsk.

Abstract. The article gives a new technical solution of triangular equal-rolled profile pipe (bent-welded profile) optimized according to the criterion of equal stability in relation to trusses. The solution is
based on the approximate method for calculating thin-walled sections along their median lines, tested in the variant and optimal design of load-bearing structures. Its distinctive feature lies in the fact that
the double flangings after welding the longitudinal seam form a right angle of the profile legs outside, and inside form a vertical rib with the width equal to four pipe thicknesses and the height of 0.2698
hypotenuse set horizontally. A comparative calculation of the design coefficients and coefficients of the use of belt elements from rectangular and equal-rolled pipes is presented with the example of their
implementation in the same semi-truss. The article reveals the reduction in consumption of structural material (steel) and lower construction height of the truss structure. As a consequence of the
presented renewal of the belt elements of the truss structure, the prospects of effective renewal of the core elements of its lattice are indicated. The acceptable correctness of the approximate calculation
method for its application at different stages of the design of load-bearing structures has been confirmed.

Key words: calculation of optimal parameters, equidistant sections, profile pipes, bent-welded profiles, truss systems, lattice structures.

VY]IK 624.072.2.014 DOI: 10.37538/0039-2383.2021.6.42.50

M.U. ®AP®EJIB*?, k.1.1., C.B. TYPOB! “IIHUUCK um. B.A. Kyuepenko (AO «HHUII «Ctpoutenncrso»), ’2HUY MI'CY, r. Mocksa; e-mail: farfelmi@yandex.ru
MOBBIIIEHUE 3®®EKTUBHOCTA MEMBPAHHBIX KOHCTPYKIAW [TPU IIPUMEHEHUH HEP)KABEIOIIUX CTAJIEN...42

B crarbe onucanbl IpeuMyIecTBa MEMOPAHHBIX HOKPBITHIA [0 CPABHEHUIO C HOKPHITHAMY U3 TPAAULUOHHBIX CTPOIMIBHBIX KOHCTPYKLHIA. [IpuBeeHbI ncTopuueckue GakTh 0
NPUMECHEHHH NEPBBIX MOKPBHITHH U3 MeMOpaH, pa3paboTaHHBIX BEJIIMKUM pycckuM HmkeHepoM B.I. IllyxoBbiM. PaccMOTpeHbl MeponpHsTHs, o0ecieunBaolye 6e3MOMEHTHYIO paboTy
OIIOPHOTr'0 KOHTYpa MEMOPAaHHOT'0 ITOKPBITHS HA MIPSIMOYTrOJIbHOM ILTaHe. [IpuBeeHb! IpuMepbl MEMOPAHHBIX IePEKPhITHil ¢ 0e3MOMEHTHOI PadoTOi Ha NIPSIMOYTOJILHOM OIIOPHOM
KOHTYype. B pabore nepeunciens Handosee U3BECTHBIE MOKPBITUS C IPUMEHEHHEM TOHKOJIMCTOBBIX MEMOpPaH, Kak M3 MaJIOYTJICPOIUCTBIX M HU3KOJIETHPOBAHHBIX CTAJICH, TaK U U3
HEpIKaBEIOIHX CTaJIei, puyeM MeMOpaHHbIE TOKPBITHS U3 HEPIKAaBEIOIMX CTajel ObuM coopyxkeHsl 40 JeT Hazal U B HACTOSILEE BPEMsI POJIOJDKAIOT 0€3011aCHO AKCILTyaTHPOBATHCSL.
Yka3aHo, 4T0 MeMOpaHHbIE HOKPBITHS COOPYKAIUCh B OCHOBHOM U3 TPAJMLHOHHBIX «USPHBIX» cTanel. [IpoaHalM3upoBaHbl IPEUMYIIECTBA HCIOIb30BaHNs HEPIKABEIOIIECH CTalId B
Ka4yeCTBC HpOHCTHOﬁ KOHCTPYKIINH. Ornucan MCXaHH3M, HOSBOJ’[S{IOH_II/Iﬁ YCTpaHUTH OCHOBHO# HCIOOCTATOK CTAJIbHBIX KOHCprKL[HfI, CHOCOGHOCTL K KOppO3uu. HpI/IBeI(eHLI MCXaHHUYCCKHUC
XapaKTCPUCTUKHU HECKOJIBKUX TUITIOB HEPIKABCIOLINX crajnei JUIA IPUMCHCHUS B KQUCCTBC MCM6paHHOF0 TIOKPBITHS.

Kmouessie ci10Ba: MeMOpana, ONOPHEI KOHTYD, CTAaOMIH3aIHs, IEMHbIE yCHIIHSA, HepKaBelolas CTalb, MeMOpaHHOE MOKPBITHE, GOMBIICIPOIETHOE IOKPHITHE, CTANBHOI Kapkac, Ge3MOMEHTHas paboTa OMOPHOTO KOHTYpa.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2021.6.42.50. IMPROVING THE EFFICIENCY OF MEMBRANE STRUCTURES WHEN USING STAINLESS STEELS. M.I. Farfel*2, S.V.
Gurovt, *TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow, 2NRU MGSU, Moscow.

Abstract. The article describes the advantages of membrane coatings in comparison with coatings from traditional rafter structures. The historical facts about the first membrane coatings developed by
the great Russian engineer V.G. Shukhov are given. The measures ensuring the smooth operation of the membrane coating on a rectangular plan are considered. Examples of membrane overlaps with
non-bending operation on a rectangular support contour are given. The paper lists the most well-known coatings using thin-sheet membranes, both from low-carbon and low-alloy steels, and from
stainless steels, moreover, membrane coatings made of stainless steels were constructed 40 years ago and currently continue to be safely operated. It is indicated that the membrane coatings were
constructed mainly from traditional “black™ steels. The advantages of using stainless steel as a span structure are analyzed. The mechanism allowing to eliminate the main disadvantage of steel structures,
the ability to corrosion, is described, the mechanical characteristics of several types of stainless steels for use as a membrane coating are given.

Key words: membrane, support circuit, stabilization, chain forces, stainless steel, membrane coating, long span coating, steel frame, instantaneous operation of the support circuit.

SKCHBDI/IMBHTaHBHbIe HCCJICIOBAHUA

Experimental studies

YIK: 69.07, 624.014.2 DOI: 10.37538/0039-2383.2021.6.51.59

JI.B. KOHUH, k.T1.H., [1.B. HAXBAJIBHOB, nu:k. Hay4sslii corpya. IHUUCK um. B.A. Kyuepenko AO «HULL «CtpoureibeTBo»; e-mail: konden@inbox.ru
3KCIEPUMEHTAJBHOE UCCJEJIOBAHUE MHOT'OBOJITOBBIX CPE3HBIX COEJVWHEHMM U3 BBICOKOITPOYHBIX CTAJIEM...51

Bauny 6osee cTpornx KOHCTPYKTUBHBIX TPEOOBAHHUM ISl COSAMHEHHI KOHCTPYKLIMI U3 CTanel ¢ npeenom TeKydecTu cBbiie 375 MITa, a3h¢exTHBHOCTS MPUMEHEHHs CTaIeii BBICOKON
HPOYHOCTH CYIIECTBEHHO CHIKaeTcsl. ONucaHbl ONbITHBIE MOJIENH coeauHeHni n3 cranei C390 u C440 (Ry 1o 500 MIIa), MCIIBITAHHBIX Ha CXKATHE M PACTSHKEHUE C TONIIMHON MaKeTa 10
120 MM u ¢ 6onramu 10.9 auamerpom m0 30 mm. ITpeacraBieHbl U MPOAHAIM3UPOBAHbI PE3yJIbTAThI UCIBITAHNH. Y CTAHOBJICHO, YTO COSIMHEHHMS 00J1a/1al0T AOCTATOYHOM MIaCTUYHOCTHIO
JUIsl PABHOMEPHOH Mepeiadi Harpy30K Mexay O0iTaMu, 4To JeaeT BO3MOXKHBIM HCIOJIb30BaTh CPE3HbIE COSMHHEHHS ¢ OoaTaMu Kiiacca TouHocTH B 6e3 orpanudennii. Ha ocHoBaHnu
aHaJIM3a JaHHBIX BBISIBJICHO, YTO NMPH KOHCTPYHPOBAHMU MHOTOOOJITOBBIX CPE3HBIX COCAMHEHHI U3 PACCMOTPEHHBIX CTAICH YMEHBIICHHE MEKOOITOBOrO PACCTOSIHUSL HE AT PA3IIHIUs B
pe3ynbTaTax Kak Mo Hecylieil CiocoOHOCTH, Tak U 10 Ae(GOPMATUBHOCTH COSANHEHHUH. Y CTAaHOBJICHO 3HaUeHHe KOA(DUIIMEHTA Yph, KOTOPBIH YIUTHIBACT YCIOBUS PAOOTHI COCAMHEHHS IPH
YMEHBIIECHUHU PACCTOSHUS OT LIEHTPa 60T [0 KPast IEMEHTA [PY MPUMEHEHNH BBICOKOIIPOYHBIX CTaJIEH.

KiioueBble ciioBa: 60T, cpes, pacTspKeHHe, CKaTHe, CIIBUT, IIepeMElIeHHe, IIacTHYeckas aedopMarius, MHOro00ITOBOE COEAMHEHHE, CPE3HOE COSIHHEHHE, BEICOKOIPOYHAs CTalb.
UDC: 69.07, 624.014.2 DOI: 10.37538/0039-2383.2021.6.51.59. EXPERIMENTAL STUDY OF MULTI-BOLT SHEAR JOINTS MADE OF HIGH-STRENGTH STEELS. D.V.
Konin, P.V. Nakhvalnov. TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: konden@inbox.ru
Abstract. Due to more stricter Russian codes requirements for joints of steel structures with yield strength more than 375 MPa, the effectiveness of the use of high-strength steels is
significantly reduced. Experimental models of joints made of S390 and S440 steels (fy up to 500 MPa) tested for compression and tension with a package thickness up to 120 mm and with
10.9 bolts with a diameter of up to 30 mm are described. The test results are presented and analyzed. It is established that the joints have sufficient plasticity for uniform transfer of loads
between the bolts, which makes it possible to use shear joints with bolts of accuracy class B without restrictions. Based on data analysis, it was revealed that when designing multi-bolt shear
joints, decrease of interbolt distance does not give a difference in the results both in bearing capacity and in deformability of the joints. The value of the coefficient y, has been established,
which takes into account working conditions of joint when reducing distance from center of bolt to the edge of element when using high-strength steels.

Key words: bolt, shear, tension, compression, shear, displacement, plastic deformation, multi-bolt joint, shear joint, high-strength steel.
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ONBIT MIPUMEHEHMNSI KJIEEBOI'O PACTBOPA B KJIAJIKE U3 TA3OCUJIMKATHBIX BJIOKOB...60

HccenenoBan BOnpoc MpHMEHEHHS KIIGEBOTO pacTBOpa B KiIaake (acaaHbIX CTEH U3 Fa30CHINKATHBIX OJIOKOB B MHOTOITXHBIX 31aHHsAX. OCOOCHHOCTBIO YCIOBHIT IPUMEHEHNUS KIIA[KU U3
ra30CUIMKATHBIX OJIOKOB Ha KJIEEBOM PacTBOPE B MHOT'OOTAKHBIX 3[JaHUSAX SABJIAIOTCA 3HAYUTECIIbHBIC TOPU30HTATIBHBIC BO3HCﬁCTBHﬂ OT BETPOBBIX HATPY30K C yYETOM nym:cauuﬁ. B cBsi3u ¢
9THM K KJIaIKC (baCa}lHBIX CTEH u3 OJIOKOB TPEABABIIAIOTCS ITOBBIIICHHBIC ’I‘peGOBaH]/IH T10 MPOYHOCTH. I/ICCIIe)IOBaHMS{ TIPOBEICHBI HA TPUMEPE MOHOJIUTHOT'O JK€eJIe300€ TOHHOTO 3aaHusA
BBICOTOH 28 dTaskei ¢ HAaBECHBIM BCHTHIIMPYEMBIM (I)acauom‘ Fopmon’raﬂbnaﬂ Harpys3ka Ha 3ari0JIHCHUEC HapYKHBIX CTCH U3 0JIOKOB TIepenacTCs OKHaMHU 4Y€PE3 KPEIE)KHBIC DJIEMEHTHI,
PacIioJIO)KCHHBIC 110 IEPUMETPY OKHA. BerirosHeHsr PpacyueThl Ha BETPOBYIO HArpy3Ky 6 Pa3IMYHBIX YIaCTKOB 3alIOJIHCHUSA HapPYKHBIX CTCH Ha 28-Mm 9Taxe, IrZI€ BETpOBasA Harpyska UMeeT
MakcumalibHoe 3HaueHue. Ha ocHoBanun pacueToB C(l)opMyJTI/IpOBaHBI TpeGOBaHHﬂ K KJIaJIK€ U3 Ia30CHIIMKATHBIX 0JIOKOB Ha KJIEEBOM pacTBoOpeE. ﬂ]’[i{ OIPECIICHUA Q)aKTM‘{eCKOﬁ
MPOYHOCTH KJIAAKH IPOBEACHBI HCIIBITAHUSA o6pa3u013, B3STBIX U3 BBITOJHEHHOM KJIaJIK Ha oowexre. [To pe3yabTaTaM UCIIBITAaHUSA 06pa3u03 C(i)OpMyHHpOBaHBI JOIIOJIHUTCIIBHBIC
Tpe60BaHHS{ K KJIaZIK€, B TOM YHCJI€ K KOHTPOJIIO Ka4€CTBa IO BBIITOJIHEHHUIO KIIAIKU U3 Ira30CUJINKaTHBIX OJIOKOB Ha 0OBEKTE.

KiioueBble ciioBa: 37aHne, KJaka, ra30CHIHKaTHBII OJI0K, KJIEeBOil pacTBOp, BETPOBasi Harpy3ka, pacuer, KOMIIbIOTEpHas MOJIEIb, 00BEMHbIN KOHEUHBIH JIEMEHT, HCIIBITAHHE 00PA3IO0B, IPOYHOCTD.
UDC 691.421.666.72:691:620.1 DOI: 10.37538/0039-2383.2021.6.60.65. EXPERIENCE OF APPLICATION OF ADHESIVE MORTAR IN MASONRY FROM GAS-SILICATE BLOCKS. V.I.
Obozov, M.A. Mukhin, A.S. Vetkov, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: obozov@yandex.ru.

Abstarct. The question of the use of an adhesive solution in the laying of facade walls made of gas silicate blocks in multi-storey buildings has been investigated. A feature of the conditions for using
masonry from gas silicate blocks on an adhesive solution in multi-storey buildings is significant horizontal effects from wind loads, taking into account pulsations. In this regard, increased requirements
for strength are imposed on the masonry of facade walls made of blocks. The research was carried out on the example of a monolithic reinforced concrete building with a height of 28 floors with a
hinged ventilated facade. The horizontal load on the filling of the outer walls from the blocks is transferred by the windows through the fasteners located along the perimeter of the window.
Calculations were made for the wind load of 6 different filling areas of the outer walls on the 28th floor, where the wind load has a maximum value. Based on the calculations, the requirements for
masonry made of gas silicate blocks on an adhesive solution are formulated. To determine the actual strength of the masonry, tests were carried out on samples taken from the completed masonry at the
facility. Based on the results of testing the samples, additional requirements for the masonry were formulated, including quality control for the execution of masonry from gas silicate blocks at the facility.

Key words: building, masonry, gas silicate block, adhesive solution, wind load, calculation, computer model, volumetric finite element, testing of samples, strength.
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OCOBEHHOCTH COBMECTHOM PABOTBI KPYITHO®OPMATHBIX TAHEJEN U3 KEPAMOI'PAHUTA U METAJIJIMYECKOI'O KAPKACA ®ACATHBIX KOHCTPYKLHIA...66
TIpoBeneHb! paboTHI IO UCCIIEJOBAHUIO (pacagHON KOHCTPYKIHMHK C MPUMEHEHHEM B Ka4eCTBE OOIMI[OBOYHOr0 MaTepHalia KpymHO(GOpMaTHBIX KEPAaMOTPAHUTHBIX IUTHT C LEIbI0 J0PabOTKU
M COBEPIICHCTBOBAHMS y3JI0B KperuieHus. HOBbIe TeXHHUECKHE PEeLIeHNUsI YCTpoiicTBa (pacaHbIX KOHCTPYKIHUiT TPeOYIOT KOMILIEKCHOTO MTOAXO0/a P MOATBEPKICHUH BO3MOXKHOCTH HX
NPUMEHEHHsI. BBINOIHEHO pacuyeTHO-TeOpeTHIeCKoe 000CHOBaHHe PabOTHI KOHCTPYKIINH, IPOBEACHBI JTaObopaTopHble ncnbiTanus. I1o pe3yabrataM HpOBEACHHOrO KOMILIEKca paboT
BHECCHBI H3MEHEHHS B KOHCTPYKTHUBHYIO cXeMy (hacaHOil KOHCTPYKI[MH, COCTABICHA TEXHOJIOTUYECKast KapTa U chOPMHUPOBAHBI PEKOMEHIALINH 110 BEACHUIO CTPOHUT CIIbHO-MOHTAKHBIX
pabot MoaH(HUIIMPOBAHHON KOHCTPYKLIUH.

Kuwuessble ciioBa: d)aca;[ 30aHus, prHHOdJOpMaTHaS[ 06}11/[]_10]3](&, KE€paMOT'paHUTHBIC IUITATHI, OTPAXAAIOIINE KOHCTPYKIUH, dJaCaI[HBIe KOHCTPYKIIUH, J'IaGOpaTOpHBIC HUCOBbITAHUA,
OKCIUTyaTallMOHHAsA HaJIC)KHOCTh, MEXaHUYECKasd 0e30acHOCTb.
UDC 692.232.2 DOI: 10.37538/0039-2383.2021.6.66.72. FEATURES OF JOINT WORK OF LARGE-FORMAT PANELS MADE OF PORCELAIN STONEWARE AND METAL FRAME
OF FACADE STRUCTURES. M.O. Pavlova, M.N. Pavlenko, M.A. Zabegin, P.E. Makhonina. TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: 1747302@mail.ru
Abstract. Carried out work on the study of the facade structure using large-format granite slabs as a facing material in order to refine and improve the fastening units. New technical solutions for the
construction of facade structures require an integrated approach when confirming the possibility of their application. The design and theoretical justification of the design was carried out, laboratory tests
were carried out. Based on the results of the complex of works carried out, changes were made to the structural scheme of the facade structure, a technological map was compiled and recommendations
were formed for conducting construction and installation works of the modified structure.
Key words: building facade, large-format cladding, porcelain stoneware panels, enclosing structures, facade structures, laboratory tests, operational reliability, mechanical safety.
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OBIIASL YCTOMUYMBOCTH BAJIOK IBYTABPOBOI'O IIOCTOSAHHOT'O CEYEHHUS. PASBBUTHE PACUETHBIX ITOJIOKEHUA...4
B paGote npezacrasiieH BBIBOJ (HOPMYIT ISl METOIMKH pacyeTa H3rH0aeMbIX JIEMEHTOB Ha OOLIyI0 yCTOiunBOCTD, npuBeeHHoi B CIT 16.13330, KOTOPHIii BBINOIHEH HAa OCHOBE TCOPHU
TOHKOCTEHHBIX YIPYTHX CTEpXHei u cucreme auddepeHimanshbix ypasaenuii B.3. Biacosa. ITpuBeaeHs! (opMyIIbl Ui OJHONPOJIETHON GAJIKK C IIAPHUPHBIM KPEIUICHHEM OII0P.
CocragJieHo o0lee ypaBHeHHe Ui pacuera Kod(huIMeHTa ycToiuMBOCTH pH u3rube ¢1 , koropoe mo3sossieT agantiuposars tpedoBanust HopM CIT16.13330 k pa3innyHbIM BHAAM
}Z[eﬁcTBPIS{ Harpysk#u B IIPOJIETE OasKu. Pe3yHLTaTI>I TIPEACTABJICHBI UIA ABAAUATH IIATH Pa3IMIHBIX BUI0B }Z[eﬁ(}TBHS{ BHEIIHEH Harpysku. CDOpMyJ'[BI YYHUTBIBAIOT IIPOU3BOJIBHOC
PacCIIOJIOKEHHUEC HArpy3KH IO BBICOTE CEUCHUA 6am<14, OT HIDKHEH KPOMKH HHIKHETO IMosica 10 BerHeﬁ KPOMKH BEPXHETO TTosICa. OnpeueneHH BCJIMINHBI KDUTHIECKOI'O MOMCHTa MCF, pu
KOTOpOM B 0OajKke BOSHMKAET HOBast (bopMa PaBHOBECHOT'O COCTOSHU S, BBIIIOJIHEHO 110 BBIBOAAM pa60TLI. KpHTH‘{eCKHﬁ MoMeHT Mcr paccuuTaH B (bopMe 3a1a4yu yCTOf;I'-IP[BOCTPI TIEPBOTO
poza — moTepst yCTOHYMBOrO TOJI0KEHNUS DIIEMEHTA MPSIMOINHEHHOM GopMbl (Harpyska JeficTByeT 110 JIMHUH LEHTpa 13ruda, HeiTpaabHas oCh OalKu MPSIMOIMHENHA, MATepHall yIPYTHIA).
DopMyIibl IPEACTABICHHOM Ta0IULBI MOTYT OBITh [UISl BHIIOIHEHHUS IPOBEPOYHBIX PACUETOB.

Ki1ioueBble ¢J10Ba: KPUTHYECKHI MOMEHT, YCTOHYMUBOCTB NMEPBOTO Po/Ia, MiIockas Gpopma u3ruba, yCTOHYMBOCTh N3rHOAEMbIX HJIEMEHTOB, OHONPOJICTHBIE OAJIKH, 001as yCTOHYHBOCTh
M3rubaeMbIX IEMEHTOB, YyCTONYMBOCTH IIIOCKOH (hOpMbI H3rnbda, n3rubaeMbie MEeMEHTbI, KOIPOHUIUEHT YCTOHYMBOCTH NpH U3ruobe.
UDC 624.014.2 DOI: 10.37538/0039-2383.2022.1.4.13. TOTAL STABILITY OF TWO CONSTANT SECTION BEAMS. DEVELOPMENT OF PAYMENT PROVISIONS. M.I. Farfel*2, M.1.
Gukova!, A.E. Svyatoshenko®, 'TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow, 2NRU MGSU, Moscow, 3State Expert Examination Department, Nizhny Novgorod; e-
mail: farfelmi@yandex.ru
Abstract. The paper presents the derivation of formulas for the method of calculating bent elements for general stability, given in SP 16.13330, which is based on the theory of thin-walled elastic rods
and the system of differential equations of V. Z. Vlasov. Formulas are given for a single-span beam with a hinged mounting of supports. A general equation has been compiled for calculating the bending
stability coefficient ¢_1, which allows adapting the requirements of SP16.13330 standards to various types of load action in the beam span. The results are presented for twenty-five different types of
external load action. The formulas take into account the arbitrary location of the load along the height of the beam section, from the lower edge of the lower belt to the upper edge of the upper belt. The
values of the critical moment M_cr, at which a new form of equilibrium state arises in the beam, are determined, according to the conclusions of the work [6]. The critical moment M_cr is calculated in
the form of a stability problem of the first kind — the loss of a stable position of an element of a rectilinear shape (the load acts along the line of the bending center, the neutral axis of the beam is
rectilinear, the material is elastic). The formulas of the presented table can be used to perform verification calculations..
Key words: critical moment, stability of the first kind, flat bending, stability of bending elements, single-span beams, general stability of bending elements, stability of flat bending, bending elements,
bending stability coefficient.

VYK 624.04 . DOI: 10.37538/0039-2383.2022.1.14.20
A.1O0. KUM, a.1.H., npo¢., M.®. AMOSIH, acn., B.E. XAIIMJIMH, acn., CapaToBckuii rocyiapcTBeHHbIH TexHHyeckuii yausepcuteT umenu INarapuna F0.A. (CI'TY um. I'arapuna 10.A.); e-
mail: sberbanksp@yandex.ru
CTATUYECKHUM PACYET HA YCTOMYHUBOCTH JUH300BPA3BHOI'O MEMBPAHHO-ITHEBMATHYECKOI'O NOKPBLITHUSI COOPYKEHUSI...14
AKTyaJIbHOCTb pa3pabaThIBaeMOii aBTOpaMH JIAHHOW CTaTbH TEMbI COCTOUT B TOM, YTO JIMH3000pa3HbIe THEBMATHUECKHUE MOKPBITHS COOPYKCHHH MTOKa3all BBICOKYIO HECYIIYIO
CIIOCOOHOCTD, HO OHA MPOSIBILSIETCS JIUIIB TOI/A, KOT/A HOKPBITHE, 3aIIPOSKTHPOBAHHOE B COOTBETCTBUH C JICHCTBYIOIMH HOPMAMH CTPOUTEIBHOTO IIPOSKTUPOBAHUS COOPYIKCHHH, HE
TepsieT OT CHErOBBIX HATPY30K YCTOWYMBOCTS. 11eIIblo HCCIeJoBaHuMs SBISICTCS pa3paboTka crocoba moucKka napaMeTpoB i Ha3HAuUCHHs BEIMYMHBI H30BITOYHOTO aBJICHUS BO3yXa,
Z[OCTaTO‘IHOﬁ JUIA obecrieyeHus yCTOFI‘II/IBOCTI/I HEJIMHEHHOT O IIPIHSOOGpaSHOI‘O MeMﬁpaHHO-HHeBMaTH‘{eCKOl‘O TIOKPBITUS OOJIBIINX TPOJIETOB IIPU CTATHYECCKUX Harpys3kKax. B ,I[aHHOﬁ
CTaTbe€ pacCMaTpUBACTCA CTaTUYECKHUNA pacyeT Ha IOTEPIO yCTOﬁqHBOCTH nnmooﬁpas]—[oro MeMGpaHHO-HHeBMaTI/I‘IeCKOFO COOPYKEHHUA. W3nararoTcsi OCHOBHBIE pa60TLI JAPYrux aBTOpPOB I10
JaHHOMY BOIIPOCY, IIOI[pO6HO OIMCaH METOQ HCCHGHOB&HHﬁ, IIpP[MeHeHHI:Iﬁ aBTOpaMHU CTaTbU. HOILpO6H0 OIMMCAHBI IMMOJTYYYCHHBIC PE3YIbTaThl HCCHEHOB&HHﬁ 1 IIPUBEZICHO UX CPaBHCHUE C
pe3yabTaTaMu IpYyTrux aBTOpPOB. B 3akmouenue JIaHbI OCHOBHBIE BBIBOJBI 110 pE3yJIbTaTaM JaHHOTO UCCIIEJOBaHUA.

KioueBble ciioBa: pacuer Ha yCTOﬁqHBOCTL TTHEBMAaTUYECKOI'0 COOPYKEHUA, YUIET HeJIMHEHHON pa60TI>I IIPIHSOOGpaSHO]‘O MeMGpaHHO-HHeBMaTPI‘IeCKOI‘O COOPYKEHUA, pacueT Hecymeﬁ
CITIOCOOHOCTH IMTHEBMATHYECKUX HHHSOOﬁpaSHBIX coopy)i(em/lﬁ.



UDC 624.04 . DOI: 10.37538/0039-2383.2022.1.14.20. STATIC CALCULATION OF THE STABILITY OF THE LENTICULAR MEMBRANE-PNEUMATIC COATING OF
THE STRUCTURE. A.Y. Kim, M.F. Amoyn, V.E. Khapilin, Yuri Gagarin State Technical University of Saratov; e-mail: sherbanksp@yandex.ru

Abstract. The relevance of the topic developed by the authors of this article consists in the fact that lenticular pneumatic coatings of structures have shown high load-bearing capacity, but it
manifests itself only when the coating, designed in accordance with the current norms of construction design of structures, does not lose stability from snow loads. The aim of the study is to
develop a method for finding parameters and assigning a value of excess air pressure sufficient to ensure the stability of a nonlinear lenticular membrane-pneumatic coating of large spans
under static loads. This article discusses a static calculation for the loss of stability of a lenticular membrane-pneumatic structure. The main works of other authors on this issue are
presented, the research method used by the authors of the article is described in detail. The obtained research results are described in detail and their comparison with the results of other
authors is given. In conclusion, the main conclusions based on the results of this study are given.

Key words: calculation of the stability of a pneumatic structure, taking into account the nonlinear operation of a lenticular membrane-pneumatic structure, calculation of the bearing
capacity of pneumatic lenticular structures.

PacueTsl Ha HaIEKHOCTD

Reliability calculation

V]IK 624.046.5 DOI: 10.37538/0039-2383.2022.1.20.28

A.A. COJIOBBEBA, acn., C.A. COJIOBBEB, k.1.H., PT'BOY BO «Bo.10oroackuii rocy1apcrBeHHblil yHuBepcuTe, r. Bosoraa; e-mail: solovevaaa@vogu35.ru

PA3PABOTKA YTOYHEHHOTI'O P-BJIOKA KAK MOJIEJIM CTYYANHOM BEJTAYUHBI B 3ATAUA X AHAJIM3A HAJIEXKHOCTH CTPOUTEJIBHBIX KOHCTPYKIIUIA...20

B nccnenoBanuu npeicTaBiIeH HOBBII TUIT p-0i10Ka (probability box) st MofenpoBaHus Cay4aliHbIX BEIUYUH B 33/1a4aX aHAIM3a HAJICKHOCTH JIEMEHTOB CTPOUTENBHBIX KOHCTPYKIHUN 1

OCHOBaHHUH. HpCI/[MyHlCCTBOM HpeZ[CTaBHCHHOﬁ MOACIN CJ'Iy‘IaI\/'IHOI\/’I BCJIMYUHBEI ABJIICTCA TO, YTO OHA CTPOUTCS IO JOBECPUTCIIBHBIM OLICHKAM CTaTUCTUYICCKUX ITapaMETPOB 663

HCOGXOHI/IMOCTI/I TIOATBCPIKACHUS TUIIOTE3BI O BUIC ¢)yHKHHH pacupeacicHust BCpOS{THOCTCﬁ Hu €€ mapameTpax. Ha uncnennom NIpuMEpPE MMOKa3aHo, 9TO BBEACHHUC B p-GHOKI/I Ha OCHOBC

HEpaBCHCTBA T1JIL ‘IeﬁmméBa HOHOHHHTCHLHOﬁ I/IHCI)OpMaHI/II/I B BUJIC JOBCPUTCIIPHOI'O NHTCPBaAJIa MEAUAHBI 110 BI>I60pO‘IHOI>’I COBOKYITHOCTH JAaHHBIX ITO3BOJIICT CYIICCTBEHHO COKPAaTUTh

OGJ’IaCTL MCEXKAY TPAaHUIHBIMU (byHKLII/IHMI/I pacupenciacHus cnyqaﬁ]—[ofz’l BEJIMYHMHBI. DTO MO3BOJISCT TOHU3UTH YPOBCHBb HCOIIPCACIICHHOCTH IIPH HaﬂbHef[HJP[X onepanusax ¢ p-GHOKaMI/I B

3aa9ax OLOCHKH BEPOATHOCTH GCSOTKaSHOﬁ pa6OTLI OJIEMCHTOB CTPOUTCIIbHBIX KOHCprKLlPIﬁ, 9TO OTUCTIIMBO BUIHO ITOCJIC TUCKPETU3ALTNN p—6n01<a B CTPYKTYpPY IIeMHCTcpa—LHeQ)epa.
KunoueBsble cJjioBa: HAaOCXKHOCTb, BCpOSITHOCTHLIf[ aHaJIuns, p-6J’IOK, CHy‘-{aﬁHLIC BCJIIMIHUHBI, BEPOATHOCTDH OTKa3a, 663OHaCHOCTB.

UDC 624.046.5 DOI: 10.37538/0039-2383.2022.1.20.28. DEVELOPMENT OF A REFINED P-BOX AS A RANDOM VARIABLE MODEL IN PROBLEMS OF STRUCTURAL

RELIABILITY ANALYSIS. A A. Soloveva, S.A. Solovev, Vologda State University; e-mail: solovevaaa@vogu35.ru

Abstract. The article describes a new type of the p-box (probability box) for random variables modeling in problems of structural reliability analysis. The advantage of the presented

random variable model is that it is based on confidence estimates of statistical parameters without the need to confirm the hypothesis about the type of probability distribution function. The

numerical example shows that the introduction of additional information in the form of a median’s confidence interval to the p-boxes based on the Chebyshev’s inequality is leading to

reducing the area between the boundary distribution functions of the random variable. This makes it possible to reduce the level of uncertainty during further arithmetical operations with p-

boxes in problems of structural reliability analysis, which is clearly visible after the discretization of the p-boxes into the Dempster-Shafer structure.

Key words: reliability, probabilistic analysis, p-box, random variables, failure probability, structural safety.

Henuneiinble pacyeTsl
Nonlinear calculations

VYK 539.371 DOI: 10.37538/0039-2383.2022.1.29.36
C.B. BAKYIIEB, x.1.1., npo¢. [len3eHckuii rocyAapcTBeHHbIN YHHBEPCHTET apXHTEKTYPBI H CTPOHTeabCTBa; e-mail: bakuchsv@mail.ru
JIMHEMAHASI TEOPHSI YIIPYTOCTH C YYETOM KBAJIPATUYHBIX CJIATAEMBIX...29
TIpeuiaraercs BapuaHT JTMHEHHON TEOPUH, OCHOBAHHBIN Ha yueTe B pasliokeHusiX Teilsiopa uist HanpshkeHUH U B CTEHEHHBIX pafax s qedopManuii KBaApaTUYHBIX craraeMsiX. [Ipu stom
CTAaTUYECKHE yPABHEHHS PABHOBECHS B HATIPSHKCHHSX 3alMCHIBAIOTCS B Buje AU GepeHIMaabHbIX YpaBHEHHIT B 4aCTHBIX TPOU3BO/IHBIX BTOPOTo Hopsiaka. Pazpemniatomue ypaBHeHUs
paBHOBeCHUsI B IEPEMEIEHUSIX IPEICTaBIAIOTCS B BUJE MU (epeHIHaNbHbIX YPABHEHNH B YaCTHBIX MPOM3BOAHBIX TPEThEro mnopsika. Punyeckue ypaBHEHHs B JAHHOM BapUaHTe
JIMHEHHO# TEOPUHM YIPYrOCTH 3aIUCBHIBAIOTCS TaK XK€, KAK U B KJIACCHYCCKOi JITHEHHOI TeOpUN yHpyrocTH. Y paBHEHUs PaBHOBECHS HapsIIy C IPYTUMH NapaMeTpaMu — GU3HYECKUMU
KOHCTaHTaMH CPEAbI — COACPIKAT MAJIbIC ITapaMETPhI dX dy dZ » » » BEJIMYMHA KOTOPBIX, KaK ITOKA3bIBACT YHCICHHOC MOJACINPOBAHNUE, MAJIO BJIMACT HA XapaKTCPp HAIIPSKECHHO-
L[C(I)OpMI/IpOBaHHOFO COCTOsSIHUA. Z[HS{ HX OIIPEIACIICHUS NIPEIIaracTCs UCII0JIb30BaTh JaHHBIC DKCIICPUMEHTOB. Hapsmy C 3aIIMChI0 OCHOBHBIX ypaBHCHI/If/II T‘peXMCpHOﬁ TCOPUH YyIIPYTOCTH
PaccMOTpPEHBI YaCTHBIE CIIydan HAIPsDKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUSI YIIPYTOH CIUIOLIHOM CPEBI: OJJHOOCHOE HANPSDKEHHOE COCTOSHUE; OTHOOCHOE 1e(hOPMUPOBAHHOE COCTOSIHHE;
iockas aedopmaiiisi; 0000IIEHHOE MII0CKOE HATIPSKEHHOE COCTOSIHUE. B KauecTBe MPUMEPOB PACCMOTPEHO ONpEIENICHNE HAPSHKEHHOTO U Ie(hOPMHPOBAHHOTO COCTOSIHHS TOHKOTO
YOpyroro CTEpKH:A IIyTeM HHTCIPUPOBAHUS pa3peIIarOmux ypaBHCHHﬁ B HAIIPSDKCHUAX U B IICPEMCIICHUAX. HpCZ[J'IO)KGHHHﬁ BapuaHT JIMHEHHON TCOPHUH YIIPYTOCTH, B CUITY y4€Ta
KBa/J[PaTUYHBIX CIIAaraeMbIX B PA3NIOKEHHUAX Telopa Juis HapsHKeHNH U B CTEHICHHBIX psfax Juist e opMaLuii, paciupseT KIACCHIECKYIO JTHHEHH Y0 TEOPUIO YIIPYTOCTH U, TIPH
COOTBETCTBYIOIIEM IKCIIEPUMEHTAILHOM 000CHOBAHUH, MOKET IIPUBECTH K HOBBIM KaueCTBEHHBIM 3 (dEKTaM IpHu pacyere ynpyrux aeGopMUpyeMbIX Tell.

Kiiro4eBble ¢/10Ba: BapHaHT JIMHEHHOI T€OpUHU yIIPYTOCTH, ypaBHEHHS PaBHOBECUS B HAIPSDKEHUSX, YPABHEHUS] PABHOBECHSI B IIEPEMEIIIECHUSX.
UDC 539.371 DOI: 10.37538/0039-2383.2022.1.29.36. LINEAR THEORY OF ELASTICITY WITH QUADRATIC SUMMAND. S.V. Bakushev, The Penza state university of
architecture and construction; e-mail: bakuchsv@mail.ru
Abstract. We suggest a linear theory version based on Taylor decompositions for stresses and power-series for quadratic summand deformations. Thus, static equations of equilibrium in
stresses are written in the form of the second-order partial derivatives differential equations. The resolving equations of equilibrium in displacements are represented in the form of the third
order partial derivatives differential equations. The physical equations in this version of the linear theory of elasticity are written in the same way as in the classical linear theory of
elasticity. Equilibrium equations, along with other parameters — physical constants of the medium — contain minor parameters dx dy dz , , , the value of which, as shown by numerical
modelling, has little effect on the nature of the stress-strain state. It is suggested to use experimental data to determine them. Along with the formulating of the basic equations of the three-
dimensional theory of elasticity, particular cases of the stress-strain state of elastic continuous medium are considered: uniaxial stressed state; uniaxial deformed state; flat deformation;
generalized plane stress state. Determination of the stressed and deformed state of a thin elastic bar by integrating the resolving equations in stresses and displacements is considered as
examples. The suggested version of the linear theory of elasticity, due to the quadratic summand in Taylor decompositions for stresses and in power-series for deformations, expands the
classical linear theory of elasticity and, with an appropriate experimental justification, can lead to new qualitative effects in the calculation of elastic deformable bodies.
Key words: version of the linear theory of elasticity, equilibrium equations in stresses, equilibrium equations in displacements.

V]IK 624.13 DOI: 10.37538/0039-2383.2022.1.37.46
0.B. KO3YHOBA, K.T.H., JI0leHT, BeA.Hay4.coTp., nokropant? ‘Beopycckuii rocyapcTBeHHbIii yHHBepcUTeT TpaHenopTa, r.lomess, 2Beopycckuii HAHOHAIbHbII
TexHHYecKHii yauBepcutet, r.Munck; e-mail: kozunova@gmail.com
HEJIMHEWHBINA PACYET KEJIE30BETOHHOM BAJIKH HA YIIPYTOM OCHOBAHHMH C TIOMOILBIO 3ABUCUMOCTH « KECTKOCTbh-KPUBU3HA»...37
PaccmarpuBaercs xene3o6eToHHas 6anka Ha MPOM3BOILHOM YHPYTOM OCHOBAHHH HOJ [eiiCTBHEM BHEIIHEH Harpy3ku. Onpeensorcs ee NepeMelleHust 1 Pacipe/ie/IieCHUe BHYTPEHHUX
ycuiuii B ee ceueHHsX. Pacuer BBIMOIHSIETCS BAPUALMOHHO-PA3HOCTHBIM METO/JIOM NPH HCIIOJIb30BAHHU KOHEUHbIX PAa3HOCTEH MOBBILICHHOH TouHOCTH. BHauane 6anka pa3ouBaeTcst Ha
OJIMHAKOBBIC MPSIMOYTOJIbHbIC YIACTKH H JUISl yIPYTOro OCHOBAHUS CTPOUTCS MATPHUILA XKECTKOCTH KaK 00paTHas MaTpuie nogarauBocti. CocTaBmsieTest pyHKIMOHAI HOTHOM
MOTEHIMAIBHOM SHEPTUM KaK CyMMbI DHEpruy u3rnda Oanku, aeopManiy ynpyroro OCHOBaHHS ¥ pabOThI BHEIIHEl HATPY3KH B BUJIE KBaAPATHYHOH (yHKIMN NepeMeleHnii LIEHTPOB
yuacTkoB Ha Ganke. /IuddepeHunpoBaHneM MOCIeaHEH 110 KaKI0MY TIepeMEIICHNI0 00pa3yeTcsi cUcTeMa JIMHEHHBIX aJIreOpanyeckix ypaBHEHUH, pelIeHHeM KOTOPOH SBIISIOTCS
TEPEMEIICHUA IEHTPOB Y4aCTKOB Ha GaJike. OpI‘aHHSyeTCS{ MTepaL{HOHHBIﬁ AJIrOpUTM, I'1€ HA Ka)l(}l()ﬁ WUTEpaALMU 110 3aBUCUMOCTH «OKECTKOCTb—KPHUBHU3HA» YTOUHACTCA H3rubHas )KECTKOCTh
Ha KaXJI0OM y4acTKe OaKu. an/IBOJISITCﬂ TpUMEPEI pacyeTa 0anok TIPAMOYTOJIBHOI'O CEUYCHHS Ha YIIPYTOM CJIOC U OCHOBaHHUH BHHKHepa..

KiioueBble ¢10Ba: yrpyroe OCHOBaHHe, jkelie300eToHHas 6ajika, BApHALMOHHO-PAa3HOCTHBIM METOJ, 3aBHCHMOCTD (OKECTKOCThb—KPHBH3HAY.
UDC 624.13 DOI: 10.37538/0039-2383.2022.1.37.46. NONLINEAR CALCULATION OF A REINFORCED CONCRETE BEAM ON AN ELASTIC BASE USING THE “STIFFNESS-
CURVATURE” RELATIONSHIP. O.V. Kozunova, BelSUT, Gomel, BNTU, Minsk; e-mail: kazunova@gmail.com
Abstract. A reinforced concrete beam on an arbitrary elastic base under the action of an external load is considered. Its movements and the distribution of internal forces in its sections are determined.
The calculation is performed by the variation-difference method using finite differences of increased accuracy. Initially, the beam is divided into identical rectangular sections and a stiffness matrix is
constructed for the elastic base as the inverse of the malleability matrix. The functional of the total potential energy is compiled as the sum of the energy of the bending of the beam, the deformation of
the elastic base and the work of the external load in the form of a quadratic function of the displacements of the centers of the sections on the beam. By differentiating the latter for each displacement, a
system of linear algebraic equations is formed, the solution of which is the displacement of the centers of the sections on the beam. An iterative algorithm is organized, where at each iteration, according
to the “stiffness-curvature” relation-ship, the bending stiffness on each section of the beam is specified. Examples of calculation of rectangular cross-section beams on an elastic layer and a Winkler base
are given.
Key words: elastic base, reinforced concrete beam, variation-difference method, “stiffness-curvature™ dependence.

YK 624.072.014.2 DOI: 10.37538/0039-2383.2022.1.47.53
AM. IIPUTBIKUH, x.1.H. KaauHuHrpaackuii rocyiapcTBeHHbIN TeXHHYeCKHii yHuBepcuTeT; e-mail: prit_alex@mail.ru
BJIUSHUE KOHCTPYKTUBHOI'O PELIEHUS HA YPOBEHB HATIPSIZKEHUIT B CTAJIBHBIX BAJIKAX C OBAJIBHBIMUY U KPYTJIBIMU BBIPE3AMM...47
PaccMoTpeH ypoBeHb KOHIEHTPALMH HAPSHKEHUH B Gankax, COAEPKAIMX TOIbKO PEryIPHO PACIONI0KEHHBIE KPYTIIbIE BBIPE3bI, PETYIISAPHO PACIIOI0XKEHHBIEC OBAJIBHBIC BBIPE3bI H
BapUaHThI IIepOpALUH € YEPEAYIOIIMMUCS OBATBHBIMU U KPYTJIBIMH BbIpe3aMu. Bce pacyeTHbIe CXeMbI COOTBETCTBYIOT PEalIbHBIM KOHCTPYKIHUSIM, IPUMEHSIEMBIM B CTPOUTENIBHON
npakTuKe. YNCIeHHbII aHaIN3 MPOBOAMICS C IOMOILIbI0 Komiuiekca ANSY'S juist mapHUpHO OnepThix 6anok Hoj AeHCTBHEM COCPEIOTOYECHHBIX CHII, IIPUIO0KEHHBIX BOIH3H CEPEIHHbI
nposera. KoHIeHTpalys HanpsDKEHUH onpe/iessiiach Kak OTHOIICHHE HAPsDKEHUH 1o Mu3ecy B paiiOHe BBIPE30B K YPOBHIO HAMPSDKCHH B monkax. st 6alok ¢ KPYIIIBIMU U OBaJIbHBIMU
BBIPE3aMHU MPEACTABIICHbBI IMINPUUECKUE 3aBUCHMOCTH JUIsl BEIMYMH MaKCHMAJIbHbIX HAIPSHKCHUH.

Kumouesble cj10Ba: neppopupoBaHHas 6ajka, Kpyrible H OBaJIbHbIC BBIPE3bl, KOHIICHTPALMS HATIPSKEHHH, COCPENLOTOUEHHAs HAarpy3Ka, SMIMpHYecKas 3aBucuMocTb, MKD.



UDC 624.072.014.2 DOI: 10.37538/0039-2383.2022.1.47.53. INFLUENCE OF CONSTRUCTIVE DESIGN ON THE STRESS LEVEL IN STEEL BEAMS WITH OVAL AND
CIRCULAR OPENINGS. A.l. Pritykin, Kaliningrad State Technical University; e-mail: prit_alex@mail.ru

Abstract. With help of FEM it is considering influence of structure design of cellular beams on the stress level in them. It was analyzed scheme of beams containing only regularly located
circular openings, regularly located oval openings and variants of perforation with alternate oval and circular openings. All design schemes correspond to real constructions applied in
structural practice. Numerical analysis is carried out with help of program complex ANSY'S for simply supported beams loaded with concentrated force at midspan. Stress concentration
was determined as relation of maximum equivalent stresses on Mises in region of openings to the stress level in flanges of the same sizes beams with solid web. For beams with circular and
oval openings it is represented empirical relations for values of maximum stresses.

Key words: cellular beams, circular and oval openings, stress concentration, concentrated force, empirical relation, FEM

Pacuetsr Ha IIPOIHOCTH
Strength calculations
YK 539.3 DOI: 10.37538/0039-2383.2022.1.54.58
C.B. BOCAKOB,1.1.1., ipo¢., F0.H. KOTOB?, Maructp Texu. Hayk, acn. ‘Bejiopycckuii HANMOHAILHbIN TexHnYeckuii yuusepenrer, PYIT «Mucruryt BetHUUCy, r. MuHCK,
Pecny6uka Bexnapycs; 2Benopyccko-Poccuiickuii ynusepeurer, r. Morusies, Peciy6iuka Benapyes; e-mail: Sevibo@yahoo.com
KOHTAKTHASI 3AJTAYA JIJISI ILIACTUHKH ITPM YCJIOBUM OTPAHUYEHUIN HA EE HEKOTOPBIE IEPEMEIIEHUSI...54
B pa60Te paccMaTpuBacTCA 3aa4a pacyeTa INIACTHHKA Ha YIIPYrOM OCHOBaHHUHU IIPU YCJIOBHH, YTO YaCTh TOYECK IUIACTUHKHU MPH €€ H3rude JiexaT B OHHOﬁ HAaKJIOHHOM TJIOCKOCTH. Yr[pyroe
OCHOBAHHE, Ha KOTOPOM pacIojiaracrcs IiacTUHKa, CYATACTCA YIIPYTUM OAHOPOAHBIM H30TPOITHBIM ITOJTYIIPOCTPAHCTBOM. HOHO6HaS{ 3ala4ya BO3HUKACT, HAIIPUMED, IIPU pacuyeTe
(byH,Z[aMeHTHOﬁ IIJTATBI MHOI'O3TAKHOI'O 3/1aHKs, KOr'Zla TOYKH (I)yH,HaMeHTHOI‘;I ITATHI 1101 KOJIOHHAMH 1 HI/Ia(bpal"MaM]/I JKECTKOCTH HaXOIATCA B OHHOﬁ IIJIOCKOCTH. ﬂ.l'[i[ OIpEACIICHUA
KOHTaKTHBIX HaHpﬂ)!(eHl/IfI MEXIY IUIACTUHKOW ¥ OCHOBaHHEM HCIIOIB3YETCA croco6 XKemoukuna. Crucrema paspearommx KaHOHUYECKUX ypaBHeHuﬁ BKJIFOYAET B ceOs YpaBHEHHUSA
criocoba YKemoukrHa 1 YPaBHECHUA HAXO0KIACHUA OTACIBHBIX TOYECK IIJIMTHI B HaKJIOHHOH IIocKocTH. B pe3ysibTaTe peIICHUA CUCTEMBI ONPEICIIAOTCA YCUIIUA B CBA3AX JKemoukuHa u
HEU3BECTHBIC CUJIBI, BBI3BIBAIOIINE NIEPEMEIICHUSA OHOpHOﬁ TUTATHI 0236l B OHHOﬁ HAaKJIOHHOH TIOCKOCTH. Ilanee HaxoATCA NEPEMEIICHUA INTACTUHKU U YCUIIUA B Hel. B kauecTe npumMepa
paccunTaHa Oaza BHCLCHTPCHHO CKATOW METAJUTMICCKOW KOJIOHHBI JABYTAaBPOBOTO ITOIICPEIHOTO CCUCHMUS, ne)]can_[ef[ Ha GCTOHHOM ocHoBaHuu. [Toka3aHbl M30JUHUH U I"paq)I/IKI/I KOHTAKTHBIX
HaNPsHKCHUH U NepeMeleHuH, rpauKy H3rubAOMNX MOMEHTOB U IIEPEMEIICHHIT 110 XapaKTEPHBIM CEUCHUSM 0a3bl.

KuoueBbie ciioBa: IJIaCTUHKA, 0a3a METAJUTMYECKOM KOJIOHHBI, YIIPYTO€ OCHOBaHHUC, KOHTAKTHBIC HAIIPSDKCHUS, CHOCOG JKemoukuHa.
UDC 539.3 DOI: 10.37538/0039-2383.2022.1.54.58. CONTACT PROBLEM FOR INCLINED PLATE CONDITIONS OF EQUALITY OF ITS SOME DISPLACEMENT. S.V.
BOSAKOV1, Y.N. KOTOV2, 1Belarusian National Technical University, RUE «BelINIIS Institute», Minsk, Republic of Belarus, 2Belarusian-Russian University, Mogilev, Republic of
Belarus; e-mail: Sevibo@yahoo.com
Abstract. Porpose. Calculation of the plate on flexible base where one part of the points of the plate base are in the same inclined plane during bending. The concrete foundation where a
base plate is located is an flexible semi-infinite foundation. Method. To determine a contact voltage between the plate and the foundation the Zhemochkin method is used. The system of
canonical equations includes the equations of the Zhemochkin method and the equation to find single points of the slab in the inclined plane. The result of solving the system determines the
forces in the method of Zhemochkin and unknown forces causing the displacement of the base plate of the foundation in the same inclined plane. Then the displacement of the base plate
and the forces in it are found. Results. Calculation of the metal foundation of an eccentrically compressed metal column with an I-beam cross-section based on a concrete surfacing. Isolines
of equal contact voltages and displacements, graphs of voltage and displacement with the typical sections of the foundation are shown.
Key words: plate, foundation of a metal column, flexible foundation, contact voltage, Zhemochkin’s method.

VYK 621.315.176 DOI: 10.37538/0039-2383.2022.1.59.65
B.B. MULLIEHKO, unik. AO «JIenruaponpoekr»; e-mail: mat_c@mal.ru
IPUKJIAIHBIE 3AJJAYM [IOJBECA TSIKEJION TMBKOM HUTH B OBIIEM BH/IE...59
c(t)OpMyJ'II/IpOBaHI:I OCHOBHBIC 3a/1a4M IToaBECa TSDKETION FHGKOﬁ HHTH B «TOYHOW» IMOCTAHOBKE: 0€3 UCIOIB30BAHUS ((yTIpOH.[GHHﬁ», XapaKTCPU3YIOMHUX CYIIECTBYIOINE METOABI pacucTa
IIPOBOJAOB U TPOCOB BJI. ﬂaHO 0611166 PEIICHUEC T10 OIIPEACICHUIO CbaKTH‘-IeCKOTO TIOJIOXKCHHUSA U TAXKCHUA FH6KOﬁ HHUTH, MOZ[CHHPy}OH.ICﬁ TIIPpOBOX B.H, Ha OCHOBAHHWHU PE3YyJIbTAaTOB HATYPHBIX
TEOMETPUICCKUX HSMepCHHﬁ, ITokasana BO3MOXHOCTh PpeIICHUA «TOYHBIX» 3a/1a9 C UCIIOJIB30BAHUEM CYIICCTBYIOIICTO IIPOrPaMMHOTO obecrieucHus.

KioueBbie cj10Ba: JTHHUAS QJICKTpoIepeaiu, MeXaHHYECKU pacder mpoBoja, THOKast HUTh.
UDC 621.315.176 DOI: 10.37538/0039-2383.2022.1.59.65. APPLIED PROBLEMS OF SUSPENSION OF HEAVY FLEXIBLE THREAD IN GENERAL. V.V. Mishchenko, Chief
Project Engineer of JSC “Lengidroproekt”, e-mail: mat_c@mal.ru.
Abstract. The main tasks of suspension of a heavy flexible thread are formulated in an “exact” formulation: without the use of “simplifications” characterizing the existing methods of
calculating overhead wires and cables. A general solution is given to determine the actual position and gravity of the flexible thread modeling the overhead line wire, based on the results of
full-scale geometric measurements. The possibility of solving “exact” problems using existing software is shown.
Key words: power line, mechanical wire calculation, flexible thread.

B nopsinke obcyxnennst
In order to discuss

VK 69.001.5 DOI: 10.37538/0039-2383.2022.1.65.74
H.A. BO3SIKOB, Bex. un:k. KYII «YnpasiieHne KauTaaIbHOro cTponTeibecTBa MUHropucnosikomay, r. Munck; e-mail: 180185@tut.by
3KOJIOT U 3[IAHUA. AHAJIN3 U METO/Ibl IPOEKTUPOBAHMS 3JAHMIA...65
PaCCMOTpeHBI BOITPOCHI IIPOCKTUPOBAHU, CBA3aHHBIC C KAYECTBOM BO3yXa B TIOMECIICHUAX U ((yCTOﬁqHBOﬁ apaneKTypofz’l». OI(HaKO OHH, KaK ITpaBUJIO, HE ObLTH YCTaHOBJICHBI Ha
Ha[[e)!(HOﬁ aHaJMTUYECKOW OCHOBE. AKLIeHT 3J1€Ch ACJIACTCA Ha U3YUYCHUHN aHAJIMTHICCKUX METOA0OB U HCTOUYHHUKOB IS paspaﬁoTKn peKOMeH}IaL{Hﬁ 110 palMOHAJIIBHOMY IPOCKTHPOBAHUIO
310POBBIX 3LlaHI/II7I. Takoke B 3TO# craThe paccMaTpuBarOTCs Kak BHYyTPEHHHUEC yCIIOBUA, 0CO6eHHO HpO6J’[eMLI KadyecTBa BO3/1yXa B IOMCIICHUAX, TaK U 06ume OKOJIOTUYCCKHEC l'[pO6IIeMLI. B
Hell 00cyX1aeTcs OlleHKa BO3AEHCTBHS 31aHNI Ha OKPY’KAIOIIyIo cpey B 1eoM. OHa Takke aHAIN3UPYeT UMEIOIINecs JaHHbIE U ONpe/ieIeHHss HOPM BaXKHBIX [TapaMeTpoB 3AaHHUN 1
OCHOBHBIC HCCJICIOBAHUA B03ﬂeﬁCTBHﬂ SZ[aHHﬁ Ha 3J0POBBE JKUJIBIIOB. AHaH]/B, l'[peI[CTaBHeHHLIﬁ 311€Ch, MPU3BaH IIOMOYb ITPOCKTUPOBIIUKAM SHaHHﬁ OnpeAcIIUnTb IPUOPHUTETHI
AIIbTCPHATHBHBIX BAPUAHTOB POCKTHPOBAHHS, KOTOPbIE MUHUMH3HPYIOT BPEHOE BO3/ICHCTBHE HA BHYTPEHHIOIO U OOLIYIO OKPYXKAIOLIYIO CPey.

KiioueBble cl10Ba: «310pOBOE 3aHHUE», IIPOSKTUPOBAHKE, KAYECTBO BO3/lyXa, IKOJIOTUsl, MUKPOKJIUMAT, pecypcocOepekeHue.
UDC 69.001.5 DOI: 10.37538/0039-2383.2022.1.65.74. ECOLOGY OF BUILDINGS. ANALYSIS AND METHODS OF BUILDING DESIGN. I.A. Voziakou, Municipal Unitary
Enterprise “Capital Construction Management Minsk City Executive Committee”, the Republic of Belarus; e-mail: 180185@tut.by
Design issues related to indoor air quality and “sustainable architecture” are considered. However, they have generally not been established on a reliable analytical basis. The emphasis here
is on the study of analytical methods and sources for the development of recommendations for the rational design of healthy buildings. Also, this article discusses both internal conditions,
especially indoor air quality problems, and general environmental problems. It discusses the assessment of the impact of buildings on the environment as a whole. It also analyzes the
available data to determine the norms of important parameters of buildings and analyzes the main studies of the impact of buildings on the health of residents. The analysis presented here is
intended to help building designers prioritize alternative design options that minimize harmful effects on the internal and general environment.
Key words: “healthy building”, design, air quality, ecology, microclimate, resource conservation.

Hanm roOuisipbt
Our anniversaries

TOPUIO JIASAPEBUYY PYTMAHY - 90 JIET...75
Yuri Lazarevich Rutman is 90 years old.

Kpatkue coobuienust 1 3ameTku
Brief messages and notes

VK 624.042 DOI: 10.37538/0039-2383.2022.1.76.77

B.I'. 3BAUKHUH, un:x. TYII I'TIN «BiragumuprpazkaaHnpoekm; e-mail: v.g.zaikin@mail.ru

MNEPBOE YYEBHOE ITIOCOBME 11O MPOEKTHBIM 3JIEKTPOHHBIM PACYETAM...76

TIpaxtrka 1 BepuUKalHs MPOSKTHBIX IEKTPOHHBIX PACYECTOB B CTPOUTEIIbHBIX KOHCTPYKIHMAX: yueOHOE ocodue.

UDC 624.042 DOI: 10.37538/0039-2383.2022.1.76.77. THE FIRST TEXTBOOK ON PROJECT ELECTRONIC CALCULATIONS. V.G. Zaikin, SUE GPI
“Vladimirgrazhdanproekt”; e-mail: v.g.zaikin@mail.ru. G. Practice and verification of design electronic calculations in building structures: textbook.
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Pacuersl Ha IIPOYHOCTH
Strength calculations
V]IK 624.04:519.62 DOI: 10.37538/0039-2383.2022.2.2.8
B.H. CHMBUPKUH, k.t.1., F0.B. TAHACEHKO, un:k., B.B. KYPHABUH, un:x. THUUCK um. B.A. Kyuyepenko AO «HUII «CrpouteancTBor; e-mail: simbirkin@eurosoft.ru
MOJIEJIMPOBAHME PABOTbI ) KUIKOCTHO-BSI3KOCTHBIX JIEMII®EPOB ITPH PACYETE CEUCMHAYECKOM PEAKIIMM COOPYKEHUM...4
BeInonHeH conocTaBUTENBHbII aHAIN3 CIIOCOO0B MOACIMPOBAHUS KHAKOCTHO-BSI3KOCTHBIX IEMII(EpOB, HCIOIb3YEMbIX IS MOBBIMICHHS PACYETHOH CEHCMOCTONKOCTH COOPYKCHUH.
PaCCMOTpCHLI MOICIN HEJTUHHCHHO-BA3KOCTHBIX HCMHq)CpOB, PCAKTUBHOC YCHIINC B KOTOPBIX HEJTUHEWHO 3aBUCHT OT CKOPOCTH IIEPEMECIICHUS IIITOKA, DKBUBAJICHTHBIX (HO HOFHOIHCHHOﬁ
3HCpI‘I/II/I) JIMHEHHO-BS3KOCTHBIX L[CMHq)epOB M DKBHUBAJICHTHBIX (HO MaxKCUMAaJIbHOMY YCHUIINIO U HOFHOH.ICHHOﬁ 3HCpFHH) YHOPYromIaCTHICCKUX JICMECHTOB. B kauectBe IpuMepa
HCIIOJIb30BaHa pacuCeTHast MOJC/Ib HeCyH.ICﬁ CHCTEMBI IIPOCKTUPYEMOT'O 3JaHUI OTHOT'O U3 a3POBOK3aJIOB. Hp]/IMCHCHI/IC CHCTEMBI CEHCMHUYECKOM 3alIATHI B JTAHHOM CiIydac OBLIO
CAUHCTBCHHBIM CHOCOGOM peamsanuy B IIPOCKTC apXUTCKTYPHBIX OGLCMHO-HHaHHPOBO‘IHLIX pelHeHI/Iﬁ 3JaHUA Ha IUIOIAaKE CEeHCMHUYHOCTBIO Oostee 8 68.]'IJ'IOB. Hcnonb30BaHHbIE B
CTaTb€ MECTOAUKH PCAIN30BaHbI B IPOIPAMMHOM KOMIIICKCE STARK ES u JAOCTYIIHBI IJIS IPAKTHICCKOT0 NIPUMCEHCHHUS IIPH IIPOCKTUPOBAHUY U UCCIICIOBAHUH paﬁOTLI CTPOUTECIIBHBIX
KOHCTPYKIIHH.

KuroueBble c10Ba: IMHAMHYECKHI pacdeT, METo]1 KOHEeUHbIX deMeHToB (MKD), celicMOCTOMKOCTb, )KUIKOCTHO-BSI3KOCTHBIN ieMidep.
UDC.624.04:519.62 DOI: 10.37538/0039-2383.2022.2.2.8. MODELLING OF HYDRAULIC VISCOUS DAMPERS IN SEISMIC ANALYSIS OF STRUCTURES. V.N. Simbirkin,
Yu.V. Panasenko, V.V. Kurnavin, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: simbirkin@eurosoft.ru
Abstract. The paper presents the derivation of formulas for the method of calculating bent elements for general stability, given in SP 16.13330, which is based on the theory of thin-walled
elastic rods and the system of differential equations of V. Z. Vlasov. Formulas are given for a single-span beam with a hinged mounting of supports. A general equation has been compiled
for calculating the bending stability coefficient ¢_1, which allows adapting the requirements of SP16.13330 standards to various types of load action in the beam span. The results are
presented for twenty-five different types of external load action. The formulas take into account the arbitrary location of the load along the height of the beam section, from the lower edge
of the lower belt to the upper edge of the upper belt. The values of the critical moment M_cr, at which a new form of equilibrium state arises in the beam, are determined, according to the
conclusions of the work [6]. The critical moment M_cr is calculated in the form of a stability problem of the first kind — the loss of a stable position of an element of a rectilinear shape (the
load acts along the line of the bending center, the neutral axis of the beam is rectilinear, the material is elastic). The formulas of the presented table can be used to perform verification
calculations..
Key words: critical moment, stability of the first kind, flat bending, stability of bending elements, single-span beams, general stability of bending elements, stability of flat bending, bending
elements, bending stability coefficient.

VK 624.04 DOI: 10.37538/0039-2383.2022.2.9.14
B.A. OBO30B, A.T.H., npod. HHUMUCK um. B.A. Kyuepenko (AO «HUII «CrpoutebcTBo»), r. Mocka; e-mail: obozov@yandex.ru
AHAJIMTUYECKHI METOJ PACYETA ITPOCTEHKOB HAPYKHBIX MHOI'OCJIOMHBIX CTEH HA BETPOBYIO HAI'PY3KY...9
TIpuBesieHb! ypaBHEHNsI pABHOBECHUSI COCTABILIIONIMX PACUETHYIO MOJIeNIb BETBEH, a TAKKe ypaBHEHHE JUIsl CBsi3eil Mexy ciosmu. [ToiaydeHa cucrema tpex auddepeHimanbHbIX ypaBHEHHIT,
OIMCHIBAIOIINX PABHOBECHE BCEH CHCTEMbI. YUHTHIBAIOTCS Je()OpMALUK CABUIA B COCTABILIIONIMX BETBSX cucTeMbl. CucteMa Tpex auddepeHaabHbIX ypaBHEHHI BTOPOro MopsiiKa,
OIKCHIBAIOIIAs] PABHOBECHUE CUCTEMBI, CBEICHA K OHOMY qu((epeHInaIbHOMY yPaBHEHHIO YeTBepTOro nopsiaxa. s peuienus auddepeHanbHoro ypaBHeH!s: 4eTBEPTOro MopsiiKa
npuMeHeHa npouenypa byonosa-T anepkuna. B kauecTBe anmnpokcHMHUpYIOLIEH pelieHne GyHKINH IPeUI0KEeH CTEIICHHON Psifl, YO0BIETBOPSIONINIT BCeM IPaHUYHBIM
YCIIOBHAM. Y iepiKaHbl IepBbIe TPH WieHa psiia. B urore pemenue quddepeHnnan-Horo ypaBHEHHs CBEICHO K PEIICHHIO TPeX 0OBIKHOBEHHbIX alreOpandyeckux ypaBHeHuH. B kayecTBe
MJUTIOCTPALIMU METO/Ia pacueTa IPUBE/ICH IPUMEp pacueTa Ha BETPOBYIO Harpy3Ky IpOCTEeHKa MUPHHOH 150 cM camMoHecy1eil Hapy)KHOW CTEHBI, COSIMHEHHOI METAJUIMYECKUMU CBSI3IMU C
JKeJ1e300e TOHHOI HecyIe ciucTeMoi 18-3Ta)xHOro 3/1aHusI.

KitroueBbie ¢10Ba: HapyXXHbIE MHOTOCIIONHBIC CTEHBI MHOTOITKHBIX 3/IaHHH, COCTAaBHAsl CHCTEMA, pacueTHas cxema, auddepeHipansHoe ypaBHEHHe paBHOBeCH, poreaypa byonosa—
Fanepmma, aAlMpPOKCUMHUPYIOIIast q)yHKLII/Iﬂ, TpaHUYHBIC YCIIOBUA, IIPUMEDP pacueTa.
UDC 624.04 DOI: 10.37538/0039-2383.2022.2.9.14. ANALYTICAL METHOD OF RASET PIER EXTERNAL MULTI-LAYER WALLS FOR WIND LOAD. V.I. Obozov,
TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: obozov@yandex.ru
Abstract. A calculation model in the form of a composite rod is proposed to calculate the wind load of the piers of multilayer exterior walls that have connections between the layers. The
equilibrium equations of the branches composing the computational model are given, as well as the equation for the connections between the layers. A system of three differential equations
describing the equilibrium of the entire system is obtained. Shear deformations in the constituent branches of the system are taken into account. The system of three second-order differential
equations describing the equilibrium of the system is reduced to one fourth-order differential equation. The Bubnov-Galerkin procedure is applied to solve the fourth-order differential
equation. A power series satisfying all boundary conditions is proposed as an approximation of the solution of the function. The first three members of the row are retained. As a result, the
solution of the differential equation is reduced to the solution of three ordinary algebraic equations. As an illustration of the calculation method, an example of calculating the wind load of a
150 cm wide wall of a self-supporting outer wall connected by metal ties with a reinforced concrete bearing system of an 18-storey building is given.
Key words: exterior multilayer walls of multi-storey buildings, composite system, calculation scheme, differential equation of equilibrium, Bubnov-Galerkin procedure, approximating
function, boundary conditions, calculation example.

l HMHAMHUYCCKHUE PACUYCThI
Dynamic calculation
VK 539.3 DOI: 10.37538/0039-2383.2022.2.14.18
A.M. APYTIOHSIH, kaua. ¢pus.-mat. Hayk AO «HULL «Crpourenbcreoy IHUMCK nm.B.A.Ky4epenko; e-mail:89057254188@mail.ru
HUCCJIEJOBAHUE HECTAIJMOHAPHOI'O KOHTAKTA ®YHIAMEHTA C TUHAMUYECKOW HATPY3KO! U TPYHTOBOI'O MACCUBA C
HEOJJHOPOJHOCTbBIO NPOU3BOJIbHON TEOMETPUM U PACIIOJIOXKEHUSI...14
Hpeﬂm))xena TIOCTAaHOBKA IVIOCKHUX HECTAITMOHAPHBIX KOHTAKTHBIX 3a1a4 O BSaHMOLleﬁCTBHH a0bCOJIIOTHO TBEPAOrO (bsz[aMeHTa C Z[I/IHaMI/I‘-IeCKOﬁ HaI‘py3KOI7I 1 yrpyroro
MOJTYIIPOCTPAHCTBA C 3ariTy0JIeHHO# 1M0JI0CThI0. [loydeHa cucteMa pa3pelaonmx ypaBHeHni. SIapaMi OCHOBHOTO pa3periaoiiero YpaBHEeH s IBISIOTCS (PyHIaMEHTAJIBHBIC H
CHHT'YJISIPHBIC PEIICHUS IS yl'[pyl"Oﬁ TIOCKOCTH, TIPEACTABIJIAIOIINC coboit TNIEPEMCIICHUS U HAIIPSDKCHUS B yl'[pyl“oﬁ TIJIOCKOCTH B OTBET Ha }Z[eﬁCTBI/Ie CIMHUYIHOI O UMITyJIbCa. Pa3pa60TaH u
pean3oBaH Ha DBM OpUrHHAIBHBIH aIrOPUTM PEIICHHS C JONOTHUTEILHON NTEPALIMOHHOI IPOLIEYPOii, MO3BOJISIONICH yUNTHIBAT YACTUYHBIIT OTPHIB IPAHUYHBIX
HOBEPXHOCTEil yAapHUKa U OJTYHPOCTPAHCTBA B 00IACTH KOHTAKTA.

KimoueBble ¢j10Ba: pacpoCcTpaHeHHe 00bEMHBIX BO3MYIIEHUH, HECTALMOHAPHbBIE KOHTAKTHBIE 331a41 TEOPUH YIIPYTOCTH, CMELIAHHbIE TPAHUYHBIE YCIIOBUS, IPUHIIHUII CYHEPIO3HLIMH,
JIMHAMHYECKast TeOpeMa B3aHMHOCTH PaboT, HHTErpasibHbIe Peodpa3oBaHust, 0000ICHHbIC (YHKINH, aHATUTHYECKHE MTPE/ICTABICHHS.
UDC 539.3 DOI: 10.37538/0039-2383.2022.2.14.18. INVESTIGATION OF THE NON-STATIONARY CONTACT OF THE FOUNDATION AND THE SOIL MASS WITH THE
HETEROGENEITY OF ARBITRARY GEOMETRY AND LOCATION. A.M. Arutyunyan, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-
mail:89057254188@mail.ru
Abstract. Many important practical problems are associated with the study of the dynamic contact interaction of bounded bodies with semi-bounded elastic regions of a complex structure.
These tasks are determined, among other things, by the problems of earthquake resistance and vibration protection of structures, the calculation of the level and characteristics of the impact
on buildings and structures of manmade vibrations propagating in the ground, seismic exploration of minerals, etc. In the ground mass, there are often cavities of both natural (for example,
karst cavities) and artificial (various communications, metro tunnels, buried waste storage facilities, etc.) origin. Therefore, the question of the degree of influence of such cavities on the
wave fields generated taking into account their influence is significant. A narrow circle of domestic and foreign scientists deals with the problems of research and contact interaction of
bodies with semi-limited areas of complex structure. Solving problems on the impact of a stamp on an elastic half-space.
Key words: distribution of volume perturbations, non-stationary contact problems of the theory of elasticity, mixed boundary conditions, the superposition principle, the dynamic
reciprocity theorem of works, integral transformations, generalized functions, analytical representations.

Pacuetsl Ha HAACKHOCTH

Reliability calculation

VK 624.011.78 DOI: 10.37538/0039-2383.2022.2.19.22

B.E. BATPAK, k.1.H. IHUUCK nm.B.A.Kyuepenko (AO «HUL] «Crpouteancrso), r.MockBa, e-mail: batrakve@yandex.ru

BEPOSITHOCTHASI OLIEHKA SKCIIJIYATAIMOHHBIX ITOKA3ATEJENW TPEXCJOWHBIX MAHEJIEN C OJIMU30LMAHYPATHBIM YTEILJIMTEJIEM...19
TIpuBOANTCS OLIEHKA IPOYHOCTH TPEXCIOMHBIX COHBUY-TIAHENE] IPU U3THOE C yIETOM M3MEHYMBOCTH HATPY30K U MPOYHOCTH (P (HEKTHBHOIO yTEILUTUTEIS — HEHOMOIMN30HaHypaTa npu
casure. OLeHKa MPOYHOCTH MaHeseil IPOBOANTCS MyTeM pacyeTa koadduimenta 6e3onacHoctu. I1o Benuunue koddhuienTa 6e30MacHOCTH Ha3HAYACTCsI HCIBITATEIbHAS HArPy3Ka Ha
COHIBHY-TIAHEIIM, TAPAHTUPYIOLIAsE 6E30MACHYIO SKCILTyaTaLlHIO ITAHe el PU U3rnoe SKCILTyaTalMOHHBIMU HArpy3KaMH.

Ki1ioueBble cj10Ba: TpeXCIIOHHbIC COHABUY-MAHENH, ICHOIOIMH30LHAaHyPATHbIC YTEIUTHUTENH, SKCIUTyaTallHOHHbIC MIOKa3aTesn, K03 GuiuueHT 6e30MacHOCTH, UCIIBITATeIbHASL HATPY3Ka.
UDC 624.011.78 DOI: 10.37538/0039-2383.2022.2.19.22. PROBABILISTIC EVALUATION OF PERFORMANCE INDICATORS OF THREE-LAYER PANELS WITH
POLYISOCYANURATE INSULATION. V.E. Batrak, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: batrakve@yandex.ru
Abstract. This article provides an assessment of the strength of three-layer sandwich panels during bending, taking into account the variability of loads and the strength of the effective
insulation — polyisocyanurate foam during shear. The strength of the panels is assessed by calculating the safety factor. According to the value of the safety coefficient, a test load is
assigned to the sandwich panels, which guarantees the safe operation of the panels during bending by operational loads.

Key words: structural fiberglass, composite materials, viscoelastic characteristics, creep, relaxation, longterm strength.



CeiicMUueCKHe pacyeThl
Seismic calculations

V]IK 624.042.7 DOI: 10.37538/0039-2383.2022.2.23.30
E.B. MO3HSAK! , n.1.n., AT. BYTAEBCKHI? , kann. ¢pus.-mart. nayk, B.H. CAMBUPKUH® , k.1.1., B.B. KYPHABUH* , umxk. '®I'BOY BO HIY M3H, U®3 PAH, *000
«EBpocodt», “IHTHUUCK um. B.A.Kyuepenko (AO «HHUI Crpouteancrso»); e-mail: elpoz@yandex.ru
PACYET ITOKPBITHS CTAIMOHA HA JU®PEPEHIIMPOBAHHBIE CEICMUYECKHUE BO3JENCTBUS MOAN®UIITPOBAHHBIM JJUHEHO-CIIEKTPAJILHBIM METO/IOM...23
B crarbe npecraBiien pacyeT MOKPHITHS CTaJloHa (pa3mep B ruiane 285 M) Ha quddepeHINpOBaHHBIC CeHCMIYECKHE BO3ICHCTBHS, IPOBEJICHHBIH MOIM(PUIIMPOBAHHBIM JIMHEHHO-
criekTpanbHbIM MeTozioM (JICM). B kayecTBe HCXOHBIX JAHHBIX JUIS pacueTa NPUMEHSUIICh TPEXKOMIIOHEHTHBIE 3aITHCH 3eMIICTPSICEHHIT (aKceneporpaMMbl) B TpeX OJIM3KHX TOUKaX, C
paccTOSIHUAMYU Mexay HUMH nopsiaka 150200 M. PacyeTr HOKpbITHS POBEIEH HA J1Ba IPHPOJIHBIX 3€MIICTPSCEHUS — KPATKOBPEMEHHOE, IIPEUMYIIIECTBEHHO BBICOKOYACTOTHOE, U Ooliee
NPOJOIDKUTENIBLHOE, IPEUMYIIECTBEHHO JIIMHHOIEPHOIHOE. AKCEIepOrpaMMbl 3eMIICTPSICEHHIT ObUIN HOIy4YeHBI IIPU HHCTPYMEHTAIbHBIX HAOIIOICHHUAX JUIS CEHCMUYECKOro
MHKPOPaifOHUPOBaHUSI CTPOUTEILHON IUIomanku. [Ipe/icTaBieHs! pacyeTHbIE TapaMeTpbl CEHCMUYECKOT0 BO3JICHCTBHUS, IPUBE/ICH CPABHUTENIBHBII aHATIN3 PE3yJIbTaTOB, ITOTYYEHHBIX
CTaHAApTHBIM U MoauduuupoBanHbM JICM.

KirroueBblie ¢j10Ba: JIMHEHHO-CIIEKTPaIbHBIN MeTOA, JudPepeHIpOBaHHAS MOJIEIb CEICMUYECKOT0 IBU)KEHHS TPYHTA, aKCeJIepOrpaMMBbl, CEIICMUYECKUH aHau3, IPOSKTUPOBAHUE, CTAIHOH.
UDC 624.042.7 DOI: 10.37538/0039-2383.2022.2.23.30. ANALYSIS OF STADIUM ROOF UNDER DIFFERENTIAL SEISMIC IMPACTS PERFORMED BY MODIFIED RESPONSE
SPECTRUM METHOD. E.V. Poznyak®, A.G. Bugaevsky?, V.N. Simbirkin®, V.V. Kurnavin*, *Power Engineering Institute National Research University, Moscow, 2Schmidt Institute of Physics of the
Earth, Moscow, *EuroSoft Co., Moscow, *TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: elpoz@yandex.ru
Abstract. The paper presents a seismic analysis of the stadium roof (size in plan 285 m) for differential seismic impacts, performed by a modified response spectrum method (RSM). Input data are three-
component earthquake records (accelerograms) at three close points with distances of about 150-200 m. Analysis of the roof was performed for two natural earthquakes — short, mainly high-frequency,
and longer, mainly long-period. Accelerograms of earthquakes were obtained during instrumental observations for microseismic zoning of the construction site. The parameters of the seismic impact and
a comparative analysis of the results for the standard and modified RSM are present.
Key words: response spectrum method, differential model of seismic ground motion, accelerograms, seismic analysis, structural design, stadium.

YK 694, 69.07 DOI: 10.37538/0039-2383.2022.2.31.38

A.A. IOT'OPEJIBLEB, k.1.1., C.B. TYPKOBCKHM, k.1.n. IHUUCK um. B.A. Kyuepenko (AO «<HUII «CrponTenncrsor); e-mail: pogara@yandex.ru

OCOBEHHOCTH NPUMEHEHMS KJIEEHBIX JEPEBSIHHBIX KOHCTPYKIUI B CEUCMUAYECKUX PATOHAX...31

AHanu3 pacueTHbIX M0JI0XkKeHHUi, cBoicTB KJIK 1 ombITa HX 3KCIUTyaTalny B 00bEKTax (IIOCIe 3eMIICTPSICCHH ) MOATBEP)KAACT A()(HEKTHBHOCTh IPUMEHEHHUS ACPEBIHHbBIX KOHCTPYKIUH B

paifoHax BBICOKOI celicMuueckoit aktuBHOCTH. Pexomennaru CIT 14.13330.2018 B wactu npumenenns K/IK xpaiine orpaHudueHb! H He yIHTHIBAIOT HOBBIX TEXHUUECKHX PEHICHUH, B T.4.

y3n0BeIx coeaunennit cucremsl [IHMMCK. Mccnenopanns KJIK Ha Bo3aeiicTBie ceicMUUeCKMX Harpy30K MPaKTHUECKH HE MPOBOIMIINCH C Havana X IpousBojacTsa ¢ 1973 r. Oto

topmosut npumenenne KK B Poccun, riae okono 30% tepputoprii HAX0UTCs B 30He ¢ ceiicMuaHOCTEI0 7—10 6amioB. OO0CHOBBIBACTCS HEOOXOANMOCTH POBEICHHUS HCCIICIOBAHUIT

KOHCTPYKIMI U MX COeMHEHUH ¢ 1enbio copepireHcTBoBanus CII 14.13330.2018 wm passurtus CIT 64.13330.2017 [3] s mmpokoro npumenenns KJIK B ceficMuuecknx paiionax Pd.
KiioueBble ciioBa: ceificMUYeCKUe YCUITHS, COSANHEHNS KJICCHBIX KOHCTPYKIHUH, 3 (heKTHBHOCTb, COBEPILIEHCTBOBAHHE HOPM NIPOSKTHPOBAHNUSI, BKJICCHHBIC CTEPHKHH, JKECTKUE Y3IIbL.

UDC 694, 69.07 DOI: 10.37538/0039-2383.2022.2.31.38.FEATURES OF APPLICATION OF GLULAM STRUCTURES IN SEISMIC AREAS.A.A. Pogoreltsev, S.B. Turkovskiy, TSNIISK

named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: pogara@yandex.ru

Abstract. Analysis of the calculated provisions [1], the properties of SCC and the experience of their operation in facilities (after earthquakes) confirms the effectiveness of the use of wooden structures

in areas of high seismic activity. Recommendations SNIP [1] in terms of the use of SCC are extremely limited and do not take into account new technical solutions, including nodal joints of the

TSNIISK system. Since the beginning of their manufacture in 1973 the studies of CDC on the effect of seismic loads have been practically not conducted. It inhibits the application of CDC in Russia,

where about 30 % of the territories are in the zone with seismicity of 7-10 points. The necessity of research of structures and their connections in order to improve SP 14.13330.2018 or development of

SP 64.13330.2017 [3] for wide application of QDC in seismic areas of the Russian Federation is substantiated.

Key words: seismic forces, connections of glued structures, efficiency, improvement of design norms, glued rods, rigid units.
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V]IK 624.042.1 DOI: 10.37538/0039-2383.2022.2.39.46
WU.B. JEBEJEBA, k.1.1. HHUUCK um. B.A. Kyuyepenko (AO «<HUL «CtpoureancrBo»), r. Mocksa; e-mail: ilebedevaél@gmail.com
ITPOBJIEMbI HOPMHUPOBAHUS HAJEX KHOCTH CTPOUTEJIbBHBIX KOHCTPYKIUU U DKCHHEPTHAS JESATEJIBHOCTD B OBJIACTH MEKAYHAPOJAHOHU CTAH JAPTU3ALIUMN...39
PaccmarpuBatotcs obmme npobiieMs! o0ecriedeHns HaIeKHOCTH COOPYXKEHHUIT 1 HOBbIE IPEIOKEHUS], TOArOTOBICHHbBIC JUIS BKJIIOYEHHUS B IpoekT Vi3menenus Nel MexrocynapCcTBeHHOTO
crangapra OCT 27751-2014 «HaexxHOCTb CTPOUTEIBHBIX KOHCTPYKIMH 1 0CHOBaHUiT. OCHOBHBIE 1OJI0XKEHUs». [Ipe/icTaBIeHbl OCHOBHBIC H3MEHEHUS], CBSI3aHHbIE C IEPECMOTPOM €ro
OT/IeTIbHBIX Pa3/IeJIOB U MOJIOXKEHHUH, BBEICHUEM JOMOIHEHUH 1 MONPABOK, a TAKKe HAaIlU NpeJIoxkKeHus 1o nepecmorpy MexayHapoanoro cranaapra MCO 8930:2021 pen. 2 «O6mue
TTPUHIOUIIBI HAIE)KHOCTH CTPOUTCIIBHBIX KOHCprKLII/Iﬁ - l"noccapuﬁ» 1 UX peann3anus Ipyu mMoAroToBKe HOBO# peaakun JOKyMEHTA.

KuaioueBbie ciioBa: HaJAC)KHOCTh, CTPOUTCIIbHAS KOHCTPYKIHA, TCPMUHBI U UX OIIPCACIICHUS, Me)KFOCyI(apCTBCHHHﬁ CcTaHaapr, MC)KIIyHapO}:[HHﬁ cTaHaapT, Me){cuyﬁapozmaﬂ
opraumzanus o craugaprusanun (MCO), Harpyska, BO3eiCTBIE, 0COObIe BO3ACHCTBISI, aBapHIiHAas paCUeTHAsI CHTYALHs], HAYYHO-TEXHUYECKOE COMPOBOXK/ICHHE.
UDC 624.042.1 DOI: 10.37538/0039-2383.2022.2.39.46.PROBLEMS OF STRUCTURAL RELIABILITY CODIFICATION AND EXPERT ACTIVITY IN THE FIELD OF
INTERNATIONAL STANDARDIZATION. L.V. Lebedeva, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction™), Moscow; e-mail: ilebedeva6l@gmail.com
Abstract. General problems of ensuring the reliability of structures and new proposals prepared for inclusion in the draft Amendment No. 1 of the Interstate Standard GOST 27751-2014 «Reliability for
constructions and foundations. General principles» are considered. The main changes related to the revision of some its separate sections and statements, the additions and amendments introduced, as
well as our proposals for the revision of the International Standard ISO 8930:2021 ed. 2 « General principles on reliability for structures— Vocabulary» and their implementation in the preparation of a
new version of the document are presented.
Key words: reliability, building construction, terms and their definitions, Interstate standard, International Standard, International Organization for Standardization (1SO), load, action, accidental actions,
accidental design situation, scientific and technical support.

B TIOMOIIb NMPOCKTUPOBIIUKY

To help the designe

V]IK 624.072.2.014 DOI: 10.37538/0039-2383.2022.2.46.59

WU.U. BEJAKOB! , 1.1.1., npod., M.U. T'YKOBA®, k.T.H., M.U. ®PAP®EJIb'?, k.1.1., nouent ‘LHUUCK um.B.A Kyuepenko (AO«HULI«CTpouteanerso»), r.Mockpa 2HUY MI'CY,

r.MockBa; e-mail: vedykov@gmail.com

U3MEHEHMSA Ne 3 K HOPMAM HA PACUYET M IPOEKTUPOBAHHUE CTAJIbHBIX KOHCTPYKIIUM (CIT 16.13330.2017)...46

B crarbe onucanbl BHecenHble V3menenus Ne 3 B CIT 16.13330.2017 «CrasnbHble KOHCTPYKIMN» B IOMOILb IPOSKTUPOBIIMKAM U B OTBET Ha MOCTYIHMBIIKE K pa3paboTunkam B 2020 roxy

Bonpocsl. B cocras M3menennii Ne 3 poru 11 pazaenos u Ipunoxenns B, I u XK, B paznene 2 «HopMaTuBHBIE CCHUIKM» YYTEHbI BCTYNHBILIHE B JeiicTBue FI3MeHeHNUs B CBOJIbI IPABHI,

ynomutHaembix B CIT 16. Haubosee 3Ha4MMbIMHU SBIISIFOTCSI U3MEHEHHsI, BHECEHHbIC B pa3/ien 15 k TpeOoBaHUsM 110 IIPOSKTUPOBAHUIO KOHCTPYKIHI 31aHUH U, COOPYIKEHHIA, BKIIOUAOIIHE

TpeOOBaHMS K YCTAHOBKE CBsI3€H HA MOKPBITHAX 3[JaHUI U3 CTAIbHBIX KOHCTPYKIMiiL. B TIpniiokenus o marepuansaM CTPOUTEIbHBIX KOHCTPYKIINI BHECEHBI YTOUHEHHS B YaCTH

MCIOJIb30BAHUsI HOBBIX CTallel, yTOYHEHBI TPEOOBAHMsS 10 HOPMHUPOBAHHIO YIAPHOH BSI3KOCTH, a TAKKe PaciIM(pOBaHbI MapaMeTpbl 0000IIEHHON pacyeTHOI AnarpaMMbl paboOThI CTAIIH.
KiioueBble cl10Ba: cTajb, CTalbHAs KOHCTPYKIIHS, HECYIAsi CTOCOOHOCTB, )KECTKOCTh, (hepMa, pUresb, 00T, TOPU3OHTANIBHAS CBS3b, IPOKAT, TPYOa, yAapHast BSI3KOCTb.

UDC 624.072.2.014 DOI: 10.37538/0039-2383.2022.2.46.59. AMENDMENTS NO. 3 TO THE STANDARDS FOR THE CALCULATION AND DESIGN OF STEEL STRUCTURES.(SP

16.13330.2017) I.1. Vedyakov!, M.I. Gukova?, M.1. Farfel*?, *'TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow, 2Department of Metal and Wooden Structures of the NRU

MGSU, Moscow; e-mail: vedykov@gmail.com

Abstract. The Amendments No. 3 to the Joint Venture 16.13330.2017 “Steel structures™ are given to help designers and in response to questions received by developers in 2020. Amendments No. 3

included 11 sections and Appendices «B», «I'» and «JK». At the same time, section 2 “Regulatory references” takes into account the Changes that have come into effect to the sets of rules referred to in

SP 16. The most significant are the changes made to section 15 to the requirements for the design of structures of buildings and structures, including requirements for the installation of ties on the

coatings of buildings made of steel structures. In the Appendices on the materials of building structures, clarifications have been made regarding the use of new steels, the requirements for the

normalization of impact strength have been clarified, and the parameters of the generalized design diagram of steel work have been deciphered.

Key word: steel, steel structure, bearing capacity, stiffness, truss, crossbar, bolt, horizontal connection, rolled steel, pipe, toughness.

3KCHEDVIM8HT3HBHLIE HCCIICIOBAHUA
Experimental studies
YK 69.07, 624.014.2 DOI: 10.37538/0039-2383.2022.2.60.70
N.HN. BEISIKOB, 1.1.1., npod., /I.B. KOHUH, k.1.H., A.A. ETOPOBA, k.1.H. [THANUCK um.B.A Kyuepenko (AO «HHUILI «CrpouTtenncTBo»); e-mail: vedykov@gmail
OCOBEHHOCTH NIPUMEHEHMUS CTAJIBHBIX IIOKOBOK B OIIOPHBIX KOHCTPYKIUSIX ...60
PaCCMO’I‘peHBI HpO6J’[eMLI TPUMEHCHHUSA CTAJIBHBIX ITOKOBOK, ITAPHUPOB B CTPOUTEIIBHBIX KOHCTPYKIUAX. Ormnrcanbl 0COOEHHOCTH paﬁOTBI TaKHX I/I3}I€J’[Hﬁ B CTpOHTeHLHOﬁ KOHCTPYKIIHH.
TIpencraBieHsl U IPOAHATN3UPOBAHBI PE3YIbTATHI UCIbITAHUIT. [laHbl KOHKPETHbIC TPEOOBAHMS K MEXaHUUECKHM CBOWCTBAM MaTepHania, XHMHIECKOMY COCTaBY U METOJIaM HCIbITAHHIL.
TIpoBeneHa oLeHKa BIMSHUS TEPMOYIPOUHEHHUSI HA TOKOBKU OOJIBIINX ANAMETPOB M PACCMOTPEHA U MPOAHAIN3UPOBAaHA MUKPOCTPYKTYpa IPH Pa3HbIX TEMIEPATYPHbIX PEXKUMAX 3aKaaka —
OTIIYCK.

Ki1ioueBble ¢J10Ba: IOKOBKH OOJBIINX CEYCHHUIT, TEPMOYIIPOYHCHHE, YAApHAsl BA3KOCTh, CTPYKTYpa CTallH, OHOPOJHOCTh CBOHCTB MO CEUYEHHIO, IKCILTyaTAllMOHHAS HAZIGKHOCTb.
UDC 69.07, 624.014.2 DOI: 10.37538/0039-2383.2022.2.60.70. FEATURES OF APPLICATION OF STEEL FORGINGS IN SUPPORT STRUCTURES. I.I. Vedyakov, D.V. Konin, A.A.
Egorova, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: vedykov@gmail.com
Abstract. The problems of using steel forgings, hinges in building structures are considered. The features of the work of such products in the building structure are described. The test results are
presented and analyzed. Specific requirements for the mechanical properties of the material, chemical composition and test methods are given. The influence of thermal hardening on forgings of large
diameters was assessed and the microstructure was considered and analyzed at different temperature regimes of hardening — tempering.
Key words: forgings of large sections, heat strengthening, impact strength, steel structure, uniformity of properties over the section, operational reliability.




YK 694.141.2 DOI: 10.37538/0039-2383.2022.2.71.78

IL.H. CMUPHOB, k.1.H. THUUCK um B.A. Kyuepenko (AO «HHUII «CtponteancTBoy); e-mail: spair23@list.ru

METO/IMKA PACYETA 1 SKCIIEPUMEHTAJIbHBIE HCCJELOBAHUSA CThIKA JEPEBSIHHBIX KOHCTPYKIIUI HA KJIEEBUHTOBBIX CTEPKHSX...71

B cratse TIPUBEACHBI PE3YJIbTAThI HCCJ‘ICHOBaHP{ﬁ CTBIKA JACPEBAHHBIX KOHCprKHl/If;I Ha KJICCBUHTOBBIX CTEPIKHAX. B HCpBOﬁ YacTH CTaThU IPUBO IATCA 0COOCHHOCTH yc‘rpoﬁcr}sa COCHHHCHl/lﬁ Ha
KJICEBUHTOBBIX CTEPKHAX U UX NIPEUMYIIECTBO B CPABHCHUH C COCAUHCHUSIMHU HA apMaTYPHBIX BKICCHHBIX CTCPKHAX. [[anee MPUBOJAUTCS KOHCTPYKIHSA U METOJHUKA pacue€Ta CThIKA,
BOCIPUHUMAIONIETO HSFHGalOHLI/Iﬁ MOMEHT C KJICEBUHTOBBIMH CTCPIKHAMMU, paGOTa}()Hll/lMl/l Ha BBIICPTUBAaHUEC B pac‘mHyToﬁ 30He. Bo BTOpOﬁ YacTH CTaTbU NPEACTABJIICHBI PE3YIbTAThI
OKCIIEPUMCHTAJIIBHBIX HCCHG,E[OB&HI/lf/'I JKECTKOCTH, MIPOYHOCTH, ued)opMa‘mBHoc‘m " HaHpﬂ)KeHHO-L[eepOpMI/IpoBaHHOFO COCTOSTHHSA CThIKA. HOJ‘Iy‘IeHHLIe OKCIIEPUMECHTAIIBHBIC JAaHHBIC MOAYJISA YIIPYTOCTH
COCTBIKOBAHHOI1 B CepeaHHe mpoJieta OanovHon KOHCTPYKIIMH TO3BOJIMIIM CAEIATh BBIBOJ O JlOCTaTO'-IHOﬁ JKECTKOCTH CTBIKA Ha KIICCBUHTOBBIX CTCPIKHAX. CpaBHCHl/lC PE3ynbTaTOB PaCYCTOB CThIKA C
pe3ysbTaTaMU dKCIIEPUMEHTAIIBHBIX HCCJ‘[CHOB&HI/II‘/‘I TI0Ka3ajI0 BBICOKYIO CXOAUMOCTE PE3YIbTaTOB PACYCTHOTO METOAA C DKCIIEPUMEHTAJIbHBIMUA TaHHBIMHU. PCSyHLTaTBI HCCHGZ{OB&HI/Iﬁ HaIps)KEHHO-
11e(hOPMUPOBAHHOTO COCTOSHUS OJTBEPAMIN PACUETHbIC IPEANOCHUIKIA O PABHOMEPHOCTH PaCIIpe/IelICHHs HAIPSHKCHUIT B COCIMHEHUH Ha KIICCBUHTOBBIX CTEpXKHsX. Pa3paboTanHas METOMKA pacyera
W pe3ynbTaThl NIPOBEACHHBIX DKCIIEPUMEHTAIBHBIX I/ICCHC[[OBEIHI/IP’I GyI[yT CII0CcOOCTBOBATh HIMPOKOMY BHEAPECHHUIO HOBOI'O THUIIA CTBIKA Ha KIIEEBUHTOBBIX CTEPKHAX IIPU NIPOCKTUPOBAHUN U
CTPOMTENBCTBE 3[1aHUI U COOPYKEHUH U3 IEPEBAHHBIX KOHCTPYKIIMHL.

KiroueBbie ¢j10Ba: J1epeBSHHbIC KOHCTPYKIMH, CTHIK KOHCTPYKLHMH 10 JUIMHE, COSAMHEHNE HA KIICEBUHTOBBIX CTEPIKHAX, CTEPKEHb C METPUUECKOM Pe3b00i, MOIM(ULIPOBAHUE JPEBECUHBI KIIEEM.
UDC 694.141.2 DOI: 10.37538/0039-2383.2022.2.71.78. CALCULATION METHOD AND EXPERIMENTAL STUDIES OF THE JOINT OF WOODEN STRUCTURES ON GLUE-SCREW
RODS. P.N. Smirnov, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: spair23@list.ru
Abstract: the article presents the results of studies of the butt joint of wooden structures on glue-screw rods. In the first part of the article, the features of the device of connections on glue-screw rods and
their advantage in comparison with connections on reinforcement glued rods are given. The following is the design and calculation method of a butt joint that perceives the bending moment with glue-
screw rods working for pulling out in a stretched zone. The second part of the article presents the results of experimental studies of stiffness, strength, deformability and stress-strain state of the butt joint.
The obtained experimental data of the elastic modulus of the docked beam structure allowed us to conclude that the joint on the gluescrew rods is sufficiently rigid. Comparison of the results of butt joint
calculations with the results of experimental studies showed a high convergence of the results of the calculation method with experimental data. The results of studies of the stress-strain state confirmed
the calculated assumptions about the uniformity of the stress distribution between the rods in the joint. The developed calculation method and the results of the tests will contribute to the widespread
introduction of a new type of nodal butt joint on glue-screw rods in the design and construction of buildings and structures made of wooden structures. Key words: wooden structures, laminated veneer
lumber, fire tests, fire resistance limit, charring, standard fire temperature.

Key words: wooden structures, joint of structures along the length, joint on glue-screw rods, rod with metric thread, modification of wood with glue.
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Strength calculations

YK 624.21.01/.09 DOI: 10.37538/0039-2383.2022.3.2.8

W.IO. BEJIYIKHIA, 1.1.1., A.B. IABAPEB, k.1.H. THX00KeaHCKHii rocy1apcTBeHHbIil yHHBepCHTeT, T. Xabaposck; e-mail: mosttogu@mail.ru

TPEIIMHOCTOMKOCTD U HECYIIASI CIIOCOBHOCTD IONEPEYHBIX CEYEHUM IJIMThI TPOE3JIA CTAJIEXKEJE30BETOHHBIX MOCTOB...2

B nyGnukanuu nokasaHa 3Ha4MMOCTb IIPOJIOJIBHOI apMaTyphbl B 4aCTH 00eCHeYeHUs TPEINHOCTOMKOCTH MONEePEUHbIX CEYEHHUI IUTUTHI IPOe3/1a B KeJIe300€TOHHBIX IUTMTAX MPOe3xkeil yacTh

CTajexee3006 TOHHBIX MOCTOB. HpemTaBneHa pacyeTHas MOAEIIb, II03BOJIAIOLIAA ONPEACIUTh YCHUIUA B IUIATE IIPOE€3J1a U aJITOPUTM IJIs ONIPEACICHUSA yCl/lJ'll/lﬁ B I[IONIE€PEYHBIX CEUYCHUAX IUIUTBI.
KinioueBble cji0Ba: 1mra npoeszia CTajaeke1e300eTOHHOr0 MOCTa, HOMNEPEYHbIe CeYSHUS UM ThI, TPEIIUHOCTOHKOCTS.

UDC 624.21.01/.09 DOI: 10.37538/0039-2383.2022.3.2.8. CRACK RESISTANCE AND LOAD-BEARING CAPACITY CROSS SECTIONS CARRIAGEWAY COMPOSITE REINFORCED

CONCRETE SUPERSTRUCTURES BRIDGE. I.Yu. Belutsky, I.V. Lazarev, Pacific National University, Khabarovsk; e-mail: mosttogu@mail.ru

Abstract. The publication shows the importance of longitudinal reinforcement in terms of ensuring the crack resistance of the cross sections of the passage slab in reinforced concrete slabs of the roadway

of composite reinforced concrete Superstructures Bridge. A calculation model is presented that allows determining the forces in the passage slab and an algorithm for determining the forces in the cross

sections of the slab.

Key words: Carriageway composite reinforced concrete superstructures bridge, cross sections carriageway, fracture toughness.

VJIK 624.35 DOI: 10.37538/0039-2383.2022.3.9.13
M.H. KHPCAHOB, i-p ¢us.-mart. Hayk, npo¢. HauuoHabHblIii HcciieioBaTe/ibekuii yHnsepeuter «MIHW», e-mail: c216@ya.ru
@®OPMY.IbI JJISI PACUETA ITPOT'UBA IIJIOCKOM PACIIOPHOM ®EPMbI MOCTA C ITPOU3BOJILHBIM YU CJIOM ITAHEJIEM...9
BLIBOIII/ITCS{ AHAIIMTHYCCKOC PCIICHUEC 3a/1a9H O HpOFH6€ TJIOCKOM MOJCIIHN (bepMLI MOCTa € IBYMsI HCIIOABH)KHBIMH IIAPHUPHBIMH OIIOPaMHU. HaXOI[S{TCS{ (bOpMyJ'[BI 3aBHCUMOCTH npom6a,
pEaKIuii ONop M YCHJINH B XapaKTEPHBIX CTEPKHAX OT YMCJIA MaHeJel B KOHCTPYKIHH. VICIIonb3y0TCst onepaTtopbl KOMIIbIOTEpHOM MaTeMaTuku Maple. IIporn6 onpeaemnsercst o gopmyie
Makcgemnna—Mopa. Cepust OTIEIbHBIX PELICHUH, OIYYSHHBIX U1l (JepM C ITOCNIeJ0BATEILHO YBEIHYUBAIOLIMMCS YHCIIOM HaHeNel, 000011aeTcst Ha IIPONU3BOJIBHOE YHCIIO TTaHEeNeH.
Tlonyyena kapTHHA pacHpeaesIeHUs yCHIIUH 110 cTepXHAM (epMbl. [Ioka3aHo, 4TO CMEeHa 3HAKOB YCHIIMH B 1osicax ()epMbl He 3aBHCHT OT €€ T€OMETPHYECKUX [apaMeTPOB, a 3aBHCHT
TOJILKO OT YMCJIA ITaHEeJNeH.

KimoueBsle ciioBa: depma, pacrop, nporud, Maple, HHIYKIHS, YUCIIO HTAHENEH, ACHMITOTHKA.
UDC 624.35 DOI: 10.37538/0039-2383.2022.3.9.13.FORMULA FOR CALCULATION OF THE DEFLECTION OF A FLAT STRUT BRIDGE WITH AN ARBITRARY NUMBER OF
PANELS. M.N. Kirsanov, National Research University “MPEI”; e-mail: c216@ya.ru
The problem of finding an analytical solution to the problem of deflection of a planar model of a bridge truss with two fixed hinged supports is posed. Formulas are derived for the dependence of
deflection, reactions of supports and forces in characteristic rods on the number of panels in the structure. Maple computer mathematics operators are used. The deflection is sought by the Maxwell-Mohr
formula. A series of individual solutions obtained for trusses with a successively increasing number of panels are generalized to an arbitrary number of panels. A picture of the distribution of forces on
the truss rods is obtained. It is shown that the change of force signs in the truss chords does not depend on its geometrical parameters, but depends only on the number of panels.
Key words: truss, thrust, deflection, Maple, induction, number of panels, asymptotics.

V]IK 624.072.21 DOI: 10.37538/0039-2383.2022.3.14.17
B.A. KOMAPOB, npo¢., k.1.1., [.B. EPKUH, acnupant Ilen3eHcKHii rocy1apcTBeHHbINH YHHBEPCHTET apXHTEKTYPBI M CTpoHTeIbCTBa; e-mail: komarov58reg@yandex.ru
CTEPJKHEBBIE MOJIEJIA CPE3A CKATBIX BETOHHBIX II0JI0C KOHCOJIBHBIX OIIOP PUTEJIEM MHOT'O9TAKHBIX KAPKACOB...14
HpeHJ'IO)KeHBI CTEPIKHEBBIC MOZICIN OLICHKH ITPOYHOCTH CKATBIX 66TOHHI>IX T10JIOC IpH Z[eﬁCTBHH Cpe3a KOPOTKUX KOHCOJIEH pl/lreneﬁ MEXAY ONOPHBIMH U «yCJIOBHBIMI» I'DY30BBIMU
IJIOIIaAKaMH1 Ha OCHOBE MOJCIIMPOBAHUA UX Q)HSHWGCKOﬁ pa60TLI. B OCHOBY COBEPIICHCTBOBaHNA METOJA pacuyeTa NPUHAT eL[I/IHBIﬁ TIPUHITATL TTIOCTPOCHUS CTCPIKHEBBIX Moz[enef/i CIKATBIX
OETOHHBIX TI0JIOC KOPOTKHX DJIEMCHTOB — METOZ KOITMPOBaHUA TpaeKTopnifr CHJIOBBIX TPEIINH U CXEM pa3pyLICHUA. COBepHJeHCTBOBaHI/Ie METOZa pacucTa OCYIICCTBIISJIIOCH HA OCHOBE
Pa3BUTHSA BBILIC paCCMOTpeHHOﬁ METOAUKH ONIPCACICHUA IMPOIYHOCTH 6e’I‘OHHl>IX TI0JIOC TIpH HeﬁCTBHH CXXaTus BIOJIb HaKJIOHHOM T10JIOCHI U }:[eﬁcTBHS{ Cpe3a MEXAY rpaHsIMU I'PY30BBIX U
OINOPHBIX IJIOLIATIOK BHYTPH CKaToM 1osocel. B TIPOIIECCE COBEPIICHCTBOBAHUS IPAKTHICCKUX peKOMeHI[aLIHﬁ I10 pacueTy UCIOJIb30BaHbl 3aKOHOMEPHOCTH MOL[I/I(i)I/IKaLIHH CTEPIKHEBBIX
MOHCJ’[eﬁ Tpu HeﬁCTBHH C)KaTus M Cpe3a B 3aBUCUMOCTH OT U3MCHEHHUS OCHOBHBIX @aKTOpOB. Bce TNIPEMJIOKECHUA 110 pacueTy JOBEACHBI 10 YPOBHS IIPAKTHICCKOrO0 MPUMEHEHUS U UMEIOT
000CHOBaHNE IKCIIEPUMEHTOM.

KiioueBbie ¢j1oBa: KOPOTKasi KOHCOJIb PUTeEJIsl, «YCIOBHBISY TPY30BBIE OIOPSI, CKaTasi OETOHHAS MOJI0Ca, CTEPIKHEBAsI MOJIENb CPe3a, MPEebHOE COCTOSHHUE.
UDC 624.072.21 DOI: 10.37538/0039-2383.2022.3.14.17.RODE MODELS OF THE CUT OF COMPRESSED CONCRETE STRIPS OF THE CANTILEVER SUPPORTS OF THE BEAMS
OF MULTI-STOREY FRAMEWORKS. V.A. Komarov, D.V. Yerkin, Penza State University of Architecture and Construction; e-mail: komarov58reg@yandex.ru
Abstarct. Rod models for assessing the strength of compressed concrete strips under the action of a cut of short cantilevers of crossbars between the supporting and “conditional” cargo platforms are
proposed based on modeling their physical work. The basis for improving the calculation method is a single principle for constructing rod models of compressed concrete strips of short elements — there
is the method of copying the trajectories of force cracks and fracture patterns. The improvement of the calculation method was carried out on the basis of the development of the above-considered
method for determining the strength of concrete strips under the action of compression along an inclined strip and the action of a cut between the faces of the cargo and support platforms inside the
compressed strip. In the process of improving practical recommendations for the calculation, the patterns of modification of rod models under the action of compression and shear were used, depending
on the change in the main factors. All proposals for the calculation are brought to the level of practical application and are substantiated by experiment.
Key words: short crossbar console, «nominal» cargo supports, compressed concrete strip, bar cut model, limit state.

YK 624.073 DOI: 10.37538/0039-2383.2022.3.18.27
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KOMBUHHUPOBAHHBIE KOHCTPYKIUY KYCOYHO-TIEPEMEHHOM TOJIIIUHBI ITPU JIENCTBUM HA HUX HECUMMETPHUYHBIX HAI'PY30K...18
B pabote npeasaraercsi aHamMTHYECKass METOANKA pacyeTa IIACTHH, HMEIOLINX B IUIAHE KPYrOBYIO (GOPMY M COCTOSIIMX U3 NPUMBIKAIOIIUX APYT K JPYTY OTACIBHBIX Y4aCTKOB.
3yuaemble KOHCTPYKINK HAXOJATCS MO ISHCTBUEM aHTHCHMMETPHYHBIX HArpy30K. Kask/iplif U3 y4aCTKOB M3y4aeMOW KOHCTPYKINH MPEICTABISIET COO0I OTACNbHYIO KOJIBLEBYIO
IJIaCTUHY. Ot OTJCJIbHBIC KOJIbLICBBIC IIJIACTUHBI o6nauaroT Ppa3snIAYHBIMA 3aKOHAMHU U3MEHCHUS TOIINHBI U MOT'YT COCTOSITh U3 OAHOTO M TOT'O K€ WA U3 PA3JIMYHBIX MaT€prajos,
KOTOpPBIC MOTYT OBITH AHU30TPOITHBIMHA U U30TPOITHBIMH, OTHOPOJAHBIMHU W HEOAHOPOAHBIMH. B mecrax COIIPSKCHUSA OTACIIBHBIX KOJICI TOJIIHHA KOHCTPYKIIUHA MOXKET OBITH Kak
Hel’lpepHBHOﬁ, TaK 1 MMelO]J.Ie]}‘I Pa3pbIBbI HEMPEPBIBHOCTH. an/I pacuere pacCMaTpuBacMbIX KOHC’I‘pyKHHﬁ Ha neﬁcmne AHTUCUMMETPHUYHBIX HArpy30K NPUMEHACTCS, B YaCTHOCTH,
TeopHs crennanbHeIX QyHKIHNHA. B paboTe momyuens! pemeHus, BeIpaxkeHHble B QyHKIusx Jlexxanapa, B KIACCHYECKHX OPTOrOHAIBHBIX MHOrowWIeHax JIexannpa, I'erenbayapa, Jlareppa.
VuutsiBaroTcs YCIIOBHUS COTIPSKCHUSA OTACIIBHBIX YYaCTKOB.

KumoueBsble cjioBa: KOMﬁﬂHﬂpoBaHHLIe KOHCTPYKIINH, KyCOUYHO-TICPEMCHHASA TOJIIHHA, aHTUCUMMETPHUIHBIC HArpy3KH, CIICIIHAJIBHBIC (I)yHKLII/II/I.
UDC 624.073 DOI: 10.37538/0039-2383.2022.3.18.27.COMBINED CONSTRUCTIONS WITH PIECE-WISE THICKNESS SUBJECTED TO AN ACTION OF UNSYMMETRIC
LOADS. E.B. Koreneva?, V.R. Grosman?, *Moscow State Higher Combined-Arms Academy, 2Academy of Water Transport; e-mail: elena.koreneva2010@yandex.ru.
Abstract. The analytical method for computation of circular thin combined plates with piecewise thickness subjected to an action of antisymmetric loads is proposed. The construction under study
consists of several ring plates of variable thickness closely adjoining to each other. The laws of thickness variation of separate sections are different. The separate sections may be made from the same or
from the different materials. These materials can be orthotropic or isotropic, inhomogeneous or homogeneous. In the places of separate parts conjugation the construction’s thickness may be continuous
or discontinuous. For the analysis of antisymmetric flexure of the constructions under examination the theory of special functions is used. The solutions are obtained in closed form in terms of Legendre
functions, Gegenbauer, Legendre and Lagerre polynomials. The conditions of separate parts conjugation are fulfilled. For this aim the special auxiliary functions are introduced.
Key words: combined constructions, piece-wise thickness, antisymmetric loads, special functions.



PacuyeTtsl Ha HaJICKHOCTh
Reliability calculation
V]IK 624.046.5 DOI: 10.37538/0039-2383.2022.3.28.34
C.A. COJIOBBEB, k.T1.H., 10uent, A.9. UHbKOB, acnupant, A.A. COJIOBBEBA, acnupant Bosoroackuii rocygaperBennbiii yuusepeurer; e-mail: solovevsa@vogu35.ru
METO/I PACYETA HAJIEXKHOCTH LHLIAPHUPHO-CTEPKHEBBIX CUCTEM ITPU UHTEPBAJIbHOM OLIEHKE CJOYYAMHbBIX BEJIMYHH...28
B crarbe paccmoTpen MeTos1 pacyeTa HaJie)KHOCTH IapHUPHO-CTEPIKHEBBIX CHCTEM C Y3JI0BOW HArpy3Koi IpH HHTEPBAIBLHON OLEHKE IPaHHI] N3MEHYNBOCTH CITy4aiHbIX BeJIUIHH. B
NPaKTHYECKUX 33/1auax pacyera M aHajInu3a HaJIeKHOCTH JIEMEHTOB CTPOHTENIBHBIX KOHCTPYKIINI 3a4acTyio He yJaeTCs IOTy4UTh TTOJIHYIO CTATHCTHYECKYI0 HH(OpMaImIo, KoTopast
HEeo0X0/IMMa /Il BEpOSITHOCTHO-CTATHCTHYECKOro oaxoaa B coorserctBur ¢ 'OCT 27751-2014. Mcnons3oBaHue aabTepHATUBHBIX TEOPUii aHAIN3a JJaHHBIX T103BOJISCT MOIYYHTh
JOCTOBEPHYIO OLICHKY HAACKHOCTH IIPU HETIOJIHOM CTaTHCTUYECKON P[H(i;)OpMaI_[I/II/[ 663 BBCICHHS HCTIOATBCPIKACHHBIX THIIOTE3 O BUAC U Q)OpMC pacupeneiacHus BCpOS{THOCTCﬁ CHy‘Iaf[HI:IX
BenuyuH. B l[aHHOf/'[ pa60Te npeuIaracTcs UCII0JIb30BaTh JAaHHBIC O 'PaHUIaX H3MCHYNUBOCTH CJ'Iy'-Iai’IHLIX BCIIMYUH (I/[HTepBa.J'H:HHﬁ aHanm) JUI pacdeTa HaACKHOCTH MIapHUPHO-
CTCPIKHCBBIX CUCTEM. CpaBHHTCJ’ILHLII\/'I aHaJIn3 HAACKHOCTHU CbepMLI IIpu pacyeTe 1o AByM IOAXO0AaM (KJ‘[aCCPI'—ICCKHf[ BCpOSITHOCTHO-CTaTI/ICTH‘ICCKI/Iﬁ u HpeﬂHO)KCHHHﬁ HHTCmeIBHLIﬁ)
ITOKa3bIBACT, UYTO IIPU MHTCPBAJIBHOM ITOAXOAC 3HAUYCHUEC BEPOATHOCTH 0e30TKa3HOM paGOTLI q)CpMLI TI0JIy9a€TCsl HUKE, 9€M IIPU BEPOSITHOCTHO-CTATUCTUICCKOM. DTO CBA3aHO C TEM, 4TO
mpu HHTCpBaHLHOf[ OILICHKC YYHUTBIBAIOTCA APYTHUEC BO3MOXKHBIC PACIIPCACIICHUSI BHYTPH 3aITaHHOTO MHTEPBaJia, OTINYAI0IHUEC OT HOPMAJIBHOT'O pacIIpEeACIICHUS BCpOHHOCTeﬁ. B ciry4dac,
KOrz1a HEBO3MOXXHO JOCTOBEPHO YCTAHOBUTD BU PACIIPEACICHUA BCpOHTHOCTCI\/'I, HO U3BCCTHBI I'PAHUIIBI H3MCHYUBOCTH JUIA cnyqaﬁHle BCJIMYHUH, UCIIOJIB30BAHNUE IMTPEACTABICHHOTO
METOAA ABJIACTCA 60J'I€C OCTOPOXXHBIM U TOCTOBECPHBIM ITOAXOIOM K OLICHKE 663OHaCHOCTI/I OKCILTyaTaluu CpepMI:I.

Kuwuessble ciioBa: HaAeKHOCTh, HHTEPBaJIbHasA OLICHKA, yCTOﬁ‘IHBOCTB, cbepMa, BEPOATHOCTH 6e30TKa3HOM pa6OTLI, HEONPECIEHHOCTD, cnyqaﬁHa;{ Harpyska, TEOpHs BBIITYKIIBIX MHOXKECTB.
UDC 624.046.5 DOI: 10.37538/0039-2383.2022.3.28.34. A METHOD FOR STRUCTURAL RELIABILITY ANALYSIS OF TRUSSES WITH INTERVAL UNCERTAINTY OF RANDOM
VARIABLES. A A. Soloveva, A.E. Inkov, S.A. Solovev, Vologda State University; e-mail: solovevsa@vogu35.ru
Abstract. The article describes a method for the reliability analysis of hinge-rod systems (trusses) with an interval estimation of the variability limits of random variables. In practical tasks of structural
reliability analysis, it is often not possible to obtain complete statistical data that is necessary for a probabilistic and statistical approach in accordance with GOST 27751-2014. The use of alternative
theories of data analysis makes it possible to obtain a define assessment of reliability with incomplete statistical data without introducing unconfirmed hypotheses about the form and shape of probability
distribution functions of random variables. In this paper, it is proposed to use data on the limits of variability of random variables (an interval analysis) to assess the reliability of hinge-rod systems on the
truss example. A comparative analysis of the truss reliability is given by two approaches (the classical probabilistic-statistical and the proposed interval approach). By the interval approach, the reliability
of the truss is lower due to the fact that the interval estimation takes into account other possible distributions within a given interval that differ from the normal probability distribution. In the case when it
is impossible to determine the type of probability distribution, but the limits of variability for random variables are known, the use of the presented method is a more cautious for the safety of truss
operation.
Key words: reliability, interval estimation, buckling, truss, failure probability, uncertainty, random load, convex set theory.

Pacyersl Ha ycTOWYMBOCTD
Stability calculation
V]IK 624.073 DOI: 10.37538/0039-2383.2022.3.35.41
A.C. KOPHWJIOBA?, npenogasareins, E.E. IAPAMOHOB?, nayu. corp. "HUY MI'CY, r. Mocksa, 226 IIHUU — ¢puman AO «31 FIIACCy, r. Banamuxa; e-mail:
zkstasy@gmail.com
BJUAHME MEPEXO/IHbIX PEXKUMOB PABOThI OBOPY/JIOBAHUS HA HAINIPSIKEHHO-JE®OPMHUPOBAHHOE COCTOSHUE KOHCTPYKIIMIA...35
Z[I/IHaMI/I‘-ICCKI/IC Harpys3ku OT TEXHOJIOTHICCKOTO 060pyL[OBaHI/ISI TIEPUOAUICCKOTO Z[efICTBHﬂ ONpeACIAIOT UL IBYX PEXXKUMOB pa6OTBI (paGoqero u HyCKOOCTaHOBO‘-IHOFO) H pacCMaTpuBarOT
KaK COBOKYITHOCTB CHJI, IIEPEAAIOMHNXCS Ha ITOAACPIKUBAIOIYIO KOHCTPYKIIHUIO. I/I3B€CTHO, 9TO IIPU IIYCKE-OCTaHOBKE MAIINMHBI, pa3BHBa}OH.ICI>i TapMOHHYCCKYIO HarpysKy, Ha
MIOAACPKUBAIOITYI0O KOHCTPYKIIMIO MOXKET IIEPEAaBaTbCs YBECINICHHAA 110 CPABHECHHUIO C pa60‘-II/IM PEXXUMOM Harpyska. TpC6OBaHH${ COBPEMCHHBIX HOPMAaTUBHBIX JOKYMCHTOB
YCTaHaBJIMBAIOT IPCACIIBHO JOITYCTUMBIC 3HAUYCHUSA aMIUIUTYIbI KOHe6aHHﬁ KOHCprI(HHﬁ, II03TOMY BaXXHO Goiee JIETAJIbHO paCCMOTPETH BOIIPOC pacueTa KOHCprKHHﬁ C yueTOM
NEePEeXOIHBIX PEKUMOB 000pyI0BaHuUs. B cTaThe NpecTaBiIeHbl Pe3y IbTaThl JUHAMHYECKUX PACYeTOB IUIUT NEPEKPHITUH Ha HAarpy3KkH, Bo30yxk/1aeMble 000py10BaHHEeM B paboueM u
nepexoaHbIX pexxuMax. Ocoboe BHUMaHUE Y/IeJIeHO BONPOCY BIMSHHS BPEMEHH IyCKa U OCTAaHOBKM MalIMHbI HAa aMILUTMTY/y KoleOaHHil KOHCTPYKIHUH B IEPeXOHbIX pekuMax. OCHOBHas
LEJIb UCCTIEA0OBAHUSA — ONPEACIICHNE BEJMYNHBI PE30HAHCHOI'O YBEJIMUCHUS aMIIUTY KoJieOaHui 1o CpaBHEHHIO C KOJIeOaHHUAMHU B pa6oqu PEXKHUME, a TAKIKE aHAIU3 BIUSAHUSA BPDEMEHU
IycKa M OCTAaHOBKH 00OPY/I0BaHMS HAa PE30HAHCHYIO aMIUTUTY/y. BBIBOJIBI COlEpIKAT IPAKTUYECKH T10JI€3HbIC PEKOMEH/IAIMH I IPOSKTHPOBIIMKOB B BOIPOCE BbIOOpa
OINTUMAJIbHBIX TAPAMETPOB IUIMT U YCTaHABIMBAEMOI'0 Ha HUX o60py)105aﬂml, TIpH KOTOPBIX OTPULIATE/IBHOE BJIUSHUE JaHHOI'O SIBJICHHS HAUMEHEE BBIPAKEHO.

KiioueBble ciioBa: 000py/0BaHNe ¢ JUHAMUYECKMMH Harpy3KaMu, HEPeX0oIHON PEKUM padoThl 000pyA0BaHUs, IEPEXO/] Yepe3 Pe30HAHC, AMHAMUYECKUH pacyeT KOHCTPYKIIU.
UDC 624.073 DOI: 10.37538/0039-2383.2022.3.35.41. INFLUENCE OF TRANSIENT OPERATION MODES OF EQUIPMENT ON THE STRESS-STRAIN STATE OF STRUCTURES. AS.
Kornilova?, E.E. Paramonov?, *Moscow State University of Civil Engineering, MISIMGSU, NRUMGSU, MGSU, 226 Central Research Institute — branch of JSC “31 GPISS*, Balashikha; e-mail:
zkstasy@gmail.com
Abstract. The article presents the results of the expected calculations of floor slabs for loads excited in operating and transient modes. Particular attention is paid to the issue of the influence of the time of
starting and stopping the machine on the amplitude of vibrations of structures in transient conditions. The main purpose of the study is to determine the magnitude of the resonant increase in the
oscillation amplitudes compared to oscillations in the operating mode, as well as to analyze the effect of the equipment start and stop time on the resonant amplitude.
Key words: equipment with dynamic loads, transient operation of equipment, transition through resonance, dynamic structural analysis.

YK 624.046 DOI: 10.37538/0039-2383.2022.3.42.48
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UCCJAEJOBAHUE YCTOMYUBOCTU CUCTEM C COCPEJOTOYEHHBIMUA NAPAMETPAMU HA OCHOBE KPUTEPUS KPUTUYECKUX YPOBHEN YHEPTUM...42
B cratbe npoBoauTcs aHaNU3 yCTONYMBOCTH CUCTEM C COCPEIOTOUEHHBIMU NTApAMETPAMHU C HO3ULUH KPUTEpUst KpUTUYECKUX ypOBHEi sHeprun. JIo cux nop HeT eIMHOrO MHEHUs KaK O
HNPUYNHAX POSIBICHHUS IOTEPU YCTOHUHBOCTH (hOPMBbI 16(H)OPMUPOBAHHUS B CTPOUTENIBHBIX KOHCTPYKIHSX, TaK 1 0 GOPMYTMPOBAHUN KPUTEPUEB, ONPEIEISIOINX KPHTHIECKOE COCTOSIHUE.
Haunbonee uacto B CTpOUTENBbHOM MEXaHUKE M TEOPHU YCTOHYHBOCTH COOPY)KEHHUIT HCIIOIB3YIOTCS dHepreTuueckue kpurepuu B popme Tumonienko u bpaitana. HecmoTps Ha npocToTy
(hOpMyIMPOBKH MEPBOTO KPUTEPHs U OOILIHOCTh BTOPOTO, CIIOXKHO yTBEPKAATh, YUTO MMM MOXKET ObITh OXBaueH BECh CIIEKTP 3a/1a4 yCTOHYMBOCTH, BO3HUKAIONIMX B TexHUKe. Kpurepuii
KPUTHYECKHMX YPOBHEH SHEPTHHU MO3BOJISET CTABUTH M PELIaTh 331a4M YCTOIHYMBOCTH O€3 OrpaHHYEHNH MAJIOCTH NepEeMEIleHHH, BUAA BO3ACHCTBHI Ha CUCTEMY, U NIPeJHA3HAYCH IS
(hopMyIMpPOBaHHs MOrPAHUYHBIX COCTOSIHUMN. J[JIsl HOHMMAaHUs CYTH yHOMSIHYTBIX KPUTEPHEB M HILTIOCTPALIMU PA3JIMYUii IPe/UIaraloTcst POCThIC 3a/Jaul B BHIE CHCTEM C
COCPEAOTOUYCHHBIMHU NMapaMeTpaMi ¢ HECKOJIBKUMU CTCIICHAMA CBO60}1I>I. MeTOI{I/IKa HCCIICNOBaHNA KOHCTPYKINH UIUTFOCTPUPYETCS HA IIPUMEPE MOJCIIH CUCTEMBI C COCPETOTOUCHHBIMA
TapaMeTpaMH B BUJIC YIIPYT'UX IIapHUPOB. HpI/IBOL[ﬁTCﬂ OHEPreTHICCKUE COOTHOLICHU S, OIMUCHIBAIOIINE COCTOAHNUE CUCTEMBI HA KDUTHICCKUX YPOBHAX DHECPTHUHU. HOIIy‘-IeHHLIe pe3ynbpTaThl
JUIA KPUTHICCKUX BHYTPECHHUX yCHJ’[I/Iﬁ COBIIAZAIOT C U3BECTHBIMH U3 JIMTEPATYPhI BEJIMINHAMU BHECITHUX KPUTHICCKUX HArpy30K, 4TO IMOATBEPKAACT M3BECTHBIN M3 TCOpHUH 3a71a4 HA
COOCTBEHHBIE 3HAYCHHS ('I)aKT COBIMaJICHUSA TOYCK BETBJIICHUSA PCUICHUS B JIMHEIHOW W HEJTMHEWHOM mocTaHoBke. [Tokaszana METOANKA OINPEACIICHUS BEJINUNH YTJIOB OTKJIOHEHHUI SJIEMEHTOB
CHCTEMBI B YIIPYT'UX IapHUpax. HpHBe}Z[eHO CPaBHCHHUE YTJIOB ITOBOPOTA 3JIEMEHTOB CUCTEMBI IIPHU ITOCTAHOBKE 3a/1a4H B JIMHEHHOW (6eCKOHe'-IHO MaJIbIC yTIIBI OTKHOHCHI/ISI) W HEJIMHEHHOM
TOCTAHOBKE.

KaioueBbie ciioBa: yCTOﬁ‘[HBOCTB, yopyrue ue(bopmaupm, COCPEAOTOYCHHBIC ITapaMETPbl, KDUTUICCKUE CUJIBI, KPUTHICCKHUEC YPOBHHU DHCPTUH.
UDC 624.046 DOI: 10.37538/0039-2383.2022.3.42.48.INVESTIGATION OF THE STABILITY OF SYSTEMS WITH LUMPED PARAMETERS BASED ON CRITICAL ENERGY LEVEL
CRITERION.V.L. Mondrus, L.Yu. Stupishin, National Research Moscow State University of Civil Engineering; e-mail: MondrusVL@mgsu.ru
Abstract. The article analyses the stability of systems with lumped parameters from the standpoint of the criterion of critical energy levels. Until now, there is no consensus both on the reasons for the
manifestation of the buckling of the deformation form in building structures, and on the formulation of criteria that determine the critical state. Most often in structural mechanics and the theory of
stability of structures, energy criteria are used in the form of Timoshenko and Brian. Despite the simplicity of the formulation of the first criterion and the generality of the second, it is difficult to assert
that they can cover the entire spectrum of stability problems that arise in technology. The criterion of critical energy levels allows one to set and solve stability problems without restrictions on the
smallness of displacements, the type of impact on the system, and is intended for formulating boundary states. To understand the essence of the mentioned criteria and to illustrate the differences, simple
problems are proposed in the form of systems with lumped parameters with several degrees of freedom. The design research technique is illustrated by the example of a system model with lumped
parameters in the form of elastic hinges. Energy relations are given that describe the state of the system at critical energy levels. The results obtained for critical internal forces coincide with the values of
external critical loads known from the literature, which confirms the well-known fact of the theory of eigenvalue problems that the branch points of the solution coincide in linear and nonlinear
formulations. A technique for determining the values of the deviation angles of the system elements in elastic hinges is shown. A comparison is made of the rotation angles of the system elements in the
formulation of the problem in a linear (infinitely small deviation angles) and non-linear formulation.
Key words: stability, elastic deformations, lumped parameters, critical forces, critical energy levels.

YK 624.044 DOI: 10.37538/0039-2383.2022.3.49.54
C.B. OCBIKOB, acnupant, A.B. TPO®HUMOB, nouenT, k.1.H. Cankt-IleTepGyprexuii rocy1apcTBeHHbI apXHTEKTYPHO-CTPONTENLHDIN yHIBepcnTeT; e-mail: osykovvv@gmail.com
BJIMSTHUE IOJATJIMBOCTH KOHTAKTHOTI'O CJIOSI HA )KECTKOCTbD CTAJIEXKEJIE3OBETOHHBIX U3IT'NMBAEMBIX DJIEMEHTOB...49
B pabote npecTaBieHO aHAIMTHYECKOE BBIPAXKEHNE JUIsSE ONPECIICHHS [TapaMeTpa CLEIUICHHs B CTAIeKEIe300€TOHHBIX M3rM0aeMBbIX dJIeMEHTaX. BBINOIHEHO CpaBHEHNE aHATIMTHYECKHUX
3HAYCHHUH Hp()FH6()B C OKCIIEPUMCHTAJIBHBIMH. PeSyJ'ILTaTLI TIOKa3bIBAIOT, YTO HEYYET NMOAATIIMBOCTH KOHTAKTHOI'O CJIOA B aKTYAJIbHBIX HOPMAaTUBHBIX JOKYMEHTaX HE 1a€T KOPPEKTHO
OILICHUTH He(l)OpMaTHBHOCTB COCTaBHBIX KOHCprKLIHI\;L Hpe}momeHHoe BBIPAXKCHUE MOXKET OBITH UCIIOJIB30BAHO JUIA OTIPEACIICHUSA )KECTKOCTU COCTaBHBIX 3JIEMEHTOB, UMCIOLIIUX CBO60}1HLIﬁ
CJIBUT' Ha TOpIIax.

KumoueBbie c10Ba: cranexese300eToHHas Oajlka, KOHTAKTHBIH CIIOH, C/IBUT, TEOPUS COCTaBHBIX CTeP)KHEH, aHaIuTHYeCKast MOJIeTIb, Ae(opMarim.
UDC 624.044 DOI: 10.37538/0039-2383.2022.3.49.54.INFLUENCE OF INTERFACIAL INTERACTION TO THE STIFFNESS OF STEEL-CONCRETE COMPOSITES UNDER BENDING
MOMENTS. S.V. Osykov, A.V. Trofimov, Saint Petersburg State University of Architecture and Civil Engineering; e-mail: osykovvv@gmail.com
Abstract. This paper presents an analytical expression for determining the friction capacity parameter in steel-concrete composites under bending moments. The analytical values of the deflections are
compared with the values obtained experimentally. The results show that neglecting the interfacial effect in current standards and guidelines leads to incorrect assessment of structural deformability. The
proposed analytical model can be used to determine the stiffness of steel-concrete composite slabs simply supported at both ends.
Key words: steel-concrete composite beam, interfacial interaction, slip, theory of built-up bars, analytical model, deformations.
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KOHEYHOJJIEMEHTHBIN AHAJIA3 OBIIEN YCTOMYABOCTH BAJIOK CO CILIOIIHOW U TEP®OPUPOBAHHOI CTEHKOW...55
Paccmorpeno BiusiHKE TIepopali Ha MOTEpIo YCTOHYMBOCTH IITIOCKOH (hopMbI N3riba 6ajiok ABYTaBPOBOIO CEUEHHUS B YIPYTOi CTaJJMH HATPY)KEHHS C TIOMOIIBIO METO/1a KOHEUHBIX
2JIEMEHTOB, MO3BOJISIONIET0 IPOAHAIN3UPOBATH KPHTHIECKUE HATPY3KH 1ep(hOopUPOBAHHBIX OaoK U 6aIOK CO CIUIONIHOI CTEHKOH. PacyeTsl BBITOIHEHBI JUIs OAJIOK ¢ MIAapHUPHBIM
OIUPAHUEM IIPU PABHOMEPHO paclpeieNIeHHOH Harpys3Ke, AeHCTBUM COCPEIOTOUCHHOI CHIIbI HOCPEUHE IPOIeTa U ASHCTBUY ABYX U TPEX CUMMETPUYHO NIPUIOKEHHBIX CHII. UncieHHbIe
pacdeTs 0aJoK MPOBOAMIUCH C TIOMOILBIO IPOrpaMMHOro komiuiekca ANSY'S 1o crenuanbsHo pa3paboTaHHO# nporpamme. Y nephopupoBaHHBIX OaJIOK P OJUHAKOBOKH OTHOCUTEIBHOM
BBICOTC BBIPE30B BAPBHUPOBAITHUCH TOJIBKO UX (bopma WU IIar BBIPE30B. HpOBCI[eHHOC COITOCTABJICHUEC PE3YJIbTATOB C UMCIOIMMHUCS B JIMTCPATYPC aHAITIUTHICCKUMHU 3aBUCUMOCTSAMU JUIS GHHOK
CO CILTOIIHOW CTEHKOM MO3BOJISET YTBEpXKAATH 06 yﬂOBJ‘ICTBOpI/ITCHLHOf/’[ HUX TOYHOCTH.

Ki1roueBble ¢/10Ba: kputnyeckas Harpyska, OJHOIPOJIETHBIC OaJIKU, 00Iast yCTONYNBOCTD, Iep(OPHUPOBAHHBIC OAJIKU, KPYIJIBIE U IIECTHYTOJIBHBIC BBIPE3bl, aHATHTHYeCKUi pacder, MKD.
UDC 624.072.014.2 DOI: 10.37538/0039-2383.2022.3.55.60.FINITE-ELEMENT ANALYSIS OF LATERAL-TORSIONAL BUCKLING OF BEAMS WITH PLANE AND CASTELLATED
WEB. A.l. Pritykin, Kaliningrad State Technical University; e-mail: prit_alex@mail.ru
Abstract. Influence of perforation on the lateral-torsional buckling of 1-beams with plane and castellated web in elastic stage of loading was considered with help of the finite element method, which
allow to analyze critical loads of castellated beams and beams with plane web. Calculations were performed for simply supported beams under uniformly distributed load and concentrated forces, applied
symmetrically at different distances from supports. Numerical calculations were carried out with help of program complex ANSYS on specially elaborated program. For castellated beams under constant
relative depth of openings there were varied such parameters as shape and step of openings. Performed comparison of results with existing in literature analytical calculations of beams with plane web
allow to confirm accuracy of existing formulas.
Key words: critical load, single span beams, lateral-torsional buckling, castellated beams, circular and hexagonal openings, analytical analysis, FEM.

Henuneiinbie pacuerst
Nonlinear calculations
YK 539.3+517.956.6 DOI: 10.37538/0039-2383.2022.3.61.70
C.B. BAKYUIEB, n.1.1., npod¢. Ilen3enckuii rocyiapcTBeHHbIl YHHBEPCUTET APXUTEKTYPHI H CTPOUTEIHLCTBA
HEKOTOPBIE BOIIPOCbI CTATUKA TEOMETPUYECKHU U ®U3NYECKU HEJTUMHEMHOM CIUIOIMHOM CPE/IBL...61
PaCCManI/IBaCTCSI OGOGH.ICHHBJI TIJIOCKast Z[C(i)opMaLII/ISI (1)PI3I/I‘{CCKI/I 1 TCOMETPHYICCKHU HEJTUHEHHOMN CIUTOMIHONW Cpeabl. MaremaTrueckas MOJEIb CPEABI OIMUCHIBACTCST (1)I/I3I/I‘ICCKI/I
HEJIMHEHHBIMU COOTHOIICHUSMH B q)OpMC TIPOU3BOJIBHBIX TIEPEKPECTHBIX 3aBHCHUMOCTECH MCEXAY NIEPBBIMA MHBAPHAHTAMU TCH30POB U BTOPBIMH HHBApHAaHTaMU €BUAaTOPOB HaHpH}I(CHI/Iﬁ u
nedopmanuii ¢ yuerom reoMmeTpudeckoi HesmHeiHocTH (B cMbicie B.B. HoBoxkuiiosa). Cucrema pasperaromux auddepeHimaibHbIX ypaBHEHHI PaBHOBECHS B YaCTHBIX POM3BOAHBIX,
3anKChIBacMasi B epEeMEICHHSX, SIBIIeTCS KBa3HIMHeHHON. Mccnenyercs ee Tun. HecMoTpst Ha TO, 4TO THII CHCTEMBI KBa3WIIMHEIHBIX Au(depeHnnanbHbIX ypaBHEHHI B 4aCTHBIX
NIPOU3BOJIHBIX B HEKOTOPO# 00JaCTH IPOCTPAHCTBA MOXKET OBITH OIPeJIesIeH JIUIIb ISl KOHKPETHOIO PEIISHHMs, TI0Ka3aHo, YTo cucteMa JudepeHInanbHbIX YpaBHEHNI paBHOBECUS
000011eHHOIT IITOCKO#T edopMaruy ABISIETCS CUCTEMON cMelIaHHOoro Tuna. Tl paccMaTpuBaeMoi cucTeMbl Au(depeHIIMaIbHBIX YPAaBHEHUH B YaCTHBIX IIPOM3BOIHBIX B 3aJaHHOI
00J1aCTH IPOCTPAHCTBA MOJIHOCTBIO ONPECISICTCS 3HAUCHUAMU €€ KOd(D(GUIIMEHTOB, a 3HAUMT, 3aBUCHUT KaK OT 3HaYeHUs (PH3UUECKUX KOHCTAHT MaTepHalia CIUIOIIHOM CPEbl, TaK U OT
3HA4YEHUs [IPOU3BOJHBIX OT MEPEMELIECHUH 110 IPOCTPAHCTBEHHBIM KOOPANHATAM.

KiioueBble ciioBa: cruionHas cpesia, 00001eHHas m1ockas gedopmanust, pu3nueckas u reoMeTpuiecKas HelMMHetHOCTb, quddepeHnanbHble ypaBHEHHS! PABHOBECH S, THIT CHCTEMBI
mudepeHInaNbHbIX YPaBHEHUH.
UDC 539.3+517.956.6 DOI: 10.37538/0039-2383.2022.3.61.70.SOME ISSUES ON STATICS OF GEOMETRICALLY AND PHYSICALLY NONLINEAR CONTINUOUS MEDIUM.S.V.
Bakushev, The Penza State University of Architecture and Construction; e-mail: bakuchsv@mail.ru
Abstract. We consider the generalized plane deformation of physically and geometrically nonlinear continuous medium. The mathematical model of medium is described by physically nonlinear
relations in the form of arbitrary cross dependences between the first invariants of tensors and the second invariants of stress and strain deviators, taking into account geometrical nonlinearity (according
to V.V. Novozhilov). The system of resolving partial differential equations of equilibrium, done in displacements, is quasilinear. This type is being investigated. Despite the fact that the type of the
system of quasilinear partial differential equations in a certain part of space can be determined only for a specific solution, it is stated that in the general case the system of differential equations of
equilibrium of generalized plane deformation is a system of mixed type. The type of the system of partial differential equations in a given area of space is completely determined by the values of its
coefficients, and therefore depends both on the value of physical constants of continuous medium material and also on the value of derivatives of displacements in spatial coordinates.
Key words: continuous medium, generalized plane deformation, physical and geometrical nonlinearity, differential equations of equilibrium, differential equations system type.

B IIOMOIIb ITPOCKTUPOBINHUKY
To help the designe
V]IK 624.072.2.014 DOI: 10.37538/0039-2383.2022.3.71.78
A.C. MAPYTSIH, kann. Texn. HayK, aou. Ilsruropcknii unctutyT CeBepo-KaBka3sckoro ¢enepaiabnoro ynusepeurera; e-mail: al_marut@mail.ru
ONTUMM3ALIMS PELUIETOK ®EPMEHHBIX KOHCTPYKIUAMA U3 IIPOPUILHBIX TPYE (THYTOCBAPHBIX ITPO®UJIEN)...71
TIpencrasieH HOBBIH CIIOCOO U3rOTOBIICHUS PELIETOK ¢ Oec(haCOHOUHBIMH y3J1aMH JUlst (PEPMEHHBIX KOHCTPYKINH U3 MPOGHIBHBIX TPYO (THYTOCBAp HBIX MpoQuIIeii), anpoOMpOBaHHbINH Ha
UX TPEYrOJbHBIX U PACKOCHBIX CHCTEMaX, BKJIFOYAs! INIOCKHE U MepekpecTHbie Moandukarmu. [Tokazana ero 3¢ heKTHBHOCTb U PALMOHANBHOCTD B Y311aX, I/Ie MOSCHBIC 3JIEMEHTbI H3
KBA/JIPAaTHBIX TPYO OTINYAIOTCS POMOMYECKUM PACIIONOKEHHEM OTHOCUTEIIBHO [UIOCKOCTH KOHCTPYKIINH, KOTOpbIe OoJiee MPE/OYTUTENIBHO 3aMEHUTD TPEYTOJIbHBIMU U HSATHYTOJIbHBIMU
npoduisiMi. YHUBEPCAIBHOCTD CIIOCO0A M3rOTOBICHHS 00ECTICYNBACT €r0 BOCTPEOOBAHHOCT B KOHCTPYKLHSAX M3 TPYOUAThIX M MPOKATHBIX NpoduIei, COXpaHsIeT NPUHITYIO KOMIIOHOBKY
CTaHAAPTU3UPOBAHHBIX (epM ¢ OechacOHOUHBIMH y3I1aMH U (IIaHLEBBIMU coeuHeHUsIMU. [IpHUBeieHa 3aKOHOMEPHOCTb 110 ONTHMH3ALHOHHOMY pacyeTy YHH(HKALNOHHBIX 30H
HPUMEHUTEIBHO K CTEP)KHEBBIM JIEMEHTAM PELIETOK C ONPEJEIEHHEM X KOHCTPYKTHBHBIX KO3 (HUIMEHTOB. BBINOIHEH CpaBHUTENbHBIA PAaCUET KOHCTPYKTHBHBIX KO3(OUIIMEHTOB U
OCpeJHEHHBIX K0I((PULHEHTOB NCIOIb30BaHHS CTEPKHEBBIX JIEMEHTOB PEIIETKU U3 KBAJPATHBIX U MPSMOYTOJIbHBIX Npo(uIeii Ha IpUMepe UX peali3aliy B OHOM U TOil ske noaydepme
(OTHpaBOLIHOﬁ MapKe), Korja KOJIM4CCTBO yHI/I(bHKaIH/IOHHBIX 30H COBIIAIacT. BrIsBIIEHO 3aMeTHOE COKpameHNEe KOHCTPYKIIHOHHOT'O MaTepurajia (CTaIII/I) U CHHKCHUC CTpOI/ITeHLHOﬁ BBICOTBI
li)epMeHHOﬁ KOHCTPYKIHUH. HOI[TBep)K}Z[eHa npuemMiieMast KOppeKTHOCTb HpI/I6J'II/I)KeHHOﬁ MCETOIAMKH pacueTa i1 €€ MIPUMEHCHUS B PEIICHUAX ONITUMHU3AallMOHHBIX U BADUAHTHBIX 3a/1a4, a
TAKXE Ha Pa3sHbIX CTAAUAX IPOCKTUPOBAHUS HECYIIIUX KOHCprI(HHﬁ.

KumoueBble ¢/10Ba: JICTKHE METANIOKOHCTPYKINH, PACYeT ONTUMANIBHBIX TapaMeTPOB, Oec(hacOHOUHBIE Y3JIbl, MPO(HIbHBIC TPYObI, THYTOCBaPHBIC ITPOGUIIH, GEepPMEHHBIC CHCTEMBI,
pemeTyaThiC KOHCTPYKIUH.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2022.3.71.78.OPTIMIZATION OF TRUSS LATTICES FROM PROFILE PIPES (BENT-WELDED PROFILES).A.S. Marutyan, Pyatigorsk
Institute of the North Caucasus Federal University; e-mail: al_marut@mail.ru
Abstract. The article presents a new method of manufacturing lattices with faceless assemblies for truss structures made of profile pipes (bent-welded profiles), tested on their triangular and diagonal
systems including flat and cross modifications. Its efficiency and rationality are shown in nodes where the belt elements of square pipes differ in a rhombic arrangement relative to the plane of the
structure, which are more preferably replaced by triangular and pentagonal profiles. The versatility of the manufacturing method ensures its relevance in structures made of tubular and rolled profiles,
preserves the accepted layout of standardized trusses with faceless assemblies and flange connections. The regularity of the optimization calculation of the unification zones in relation to the core
elements of the lattices with the determination of their design coefficients is given. A comparative calculation of the design coefficients and the averaged coefficients of the use of the core elements of the
grid of square and rectangular profiles is carried out on the example of their implementation in the same semi-truss, when the number of unification zones coincides. The noticeable reduction in the
structural material (steel) and the lowering of the construction height of the truss structure were revealed. The acceptable correctness of the approximate calculation method for its application in solving
optimization and variant problems, as well as at different stages of the design of load-bearing structures, is confirmed.
Key words: light-weight metal structures, calculation of optimal parameters, faceless assemblies, profile pipes, bent-welded profiles, truss systems, lattice structures.

N 4 3a 2022 ron
Pacuersr Ha mpoyHOCTH

Strength calculations

YJK 624.016 DOI: 10.37538/0039-2383.2022.4.2.7

I.A. AJIEKCEEB, marucrpant, A.B. TPO®UMOB, k.T.H., 1ouent Cankr-IleTrepdyprekuii apXuTeKTypHO-CTPONTEIbHBIN yHUBepcuTeT; e-mail: zzerro0085@gmail.com
PACYET KAPIIUYHBIX CBOJIYATHI X NEPEKPBITUI IO METAJIJIMYECKAM BAJIKAM METOJIOM «CEKTOPA TOJCTOCTEHHOI'O KOJIBIIA»...2

Ha ceroamsiiiHuit 1eHb CBOJUATHIC KUPINYHBIC HEPEKPHITHS 110 METAJUIMYECKHM OallkaM He IPOCKTUPYIOTCSI, HO OOMBIIMHCTBO CYIIECTBYIOIIHX 3aHHUI C TAKAM THUIIOM HEPEKPBITHI
HY)K/IQIOTCS B PEKOHCTPYKIHH. IIPOCKTHPOBIINKH CTAIKHBAIOTCS C IPOOIEMOit OTCYTCTBHSI HOPMATHBHOIO METO/1a pPacyueTa CBOAYATHIX NEPEKPHITHIA, KOTOPBIi yYUTHIBAJI ObI COBMECTHYIO
paboty GanoK co CBOAYATHIM 3alIOTHEHHEM. B CBS3H € 3THM U151 ONpeIeICHUsI KaTErOPUH TEXHUUECKOTO COCTOSHUS IEPEKPBITHIT ITOBEPOUHBIil pacyeT BEASTCS ULl IAPHUPHO OMNEPTOH
METAINYECKOH OaIKu ¢ MPHIOKEHHOH PABHOMEPHO PACIpe/Ie/ICHHOM HArPY3KOif, YTO 3aHIKACT 3HAUCHHUE HECYIIeil CTOCOOHOCTH MEePEeKPhITHS. B COOTBETCTBHY C pe3yabTaTaMu
HETIPaBUIIBHOTO IMTOBEPOYHOI0 pacyeTa it CBOAYAThIX l'leperBITHf;I 110 METAJUIMYECKUM OaJikaM ITOHMKAETCS KaTeropus TEXHUYECKOT0 COCTOAHHU A, YTO IIPUBOJUT K HEONIpAaBAAHHOMY
YCUJICHHUIO IEPEKPBITHUA UITH €0 IEMOHTaXYy. B paMKax }IaHHOﬁ cTaThH OB pa3pa60TaH METOX pacuera, KOTOpBIﬁ YYUTBIBACT COBMECTHYIO paﬁoTy OJIEMECHTOB KOHCTPYKIIUH.

KiioueBble ¢J10Ba: METO/T «CEKTOPA TOJICTOCTEHHOTO KOJIbL@Y, IEPEKPBITHE 110 METAJUTMYECKHM OajlkaM, CBO4arToe 3aroiHeHne, IPOrHd Oaliku, COBMeCTHast paboTa, MOMEHT HHEPLIHH.
UDC 624.016 DOI: 10.37538/0039-2383.2022.4.2.7. CALCULATION VAULTED FLOORS OF BRICK ON METAL BEAMS «SECTORS OF THE THICK-WALLED RING» METHOD.
P.A.Alekseev, A.V.Trofimov, St.Petersburg State University of Architecture and Civil Engineering; e-mail: zzerro0085@gmail.com
Abstract. Currently beam vaulted floors of brick are not designed, but most of the existing buildings with this type of ceiling need to be reconstructed. Designers are faced with the problem of the lack of
a normative method for calculating vaulted ceilings, which would take into account the composite action of beams with vaulted filling. In this regard, in order to determine the category of the technical
condition of the ceilings, the checking calculation is made for a hinged metal beam with uniformly distributed load, which underrates the bearing capacity of the floor. In accordance with the results of an
incorrect checking calculation for vaulted ceilings with metal beams, the technical condition category is reduced, which leads to unjustified strengthening of the ceiling or its dismantling. In this article,
we developed the calculation method that takes into account the composite action of structural elements.

Key words: method «sectors of the thick-walled ring», metal beam floor, vaults, beam deflection, composite action, moment of inertia.



YK 519.633 DOI: 10.37538/0039-2383.2022.4.8.23
C.B. BAKYIIEB, n.1.1., npo¢. [len3enckuii rocyAapcTBeHHbI YHHBEPCHTET apXHTEKTYPBI H CTPOHTeIbCTBA; e-Mail: bakuchsv@mail.ru
JTAD®DEPEHIIUAJIBHBIE YPABHEHUSI PABHOBECHSA B IEPEMEIIEHUSIX TPEXMEPHOI TEOMETPUYECKHU U ®U3UYECKH HEJTUHEMHOM
TEOPUM YIIPYTOCTH JIJIS1 PASPBIBHBIX 3AMBIKAIOIIMX YPABHEHUI B JIEKAPTOBOI CUCTEME KOOPJIMHAT...8
Jlnst TpexMepHoit GU3NUECKH M TeOMETPUYECKH HeIIMHEHHO! TEOPUH YIIPYrOCTH PacCMaTpUBAETCs TOCTpoeHue kodddunrenTo auddepeHIanbHbIX ypaBHeHHI PaBHOBECHS B
nepemereHusx. JuddepeHnnanbHpie ypaBHEeHHs paBHOBECHS 3aIIMCAaHbI B IPSIMOYTOJIBHOM JI€KapTOBOH cHCcTeMe KOOPIMHAT. 3aMbIKaroIlie YPaBHEHHUs — IIEPEMEHHBIC MOJTYJIH 00BbeMHOTO
M CIABUTOBOTO Ae(hOPMHUPOBAHNUS — PU3UUECKHX COOTHOLICHUH alPOKCUMUPYIOTCS OHIMHEHHbIMU (GyHKIuaMu. DH3nUecKre 3aBUCUMOCTH 3allMCAHBI ISl YETHIPEX BO3MOXKHBIX 3aKOHOB
L[C(l)opMP[pOBaHP[SI CILIOITHOM Cpeabl B COOTBCTCTBUU C OMITMHEHHBIMU I‘pa(i)I/II(aMI/I OGLCMHOFO U CABUTOBOT'O L[CCI)OpMPIpOBaHI/IK 3aKOHBI ﬂC(i)OpMHpOBaHI/ISI Ha KaXXJI0M JTIHHEHHOM y4acTke
OMITMHEHHBIX JauarpamMm OGT)CMHOFO M CABAT'OBOTIO ILC@)OpMPIpOBaHP[SI OnpeAcIaOTCs CEKYIINMUA MOLYJISIMA 6]/[J'II/IH€I7IHI>IX I"pa(bI/IKOB JAuarpamMm 061)CMH01"0 U CABUT'OBOTO JI[CCI)OpMP[pOBaHI/ISI.
AHanu3 NoKasbIBaeT, 4to K03 duiments updepeHInanbHbIX YPaBHEHNH PaBHOBECHS B IEPEMEICHHUSX, ABJIAIOIMXCS AU depeHIMaTbHbIME YPABHEHUSMU B YACTHBIX MPOM3BOJHBIX
BTOPOr'o MOpsiKa OT HCpCMCLL[CHI/Iﬁ 110 IPOCTPAHCTBECHHBIM KOOpANHATAM, ABJISAIOTCS KBaAPATHIHBIMU beHKIII/ISIMI/I TICPBBIX IPOU3BOAHBIX OT HCpeMCIJ.ICHP[f[ 10 IPOCTPAaHCTBCHHBIM
KoopauHaTam. HOCTpOCHHI:IC TPEXMCPHBIC I(Hq)(i)CpCHLIHaHLHBIC YPaBHCHUS PaBHOBECHA B IICPEMCIICHUAX MOTYT HaWTH TIIPAKTHICCKOC MPHUIIOKCHUE TIPH PACUCTE KOHCprKIII/II\/'I C
HCIIOJIB30BAHUEM TPEXMEPHBIX ypaBHCHI/II\/'I PpaBHOBECHUST CI)I/ISI/I'-ICCKI/I 1 TCOMCETPUICCKU HEJTMHEHHON TCOPHH YIIPYTOCTH B NIEPEMCIICHHUAX, 3aMBIKAIOIINC YPAaBHCHUS
(HhU3MYECKHX COOTHOIICHUH JUIsl KOTOPBIX alPOKCHMHUPOBAHBI OMIIMHEHHBIMU (DYHKIMSMH.

KiioueBble ciioBa: TpexMepHast TEOpHs YIPYroCTH, (pU3HUecKasi HEIMHEHHOCTb, FTeOMEeTpHYEcKas HEIMHEHHOCTD, MU pepeHInaIbHble ypaBHEHHs PAaBHOBECHS B IIEPEMEILCHHSX,
OuiMHeHHAst alPOKCHMALMS 3aMBIKAIOIIUX YPaBHEHHUIT.
UDC 519.633 DOI: 10.37538/0039-2383.2022.4.8.23. DISPLACEMENT DIFFERENTIAL EQUATIONS OF EQUILIBRIUM IN THREE-DIMENSIONAL GEOMETRICALLY AND
PHYSICALLY NONLINEAR THEORY OF ELASTICITY FOR DISCONTINUOUS CLOSING EQUATIONS IN THE CARTESIAN COORDINATE SYSTEM. S.V.Bakushev, Penza State
University of Architecture and Constructionn; e-mail: bakuchsv@mail.ru
Abstract. We consider the construction of coefficients of equilibrium differential equations in displacements for a three-dimensional physically and geometrically nonlinear theory of elasticity.
Differential equations of equilibrium are done in a rectangular Cartesian coordinate system. Closing equations are variable modules of volumetric and shear deformation; physical relations are
approximated by bilinear functions. Physical dependencies are recorded for four possible rules of continuum deformation in accordance with bilinear graphs of volume and shear deformation. The rules
of deformation on each linear section of bilinear diagrams of volumetric and shear deformation are determined by the secant modules of bilinear graphs of volumetric and shear deformation diagrams.
The analysis shows that the coefficients of differential equations of equilibrium in displacements, which are second-order partial differential equations of displacements along spatial coordinates, are
quadratic functions of the first derivatives of displacements along spatial coordinates. The constructed three-dimensional differential equations of equilibrium in displacements can be applied in the
calculation of structures using three-dimensional equilibrium equations of physically and geometrically nonlinear theory of elasticity in displacements, the closing equations of physical relations for
which are approximated by bilinear functions.
Key words: three-dimensional theory of elasticity, physical nonlinearity, geometrical nonlinearity, differential equations of equilibrium in displacements, bilinear approximation of closing equations.

YK 624.13 DOI: 10.37538/0039-2383.2022.4.24.28
C.B. BOCAKOB, 1.1.1., npodeccop, O.B. KO3YHOBA?, k.1.1., 1ouent ‘PYII «Mucrutytr BetHUMCy, Besopycckuii HAMOHAILHBII TeXHHYECKHIi YHHBEPCHTET, I.
Mumnck “Besiopycckuii rocyiapcTBeHHbIil yHHBEpCHTET TPAHCIOPTa, T. [omesns, Belopycckuii HAMOHAIBHBIH TeXHHYeCKHii yHHBepcuTeT, T. MuHck; e-mail: sevibo@yahoo.com
CMEIIAHHBIA METO/I B PACYETAX ILTIACTHUHOK CO CJIOKHBIMUA I'PAHUYHBIMHU Y CJIOBUSIMU...24
B pa60Te TIPEACTABJIEHBI HOBBIE BO3MOKHOCTH HCIIOJIb30BaHUs CMEIIAHHOI'0 METOAA IS pacyera HU3rubaeMbIX IJIACTHHOK CO CJIOKHBIMH TPaHUYHBIMH YCIOBHUSMMU. HpM COCTaBJICHUH
pa3pelIaouX YPaBHEHUH JOCTATOYHO UMETh BHIPOKEHHE [UIsl ONIPe/ie/IeHUs] IIPOrHOO0B IIACTHHKY C 3allleMJICHHOI B Havalle KOOPAMHAT HOpMalibio. Takue peleHust IpUBOIsATCS B paHee
oIyOJIMKOBaHHBIX pabOTax aBTOPOB JUIS INTACTHHOK Pa3IM4HOil opMbl. Ha OCHOBaHMHM THX PELICHUH COCTABISIIOTCS KAHOHNYECKHE YPABHEHHsI CMEIIAHHOTO METO/Ia, I/Ie HEM3BECTHBIMU
METOAa CUJI ABJISIFOTCS YCHUIIHS B OIIOPHBIX CBA3SAX, METOAA nepememeunﬁ — JMHEHHOE U YTJIOBBIE IEPEMELIEHN BBEACHHOI'O B HA4aJI€ KOOPAUHAT 3allIEMIICHUS. TTocne OIPENCIICHU
HEM3BECTHBIX METO/]a CHJI 10 OOIIENPUHATHIM (hOPMYJIaM CMEIIAHHOTO METO/Ia ONPE/IEIIOTCS IPOruObI INIACTHHKH, 110 KOTOPBIM, B CBOIO OYepe/lb, — BHyTpeHHUE ycuuus. [IpuBosres qsa
NpUMepa pacyera IIACTHHOK B JIEKapTOBBIX U HOJSPHBIX KOOpJUHATaX. YKCIIeHHas peatu3aiys NpeularaeMoil MeTOJMKH 1 aJrOpUTMa YIIPYroro pacyera M3rudaeMbIX IIACTHHOK CO
CJIOKHBIMU FPAHMYHBIMH YCIIOBUSIMH TIPOBOAUTCSI IIPU UCHOJIb30BAHUM KOMIIBIOTEpHOIT nmporpammsl Wolfram Mathematica 11.3.

KuaioueBble cj10Ba: CMEIIaHHBIH MCTOM, crroco0 )KCMO'-IKI/IHa, CJIOJKHBIC TPAaHUYIHBIC YCIIOBHS, u3rnbaemast TUTaCTUHKA, YCUIIASA B OIIOPHBIX CBA3AX.
UDC 624.13 DOI: 10.37538/0039-2383.2022.4.24.28. MIXED METHOD FOR CALCULATIONS OF PLATES WITH COMPLEX BOUNDARY CONDITIONS. S.V.Bosakov?, O.V.Kozunova?,
'RUE “Institute BeINIIS”, Belarusian National Technical University, Minsk, 2Belarusian State University of Transport, Gomel, Belarusian National Technical University, Minsk; e-mail:
sevibo@yahoo.com
Abstract. The paper presents new possibilities of using a mixed method for calculating bendable plates with complex boundary conditions. When composing resolving equations, it is sufficient to have an
expression to determine the deflections of a plate with a normal pinched at the origin. Such solutions are given in the authors’ previously published works for plates of various shapes. On the basis of
these solutions, the canonical equations of the mixed method are compiled, where the unknown forces of the method are the forces in the support links, the displacement method is linear and angular
displacement of the pinching introduced at the origin. After determining the unknown forces of the method, according to the generally accepted formulas of the mixed method, the deflections of the plate
are determined, according to which, in turn, internal forces are determined. Two examples of calculating plates in Cartesian and polar coordinates are given. Numerical implementation of the proposed
methodology and algorithm for elastic calculation of bendable plates with complex boundary conditions is carried out using the Wolfram Mathematica 11.3 computer program.
Key words: contact problem, elastic base, Zhemochkin method, plate of complex shape in polar coordinates.

YK 624.075.23 DOI: 10.37538/0039-2383.2022.4.29.35
T.A. MYXAMEJHUEB, a1.1.1., C.A. MAMOPOB, un:kenep HUMKB nm.A.A.I'so3eBa (AO «HULL «CTpouTteberioy), r. Mocksa; e-mail: takhirs0@rambler.ru
PACYET NPOYHOCTH BHELIEHTPEHHO CKATBIX 3JIEMEHTOB C YYETOM PABOTBI C’)KATOM KOMITO3UTHOM ITIOJUMEPHOM APMATYPBI...29
3n0)eHbl pe3ysbTaThl HCCIICIOBAHUS BIMSHUS PAaOOThI CKATOI KOMITO3UTHOI MOIMMEPHOH apMaTypbl Ha HECYIILYIO CIOCOOHOCTh BHELIGHTPEHHO CHKAaThIX MIEMEHTOB. J{aHbl
PEKOMEHIAINHU 110 Ha3HAYCHHUIO PACUYCTHOI'O CONTPOTHUBIICHUS KOMITO3UTHOM apMaTtypbl OCEBOMY CIKaTHIO. Hpez[noxcel—lm 3aBUCUMOCTH JUIA pacdyeTa IPOYHOCTH IJIEMEHTOB C YUETOM paﬁOTBI
C)KATOW KOMITO3UTHOM apMarypsel. HpI/IBe}:[eHBI PE3ynbTaThl MIPOBEPKH HAACIKHOCTH npez{nomel—moﬁ METOUKH pacueTa IIPOYHOCTH BHEIICHTPEHHO CKATBIX DJIEMEHTOB
OKCNIEPUMEHTAJIbHBIMH JaHHBIMH.

KaioueBbie ciioBa: CTPOUTECIIBHBIC KOHCTPYKIINH, CKATBIC JIEMECHTBI, KOMITO3UTHAs MOJIMMEpHAs apMaTtypa, IpOYHOCTh, METOBI pacucTa.
UDC 624.075.23 DOI: 10.37538/0039-2383.2022.4.29.35. STRENGTH CALCULATION OF ECCENTRICALLY COMPRESSED ELEMENTS TAKING INTO ACCOUNT THE
OPERATION OF COMPRESSED FIBER REINFORCED POLYMER BARS. T.A. Mukhamediev, S.A. Maiorov, A.A.Gvozdev NIIZHB (JSC "SIC "Construction"), Moscow; e-mail: takhirs0@rambler.ru
Abstract. The results of study of influence compressed fiber reinforced polymer bars on the capacity of eccentrically compressed elements are presented. The recommendations to assignment of yield
strength for compressed fiber reinforced polymer bars are given. The dependence for strength calculation elements taking account the operation of compressed fiber reinforced polymer bars are suggest.
The results of reliability verification of proposed method for calculating eccentrically compressed elements with experimental data are presented.
Key words: building structures, compressed elements, fiber reinforced polymer bars, strength, methods of calculation.

Henuneiinble pacyeTsl

Nonlinear calculations

YK 624.046.4 DOI: 10.37538/0039-2383.2022.4.36.42

E.B. [IOIOB, k.T.1., B.B. COIIAJIOB, acnupant, b.B. JABYJIUH, a.1.1., A.E. 3EMIIOBCKHM, k.1.1., E.C. TOYUJIOBA, cryaent CeBepHblii (ApKTHYeCKHIT) deaepanbHblii

yuuBepcuteT umenun M.B.JlomonocoBa, r. Apxaureiabck; e-mail: egpv1989@mail.ru

PACYET COCTABHbBIX U3I'NBAEMBIX JEPEBSIHHBIX 2JIEMEHTOB I10 JE®@OPMALUAM C YYHETOM HEJUAHEWHOM PABOTHI CBSI3EN CABUI'A...36

npe}ICTaBHeHa MaTeéMaTH4eCKast MOJICJIb pacye€Ta COCTaBHBIX JJICMECHTOB C HeJ’[HHeﬁHO-HO}IaTHHBBIMH CBA3SMH CJIBHUTI'a 11O ne(bopMaum{M. B OCHOBY aJITOpUTMa MOJIO)KEHA TEOpHUS pacucTa

COCTaBHBIX cTepxHeH A. P. PxanuIbiHa, 0THAKO )KECTKOCTb CBA3€H CIBUIa YTOUHSETCS HA KKIOM IlIare A KaXI0i CBA3U B 3aBUCHMOCTH OT BEIMYMHBI CABUTAOIIETO YCHIIHS.

YCTaHOBJ'ICHO, 9TO HEYYET QJaKTI/I‘ICCKOFD XapakTepa I[C(iJOle/lpoBaHI/Iﬂ CBSI3ei BHOCHUT CYHIECTBEHHYIO IMMOTPEIIHOCTD ITPU OLICHKE Zle(i)OpMaTI/IBHOCTl/I COCTaBHBIX 040K HA MEXAaHMYECKUX CBA3AX.
KumoueBsble cjioBa: KOHCTPYKIIMOHHAasA IpPEeBECHHA, HEeJMHEHHAs pa60Ta, COCTaBHBIC 6am<n, CBA3HM CIBHIA, )KECTKOCTH, ]/I3I‘]/I6, BEPTHUKAJIBHBIC TICPEMEILICHUS.

UDC 624.046.4 DOI: 10.37538/0039-2383.2022.4.36.42. CALCULATION OF COMPOSITE BENDING WOODEN ELEMENTS BY DEFORMATIONS CONSIDERING THE NONLINEAR

WORK OF SHEAR BONDS. E.V.Popov, V.V.Sopilov, B.V.Labudin, A.E.Zemcovskii, E.S.Tochilova, Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk; e-mail: egpv1989@mail.ru

Abstract. The mathematical model for the calculation of component elements with non-linear-flexible shear connections by deformations is presented. The algorithm is based on the theory of calculation

of component rods by A. R. Rzhanitsyn, however, the rigidity of the shear connections is refined at each step for each connection, depending on shear force. It has been established that neglecting the

actual nature of the connections deformation introduces a significant error in the assessment of the deformability of component beams with mechanical connections.

Key words: nonlinear behavior, rigidity, vertical displacements, structural wood, shear connections, bending, component beams.

Pacyersl Ha ycTOWYHMBOCTD

Stability calculation

Y]IK 624.046.3 DOI: 10.37538/0039-2383.2022.4.43.49

I'.A. MAHYWIOB, k.1.H., C.5. KOCULIBIH, a.T.H., M.M. BETHYEB, k.T.1. Poccuiicknii YHHMBepPCHTET TpaHcnopTa, r. Mocksa; e-mail: noxonius@mail.ru

0 BO3MOKHOCTHU 3AMEHbI HEBU®YPKALIMOHHBIX 3AJIAY YCTOMYUBOCTH YIIPYTUX PAM HA BU®YPKALIMOHHBIE...43

Tlpu pemrennn 3a7a4 yCTORYMBOCTH paM YacTo MPUOETalOT K 3aMEHe pacrpeieNIeHHOI Harpy3KH, JISHCTBYIONIEH Ha 2JIEMEHT paMbl, Ha SKBUBAJIICHTHYIO Harpy3Ky B BUJIE COCPEJOTOYCHHBIX

CHJI, KOTOPBIC IIPHUJIOKEHBI B Y3J1aX paMbl. 910 TIIPUBOJUT K TOMY, 4TO H3ruoHOE paBHOBECHE 0OaJIKu CTaHOBUTCS O€3U3THOHBIM PaBHOBECUEM PACTHKCHUA -CKATHS. Takoit TIpUEM BHOCHUT

HEKOTOpBIE ONIMOKN B BEIYMCIICHHBIC 3HAYCHNSI KDUTHYECKUX HArpy30K. Harpyska norepu ycTOWYMBOCTH ISl TAKAX PAM MOJKET OKa3aThCsl Kak 0OJIbLIE, TaK M MEHBLIE JACHCTBUTENBHON HATPY3KH.
KimoueBbIe c10Ba: yCTOHYHBOCTB, paMa, FeOMETpUUIecKast HeIMHEHHOCTh, METOJI KOHEYHBIX dJIEMEHTOB, OM(dypKaIlys, IpeiesbHas TOUKa.

UDC 624.046.3 DOI: 10.37538/0039-2383.2022.4.43.49. PROBLEMS OF REPLACING NONBIFURCATIONAL STABILITY PROBLEMS OF ELASTIC FRAMES WITH

BIFURCATIONAL PROBLEMS. G.A. Manuylov, S.B. Kositsyn, M.M. Begichev, Russian University of Transport, Moscow; e-mail: noxonius@mail.ru

Abstract. When solving frame stability problems, replacing a distributed load acting on a frame element with an equivalent load in the form of concentrated forces that are applied in the frame nodes is

often resorted to. This causes the bending equilibrium of the beam to become a non-bending tension-compression equilibrium. The buckling load for such frames can be either greater or less than the actual load.

Key words: stability, frame, geometric nonlinearity, finite element method, bifurcation, limit point.




V]IK 624.07.147 DOI: 10.37538/0039-2383.2022.4.50.54
A.A. MUHACSIH, nnxenep HHUMCK um. B.A. Kyuepenxo (AO «HHII «CtpouTtenbcTBo»), Mocksa; e-mail: 1747210@mail.ru
OBIIASA U JIOKAJIBHASL YCTOMYABOCTh MHOI'O3TAXKHBIX 3IAHUI [TPA JUHAMHAYECKUX U CEHCMUYECKHUX BO3/ECTBUSIX...50
Paccmotpens! Borpocs! o01eii 1 JIOKaabHONH yCTORYHMBOCTH MHOTOITaXKHBIX 3[aHNH M BHICOTHBIX COOPY/KEHHIT IIPH aBapUIHBIX (B3PBIBBI, 3eMIICTPsICEHHsT) HAarpy3Kkax. IIpuBeneHs
uddepeHnnaIbHbIe ypaBHEHH s, OIIMCHIBAIOIINE TPEXMEPHBIE ITOCTYIATeIbHBIC H TPEXMEpPHbIE BpamaTebHble koneOanus. [ToydeHsl 3aBHCHMOCTH OLIEHKH JIOKAJIBHOM 1 o0mieit
ycToiunBocTH. IIpuBeeH YMCICHHBIH TPUMeEp, YUHTHIBAIOIIHIA JIOKAIBHYIO YCTOHYMBOCTH MO BBICIINM (hopMaM KoseGaHus. IIpu 3TOM aHAIN3UPYyEeTCsI TOBEACHUE PEAIbHOTO 16-3Ta)KHOrO
KapKacHOro 3/1aHus B T. JIeHnHakaHe npu 3emuerpsacennu B Criurake 7 nexadpst 1988 r. IIpoBeseHbl OCHOBHBIE IPUYUHbI TIOTEPH YCTOIYUBOCTH U Pa3PyILECHHUSL.

KuroueBbie ciioBa: 06]]121}1 H JIOKaJIbHasA yCTOI\/'ILII/[BOCTB, MHOTroMaccoBast ITUHAMHUYCCKast CHCTEMa, TPEXMEPHBIC IMTOCTYNATCIIBHBIC U BPAlaTCIIbHBIC KOJ‘ICG&HHH, aBapPIﬁHI:Ie Harpysku.
UDC 624.07.147 DOI: 10.37538/0039-2383.2022.4.50.54. GENERAL AND LOCAL STABILITY OF MULTI-STOREY BUILDINGS UNDER DYNAMIC AND SEISMIC
INFLUENCES. A.A. Minasyan, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow; e-mail: 1747210@mail.ru
Abstract. The issues of general and local stability of multi-storey buildings and high-rise structures under emergency (explosions, earthquakes) loads are considered. Differential equations describing
three-dimensional translational and three-dimensional rotational oscillations are given. Dependences of local and general stability estimation are obtained. A numerical example is given that takes into
account local stability in higher forms of oscillation. At the same time, the behavior of a real 16-storey frame building in Leninakan during the earthquake in Spitak on December 7, 1988 is analyzed. The
main causes of loss of stability and destruction are carried out.
Key words: general and local stability, multi-mass dynamic system, three-dimensional translational and rotational oscillations, emergency loads.

YK 624.154 DOI: 10.37538/0039-2383.2022.4.55.60

B.C. YTKHH, a.1.1., npog., ’K.B. KOLIEJIEBA, k.1.H., A0L., JLA. CYIIIEB, acupaut ®I'BOY BO «Bousoroackuii rocyapcreeHnblii yunuBepeute»; e-mail: utkinvogtu@mail.ru
PACYET Y®OEKTUBHOM JJIMHBI BUCSYMX BYPOHABUBHBIX CBAW C YIIUPEHUEM ITPA C)KUMAIOIIEN HATPY3KE B OJJHOPOJHOM I'PYHTE OCHOBAHMSL...55
B paGote paccmoTpeH pacuer 6ypHaOMBHOM BUCSYEH CBau € yIIMPEHHEM Ha HUJKHEM KOHIIE U 0e3 YIIUPEHHs B OJHOPOJHOM I'PYHTE OCHOBAHUSI IIPH LIEHTPAIBLHOM CHKATHH JUIS
onpezenenus ee d3GpekTHBHOMN AIMHBL. M3roToBieHNe cBail ¢ yIIMpeHneM OTIMYACTCs MOBBILICHHOH CTOMMOCTBIO, I03TOMY CHUJKEHHE UX CTOUMOCTH SIBJIICTCS aKTyaJIbHOM HPOOIEMOit.
DTOro MOXKHO JAOCTUTHYTH, B 4aCTHOCTH, BBISIBJICHUCM 3HAUYCHUS 3(1)(1)6KTI/IBHOI>'[ JUIMHBI CBau. Z[J'II/IHa CBau CUUTACTCS 3@(1)6KTP[BHOI>’[, €CJIK 110 €€ ymeeHHof[ YaCThIO0 TOCTUTACTCA
HaNpsHKEHUE B TPYHTE, PABHOE PACYETHOMY 3HAYCHHIO R COMPOTHBIICHNUS TPYHTA OCHOBAHMS, 3Ha4eHHs KoToporo npuseneHsl B CIT 24.13330.2011 (2021) st pa3auyHbIX TPYHTOB IPH
pasnuuHoi rirybuHe norpyxenus csau ¢ H . B pabore Tabmunbie 3nadenus H [JR npencrasnensl B Buae 3aBucuMocty ¢ R [ H (QyHKUHAME), BUJ KOTOPBIX ONPEIEISIETCS METOIOM
HAaUMEHBIINX KBaApaToB. B oTianume ot ykaszanuii no pacyeram cpaii no CIT24.13330.2011(2021) npennoxeHa MHas pac4eTHas cXeMa pabOThI CBaH B TPYHTE OCHOBaHHs 0€3 HOBEACHUS €€
J10 «CpBIBa». B Ppe3yabpTaTe NPEACTABICHO PACUCTHOC YPABHCHUEC TSI OIIPCACIICHUSA 3¢)¢CKTHBHOI>'I JUIMHBI CBaX C YITUPCHUEM Ha HIDKHEM KOHIIC. AHanoruyHbie pacueTel IPUMEHUMBI U JUISL
cBaii 0e3 ymmpeHus.

KiioueBble ciioBa: GypoHaOuBHas CBasi, BUCSYAs CBas C yuupeHueM, G deKTuBHas JJIMHA CBaK, OAHOPOHBIN IPYHT, HECYIlask CIOCOGHOCTb IPYHTa, HECYIlask CllOCOOHOCTb CBau, CBau 0€3 yIIHPeHHUsI.
UDC 624.154 DOI: 10.37538/0039-2383.2022.4.55.60. CALCULATION OF THE EFFECTIVE LENGTH OF HANGING UNDER-REAM BORED PILES UNDER COMPRESSIVE LOAD
IN A HOMOGENEOUS GROUND OF THE BASE. V.S. Utkin, Zh.V. Kosheleva, L.A. Sushev, Vologda State University; e-mail: utkinvogtu@mail.ru.

Abstract. The article considers the calculation of the effective length of an under-ream bored pile and a pile without broadening. The pile is located under axial compression conditions in a homogeneous
ground of the base. Reducing the cost of piles is an important problem, since the manufacture of piles with broadening is characterized by increased cost. This can be achieved by identifying the value of
the effective pile length. The length of the pile is considered effective if a stress in the ground is reached under its widened part equal to the calculated value R of the resistance of the ground of the base.
The values of soil resistance are given in SP 24.13330.2011 (2021) for different soils at different depths of immersion of the Hc pile. In the paper, the tabular values of H and R are presented as a
dependence of R on Hc (functions). The type of these functions is determined by the least squares method. In contrast to the instructions for the calculations of piles according to JV 24.13330.2011
(2021), a different design scheme for the operation of the pile in the ground of the base is proposed without bringing it to a “breakdown”. As a result, a calculation equation is presented to determine the
effective length of the under-ream bored pile. Similar calculations are applicable for piles without broadening.

Key words: bored pile, under-ream hanging pile, effective pile length, homogeneous soil, bearing capacity of the soil, bearing capacity of the pile, piles without broadening.

SKCHeDI/IMeHTaHBHHG HCCICIOBAHUA
Experimental studies
YK 69.07, 624.014.2 DOI: 10.37538/0039-2383.2022.4.61.67
A.A. KOBAJIEHKO, unx., 1.B. KOHUH, k.1.1H., [.B. HAXBAJIBHOB, unx., 1.B. COJIOBBEB, k.1.n. [HUUCK um.B.A.Kyuepenko (AO«HUL«CrpouteiascTBo»), r. MockBa; e-mail:
konden@inbox.ru
SKCHEPUMEHTAJILHOE UCCJIEJOBAHUE KO®®UIIMEHTA TPEHUS ®PUKIIUOHHBIX BOJTOBbIX COEJIMHEHUIA...61
C nemo noarBepxkaAeHUs KodhuLIeHTa TPEHUS IIPOBEICH PSJl SKCIIEPUMEHTOB Ha MOACIISIX (PPUKLIMOHHBIX COSAMHEHHUN ¢ KOHTAKTHBIMHU MOBEPXHOCTSMH, TI0IBEPTHY THIMU
npodecTpyiiHoii 00paboTke. YcTaHOBIEHA 3aBUCUMOCTD KOO((HIHEHTa TPEHHUs OT TEXHOJIOIMH ITOArOTOBKH KOHTAKTHBIX MTOBEPXHOCTEH U HAJIMYMS 3alIUTHOTO MOKPHITHS. [ToTydeHHbIe
JAHHBIC TOBOPAT O TOM, UTO JOCTHIKCHHEC MAaKCUMAJIIBHOI'O IrapaHTHPOBAHHOI'O KOa@)(bI/IHI/ICHTa TPpEHHUA B 0,58 TpeﬁyeT TIIATEJIBHOTO KOHTPOJIA 3a HOI[FOTOBKOﬁ KOHTaKTHOM TIOBEPXHOCTH.
OTMedeHo OTCYTCTBHE HOPMATHBHBIX TpC6OBaHHﬁ K TCXHOJIOTHHA aGpaSI/IBOCprf/'IHOI\;I 06pa60T1<14 U KOHTPOJTIO Ka9eCTBa ITIOBEPXHOCTU TPCHHUS. HpI/IBeI[CHH OTJINYHMA B IOAXOOax K
ONpeJIeCHHIO KO3 (HUIMEHTA TPEHHUS MEX Ly OTEUECTBEHHOM U 3apyOexHOI MeToauKkoil. O60CHOBaHa 1eeco00pa3HOCTb MEPECMOTPa 3HaYCHNH KO3 (UIMEHTOB TPEHHS IS Pa3INYHbIX
crioco6oB 06paboTku nmoBepxHocteid, npuanmaembix B CIT 16.13330.2017 miist ppUKIHOHHBIX COETHMHEHHMIL.

Kuarwuessle ciioBa: 60J’IT, TpEHHE, upon, TIECOK, KyIepuuiak, IepoxXoBaToCTh, Ci)pHKLlHOHOC COCAMHCHHUE, TEXHOJIOTUA OYUCTKH, a6pa3vmom‘pyv“maﬂ 06p860TKa, KOHTPOJIMPYEMOEC HaTSKEHHE.
UDC 69.07, 624.014.2 DOI: 10.37538/0039-2383.2022.4.61.67. EXPERIMENTAL STUDY OF THE COEFFICIENT OF FRICTION IN SLIP CRITICAL BOLT JOINTS. A.l.Kovalenko,
D.V.Konin, P.V.Nahvalnov, D.V.Solovev, TSNIISK named after V.A. Kucherenko (JSC “SIC*“Construction”), Moscow; e-mail: konden@inbox.ru
Abstract. In order to confirm the slip factor, a series of experiments carried out on models of slip critical joints with contact surfaces subjected to shot blasting. The dependence of the slip factor on the
technology of preparation of contact surfaces and the presence of a protective coating is established. The data obtained suggest that achieving the maximum guaranteed coefficient of friction of 0.58
requires careful control over the preparation of the contact surface. The absence of regulatory requirements for the technology of abrasive blasting and quality control of the friction surface is noted.
Differences in approaches to the determination of the coefficient of friction between domestic and foreign methods are given. The expediency of revising the values of slip factor for various methods of
surface treatment adopted in SP 16.13330.2017 for slip critical joints is substantiated.
Key words: bolt, friction, shot, sand, copper slag, roughness, slip critical joint, cleaning technology, abrasive blasting, pretension.

YK 624.072.2.014 DOI: 10.37538/0039-2383.2022.4.68.78

M.U. ®PAPPEJIb" 2, K.T.H., 10uenT, JL.C. POXKKOBA'®, nmkenep IIHUMCK um.B.A.Kyqepenko (AO «HUIL «CtponTtenncTro»), ZHUY MI'CY, r.Mocksa; e-mail: Farfelmi@yandex.ru
HUCHBITAHUE CTEKJISTHHBIX BAJIOK, IPEJHA3ZHAYEHHBIX JUISI ITIPOI'OHOB ITOKPBITUS ATPUYMA B r. CAHKT-IETEPBYPTI'E...68

Ilepen pexoncTpykImei u pecraBparueii Boctounoro kpeiia I'masroro IlItaba, ¢ nemnsio ycrpolicTBa Bo 1Bope 4 arpuyma A1t HoMeleHui [ ocynapcrBennoro Opmuraxka B r. CaHKT-
TlerepOypre, [ITHUVICK um. B.A. Kyuepenko AO «HULL «CTponTesibcTBOY MPOBEI UCIITAHHS HATYPHO! CTEKJIIHHON OalIky, MpeJHa3HauYCHHOI B KauecTBE NPOrOHa Ha MOKphITHE. B
CTaThe MPUBEACHBI METOANKA UCIIBITAHH, KOHCTPYKIUS CTEHAA [Tl MCTIBITAHUsI, yCTPOUCTBA JUIsl IPUIIOKEHUS HArPY3KH M CHSTHS OKa3aHui ¢ npubopos. [IpeacrapieH ananu3
PE3ynbTaTOB IKCIIEPUMEHTA, HA OCHOBAHUU KOTOPOT'0 BMECTO NPEATIAra€MbIX CTEKIIHHBIX 0asnok Ha TIOKPBITHUH ABOpaA ObLIH YCTaHOBJICHBI METATNINYECKUE Ganku u TIPOTOHBI. Haﬂbl
PEKOMEH/IALMH 7151 HCIIOJIb30BAHMUSI CTEK/ITHHBIX OaJIOK B Ka4eCTBE HECYLMX KOHCTPYKIuii. KiroueBble ci10Ba: KOHCTPYKIMH ITOKPBITHS, IIPOTOHBI, CBSI3H, (hepMbl, CTCKIISTHHbIE OalIKH,
pacuer, HecyIas CHoCOOHOCTb, 1e(h)OPMUPOBAHHASL CXEMA, TPOAOJIbHbIC U MONEPEUHbIC YCHIINS, H3rUOAIOIMIl MOMEHT.

UDC 624.072.2.014 DOI: 10.37538/0039-2383.2022.4.68.78. TESTING OF GLASS BEAMS INTENDED FOR COATING RUNS ATRIUM IN ST. PETERSBURG. M.1.Farfel*?, L.S.Rozhkova?,
ITSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”), Moscow, 2NRU MGSU, Moscow; e-mail: Farfelmi@yandex.ru.

Abstract. Before the reconstruction and restoration of the Eastern Wing of the General Staff, in order to install an atrium in the courtyard 4 for the premises of the State Hermitage Museum in St.
Petersburg, the V.A. Kucherenko TSNIISK of JSC “SIC “Construction” tested a full-scale glass beam intended as a covering run. The article presents the test procedure, the design of the test stand,
devices for applying the load and taking readings from the instruments. An analysis of the results of the experiment is presented, on the basis of which, instead of the proposed glass beams, metal beams
and girders were installed on the courtyard covering. Recommendations are given for the use of glass beams as load-bearing structures.

Key words: coating structures, girders, ties, trusses, glass beams, calculation, bearing capacity, deformed scheme, longitudinal and transverse forces, bending moment.
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Pacuetsl Ha mpouHOCTH

Strength calculations

YK 69.04 DOI: 10.37538/0039-2383.2022.5.2.12

B.II. LIAPKOB, K.T.H., 10LU€HT, CTAPIINii HAYYHbIi coTpyHNnK Poccuiickuii rocynapcrBennbiii arpapubiii yuusepceutetr — MCXA nmenn K.A. TumupsizeBa; e-mail: V.P.Sharkov@mail.ru

O KPUTEPUSIX BOSHUKHOBEHMS MEPEPACIIPEJEJEHUASI HATPY30K B 3AIIOJTHATEJIE CUJIOCOB OT CEMCMHUYECKHAX BO3JIECTBUIA,

METOJAX OIIPEAEJEHUSI HAPAMETPOB 1 CBSI3AHHOI'O C 9TUM BOKOBOTI'O JIABJIEHUSI...2

ZIJ'IH OLICHKH yCJI()BV[ﬁ BO3HUKHOBCHUS (I/IJ'II/I OTCyTCTBI/ISI) npu CEHCMHYECKUX BOSZICﬁCTBMHX B 3aI10JIHUTEJIE CHIIOCOB SIBJICHUSA TIE€pEepacpeCIICHAS pa3pa60TaHLI KpUTEPHUH JUIA OLICHKH BIIMAIOMINX Ha

9TO (baKTOpOB 1 UX BEJIMYHUH: INIOTHOCTH 3AIIOJTHUTEIIA U €r0 MOTEHIINAJIA YINIOTHEHUS, B3AaUMOCBA3HU yCKOpCHI/lﬁ H I‘J'Iy6l/lHLI 30HBI YIUIOTHEHHUS, a TAKKE 0CalOK. B YCIIOBHUAX OTCYTCTBHS PaCYECTHBIX

(hopMyI1 IPeITOKEH U MOKa3aH Ha MPUMEpPax crocod onpeeeHus 0CaioK, a TAKKe MPOOIKHTEIBHOCTH BO3ACHCTBHUS C PACUETHBIM YCKOPEHHEM, OCHO BAHHBIH Ha HCIOJIB30BAHHH PE3yJIbTaTOB

BHGpOKOMHpeCCl/IOHHLIX UCIBITAHUH 06pa3u03 3anosiHuTens. [Tokasansl METOAWKHU pacyeTa BO3HUKAIOIIETO IIPX 3TOM JABJICHUS 3aII0JIHUTENA HA CTEHKHU C UCIIOJIb30BAHUEM Cl)OpMyJ'ILI aBTOpa.
Knrwouesrble ciioBa: CHJIOC, 3aITI0JTHUTEIIb, celicMHYecKue BO3HCﬁCTBHﬂ, TniepepacnpeesICHUe Harpy3oK, KpUTEpuH, IMIIOTHOCTh, YCKOPEHHUE, BHGPOYHHOTHSHHS, 0CaJIK, pacyeThl, TaBJICHUE Ha CTCHBI.

UDC 69.04 DOI: 10.37538/0039-2383.2022.5.2.12. ON THE CRITERIA FOR THE OCCURRENCE OF LOAD REDISTRIBUTION IN THE SILO FILLER FROM SEISMIC IMPACTS,

METHODS FOR DETERMINING PARAMETERS AND THE ASSOCIATED LATERAL PRESSURE. V.P. Sharkov, Russian State Agrarian University — Moscow Agricultural Academy named

after K.A.Timiryazev; e-mail: V.P.Sharkov@mail.ru

Abstract. To assess the conditions of occurrence (or absence) of the redistribution phenomenon during seismic impacts in the silo filler, criteria have been developed to assess the factors affecting this

and their values: the density of the filler and its compaction potential, the relationship of accelerations and the depth of the compaction zone, as well as sediment. In the absence of calculation formulas, a

method for determining precipitation, as well as the duration of exposure with calculated acceleration, based on the use of the results of vibration compression tests of filler samples, is proposed and

shown by examples. The methods of calculating the resulting filler pressure on the walls using the author’s formula are shown.

Key words: silo, filler, seismic impacts, load redistribution, criteria, density, acceleration, vibration compaction, precipitation, calculations, pressure on walls.



Pacyersl Ha yCTOWYHMBOCTD
Stability calculation
YK 624.154 DOI: 10.37538/0039-2383.2022.5.13.19
B.C. YTKHUH, a.T.H., npod., K.B. KOIIEJIEBA, K.T.H., 1oueat ®I'BOY BO «Bo.J10roackuii rocyaapcrBeHHbIil yHHBepcHTe™, I'. Bostoraa; e-mail: utkinvogtu@mail.ru
PACYET 3®®EKTUBHOM JIIUHbI BYPOHABUBHBIX BUCSAUYMX CBAM ITPU CKATHUH 1O HECYIIEN CIIOCOBHOCTH ABYXCJOMHOI'O TPYHTA
OCHOBAHMUSI...13
B paGote npensioxen HOBBIH MeTo pacuera d3GGEKTUBHOI AIMHBI OYpOHAOMBHBIX BUCSUUX CBail 10 HeCyIIei ClIoCOOHOCTH ABYXCIIOHHOrO rpyHTa ocHOBaHMs. Oco0yI0 3HAUMMOCTb Ta
npobiema pacyeTa nprHoOpeTaeT npx HeoOXOAUMOCTH IPUMEHEHNUs CBail OONBIION JUTMHBI 1 OonbIIoro AuaMerpa. CylecTBYOIIMHA B HOPMAaTUBHON JOKYMEHTALMK pacyeT BUCsUeil cBau
110 HecyIel CIIOCOOHOCTH IPYHTA OCHOBAHMSI OCHOBAH Ha BO3HUKHOBEHUH CHJI TPEHHs Ha IIOBEPXHOCTHU CBAH B PE3YJIbTATe €€ IIepeMEIeHHs («CPbIBa») B TPYHTOBOH Cpejie, UTo He
COOTBETCTBYET paboTe CBau Ha CTaJUM dKCILTyaTaluy. Ha npakTuke cpbiB CBau HEAOMYCTUM, TOPTOMY JUIs O€3011acHOi paboThI CBaH BBOJT B pacueT psij KOdQ(GUIMEHTOB YCIOBHs
paborthl. [Ipe/uioskeH HOBBIH MOAXOM K pacyeTy BUCSUYUX CBai 10 HECyIIeil ClIOCOOHOCTH B MHOTOCIIONHBIX IPYHTAaX OCHOBAaHHMS Ha OCHOBE y4eTa CHJI TPEHUs-CLICIUICHHS Ha TOBEPXHOCTU
CBaH, BEI3BAHHBIX MUKPOIIEPEMEICHUMY TOBEPXHOCTHBIX CJIOEB MaTepuaia cBau B pe3yibTaTe obmieil ee qeopManiu ot cxUMalomleii Harpysku Ha cBaio. ITog addexTnBHOM nimHOM
CBayl IOHMMAETCsI TaKasl ee JUIMHA, IPU KOTOPOi 2 (HEeKTHBHO HCIOIB3yeTCsl HecyIast CIOCOOHOCTh TPYHTa Ha €€ MOBEPXHOCTH U IO/ HIDKHUM KOHIIOM cBau. biiarofaps Takoii Jymue cBau
JIOCTHTaeTCsl 9KOHOMHYECKHH 2 deKT B cBalfHBIX OCHOBaHMsX. [IpuBeieHHbIIT MeTo| pacueTa OypoHaOMBHOW cBau MOJKET OBITh HCIIOJNB30BAH B pacyeTax JPYrHX CBail 110 MaTepHaiy,
CHOCOﬁy TIOTPYXKCHUS U YUCITY CJIOCB I'PYHTA OCHOBaHU .

KuroueBble ciioBa: BUCsYas CBas1, HECyIIas CHOCOGHOCTB TpyHTa, ﬂByXCHOﬁHOC OCHOBAHHEC, COKUMAIOIIast Harpy3Ka, CHIbl TPCHUA-CUCIIIICHU S, 6yp0Ha6I/IBHa$I cBas.
UDC 624.154 DOI: 10.37538/0039-2383.2022.5.13.19.. CALCULATION OF THE EFFECTIVE LENGTH OF COMPRESSED BORED HANGING PILES BASED ON THE BEARING
CAPACITY OF THE TWO-LAYER FOUNDATION SOIL. V.S. Utkin, Zh.V. Kosheleva, Vologda State University; e-mail: utkinvogtu@mail.ru
Abstract. The article discusses a new method for calculating the effective length of bored hanging piles based on the bearing capacity of a two-layer foundation soil. This calculation problem is of
particular importance when it is necessary to use piles of large length and large diameter. The calculation of a hanging pile according to the bearing capacity of the foundation soil adopted in regulatory
documents is based on the occurrence of friction forces on the surface of the pile because of its movement (“disruption”) in the ground environment. It does not correspond to the behavior of the pile
during operation. In practice, the disruption of the pile is unacceptable, therefore, for the safe operation of the pile, the coefficients of the working conditions are entered into the calculation. A new
approach to the calculation of hanging piles by bearing capacity in multilayer foundation soils based on the account of friction-adhesion forces on the surface of the pile is proposed. The friction-coupling
forces are caused by micro-displacements of the surface layers of the pile material because of its general deformation from the compressive load on the pile. The effective length of the pile is understood
to be such a length at which the bearing capacity of the soil on its surface and under the lower end of the pile is effectively used. Due to this length of the pile, an economic effect is achieved in pile
foundations. The above method of calculating the bored pile can be used in the calculations of other piles by material, method of immersion and the number of layers of the foundation soil.
Key words: hanging pile, bearing capacity of the soil, two-layer base, compressive load, friction-coupling forces, bored pile.

YucnieHHbIe pacyeThl
Numerical calculations

VK 624.04+624.07+517.972.5 DOI: 10.37538/0039-2383.2022.5.20.28
A.B. EPMAKOBA, k.T.H., 10ueHT ®T'AOY BO «IO:kH0-Ypanbekuii rocynapersennsiii yuusepeurer (HAY)», r. Yensounck; e-mail: annaolgall@gmail.com
YHUCJEHHBIN TPUMEP ITIOCTENEHHOTI' O IIPEOBPA3OBAHUSI MATPUIL JKECTKOCTHU TPEYT'OJIBHOI'O K3 BAJIKU-CTEHKHA M ET'O JKD...20
B cratee TIPEACTaBJICH YHCICHHBIH TIpUMEP IMOCTCIIEHHOT O npeo6pa303a}mﬂ MaTpHUIIBI )KECTKOCTH TPEYI'OJIBHOT'O KOHECYHOI'O DJIEMCHTA OaJIKU-CTEHKH C TIOMOIIBIO MaTPHIL )KECTKOCTH €TO
JIOTIOJTHUTENBHBIX KOHEUHBIX 3JIEMEHTOB. K MoMeHTy paspymuenus Marepuan KD (6eToH) IposBIsSeT OT ABYX (IIPH CHKATHM) 10 YeThIpeX (TIPH PACTHKEHNH) PU3NYECKH HENMMHEHHBIX
cBoricTB. HauanbHas MaTpuIa XEeCTKOCTH KD usmensercs TIpY MOSABJICHUH KaXKI0T'0 U3 HUX. H03TOMy PacCMOTPCHBI IBa BapuaHTa €€ YUCJICHHOI'O U3MCHCHHUS. 063 BapuaHTa
TIOATBEPIKAAKOT BO3MOKHOCTD pe€aIn3aliii pacueTa KOHCprKHI/Iﬁ C HCCKOJIBKUMHU CI)I/BI/I‘-ICCKI/I HEJTMHEWHBIMH CBOMCTBAMH IO MPOYHOCTHOMY NPEACIBHOMY COCTOSHHUIO IIPHU UCIIOJIB30BAaHNH
MeTO/1a JOTIOJIHUTENBHBIX KOHEUHBIX ieMeHToB (M/IKD).

KuaioueBbie ciioBa: METOA AOTIOTHUTEIIBHBIX KOHCYHBIX 3JIEMECHTOB, METOJ KOHCYHBIX JJICMCHTOB, MaTpHUIIa JKECTKOCTH KOHEYHOI'O DJICMCHTA, I[OHOHHHTCHLHLIﬁ KOHEYHBIN DJICMCHT,
MaTpua )XECTKOCTH JOIIOJIHUTCIIBHOIO KOHEYHOI'O DJICMCHTA.
UDC 624.04+624.07+517.972.5 DOI: 10.37538/0039-2383.2022.5.20.28. NUMERICAL EXAMPLE OF GRADUAL TRANSFORMATION OF STIFFNESS MATRIX
FOR TRIANGULAR FINITE ELEMENT OF DEEP BEAM AND ITS AFE. A.V. Ermakova, South Ural state University (NRU), Chelyabinsk; e-mail: annaolgall@gmail.com.
Abstract. The paper considers the numerical example of gradual transformation of the stiffness matrix of triangular finite element of deep beam with the help of stiffness matrix of its
additional finite elements. Material FE (concrete) reveals from two (under compression) to four (under tension) physical nonlinear properties before collapse. Initial stiffness matrix changes
due to the every one. Therefore two variants of its numerical transformation are considered. Both variants confirm the possibility of realization of the analysis of structures with several
nonlinear properties at strength limit stae when the Additional Finite Element Method (AFEM) is used.
Key words: additional finite element method, finite element method, stiffness matrix of finite element, additional finite element, stiffness matrix of additional finite element.

V]IK 624.04 DOI: 10.37538/0039-2383.2022.5.29.32
J.H. HI30MOB?, 1.1.H., npod., wien-kopp. HAHT, A.W. TAJTABOEB?, crapunii npenofaBatesib 'MHCTHTYT Ie0J0THH, CeiicMOCTOMKOT0 CTPOMTEILCTBA H CeiiCMOJIOTHH
HanuonabHoii akagemun Hayk Tapxukucrana (HAHT), 2Xomkentcekuii gpuman TalKHKCKOT0 TEXHHYECKOT0 YHHBEPCHTETa HMeHH akageMuka M.C.Ocumu; e-mail:
tiees@mail.ru
MATEMATHYECKOE MOJEJTMPOBAHUE 3AJAY TEOPUHA YIIPYTOCTHA METO/IOM I'PAHAYHBIX YPABHEHWIA...29
B crarbe uznararorcs OCO6CHHOCTI/I MaTeMaTH4Y€CKOro MOACIIMPOBAHUS L[ByMepHOﬁ CTaTHYECKOM 3a1a49u TCOPUH YIIPYTrOCTH METOAOM I'PaHUIHBIX HHTETPAJIBHBIX ypaBHeHHﬁ. HOJ’[y'-IeHHLIe
YpaBHCHUS ITO3BOJIAIOT UCCIIEA0BATH HanpmerHo—z[eQ)opanOBaHHoe COCTOSTHHE TIIOCKOM 3a1a4v¥ P Pa3IMIHBIX BHEITHUX BO3}:[eﬁCTBH${X. B pe3yabTaTe NPUMCHCHUS CILIaiH-
AlMPOKCUMAaIINU TPAHUYHBIX MapaMEeTPOB CHCTEMA NMHTECTPaJIbHBIX ypaBHeHnﬁ npeoﬁpa3yeTCﬂ B CUCTEMY JIMHEHHBIX anre6panqecr<nx ypaBHeHnﬁ C HCU3BCCTHBIMH KOMITOHCHTAMH
HnepeMeleHUI U HalpshKeHUH. AJITOPUTM peau30BaH Ha IpuMepe 3a1aun Jlame.

KiioueBble cji0Ba: BHYTPEHHsIS 3a/1a4a, KOHEUHAsk 00J1aCTh, TPAaHHYHBIC YpaBHEHHUS, (yHIaMEHTAIILHOE PElLCHHE, CIUIAH-anIpOKCHMALIHs.
UDC 624.04 DOI: 10.37538/0039-2383.2022.5.29.32. MATHEMATICAL MODELING OF THEORY PROBLEMS ELASTICITY BY THE METHOD OF BOUNDARY
EQUATIONS. D.N. Nizomovl, A.l. Dadaboev2, 1 Institute of Geology, Seismic Construction and Seismology of the National Academy of Sciences of Tajikistan (NAST), 2 Khodzhent
branch of the Tajik Technical University named after Academician M.S.Osimi; e-mail: tiees@mail.ru
Abstact. The article describes the features of mathematical modeling of a two-dimensional static problem of elasticity theory by the method of boundary integral equations. The resulting
equations make it possible to investigate the stress-strain state of a plane problem under various external influences. As a result of applying the spline approximation of the boundary
parameters, the system of integral equations is transformed into a system of linear algebraic equations with unknown displacement and stress components
Key words: internal problem, finite domain, boundary equations, fundamental solution, spline approximation.

HHHaMH‘[eCKI/Ie pacucThbl
Dynamic calculation
V]IK 624.072.2/7:624.042.7.001.5 DOI: 10.37538/0039-2383.2022.5.33.41
3.P. TAJIAYTAUHOB, a.T.H., nonent, O.I'. KYMIISIK, a.1.1., npodeccop, JI.P. TAJIAYTAWNHOB, accucrent, E.B. ITUIIUJIOBA, accucrenT ToMckuii rocyjapcTBeHHbI
apXHTEKTYPHO-CTPOUTEILHbIN YHHBepcuTeT; e-mail: gazr@yandex.ru
JTUHAMHUYECKHI PACYET KEJE3OBETOHHBIX BAJIOK HA TTOJATJIMBBIX OMTOPAX 3A MPEJIEJIAMH YIIPYT'OCTM...33
Tenb. 3aumTHbIC COOPYKEHNUS TPAXKIAHCKON 000POHBI MPOCKTUPYIOTCS M3 YCIOBUSI BOCHPHUATUS KPATKOBPEMEHHBIX IMHAMHYECKUX HArpy3ok. IIpu 9TOM Hecylue KOHCTPYKIHU MOTYT
1e(hOpMHUPOBATHCS B IUIACTUUECKOM cTaany. [l CHIOKSHHS yCHIINI 1 ITEPEMEIICHHIT HECYILMX JIEMEHTOB MPH HHTCHCHBHOM JUHAMUYECKOM Harpy)KCHHN HPUMEHSIOTCS! aKTUBHbBIC
Croco0bl 3alMThI KOHCprKHI/Iﬁ. O,E(HI/IM U3 TAKUX METOIOB SABJIAIOTCA IMOAATIMBBIC ONIOPHI B BUAEC CMUHAEMBIX BCTABOK KOJIBIICBOT'O CEUYCHUS. B paﬁoTe PaccMOTPEHO U3MEHECHUE
HepeMeLICHNH 1 YCUIIHIl yIPYTOIIACTHIECKUX XKeNe300eTOHHbBIX 0aIoK B 3aBHCHMOCTH OT ITOJATIMBOCTH OMOPHBIX 3aKperuieHnii. Metoa. BiunsiHue nofaTiMBOCTH Omop Ha paboTy
KOHCTPYKLHUH ITPH KPATKOBPEMEHHOM AMHAMHYECKOM HArPYKEHUH H3y4aloCh YHCICHHO-TEOPETHIECKUM MeTO0M. Ha OCHOBaHHHM TEOPETUYECKHX MCCIIeI0BaHMiT pa3paboTaH
ITOPUTM AMHAMHYECKOTO PacyeTa XKeJe300eTOHHBIX 0ok ¢ TPEIUMHAMH, C IPUMEHEHHEM KOTOPOTrO BBIIIOIHEH PacueT KOHCTPYKIUH MPH Pa3IMYHbIX YCIOBUSIX Ae(OPMHPOBAHUS
MOATIIMBBIX onop. Pe3ynpTaTsl. PacueTaMu oka3aHo, 4TO IPUMEHEHHUE MOAATINBLIX OIOp, 1e(hOPMUPYIOLINXCS TOJIBKO B YIPYTOil CTaJUH, MOXKET OKa3bIBATh KaK MOJIOKUTEILHOE, TaK K
OTpHULATEIIBHOC BIINAHUEC Ha pa60Ty KOHC’]‘pyKL{Hﬁ. B JAHHOM CJIy4a€ MOI'yT BOSHUKaTh 00J1aCTH 3HAYEHUH @, B KOTOPBIX Ha6m0)1ae’rc;1 YBEIIMYCHUE KOB(l)(I)I/I].[I/IeHTa JHHAMHUYHOCTHU
KOHCTPYKIMH Ha MOAATIIUBBIX OIIOPpax OTHOCUTEIBHO 0ajioK Ha HECMEIIACMBIX OITopax. HawuGonbias BQ)Q)EKTHBHOCTB TNPUMEHECHUA NTOAATIIMBBIX OITOP JOCTUTACTCA IIPH UX paGOTe B
IUIACTHYECKOM CTauK 0e3 Mepexosia B CTaIHI0 OTBEP/ICHHS.

KumoueBsble cjioBa: KpaTKOBpPEMEHHAas JUHaAMHUYECKas Harpy3Ka, ypaBHCHHUE NBUKCHUA, KOad)(I)HLIHeHT JAUHAMUYHOCTH, ITOJaTIMBas oropa, (I)yHKLIPlS{ JAHAMHUYHOCTH, JKesIe300eTOHHAs
yHpyroriacTuueckas 6alka, 4actora COOCTBEHHBIX KOJICOAHHIA.
UDC 624.072.2/7:624.042.7.001.5 DOI: 10.37538/0039-2383.2022.5.33.41. DYNAMIC CALCULATION OF REINFORCED CONCRETE BEAMS ON YIELDING SUPPORT BEYOND THE
LIMITS OF ELASTICITY. Z.R. Galyautdinov, O.G. Kumpyak, D.R. Galyautdinov, E.V. Shipilova, Tomsk State University of Architecture and Building; e-mail: gazr@yandex.ru.
Abstract. Protective structures of civil defense are designed from the condition of perception of short-term dynamic loads. In this case, the supporting structures can be deformed in the plastic stage. To
reduce the forces and displacements of the bearing elements under intense dynamic loading, the active methods of protecting structures are used. The flexible supports in the form of collapsible inserts of
annular section is one of such methods. The paper considers the change in displacements and forces of the elastic-plastic reinforced concrete beams, depending on the compliance of support fastenings.
Based on the theoretical studies, an algorithm for the dynamic calculation of reinforced concrete beams with cracks was developed, with which the calculation of structures was performed under various
conditions of deformation of yielding supports. The calculations showed that the use of yielding supports deformed only in the elastic stage can have both a positive and a negative effect on the operation
of structures. In this case, there may be the areas of w0 values in which there is an increase in the dynamic coefficient of the structure on yielding supports relative to the beams on non-displaceable
supports. The greatest efficiency of using the yielding supports is achieved when they work at the plastic stage without transition to the hardening stage.
Key words: short-term dynamic load, equation motion, dynamic coefficient, yielding support, dynamic function, elastic-plastic reinforced concrete beam, frequency of natural fluctuations.




YK 624.35:531.391.3 DOI: 10.37538/0039-2383.2022.5.42.47
M.H. KHPCAHOB, 1-p ¢pus.-mat. Hayk, npod. HauuonaapHelil HecaenoBaTebekuii ynusepeuter «MIHW», e-mail: c216@ya.ru
AHAJIMTUYECKASI OLIEHKA IIEPBOM YACTOTbI COBCTBEHHBIX KOJTEBAHUI MHOT' OITPOJIETHOM ®EPMBL...42
CraButcs 3a[a4a ONpeeIeH!s 3aBUCHMOCTH HIDKHE}i IPaHULIbI OCHOBHOM 4aCTOThI COOCTBEHHBIX KOJICOaHHI CTATHYECKH ONpeaenuMoii GpepMbl OT duciIa mponeros. Bepxuuit mosc depmel
TIPSIMOJINHEHHBIN, HIKHUH MOSIC IPOJICTOB — apOyHbIH. MIHepIoHHbIe CBOICTBA (hepMBbl MOJICTUPYIOTCS OMHAKOBBIMI COCPEAOTOUYCHHBIMU MaccaMu B y3iax. Kaxaas macca uMeer ase
CTeneHu CBOOO/IbI. Y CIIIHS B CTEPIKHSX M PEAKIIUK OIOP HAXOJITCS METOZOM BBIPE3aHHUs Y3/I0B B CHMBOJIBHOI (hopMe U3 peneHunst o01eit cucteMbl ypaBHEHHIT paBHOBECHS y3710B (hepMBL.
Bce npeobpasoBanns mpou3BOAATCS B CHCTEME KOMIBIOTEpHOI MaTeMaTnku Maple. /I HaX 03K IeHHs] MaTPHITBI )KECTKOCTH KOHCTPYKIMHU HCTIoNb3yeTcs popmyna Makcsesia — Mopa.
TlepBast cobcTBeHHAst YaCTOTa KOHCTPYKIUH HAXOJHUTCS 110 MpHOMmKkeHHOMY Metony Jlonkepies. O0o0meHne cepuu OTACIbHBIX PELICHUH, HallIeHHBIX U1t pepM C pa3iInyHbIM YUCIIOM
NIPOJIETOB, Ha IIPOU3BOJIBHOE YHCIIO IPOJICTOB BBHINOIHIETCS METOJIOM HHIYKIHHU C IPMMEHEHHEM OIepaTopoB cucteMbl Maple. JIjist cpaBHEHHUs! HCIIONIb3YeTCsl HAMMEHbIIIAs 4acToTa
KoJie0aHUi CHCTEMbI C MHOTHMH CTEHICHSIMH CBOOO/IBI, ITOJyYeHHAst YHCIIeHHO. BiBeneHa hopMyiia JUlst HUKHEH OLIEHKH MepBOi 4aCTOThI B 3aBHCHMOCTH OT pa3MepoB (epMbl U Yucia
nposteroB. CpaBHEHHE aHAJIMTUYECKOrO PEIICHHs! ¢ YHCICHHBIM I10Ka3bIBaeT XOPOILIYIO CTENeHb IPUOIIKEHNs (hOPMYIIbI LISl IIepBOii 4acTOThI. [TorpeHocTb CyIEeCTBEHHO 3aBUCUT OT
BBICOTHI (pepMBbl. BBISABIICHBI Cllydyan KHHEMaTHYEeCKOH N3MEHAEMOCTH KOHCTPYKIMH TIPU YETHOM YHCIIE TIPOJIETOB.

Kiouesble ciioBa: gepma, Maple, MHIyKIHsI, YUCIIO TTaHEJISH, TIepBasi YacTOTa KOJeOaHHH, HIKHSS OLIEHKa.
UDC 624.35:531.391.3 DOI: 10.37538/0039-2383.2022.5.42.47.ANALYTICAL EVALUATION OF THE FIRST NATURAL FREQUENCY OF A MULTI-SPAN TRUSS. M.N. Kirsanov,
National Research University “MPEI”; e-mail: c216@ya.ru
Abstract. The task is to obtain the dependence of the lower limit of the fundamental frequency of natural oscillations of a statically determinate truss on the number of spans. The upper belt of the truss is
straight, the lower belt of spans is arched. The inertial properties of the truss are modeled by the same concentrated masses in the nodes. Each mass has two degrees of freedom. The forces in the rods and
the reactions of the supports are found by cutting out the nodes in symbolic form from the solution of the general system of equations for the equilibrium of the truss nodes. All transformations are made
in the Maple computer mathematics system. To find the structural stiffness matrix, the Maxwell — Mohr formula is used. The first natural frequency of the structure is found using the approximate
Dunkerley method. The generalization of a series of individual solutions found for trusses with a different number of spans to an arbitrary number of spans is performed by induction using Maple system
operators. For comparison, the lowest oscillation frequency of a system with many degrees of freedom obtained numerically is used. A formula is derived for the lower estimate of the first frequency
depending on the size of the truss and the number of spans. Comparison of the analytical solution with the numerical one shows a good degree of approximation of the formula for the first frequency. It is
shown that the error significantly depends on the height of the truss. Cases of kinematic variability of the structure with an even number of spans are revealed.
Key words: truss, Maple, induction, number of panels, first oscillation frequency, lower estimate.

CelicMHYeCKHE pacyeThl
Seismic calculations
YK 550.34.09, 69.04 DOI: 10.37538/0039-2383.2022.5.48.53
H.B. HHKOHOBA', k.1.1., AM. Y3JIUH, 1.1.1., npodeccop, JI.H. CMUPHOBA?, k.1.1. 1IleTep6yprckuii rocy1apcTBeH bl YHHBEPCHTET MyTeli coOBIenusi MMeHH
umieparopa Anexcanapa I (IITYIIC), r. Caukt-Ietep6ypr; 2Akuunonepuoe obmecrso «Hayuno-uccienosareabekuii nentTp «CTponteabersoy (AQ «HUIL «CTpouTeIbCTBO»),
r. Mocksa; e-mail: uzdin@mail.ru
BJMSIHUE HEOJHOPOJHOCTH MMOJISA YCKOPEHUI HA CEUCMHAYECKYIO PEAKIIMIO...48
PaccmarpuBaetcs BAnsIHEE HEOHOPOAHOCTH 110JIs1 BO3MYIIECHHUS Ha TUIONIAIKE CTPOUTEIILCTBA Ha CeHCMHYECKYIO PEaKIIHIO COOpyKeHHs. I 9TOro UCIONb30BAICs I10Ka3aTelb
HUAEHTHYHOCTH ABYX CUI'HAJIOB, BBCHCHHb[ﬁ aBTOpaMU paHEE U BKJ'IK)‘ial()ll_ll/lﬁ I1OKa3aTeIM HECUHXPOHHOCTH, HEKOTEPEHTHOCTU U pa31—101v1acuna6uocn4 TIPOLIECCOB. O’IMe‘{aeTCﬂ, 4TOo
peaibHbIe 10Ka3aTeNH HACHTHYHOCTH BO3MYILCHHI Ha IUIOIIA/IKEe CTPOMTEILCTBA TPEOYIOT UX y4eTa IPH 3aaHuH CeHCMHYECKOro Bo3aeicTBHsA. OCOOSHHO CYIECTBEHHA HEKOIePEeHTHOCTh
BO3MYULIEHHS B Pa3IMYHBIX TOYKAX IPU PE30HAHCHOM BO3MYIIEHUH COOPYKEHMS.

KinoueBble ciioBa: ceficMudeckoe Bo3/eiicTBUE, IPOCTPAHCTBEHHAS! HEOJHOPOAHOCTb, KOPPEIISLHS, HECHHXPOHHOCTb, Pa3HOMACIITaOHOCTh, KOT€PEHTHOCTh, KO3 (GUIUESHT
HUAECHTHYHOCTH, pEaKLU COOPYKEHHU, OTHOCUTEIIbHAS )KECTKOCTh.
UDC 550.34.09, 69.04 DOI: 10.37538/0039-2383.2022.5.48.53.INFLUENCE OF ACCELERATION FIELD INHOMOGENEITY ON THE RESPONSE SPECTRUM. N.V. Nikonoval, A.M.
Uzdinl, L.N. Smirnova2, 1Petersburg State University of Railways named after Emperor Alexander I (PGUPS), St. Petersburg; 2Joint Stock Company “Research Center “Construction” (JSC “NIC
“Construction”), Moscow; e-mail: uzdin@mail.ru;
Abstract. The influence of the field of accelerations inhomogeneity on the building site on the structure response spectrum has been consider. For this aim, we used the identity coefficient of two signals,
introduced earlier by the authors this paper, and including indicators of non-synchronous, incoherence and multiscale processes. Its note, that the true values the identity coefficients of vibration points of
ground base of building site it is necessary to take into account when setting the seismic excitation. In the case of structure resonant vibrations, the incoherence of the seismic input of different points is
more important.
Key words: seismic input, spatial heterogeneity, correlation, non-synchronous, multi-scale, coherence, coefficient of identity, response spectrum, relative stiffness.

B nomornb npoeKTupoBIuKy
To help the designer
V]IK 624.072.2.014 DOI: 10.37538/0039-2383.2022.5.54.62
A.C. MAPYTSIH, k.1.1., nou. IIsituropekuii nncruryt CeBepo-KaBka3sckoro dexepansnoro yausepeurera; e-mail: al_marut@mail.ru
ONTUMMBALIUS ®EPMEHHBIX KOHCTPYKIUI C MOSICAMM U3 IISITUYTOJIbHBIX PABHOKATETHBIX U PABHOBE/JIPEHHBIX ITIPO®UJIBHBIX TPYBE...54
TIpuBeseHbI YTOUHEHHBIC 3HAYCHHS ONTUMAJIBHBIX apaMETPOB MATHYTOJIBHBIX IPOGMIBHBIX TPYO (PHYTOCBApHBIX MPOQHIIEH), pPABHOYCTOHYUBBIX U3 IIIOCKOCTH H B IIIOCKOCTH
(1)epMeHHOf/'l KOHCTPYKIUH. TTokazana 3(1)(1)6KTI/IBHOCTB 1 palfMOHAJIBHOCTD X NPUMEHCHUS B IOSICHBIX JJIEMEHTAX 3a CUCT (1)yHKLIHOHaJII>HOCTH KOMIIOHOBOYHOT'O O(bopMJTeHI/IS{ TIONEPEYHBIX
Ce‘{eHHﬁ, BKJIIOYAKOLINX OHY ITOJIKY (FOpH?;OHTaJ'ILHy}O rpar—n;), TIapy CTCHOK (BepTHKaJTBHBIX rpaHef/'l) U T1apy HaKJIOHHBIX rpaHeﬁ, CUMMETPUYHO PACIOJIOKEHHBIX OTHOCUTEIIBHO
BEPTUKAIH MO yriamu 45° B epBoit Moaudukarmu (paBHOKaTeTHOH) 1 60° Bo Bropoil Moaudukaimu (paBHOOeIpeHHOI). O0e MOAM(pHKALINK OTKPBIBAIOT OHPE/IEICHHYIO IEPCIICKTUBY
U1 He MeHee (pyHKIMOHATBHOTO KOMIIOHOBOYHOTO O(OPMIICHHS B OOHOBJICHHBIX OeC()aCOHOUHBIX y3/1axX, XapaKTePHbIX U1 PEPMEHHBIX KOHCTPYKIMI U3 TPyOUaTBIX IPOBUIICH.
Beimonxnen CpaBHHTeJ’[BHHﬁ pacyeT KOHCTPYKTUBHBIX KOB(i)(bHHI/IeHTOB 1 OCPETHCHHBIX KOa(b(i)HLU/IeHTOB HCIOJIB30BaHUS CTEPIKHEBBIX JICMCHTOB ITOSICOB U3 IIATUYTOJIBHBIX rlpo@mneifr Ha
IIpUMEPE UX peain3ali B O)Z[H()ﬁ W TOM XKe nony(bepMe (OTHpaBO‘{HOﬁ Mapke), Korjia KOJIM4CCTBO yHI/I(bI/IKaLH/IOHHBIX 30H COBIIAAacT. BrIsiBIIeHO 3aMeTHOE YMEHBIICHUE MaCChI (Beca) 48
COKpAaIIeHNE KOHCTPYKITHOHHOI'O MaTepuajia (CTaJ'[I/I) TI0sICOB M, KaK CJICICTBHC, BCE KOHCTPYKIIUH ITOCPEICTBOM IMOBBIIICHHBIX 3HAYEHUIN CTATHYECKUX (FeOMeTpI/I‘{eCKHX) XapaKTEPUCTHK
pacueTtHbIX cedeHuit. [ToaTBeprkaeHa IpuemMiieMast KOPPEKTHOCTh MPUOIHIKEHHOH METOANKH pacyeTa JUisl €€ MPUMEHEHHS B PEIICHHSIX ONTUMU3ALMOHHbIX 1 BAPHAHTHBIX 3a/1a4, a TAKXKE Ha
Pa3HBIX CTAAUSIX IPOEKTUPOBAHUS HECYLIUX KOHCTPYKIIUH.

KiioueBble cj10Ba: Jerkue METaNIOKOHCTPYKIIMH, PACYET ONTUMAJIBLHBIX TAPaMeTPOB, Gec(acoOHOUHbIE Y31Ibl, MPO(HUIbHEIE TPYObl, THYTOCBapHbIE MPO(GUIH, (PepPMEHHbIE CUCTEMBI, PelIeTYaThie
KOHCTPYKLIUH.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2022.5.54.62. OPTIMIZATION OF TRUSS STRUCTURES WITH CHORDS OF PENTAGONAL PROFILE PIPES ISOSCELES AND
EQUILATERAL. A.S. Marutyan, Pyatigorsk Institute of the North Caucasus Federal University; e-mail: al_marut@mail.ru.
Abstract. The article determines the specified values of optimal parameters of pentagonal profile pipes (bent-welded profiles), equally stable out of and within the truss structure. The efficiency and
rationality of their use in chord elements are shown due to the functionality of the layout design of cross sections, including one flange (horizontal face), a pair of walls (vertical faces) and a pair of
inclined faces symmetrically arranged to the vertical at angles of 45° in the first modification (equilateral) and 60° in the second modification (isosceles). Both modifications disclose the certain prospect
for high functional layout design in the updated faceless nodes typical for truss structures made of tubular profiles. The article gives the comparative calculation of the design coefficients and the
averaged coefficients of the use of chord core elements made of pentagonal profiles with the example of their implementation in the same semi-truss, when the number of unification zones coincides. A
noticeable decrease in the mass (weight) and reduction of the structural material (steel) of the chords and, as a consequence, the entire structure was revealed by the increased values of static (geometric)
characteristics of the design sections. The acceptable correctness of the approximate calculation method is confirmed for its application in solving optimization and variant problems as well as at different
stages of load-bearing structures’ design.
Key words: light-weight metal structures, calculation of optimal parameters, faceless assemblies, profile pipes, bent-welded profiles, truss systems, lattice structures.

YK 624.072.2.014 DOI: 10.37538/0039-2383.2022.5.63.66

B.!. OBO30B, a.1.1., npo¢. IHUUCK um. B.A. Kyuepenxo (AO «<HULL «CtpouteancTBo»), r. MockBa, e-mail: obozov@yandex.ru

HEKOTOPBIE CIIOCOBbI YCUJIEHUS ®YHIAMEHTHBIX IIJIUT...63

AHaIM3MPYIOTCS pa3INyHbIe CIOCOOBI yCHIeHNS (yHIAMEHTHBIX IINT MPUMEHHTEIBHO K CIIydasiM, KOT/ia Mocje BO3BeAeH s (DYHIAMEHTHBIX IUTHT B PE3y/IbTaTe KOPPEKTUPOBKU MPOESKTA
YBEJIMYMBACTCSI Ha HUX Harpyska. [IpuBe/ieH mpuMep peain3aliy yCHaeHns YHIaMEHTHOM IUTUTBI B CIIydae yBEJIHYCHHs 3TaXHOCTH 31auus ¢ 10-14 sraxeit no 17. DpdexruBHOCTH
Pa3IMIHBIX CI1oco0oB ycuieHus (t)yH}laMeHTHLIX TUTAT UCCJICJOBaHa Ha IIpUMEPE CTpOﬂHleﬁCﬂ BT. TBepL 00J1acTHOM }IeTCKOﬁ KJIMHAYECKOM GOHBHHHH‘ Crioco0br ycuineHus (t)yH}laMeHTHLIX
TIUTUT YCJIOBHO PAa3/ICJICHBI Ha ABC IPYIIIBI B paMKaX ITOCTPOCHUA KOHEYHO-3JIEMEHTHON pacquHoifr MOJICIIN. K nepBoﬁ TPyNIie OTHECCHBI CHOCOﬁH, KOMITCHCUPYIOIINE HEXBATKY BerHeﬁ
pacTsHyTON apMaTyphl QYHAAMEHTHOI IUTMTHI HAKJICHKON Ha MOBEPXHOCTB MPOOIEMHBIX y4aCTKOB CTaJIbHBIX JIMOO yrJIeIuIaCTHKOBBIX JIEHT. KO BTOPOIi rpyIne OTHECeHbI Croco0,
nepepacnpeaciarommne H3rubHbIE ycuius B q)yH}laMeHTHOﬁ IiTe ot Goliee Harpy>X€HHBIX K MCHEC HaIrpy>KC€HHBIM y4acTKaM. HCCJ’[G}IOB&HH CITOCOOBI MOJICIUPOBaHNUS ITOAKOJIOHHHUKOB B
BBIYUCIIUTEINBHOM cpejie mporpammHoro komitekca JINPA-CATIP.

KunroueBrble c10B: 3/1aHHUE, q)yHJlaMCHTHBIe TIJIATBI, ITOAKOJIOHHUKH, CI'IOCOGLI YCUIICHHU, aq)q)eKTI/IBHOCTL, CTaJIbHBIC (yTHeﬂIIaCT]/IKOBHC) JICHTHI, 6OJIT-LLIITI/IJ'IB](3, COCTaBHasA CUCTEMa, MOJCITUPOBAHHE.
UDC 624.072.2.014 DOI: 10.37538/0039-2383.2022.5.63.66. SOME STRENGTHS FOUNDATION SLABS. V.I. Obozov, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction”),
Moscow, e-mail: obozov@yandex.ru
Abstract. Various ways of strengthening foundation slabs are analyzed in relation to cases when, after the construction of foundation slabs, as a result of project adjustments, the load on them increases.
An example of the implementation of the reinforcement of the foundation plate in the case of an increase in the number of storeys of the building from 10-14 floors to 17 is given. The effectiveness of
various ways of strengthening foundation slabs is investigated by the example of the regional children’s clinical hospital under construction in Tver. The methods of reinforcement of foundation slabs are
conditionally divided into two groups within the framework of constructing a finite element computational model. The first group includes methods that compensate for the lack of upper stretched
reinforcement of the foundation plate by sticking on the surface of problem areas of steel or carbon fiber tapes. The second group includes a method that redistributes bending forces in the foundation
plate from more loaded to less loaded sections. Methods of modeling of sub-columns in the computing environment of the LIRA-CAD software complex are investigated
Key words: building, foundation slabs, sub-columns, reinforcement methods, efficiency, steel (carbon fiber) tapes, bolt-stud, composite system, modeling.



B nopsnke obcyxnenus

In order to discuss.

YK 698.3 DOI: 10.37538/0039-2383.2022.5.67.73

C.B. KYIIHUP, un:kenep, M.H. TABJIEHKO, un:kenep, U.B. CTYJIBEBA, unzxenep IHUMUCK um. B.A. Kyuepenko (AO «HUL «CtpouTesbcTBo»); e-mail:

1747302@mail.ru

MPOBJEMbI COBMECTHOI'O IIPUMEHEHHUSI CBETOITPO3PAUHBIX KOHCTPYKIANA 1 HABECHBIX ®ACAJIHBIX CUCTEM...67

TexHUYECKUE PEIISHHs 110 YCTPOHCTBY (haca/IHBIX KOHCTPYKIMIA Ha 00BbEKTaX B HACTOSIIEE BPEMsI TIPE/ICTaBICHbl KOMOMHAIIMEH pa3InIHbIX (acaJHbIX CUCTEM H BUTPAKHBIX

KOHCTpYKIHMii. Pa3paboTka poeKTOB 110 yCTPOUCTBY (haca 0B 31aHHI BBIIIOIHIETCS HA OCHOBE THIIOBBIX TEXHUUECKHX pelieHuid. [Ipu 9ToM yaile Bcero THIIOBbIE TEXHUYECKUE PeLICHHs He

aJIaNTUPYIOTCS 110 YCIIOBUSI MECTa CTPOMTENIBCTBA U PACIIONOKEHHUS 00BEKTa, HE YUHTBIBAIOTCS YHUKAIBHBIC aDXHTEKTYPHBIC OCOOCHHOCTH 00BEKTa. DTO SBISCTCS IPHUNHOMN

BO3HHKHOBEHHUS 1€(eKTOB, 0OCOOCHHO IIPU COBMECTHOM IIPUMEHEHHH CBETONPO3PAauHbIX KOHCTPYKIMIT 1 HaBecHBIX (hacajubix cucreM. [Ipobiema, 3atparuBaemast B CTaThe, — OTCYTCTBHE

KOMIUIEKCHOT'O HAyYHOT'O TI0JIX0/1a JUTsl PEILICHHs 3a/1a4 110 IPOSKTUPOBAHHIO U BO3BECHUIO SKCIIEPUMEHTAIBHbIX (pacaJHbIX KOHCTPYKLHH B CIIOKHBIX KIMMATHYECKUX YCIOBHSX.
KiioueBble ciioBa: HaBecHas (aca/iHast cucTeMa, CBETONPO3PAYHbIC KOHCTPYKI[HH, BUTPAKH, KOMIIO3UTHBIE ITAHENIHN, TIPOTEUYKH, IIPOEKTUPOBAHUE, MOHTAXK, TEXHUYECKUE PEIICHHSI.

UDC 698.3 DOI: 10.37538/0039-2383.2022.5.67.73. ISSUES OF JOINT APPLICATION LIGHT-TRANSPARENT STRUCTURES AND HINGED FACADE SYSTEMS. S.V. Kushnir, M.N.

Pavlenko, 1.V. Stul’eva, TSNIISK named after V.A. Kucherenko (JSC “SIC “Construction™), Moscow; e-mail: 1747302@mail.ru

Abstract. Technical solutions for the installation of facade structures at facilities are currently represented by a combination of various facade systems and stained glass structures. The development of

projects for the arrangement of building facades is carried out on the basis of standard technical solutions. At the same time, most often, standard technical solutions are not adapted to the conditions of

the construction site and the location of the facility, and the unique architectural features of the facility are not taken into account. This is the cause of defects, especially when combined with the use of

translucent structures and hinged facade systems. The problem addressed in the article is the lack of an integrated scientific approach to solving the problems of designing and erecting experimental

facade structures in difficult climatic conditions.

Key words: hinged facade system, translucent structures, stained-glass windows, composite panels, leaks, design, installation, technical solutions.
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Baaauvup PAV3EP, Hcaak EJTMIIAKOB

®UTOCODPUS BE3OIIACHOCTHU U HATEXKHOCTU KOHCTPYKIIMIA...74

HCOHpCﬂCJ’ICHHOCTL, HECOMHCHHO, MPUCYTCTBYCT B MHKCHCPHOM JICJIC, YTO ACIACT €€ KPUTHICCKU BaKHOM JUIA IPOCKTUPOBAHUA KOHCprKHHﬁ. B sT10i1 KHETE paccMaTpuBarOTCA TPpU
KOHKYPHUPYIOIHE q)HJ'IOCO(i)I/II/[, JIC)KAIHUC B OCHOBC 6630HaCHOCTI/I U HAACKHOCTH KOHCprI(HHﬁZ BCpOHTHOCTHLIﬁ aHaln3, METOAbI, OCHOBAHHBIC Ha HCUCTKUX MHOXXCCTBAX, U BBIITYKIIOC
MOJCIIMPOBAaHUEC. HOI[pOﬁHO O6T>$lCH$l$l TCOPHIO, JIC)KAITYIO B OCHOBE BEPOATHOCTHOI'O aHaIn3a, METOA0B 06pa6OTKI/I Ha OCHOBE HCUCTKUX MHOKECTB U BBITYKJIOTO IIOAX0Ja, HAPALY C UX
peanmauneﬁ, HCIIOJIb30BAHUEM U MMPEUMYIECTBAMHU, B KHUI'€ CPABHUBAIOTCA U IPOTUBOIIOCTABJIIFOTCS 3TH METO/IBI, IIO3BOJIAA YUTATEIIIO PEIIAaTh l'lpOGJleMbl, CBs3aHHBIC C
HEOIPeJIeIeHHOCThI0. DTH NPOOJIEMBbI HEOIPEAEICHHOCTH MOXKHO YBU/IETh B IPAXKIAAHCKUX MHKEHEPHBIX COOPYIKEHHUSX, B OLICHKE PUCKE 3eMJICTPSICEHNUH, BO3ACHCTBMU MOPCKHX BOJIH Ha
cyna ¥ TypOyJIeHTHOCTH, BIHSIONLIEH Ha aspokocMuueckue annaparsl. OCHOBBIBAsICh HAa MHOTOJISTHEM OIIBITE aBTOPOB B 3TOi1 001acTH, hunocodust 6€30macHOCTH U HaJJE)KHOCTH
KOHCTPYKIIMIA SIBJIA€TCS BaXKHBIM PYKOBOJCTBOM K aHAJIN3Y CTPYKTYPHOI HeompeneneHHoCTH. TeMbl, 3aTpOHYThIE B KHUI'€, BKIIOYAIOT CBOMCTBA MaTepUaIoB U UX KOHCTPYKTHBHBIN H3HOC,
KOO HUIHEHTHI HaZGKHOCTH, OLICHKY PUCKOB M MOJICJIM HAIrPY30K, a TAKKE UX COYeTaHUs. DTa KHUra OyAeT HHTepEeCHA CTYAEHTaM U CIeLHAINCTaM B 00J1aCTH a9POKOCMUYECKOIA,
CTPOUTENILHON, MAIMHOCTPOUTENBbHOM TEXHUKH U MOPCKHX COOPYKEHHM.

Vladimir RAIZER, Isaac ELISHAKOFF. PHILOSOPHIES OF STRUCTURAL SAFETY AND RELIABILITY.

Abstarct. Uncertainty is certain to be found in structural engineering, making it crucial to structure design. This book covers three competing philosophies behind structural safety and reliability:
probabilistic analysis, fuzzy set-based treatments, and the convex approach. Explaining the theory behind probabilistic analysis, fuzzy setbased treatments, and the convex approach in detail, alongside
their implementation, use, and benefits, the book compares and contrasts these methods, enabling the reader to solve problems associated with uncertainty. These uncertainty issues can be seen in civil
engineering structures, risk of earthquakes, impact of rough seas on ships, and turbulence affecting acrospace vehicles. Building on the authors’ many years of experience in the field, "Philosophies of
Structural Safety and Reliability" is an essential guide to structural uncertainty. Topics covered in the book include properties of materials and their structural deterioration, safety factor and reliability,
risk evaluation and loads, and their combinations. This book will be of interest to students and professionals in the fields of aerospace, civil, mechanical, marine, and ocean engineering.
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Pacuetsl Ha IIPOYHOCTH

Strength calculations

YK 519.65:624.042 DOI: 10.37538/0039-2383.2022.6.2.7

A.IL. TOKTHUOHOB, a.1.H., npod. FOro-3anauuslii rocyaapcrBeHHblil yHuBepcuTeT, r. Kypcek; e-mail: loapa@mail.ru

BOCCTAHOBJIEHUE HAYAJIBHBIX ITAPAMETPOB BAJIKU ITPU 3AJTAHHBIX MJIAJIIAX KOO PUITUEHTAX YPABHEHUSI ITPOTI'NBOB...2

Paccmm‘per—m MaTEMaTHYECKOE MOJICTIMPOBAHNE U SKCIIEPUMEHTAIIbHOE HCCIIEIOBAHNE 06paTHOﬁ 3a1aun Ko 1o BoCCTaHOBJICHUIO HAYaJIbHBIX TapaMeTpoB yl'lpyFOﬁ JIMHAW GAJIOYHOTO JIeMEHTa

CTPOMTEIBbHOI KOHCTPYKIMH NPH 3aJaHHBIX MIaamux kodhduinentax ypaBHeHus nporu6os 6anku. Ilpu paBHOMEpHO HENMPEPbIBHOW HOPME MOrPEIHOCTH IPOrHOOMEPOB HHTEPIIOINPOBAHUEM

noiHOMOM Jlarpan:xa Ioy4eHo pacnpejieieHne MpornboMepoB 1o Oajike, MUHIMH3HPYIOIIEe MOrPENIHOCTh BOCCTAHOBJICHNs HaYaJlbHBIX APaMETPOB 110 KpUTEPHI0 MHHIMYyMa (yHKImH JleGera.
KiioueBble ciioBa: 6aska, HauaJabHbIC TAPaMETpPhI, MOJIEINpPOBaHKe, obparHast 3a1a4a Ko, pyukims Jlebera, nporudomep.

UDC 519.65:624.042 DOI: 10.37538/0039-2383.2022.6.2.7.RECOVERY OF THE INITIAL PARAMETERS OF THE BEAM WITH THE GIVEN JUNIOR COEFFICIENTS OF THE

DEFLECTION EQUATION. A.P. Loktionov, Southwest State University; Kursk, Russia; e-mail: loapa@mail.ru

Abstract. Mathematical modeling and experimental study of the inverse Cauchy problem of restoring the initial parameters of the elastic line of a beam element of a building structure for given minor

coefficients of the beam deflection equation are considered. With a uniform continuous absolute norm of error for measuring deflections by interpolating with a Lagrange polynomial, the distribution of

deflection meters over the beam is obtained, which minimizes the error in restoring the initial parameters by the criterion of minimum of the Lebesgue function.

Key words: beam, initial conditions, modeling, inverse Cauchy problem, Lebesgue function, deflection meter.

YucnieHHbIe pacyeThl

Numerical calculations

YK 624.04 DOI: 10.37538/0039-2383.2022.6.8.17

H.C. 3ABBSLIOB, acnupanT Boarorpajackuii rocyaapcTBeHHbII TeXHIYeCKHil yHuBepeuTeT; e-mail: is_zavyalov@mail.ru

CPABHUTEJIbHBIA AHAJIA3 TOYHOCTH PE3YJIbTATOB PACYETA TOHKOM M3r'HBAEMOM IIVIACTUHKH C UCITIOJb30BAHUEM PA3JIMYHBIX ®OPM MKD...8

B crarbe npuBeieHbI pe3yIbTaThl CPABHUTENBHOTO aHAIM3a TOYHOCTH TOHKOM M3rubaemoit miactuaku no MKD B gopme knaccuueckoro cmeranHoro merona (KCM) u Ha ocHoBe MKD B
nepemerieHusx ¢ ucrionb3oBanueM [TK JIMPA CAITP. BrimonseH aHani3 pe3ysibTaToB pacdeTa JIs IUIACTHHOK ¢ HECKOJIBKMMH THIIAMH IT'PAHUYHBIX YCIIOBHH U NIPEACTABICHUEM B BUJIE
aHcamOJIs NPAMOYTOJIBHBIX KOHCYHBIX 3JIECMEHTOB C 3 HEM3BECTHBIMH B KaXXJIOM Yy3Jie. ITo pe3yabTaTaM pacueToB CACIIaH BBIBOJA O TOYHOCTH U KOPPEKTHOCTH PacyY€TOB IO ABYM q)opmaM
MKD. IpuseaeHs! rpadUKu CXOAUMOCTH PEe3yJIbTaTOB pacyera.

Kinouessie ciioBa: MKD B opMe KIIaCCHYECKOr0 CMELIAHHOTO METO/Ia, pacyeT u3rnbaeMbix TOHKUX miacTiH, MKD B ¢opme nepemenienuii, npsamoyronsubiii KD ¢ pasmuyHbIME THIIAMU TPAHHYHBIX yCIOBHIA.
UDC 624.04 DOI: 10.37538/0039-2383.2022.6.8.17. COMPARATIVE ANALYSIS OF THE ACCURACY OF THE CALCULATION RESULTS OF A THIN BENDABLE PLATE USING
VARIOUS FORMS OF FEM. I.S. Zavyalov, Volgograd State Technical University; e-mail: is_zavyalov@mail.ru
Abstract. The article presents the results of a comparative analysis of the accuracy of a thin bending plate according to the FEM in the form of a classical mixed method (CSM) and based on the FEM in
dis placements using the SP LIRA SAPR. The analysis of calculation results for plates with several types of boundary conditions and representation in the form of an ensemble of rectangular finite
elements with 3 unknowns at each node is performed. Based on the results of calculations, a conclusion was made about the accuracy and correctness of calculations using two forms of the FEM. Graphs
of convergence of calculation results are given.

Key words: FEM in the form of a classical mixed method, calculation of bending thin plates, FEM in the form of displacements, rectangular FE with various types of boundary conditions.

VYIK: 624.04°074.4:539.41:513.73 DOI: 10.37538/0039-2383.2022.6.18.27
C.H. KPUBOIWIAIIKO, i.1.1., 0.0. AJTEIIAHA, x.1.1., B.H. UBAHOB, 1.T.1. Poccuiickuii ynnBepcuTer Apy:K6h1 Hapoaos, r. Mocksa; e-mail: sn_krivoshapko@mail.ru
CTATUYECKHMI PACUET OBOJIOYEK, OYEPYEHHBIX IO IOBEPXHOCTSM C I'NIABHBIM KAPKACOM U3 TPEX 3AJJAHHBIX CYITEPSJLJIMIICOB...18
B craTtee TNpeIaracTcs UCII0JIb30BaTh B apXUTEKTYPE U CTPOUTEIBLCTBE IIOBEPXHOCTH, PEKOMEHAYEMBIC IS (bOle/IpOBaHI/Iﬂ KOPITYCOB PEYHBIX 1 MOPCKHUX CYyZIOB. Dt TIOBEPXHOCTHU coAepKaT
SaZIaHHBIﬁ TJIaBHBII Kapkac U3 TpeX IIIOCKHX KPUBBIX B (bopMe CYNEPIIUIUIICOB. Hanuuune Tpex FaGap]/ITHBIX Pa3sMEpPOB U MECTH MTPOU3BOJIBHBIX ToKa3areJiell CTENCHEH B IBHBIX M napaMeTpru4ECKuX
YPaBHEHUAX PACCMATPUBAEMBIX HOBCPXHOCTCI\/'I J1a€T BO3MOXKHOCTD IOJIY4aTh OTPOMHOE KOJIMYECTBO pazHooszﬂme (bOpM ITUX HOBBpXHOCTeﬁ, HMEs TOJIBKO TPU YPAaBHEHHUS. 38.2[&‘13 KOHCTpPYKTOpa —
BBIGpaTB Hauﬁonee OINTHUMAJIBHYI0, HCXO1S1 U3 apXUTEKTYPHBIX Tpe60BaHM!7I u yCIIOBHI;’l TIPOYHOCTH. B craThe nokasaHsl 1 TMPONJUTIOCTPUPOBAHBI IPUHIUTIBI TEOMETPUYECKOI0 MOJICTIMPOBAHUS
CPE€ANHHBIX nosepxuoc‘reﬁ TOHKHX 000JI04€eK paccMaTpuBaeMoOroO TUIA U IPEACTABICHA BO3MOKHOCTbh UX CTATUYECKOIr'0 pacyeTa ¢ IIOMOUIBIO MKD.

KiroueBbie ¢10Ba: TOHKast 000JI09Ka, CTATHIECKUI pacyeT, THAPOJHHAMUYECKAst IOBEPXHOCTD, CYIEPAIUIUAIIC, METO/] KOHEUHOTO JJIEMEHTA.
UDC: 624.04°074.4:539.41:513.73 DOI: 10.37538/0039-2383.2022.6.18.27 STATIC ANALYSIS OF SHELLS WITH MIDDLE SURFACES CONTAINING THE MAIN FRAME FROM
THREE GIVEN SUPERELLIPSES. S.N.Krivoshapko, O.0.Aleshina, VV.N.lvanov, Peoples' Friendship University of Russia, Moscow; e-mail: sn_krivoshapko@mail.ru
Abstract. In a paper, surfaces, recommended for forming hull shapes of river and see ships, are supposed to use in architecture and building construction. These surfaces contain the given main frame
from three plane curves in the form of superellipses. The presence of three overall dimensions and six arbitrary exponents in explicit and parametric equations of presented surfaces gives an opportunity
to have large quantity of diverse forms of these surfaces, having only three equations. Designers must choose the most optimal surface taking into account architectural demands and strength conditions.
In a paper, it is shown and illustrated the principles of geometric modeling of middle surfaces of thin shells of the offered type and an opportunity of their static analysis with the help of FEM is
presented.
Key words: thin shell, static analysis, hydrodynamic surface, superellipse, FEM.



JIMHAMUYEeCKHEe PacyeThl

Dynamic calculation

V]IK 624.07.534.1 DOI: 10.37538/0039-2383.2022.6.28.39

N UBAHYEHKO, 1-p TexH. Hayk, npod). MOCKOBCKHIi rOCy1apCTBEeHHBbIIl yHHBepcuTeT myTeii coobiennss (MUHUT); e-mail: ivaii0ll@mtu-net.ru

METO/I PACYETA B3AUMOJIENCTBUS MOCTOBOI'O IIEPEXOJIA U CKOPOCTHOI'O KEJIE3HOJOPOKHOI'O COCTABA ITIPU IEPEMEHHOM CKOPOCTH

JBWXEHMUS (x popmuposanuio Hopm ais BCM)...28

Jlns pacuera MocToB Ha BCM npu IBU>KEHUHM € HEPEMEHHON CKOPOCThIO HHEPLIMOHHOI HArpy3KH (3KEIe3HOJOPOXKHBIX COCTABOB) IIPEJIaratoTCs IpaHH4HbIC 31eMeHTbI (I'D) s crepixHeit

Ha YIIPYroM OCHOBaHUH. JIJIsl aNnmnpoKCUMAalMH CMELIEHHH NIy nocTpoeHnu I'D uenonb3yercs Habop MHHEHHBIX ¥ TPUTOHOMETPHYECKHMX (DYHKIH. [ paHUYHBIC SI€MEHTBI IPUMEHSIOTCS

JUIA pacueTa KOHC6aHI/Iﬁ PEIBCOBOTIO MyTH BHC MOCTA U IIyTH HA MOCTY, COBMECTHO CO CBA3aHHBIMH 9€PE3 HpOCJ’IOf[KP[ JABYXITYTHBIMH 68J'IO'-IHI>IMI/I TIPOJICTHBIMH CTPOCHUAMH, TIPU

CKOPOCTHOM [IBMOKCHUH HpOPBBOJ'ILHOﬁ CUJIOBOM M P[HCpHHOHHOf[ Harpysok. I[J'[}I IIOCTPOCHUS METOAUKH HCIIOJIB3YIOTCA, IIPCJIOKCHHBIC paHEC aBTOPOM CTaTbU IIarOBBIH MCTOI AJIst

pemeHus 3axa4 HCyCTaHOBHBHJCﬁCH JUHAMHUKH COOpy)KCHP[ﬁ 1 METOJ pacdyeTa COOPYKCHHU Ha HCﬁCTBHC IMOABHXXHBIX CHJIIOBBIX U P[HepLIP[OHHOﬁ Harpy3ok (MCTOJI[ Y3JIOBBIX yCKOpCHHﬁ).
KuoueBbie ciioBa: IIEPEMCHHAsI CKOPOCTH, IIIAroBbIC IIPOLEAYPHI, CTCPIKHEBBIC TPAHUYIHBIC DJICMCHTHI, peJ’IBCOBLIfI IIyTh, MOCTOBOM NEPEXON, «KMETOJ Y3JIOBBIX yCKOpCHHI\;I»A

UDC 624.07.534.1 DOI: 10.37538/0039-2383.2022.6.28.39. THE CALCULATING METHOD FOR INTERACTION OF A BRIDGE CROSSING AND A HIGHSPEED TRAIN AT

VARIABLE SPEED (ELABORATING STANDARDS FOR HIGH-SPEED RAILWAYS (HSR). L.I. lvanchenko, Russian University of Transport (RUT MIIT), Moscow; e-mail: ivaii011@mtu-net.ru

Abstract. Boundary elements for rods on an elastic base are proposed for the calculation of bridges on the HSR when moving at a variable speed of an inertial load (railway train). A set of linear and

trigonometric functions is used to approximate the displacements at the construction of boundary elements. These elements are used to calculate the vibrations of the rail track outside the bridge and the

track on the bridge, together with double-track girder superstructures connected through the interlayers at high-speed movement of arbitrary power and inertial loads. To construct the methodology, the

step method proposed earlier by the author of the article for solving 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) are used.

Key words: variable speed, step procedures, rod boundary elements, rail track, bridge crossing, “nodal acceleration method”.

CelicMUYeCKHE pacyeThl
Seismic calculations
YJK: 624.042.7 DOI: 10.37538/0039-2383.2022.6.40.47
0.5. CABUPOBAY, marucrpanr, I.B. COPOKUHA?, k.1.1., A.M. Y3JIUH?, a.1.1., npocpeccop, M.IO. ®EJIOPOBA?, kan. ¢pus.-mart. nayk ‘IlerepGyprekuii rocyaperBeHHblil
yHHBepcHTeT myTeii coobuennst, 2Cankt-IlerepGyprexuii rocyaaperBennbiii yuusepenter; e-mail: sabirovaanna95@yandex.ru
CIIOCOBBI COYETAHHUSI HAT'PY30K IIPU IPOEKTUPOBAHUU CEMCMOCTOMKHUX COOPYKEHHUIA...40
Paccmotpens! criocoObl coueTaHust Harpy3oK IPH OLCHKE YCUIIHI U APYTHX IoKa3aTeseld paboTsl coopyskeHus. OCHOBHOE BHUMAaHHUE YJIEJIEHO JABYM CIIOCO0aM: MOCTPOSHHIO (QYHKIHI
IUIOTHOCTH PacHpeesIeHHs aHAIM3UPYeMoro (hakropa OT OJJHOBPEMEHHOT'O ICHCTBHS HArPY30K M aHAJIM3y PABHOBEPOSITHBIX I1ap pacCMaTpUBAaeMBbIX HAarpy3ok. Iloka3aHo, 4To ykasaHHbIE
CIIOCOOBI OMHUCHIBAIOTCS PA3HBIMU YPaBHEHUSIMH M IIPUBOJIAT K pa3HbIM pesynbraTam. [IepBblii criocod oka3biBaeTcst 6oiee KOHCepBaTUBHBIM. OTMeYaeTcsi HEOJHO3HAYHOCTb 3a1auKl
OIIpe/IeNIEHUs PACUETHOIO COUETAaHUs HAarpy30K. BIBO/IbI IPOMILTIOCTPUPOBAHBI HA IPOCTOM IPHMEPE.

KimoueBble ciioBa: k0d(hUIHEHTH! coueTaHus HArPY30K, CEHCMOCTOIKOE COOpyXKeHHe, ceficMuuecKkas Harpy3Ka, IPOSKTHOE 3eMJICTPSCEHNE, METO/L IIPEJIeIbHbIX COCTOSHUIA,
MOBTOPSIEMOCTh HAarpy3ku, MHOrOypPOBHEBOE IIPOEKTHPOBAHNUE.
UDC: 624.042.7 DOI: 10.37538/0039-2383.2022.6.40.47. METHODS FOR COMBINING LOADS IN THE DESIGN OF THE SEISMIC STABILITY STRUCTURES. O.B.Sabirova?,
G.V.Sorokina!, A.M.Uzdin!, M.Yu.Fedorova?, ‘St.Petersburg State University of Railway Transport, 2St.Petersburg State University; e-mail: sabirovaanna95@yandex.ru
Abstract. The ways of combining loads in evaluating strains and other indicators of the structure operation are considered. The main attention is paid to two methods: constructing the distribution
density function of the analyzed factor caused by the simultaneous action of loads and the analysis of equiprobable pairs of the considered loads. It is shown that these methods are described by different
equations and lead to different results. The first way is more conservative. The ambiguity of the task of determining the load design combination is noted. The conclusions are illustrated by a simple
example.
Key words: load combination factors, seismic stability structure, seismic input, design earthquake, limit state method, load repeatability, multilevel design.

Pacyersl Ha yCTOWYHBOCTD
Stability calculation
VIK: 624.044 DOI: 10.37538/0039-2383.2022.6.48.54
C.B. OCBIKOB, acniupant, A.B. TPO®UMOB, k.T.H. CankT-IleTepOyprekuii rocy1apcTBeHHbIH apXHTEKTYPHO-CTPOUTEIBHBII YHUBepcuTeT; e-mail: osykovwv@gmail.com
BJIUSHUE NOJATIUBOCTU KOHTAKTHOI'O CJIOSA HA )KECTKOCTbD CTAJIEXKEJE30BETOHHBIX U3T'MBAEMbIX 3JIEMEHTOB C
PA3JIMMHBIMU T'PAHUYHBIMHU YCJIIOBUSIMMU...48
B cranexene300eToHHBIX H3rnbaeMbIX AEMEHTaX 1e(hOpMaTHBHBIE XapPAKTEPUCTHKU MATEPHAJIOB CYIIECTBEHHO PA3/IMYaIOTCs], YTO IPUBOIKT K CIIBUTAM B KOHTAKTHOM CJIO€ U BIIMSET Ha
HaIpsDKEHHO-Je(hOPMUPOBAHHOE COCTOSIHUE BCEi KOHCTPYKIMH B 1IeJIoM. B paGoTe npe/cTaBieHo aHAIMTHYECKOE BBIPAXKEHUE JUIs OLIPEIENICHHS TapaMeTpa CLEIICHHUs B
CTasIeXkeNIe300eTOHHBIX IEMEHTAX MPH Pa3IMYHbIX IPAHUYHBIX yCJI0BHsX. [TokaszaH xapakTep pacipeaeseHHs CHIOBbIX (JaKTOPOB B KOHTAKTHOM CJIOE TAKMX KOHCTPYKIMiL. OLieHeH BKIIaj
IOJAaTJIMBOCTH KOHTAKTHOI'O CJIOS B 06].11yl0 JKECTKOCTh COCTAaBHOM KOHCTPYKIHH. Hpomseneﬂo CPaBHEHHUE aHATIMTUICCKUX 3HAYCHUH HpOFl/I6OB CO 3HAYCHHUSAMHU, TOJYyYEHHBIMU
OKCIIEPUMEHTAJIbHBIM ITYyTEM. PeSyﬂbTaTbI CpaBHEHUS TOKA3bIBAIOT, YTO HEYUET MOAATIMBOCTU CUEIVICHUA MEXKIY JIIEMEHTAMU COCTaBHOM KOHCTPYKIMH B aKTyaJIbHbIX Ha CCFOIlHﬂLL[HHﬁ
JE€Hb HOPMATUBHBIX JOKYMEHTAX HE MO3BOJISIET KOPPEKTHO OLIEHUTH €€ Ile(l)OpMaTI/IBHOCTbA HpeﬂHO)KCHHaﬁ AHAJIMTUYCCKas1 MOAC/Ib MOXKET OBITH UCIIOIb30BaHA JUI ONIPEACTICHUSA
JKECTKOCTH CTaJIe)KeIe300€TOHHBIX MEPEKPBITHIA.

KuoueBble ¢/10Ba: cTaeKene300€TOHHAs MHOTOIPOJICTHAs Galka, KOHTAKTHBIH CIIOM, CIIBUT, TEOPHS COCTABHBIX CTEPIKHEHl, aHAJUTHYECKast MOZEIb, AehOpMaLIHH.
UDC: 624.044 DOI: 10.37538/0039-2383.2022.6.48.54.INFLUENCE OF INTERFACIAL INTERACTION TO THE STIFFNESS OF STEEL-CONCRETE COMPOSITES WITH
VARIOUS BOUNDARY CONDITIONS UNDER BENDING MOMENTS. S.V.Osykov, A.V.Trofimov, Saint Petersburg State University of Architecture and Civil Engineering; e-
mail: osykovvv@gmail.com
Abstract. Steel-concrete composite structures under bending moments have different deformation characteristics, which leads to interfacial slip and affects the stress-strain state of the
entire structure as a whole. This paper presents an analytical expression for determining the friction capacity parameter in steel-concrete composite beam structures under various boundary
conditions. The interfacial shear stress and interfacial shear force plot of such structures is shown. The contribution of the interfacial effect to the overall rigidity of the composite structure
is estimated. The analytical values of the deflections are compared with the values obtained experimentally. The results of comparison show that neglecting the interfacial effect in current
standards and guidelines leads to incorrect assessment of structural deformability. The proposed analytical model can be used to determine the stiffness of steel-concrete composite slabs.
Key words: steel-concrete continuous multi-span beam, interfacial interaction, slip, theory of built-up bars, analytical model, deformations.

B nomornb npoekTupoBImuKy
To help the designer
VK 624.012 DOI: 10.37538/0039-2383.2022.6.55.60
A3, XYTAMHATOBY, um., A.B. JOTBUHOB?, uni., A.FO. ABAHOBA?, unk., E.A. TABJIOBAZ, uns. *000«T BPAEP», r. MockBa; e-mail:
logvinov@braer.ru 2IIHUUCK um.B.A.Kyqepenko (AO«HUI«CTpouTebeTBo»), . Mocksa; e-mail: 1701088@mail.ru
OCOBEHHOCTH PACYETA KOHCTPYKIIUM U3 KPYITHO®OPMATHBIX KEPAMUYECKUX KAMHEN HA CMATHUE IO POCCUCKHUM U EBPONTEICKUM HOPMAM...55
BeinonHeH cpaBHUTEIBHBIN aHAIM3 PACYCTHBIX CEYCHUH KIIAJIKN N3 KEPAMHYECKOTr0 KHPIHYa U KPyHHO(OPMATHOTO KEPAMHYECKOT0 KaMHS B COOTBETCTBHH C QJITOPUTMOM pacyeTa Ha
cmsiTue (cocpepoToueHHas Harpyska) no EN 1996-1-1 u poccuiickuM craHgapram. YKa3aHbl OCHOBHbBIC OTJIMYMS [IPH BBITOJIHEHUH pacueToB. JIaHbl pEKOMEH/IALMHU [0 YTOUHCHHUIO
METO/IMKH pacyeTa Ha COCPEJOTOUCHHbIC HATPY3KU ULl KJIAAKU U3 KPYMHO(YOPMATHBIX KEPAMUYCCKHX KaMHEH.

Ki1ro4eBble ¢/10Ba: CpaBHUTEINBHBIN aHATIN3, MECTHOE CXKATHE, PACUET HA MECTHYIO HAarpy3Ky, KAMEHHbIE KOHCTPYKIIUU.
UDC 624.012. SPECIFICS OF CALCULAR MASONRY LAGE-FORMAT ORGANIC BLOCK STRUCTURES CRUSHING (CONCENTRATED LOAD) ACCORDING TO
RUSSIAN AND EUROPEAN STANDARTS. A.E. Khudaynatovl, A.V. Logvinovl, A.Y. Ivanova2, E.A. Pavlova2, 1LLC «Trade House BRAER», Moscow, 2TSNIISK named after
V.A. Kucherenko (JSC «SIC «Construction»), Moscow; e-mail: 1701088@mail.ru
Abstract. A comparative analysis of the design cross-sections of ceramic bricks and large-format ceramic masonry according to the EN 1996-1-1 buckling (concentrated load) calculation
algorithm and Russian standards is carried out. The main differences in calculations are pointed out. Recommendations are given for refining the methodology of concentrated load
calculation for masonry made of large-format ceramic block.
Key words: comparative analysis, local compression, calculation for local load, masonry structures.

DKcrnepuMeTaabHbIe UCCIICI0BAHUS
Experimental studies
V]IK 694.141.2 DOI: 10.37538/0039-2383.2022.6.61.68
C.B. TYPKOBCKHM, k.1.1., A.A. IOTOPEJIBLIEB, k.1.1., B.O. CTOSIHOB, k.1.1. IHUUACK um. B.A.Kyuepenko (AO «HHUII «CTpouteaneTBoy), r. MockBa; e-mail: pogara@yandex.ru
OIBIT SKCIUIYATAIIMH BOJIBIIENPOJIETHBIX KJIEEHBIX JEPEBSHHbBIX KOHCTPYKIMM C Y3JIAMU CUCTEMbI IHUMCK...61
CepwuifHoe PON3BOACTBO KJIeeHBIX AepeBsHHbIX KoHCTpyKImi (KJIK) B Poccun oprannsosano B 1975 r. KonerpykrusHas cucrema « [ [HUMCK» coznana u co3aana U COBEpPIICHCTBYETCS C
1975 r. [Ipu3HaKOM CHCTEMBI SIBJISETCS TPUMEHEHHE B y371axX U cThikax cOopHbIX K/IK coenvHeHnii Ha BKIICEHHBIX CTepKHIX. OHM IPUMEHEHBI B COTHSX OOJBIICIIPOIICTHBIX 3/IaHUH:
aKBarapkax, MaHe)kax, TepMUHAJIAX JUlsl yIO0OpEHHH, CIIOPTUBHBIX COOPYKEHHSIX, 3alIPOSKTHPOBAaHHBIX B Jlabopatopun Hecymux aepeBsHHbIX KoHcTpykiuit THUMCK nM. B.A.
Kyuepenko. Cornacno @enepansHomy 3akony @3 Ne384 ot 30.12.2009 KOHCTPYKIMH 3THX COOPYKSHHUH TTOJUISKAT HATYPHBIM 00CIICIOBAaHUSIM 1 MOHUTOPHHTY. B craThe mpuBosITCS
CHCTeMaTH3MpPOBaHHBIE BBIBOJIBI 0 coctostnun KJIK 1o pesynpraTam ux obcnenoBanus. Xapakrepubivu aedexramu KJIK sBisioTcs paccioeHus 1o KJIEeBBIM IIBaM M TPEIUHBI 110
JipeBecuHe. ' JIaBHbIC TPUYHHBI PACCIIOCHHH — YCIOBHUS AKCIUTyaTalliK ¢ HU3KOH OTHOCHTEIILHON BIIaYKHOCTBIO BO3/yXa, HAPYIICHHUs TEXHOJIOIUH CKIEHBAHHS U OMIMOKH B POCKTHPOBAHUH.
Amnanus cocrosans KJIK nossosm jatk pekoMeHIaImu 1o 6e30macHoi SKCILUTyaTalui ¥ IPEATIOKEHUs] B HOPMBI IPOSKTHPOBAHHUSL.

KiioueBbie ciioBa: 1e)eKThl ACPEBSIHHBIX KOHCTPYKIHiA, PACCIIOCHHS], BKIICCHHBIC CTEPXKHH, )KECTKHUE CTHIKH, YCYIIKA {PEBECHUHBI.




UDC 694.141.2 DOI: 10.37538/0039-2383.2022.6.61.68.EXPERIENCE IN THE OPERATION OF LARGE-SPAN LAMINATED TIMBER STRUCTURES WITH TSNIISK
SYSTEM NODES. S.B. Turkovskiy, A.A. Pogoreltsev, V.O. Stoyanov, TSNIISK named after V.A. Kucherenko. (JSC “SIC “Construction”), Moscow; e-mail: pogara@yandex.ru
Abstract. Serial production of glued wooden structures (GWS) in Russia was organized in 1975. The structural system “TSNIISK” was created and improved since 1975. The feature of the
system is the use of prefabricated GWS joints on glued rods in nodes and joints. They were applied in hundreds of large-span buildings: water parks, playpens, fertilizer terminals, sports
facilities, which were designed in the Loadbearing wood structures of laboratory of TSNIISK named after V. A. Koucherenko. According to Federal Law FL No. 384 of 12/30/2009, the
structures of these buildings are subject to field surveys and monitoring. The article presents systematized conclusions about the state of GWS based on the results of their examination.
Characteristic defects of the GWS are delaminations along the adhesive seams and cracks along the wood. The main causes of delamination are operating conditions with low relative
humidity, violations of bonding technology and design errors. The analysis of the state of the GWS allowed to form recommendations for safe operation and suggestions to the design
standards.

Key words: defects in wooden structures, delaminations, glued-in rods, rigid joints, wood shrinkage.

B nopsake obcyxnenus
In order to discuss
VYK 624.0722 DOI: 10.37538/0039-2383.2022.6.69.74
B.B. KATIOIIHWH, kanp. Texs. Hayk Hayuno-ucciaenoBareisckasi 4 npoeKTHo-cTpoutesnbnast pupma YHUKOH; e-mail: firm@uniconst.ru
KOHIIEIILAU METOJIA PACYETA KOHCTPYKIIUM 110 ITPEJEJBHOMY (HOPMAUPOBAHHOMY) IIOBEJIEHMIO...69
ﬂ.l'[i{ OTACJIbHBIX KOHCprKLIP[ﬁ Y KOHCTPYKTHUBHBIX CUCTEM, 06na)1a10m1«[x BBIpAKCHHBIMHA HEJIMHEHHBIMU CBOMCTBAMH HJIU CBOﬁCTBaMH, KOTOPBIC HE ONUCBHIBAKOTCA U HE PETJIaMECHTHUPYIOTCA
JISHCTBYIOIIMMI HOPMaMH pacyeTa, Harpumep, JUIsl TOHKOCTEHHBIX KOHCTPYKIIHH; ISl CUCTEM ¢ OONBIIUMU JehOpMalUsIMU; TSl PACYETOB Ha IPOrpeccUupylolee 00pyIeHue 1 T.1.,
npeanara€Tcsa JONOJHUTh METOI IPEACIIbHBIX COCTOXHHﬁ, ONHUCHIBAIOLIUI KOHCTPYKTHUBHBIC CUCTEMBI B CTAllTHOHAPHBIX COCTOSHUAX JOIOJHUTE WK, B pAJC CITy4acB, 3aMCHUTH
OrpaHU4YCHHUAMM 110 €€ MPEACIIBHOMY (HOpMHpOBaHHOMy) TIOBEICHUIO €€ DJIEMEHTOB U Y3JIOB BO BPEMEHHU U OINPEACIIACMBIX NPEACIIBHO TO0IYCTUMBIMHA I'paJuCHTaMU peaxunﬁ CHUCTEMBI OT
HM3MEHSIOIIET0Cs] BHEIIHETO BO3/ICHCTBHS.

KuroueBbie ciioBa: TIIPEACIIBHBIC COCTOSHUSA, IIPEACIIBHOC (HOpMHpOBaHHOC) TIOBCACHUEC, I'PaIUCHTBI pCaKHHﬁ CTpOP[TCJ'H:H()ﬁ CHUCTCMEIL, HCHHHCﬁHOCTL, TIIPOrpeCCUpyroIce O6py]JJCH]/[C.
UDC 624.0722 DOI: 10.37538/0039-2383.2022.6.69.74.CONCEPTS OF THE CALCULATION METHOD FOR STRUCTURES ACCORDING TO THE
LIMIT (NORMALIZED) BEHAVIOR. V.V. Katyushin, Scientific Research and Design&Construction company UNICON; e-mail: firm@uniconst.ru.
Abstract. For individual structures and structural systems that have pronounced non-linear properties or properties that are not described or regulated by the current calculation standards,
for example, for thin-walled structures; for systems with large deformations; for calculations for progressive collapse, etc., it is proposed to supplement the method of limit states, which
describes structural systems in stationary states, to supplement or, in some cases, replace it with restrictions on its limiting (normalized) behavior of its elements and nodes in time and
determined by the limit allowable gradients of system responses from changing external influences.
Key words: limiting states, limit (normalized) behavior, reaction gradients of construction system; non-linearity, progressive collapse.




