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TEHUEB I'.A., A.1.H., npod., ywien-kopp. PAACH, HHUUCK um.B.A . Kyuepenko, r.MockBa
BOIPOCHI MEXAHUKH CPE/I, OBJIAJAIOIIAX AKCEJIEPAITMOHHOM BSI3KOCTHIO...9
Tloctpoena MaTeMaTHYeCKast MOZEIb ULl aHATMTUYECKOTO OMMCAHUS PEOJOTHYECKUX CBOUCTB BSI3KUX M YIPYTrO-BI3KUX TBEPABIX T U XKHUAKOCTEH, (PH3nuecKie 3aBHCHMOCTH KOTOPBIX
BBIXOZAT 332 PAMKH OINPEAEIIAIONIMX COOTHOLIEHUH YHUCTO BA3KOM — HhIOTOHOBCKOM MOJIEIH CPeIbl U yIpyroBsizkoit Mojenu PDoiirra, ycTaHaBIMBAIOLIINXCS COOTBETCTBEHHO JINHEHHBIC
3aBHCHMOCTH M@Ky KOMIIOHEHTaMH TEH30POB HAIPSIKCHUS U CKOpocTell nedopMaruii 1 KOMIOHEHTaMHU HanpsKeHus P 1 KOMIOHEHTaMU TeH30poB AeopManuii S U ckopocteit
nedopmanuii S'. TIpuBeaeHHbIe HU3NUECKHE 3aBUCUMOCTH U ONPEACIISIONINE YPABHEHUSI MOTYT OBITh HCIIOJIb30BaHbI IPH ONMMCAHUN 3aKOHOMEPHOCTEH JIBMIKCHHST HEKOTOPBIX BH/IOB
CBSI3HBIX IPYHTOB B TOM YHCJIC B 33/ja4aX CEHCMOJIOTHHU U JOCTATOYHO IUIACTUYHOTO JIUTOro OeToHa.

Ku1ioueBble cji0Ba: BS3KHE, YIPYro-BsI3KHE TeNa, TEH30PbI HANPSDKEHUS B CKopocTeit aedopmaruii, MMHeiHbIe 3aBHCHMOCTH, CBSI3HBIE TPYHTHI, 334K CEHCMOIOTHH.
UDC 624.072.5.393. Geniev G.A. Mechanics of environments with accelerating viscosity.
The mathematical model for analytical description of the rheological properties of viscous and elastic-viscous solids and liquids is developed. Their physical dependences go beyond the
constitutive equations for purely viscous Newton model of environment and the elastic-viscous Voigt model, setting respectively the linear relationships between components of stress
tensors and strain rate and R stress components and S deformation tensors components and strain rate. The given physical dependences and constitutive equations can be used for
description of movement patterns of some types of cohesive soils including problems of seismology and rather plastic and mushy concrete.
Key words: bviscous, elastic-viscous body, tensors of stress, strain rate, linear dependences of cohesive soils, problems of seismology.

TEHUEB I'.A., 1.1.1., npod., 4nen-kopp. PAACH, S TAKPECTOBCKHAM K.IT., A.T.H., TLHAY4HbIi cotpyannk IHUACK um.B.A.Kyuepenko, r.MockBsa,
BOIIPOCHI JJIMTEJBHOHU MTPOYHOCTH KEJIE3OBETOHHBIX OBOJIOYEK...14
BrinonHena oleHKa JIUTeNbHOM POYHOCTH GETOHHBIX JIEMEHTOB 000J104€K M IPYrUX KOHCTPYKIMI, paboTalomuX 110 NPOCTPaHCTBEHHOIH cxeMe. Mcrob30Banbl KPUTEPUHU JUTUTENBHOM
MPOYHOCTH XPYNKHUX MM TICEBIOMIACTHYECKMX MAaTEPHAIOB, B OCHOBY Pa3pabOTKH KOTOPBIX MOJIOKEHB! IPOCTEHIINE PEOIOrMYECKHE 3aKOHBI H3MEHEHHS HX J1eOPMAIIMOHHBIX U
9HEPreTUYECKHX NapaMeTPOB BO BPEMEHHU IPU IEHCTBUM HOCTOSHHBIX WM HEPEMEHHBIX CTaTHYECKUX HArpy3ok. [Ipu MakcHMabHON Harpyske, MEHbIIel IpeeIbHOM, PEKOMEHI0BAHO
MIPOBEPSTH HECYLIYIO CIOCOOHOCTD MPH LIUKIHIECKOM 3arpyKEHHH.

KiroueBble ¢j10Ba: IIUTEIbHAS IPOYHOCTD, IPOCTPAHCTBEHHbIC KOHCTPYKIMH, CII0KHOE HAIPSXKEHHOE COCTOSIHHE, BBl MEXTY SJIEMEHTAMH, KPHUTEPHii IIPOUYHOCTH.
UDC 624.072. Geniev G.A., Pjatikrestovsky K.P. About long-term strength of recast reinforced concrete shells.
The long-term strength of recast reinforced concrete shells with the use of the appropriate strength criteria of fragile materials is studied. These criteria are applicable to concrete of joint
seals and plates of the contour zones which are in a complex stressed condition. As a basis for development of strength criteria for fragile materials the elementary theology laws of
alteration of their deformation and energy parameters in time are fixed. The determining equation of long-term strength is obtained. The technique of a computation allows a qualitative and
quantitative assessment of long-term strength of the various structural solutions of the shells.
Key words: long-term strength, spatial design, complex state of stress, the joints between the elements, the strength criterion.

PacuéTel Ha MPOYHOCTD
C.B. BOCAKORB, a.1.1., npo¢. PYII «MuctutyT BetHUUC», 1. MuHCcK
JIMHEWHBIE U YIJIOBBIE NEPEMEIEHUSI KBAJJPATHOI'O IITAMIIA C CAMMETPUYHBIM KBAJIPATHBIM OTBEPCTHUEM HA YIIPYT'OM CJIOE...20
Paccmorpena KoHTakTHas 3a1a4a Ul HArpyKEHHOTO CHJIOH 1 MOMEHTOM KBaZpaTHOTO IITaMIIa, JIXKAIEro Ha ynpyrom cioe. Pacuer Beimosnnen criocodom b.H. YXKemoukuna. ITpuBogstest
PEe3yIbTaThI JUIS pacHpe/ieNIeH sl KOHTAKTHBIX HalPsHKeHHH U yIIIOBBIX M BEPTHKAIBHBIX IIEpeMEIeHHI KBapaTHOTO IITaMIIa OT BHEIIHEi Harpy3Ky B BUJIE CUIIBI 1 MOMEHTA.
KuioueBbie cj10Ba: KOHTAKTHAs 3aj1a4a, yIPYrHil CIIOH, KBaPaTHBIH IITAMII, KOHTAKTHBIE HAIPSDKEHNUSL.
UDC 624.15. Bosakov S.V. Linear and angular displacements of square die with symmetric square hole on elastic layer.
The contact problem for a square circular die loaded by force and moment lying on an elastic layer is considered. The calculation is made by B.N. Zhemochkin’s method. The results for the
distribution of the contact stresses and the angular and vertical displacements of the square circular die under the external load in the form of force and moment are presented.
Key words: contact problem, elastic layer, square die, contact stress.

E.A. BPUTBUH, kana.¢uz.mar.nayk AICK, r.lnenp, Ykpanna
®OPMUPOBAHUE MATPHUIILI dKECTKOCTH TOHKOCTEHHBIX CTEPKHEM C YYETOM BJIHUSIHUA JEP®OPMALIMU CJABUTIA...23
Ha Ga3e aHaIMTHYECKOTO PELICHHS OJIHOM CHCTEMbl YPaBHEHHMH Ie(OpMAIN TOHKOCTEHHBIX CTEPKHEH OTKPHITOro MPO(HUIIS CTPOUTCS MaTPHIIA )KECTKOCTH JIEMEeHTa. PeleHne 1aercs ¢
y4eToM ehopMaLiK CABHra KaK OT IOMEPEUHbIX CHII, TaK H OT KPYTSIIEro MOMEHTA, OTBETCTBEHHOI'O 32 CTECHEHHOE KPyYeHHE.
KitioueBsble cj10Ba: pacueT KOHCTPYKI[Hi{, KOHCUHBIH HJIEMEHT, TOHKOCTCHHBIN CTEP)KeHb, JeTUIaHallks, OHMOMEHT, MaTPHUILA KECTKOCTH TOHKOCTEHHOTO CTEPXKHSI.
UDC 624.044. Britvin E.I. Stiffness matrix of thin walled bars with the influence of shear stran formation.
The stiffness matrix of thin-walled open section bars is constructed basis on the analytical solution of thecomplete system of equations of deformation of thin-walled section. The solution is
given in view of a shear deformation of the lateral forces as well of the torque responsible for bending torsion.
Key words: structural analysis, finite element, thin-walled bar, warping, bimoment, stiffness matrix of thin-walled bar.

A.C. KPABYYK, n.¢puz.mat.Hayk, q1ou, A.U. KPABUYK, kana.¢pus.mar.nayk, nou., U.A.TAPACIOK, nn:k.Benopycckuii I'Y, r.Munck, beaapycs
PELIEHME 3AJAYH JSIME JIJISI INIOCKOCTH C OTBEPCTHUEM B CJAYYAE TEOMETPUYECKH HEJJAHEMHOI'O YPABHEHHSI COCTOSIHUSI EE MATEPHAJIA...29
B 3agaue JIsiMe 11 IIIOCKOCTH C OTBEPCTHEM OTCYTCTBYIOT CJIBUTH, YTO CTABHT O]l COMHEHHE HEOOXOMMOCTb HCIIOIB30BAaHNUS A€BUATOPOB HAIPSDKEHUH U ieopManuii, a Takxke
MHTEHCHUBHOCTH Aedopmariuit 1 HanpsbkeHnid. Ha B3risia aBTopoB, JaHHas 3aj1aua MOXET OBITh pelleHa Ul MaTepHaIoB ¢ CHMMETPUYHON HEJMHEHHON MarpaMMoil pacTsDKEeHHUsI/CoKaTHs
(Ju1st HOpMaJIBHBIX HANPSDKEHUH 1 iehopMaliiii) IpU UCII0JIb30BAaHUM T€OMETPHUECKU HEJTMHEHHON HHTEepIPETaIMH 3a/[a4H, 3aKII0YalOIIeHCst B TOM, YTO JUISl INIOCKOCTH € OTBEPCTHEM
HEO0OXO0IMMO PacCMOTPETh HECKOJIBKO KOHIIGHTPHYECKUX CJIOEB, CyMMapHasi TOJIIHHA KOTOPBIX COOTBETCTBYET IIIyOHHE MPOSIBICHHUS HEIMHEHHOCTH MaTepHaia. B aToM cirydae
JiarpaMMel 1e)OpMHUPOBAHHS MaTepPUAIOB KOHIIGHTPHYECKUX CIIOEB ONPEICIIIOTCS KaK CeKyIre IpsMble HeIIMHEHHOH uarpaMMbl 1e)OpMHUPOBAHHS MaTepraa IIOCKOCTH B
MIPE/IIOI0KEHNH O ITOCTOSIHCTBE M PAaBEHCTBE JUIs BCeX MarepuasioB kodhduuuentos [TyaccoHa. Pelrenne BcrioMorateabHO#M 3a1a4H IIPOBOANUTCS METOOM, XapaKTEPHBIM [UIsl TCOPHU
KOMIIO3HUIIMOHHBIX MAaTEPUAIOB, COTJIACHO KOTOPOMY pealbHOE HANpPsDKEHHO-1e()OPMUPOBAHHOE COCTOSIHIE 00BEKTA MPUHAUICKUT OLICHOYHON 00JIaCTH, TPAaHUL[AMH KOTOPOH SIBIISIIOTCS
peleHs, oIydeHHbIe Ha ocHoBaHnK rumnote3 Doiirta u Pelicca 0 HenpepbIBHOCTH AehOpManiii U HANMPSDKCHUIT B CIIOMCTOM MIIOCKOCTH, COOTBETCTBEHHO.

Kurouebie cioBa: 3anaua Jlsime, runoresa Qoiirra, runoresa Peiicca, HelnHEHHO aeopMUpyeMblil MaTepHal, KOMIO3HUIIHOHHBI MaTepHal.
UDC 539.3. A.S. Kravchuk, A.I. Kravchuk, I.A. Tarasyuk. Generalization of lame solution of the problem for plane with hole for geometric nonlinear equation of state of its material.
There are no shear displacements in the Lame’s problem for a plane with a hole and this fact casts doubt on the necessity of using deviators of stresses and strains, as well as the intensity of
strain and stress. In the authors’ opinion, this problem can be solved for materials with symmetric nonlinear stress-strain diagram (for the normal stresses and strains) using a geometrically
nonlinear interpretation of the problem. According to it several concentric layers should be considered for the plane with a hole and the total layers thickness corresponds to the depth of the
material nonlinearity manifestation. In this case stress-strain diagrams of concentric layer materials are determined as secant lines of nonlinear stress-strain diagram of plane material in the
assumption of the constancy and equality of Poisson’s ratio for all these materials. The solving of auxiliary problem is based on method which is characteristic for the theory of composite
materials. According to this method the real stress-strain state belongs to estimated area which bounds are the solutions based on Voigt’s and Reuss’ hypothesis of the continuity of the
strain and stress in the layered thick-walled cylinder, respectively.
Key words: Lame’s problem, Voigt’s hypothesis, Reuss” hypothesis, nonlinearly deformable material, composite material.

X.K.CEU®YJLTAEB', a.1.1.,1pod., I.X. J)KEBPAUJIOBA?, k.1.1.,101. 'AsSHUHMCA r.Baky, *A3ep6aiizkanckuii yHHBePCHTET apXHTEKTYPbI H CTPOMTEILCTBA, I.Baky, Azepbaiimkan

HAIPSKEHHO-AE®OPMUPOBAHHOE COCTOSTHUE IJIMT-OBOJIOYEK IIEPEMEHHOM TOJIIAHBI C BEPXHAM IVIOCKAM OCHOBAHHUEM...37

PaccMaTpUBaOTCst BOIPOCHI pacyera ILIUT-000I0YeK [IEPEeMEHHON TOJIIMHBL ¢ BEDXHUM IIOCKMM OCHOBAaHHEM MPSIMOYTOJIbHBIX B IUTaHe. KPUBU3HBI U KPUBU3HBI KPYUCHHS CPEIMHHON

MOBEPXHOCTH IUIMT-000JI04€eK BBIPAXKEHBI Yepe3 MapaMeTphl IIEPEMEHHOM TONIMHBL. VICII0JIb30BaHIeM METO/Ia MAJIOT0 IIapamMeTpa UCXo/Has cucteMa A depeHHalIbHbIX YpaBHEHUI

BOCBMOT'0 TIOPSIZIKA CBEICHA K MOCIIEA0BATENbHOM cructeMe quddepeHnnanbHbIX ypaBHEHNH 4eTBEPTOro mopsiKka. 3ajaya peiieHa B AByX IPUOIIDKEHUSIX U IPUBOAUTCS YUCIIOBOH IpUMep.
KuroueBble ci10Ba: mimra-000J104Ka, IepeMeHHas TOJIIMHA, MaJIblii tapamerp, JuddepeHuranbHoe ypaBHeHHE.

UDC 624.073. Seyffulaecv Kh.K., Jabrailova G.K. Deformed a condition of intense plates-envelopes of variable thickness with the top flat basis.

Questions of calculation of plates-envelopes of variable thickness with the top flat basis rectangular in the plan are considered. Curvature and curvature of torsion of a median surface of

plates-envelopes are expressed through parameters of variable thickness. The initial system of differential equations of the eighth order is reduced by use of a method of small parameter to

serial system of differential equations of the fourth order. The task is solved in two approximations and the numerical example is given.

Key words: plate-envelope, variable thickness, small parameter, differential equation.



JlnHaMuueckue pacuérsl

C.B. BAKYUIEB, a-.1.H.,ipo¢. [len3eHcKmii rocyiapcTBeHHblil YHHBEPCUTET APXHTEKTYPHI H CTPOUTEIbCTBA
K BOITPOCY O BO3BMOXKHOCTH ®OPMUPOBAHUSA HUJIUHAPUYECKHUX YIAPHBIX BOJIH B CIVIOIIHBIX CPEJAX (YacTts 2)...42
JU1st OAHOMEPHBIX LIIIMHAPUYECKHUX BOJIH Je)OpMalnii CxKaTHsl, paCIpOCTPAHSIIOLIUXCS B CIUIOLIHBIX CPEaX, MEXaHHIECKOEe OBEACHNE KOTOPBIX OMMCHIBACTCS KAK TEOMETPHIECKI
JMHEITHBIMH, TaK ¥ TCOMETPUYECKH HEIMHEHHBIMU MaTEMAaTHYECKUMU MOZIEISIMU C YIETOM (pU3HIECKON HEIMHEHHOCTH, PACCMATPHBAIOTCS YCIOBHS, P KOTOPBIX ISl HEPEPBIBHBIX
KpaeBbIX YCIOBHI BO3MOXXHO 00pa30BaHKe yAApHON BOJIHBI HJIM BOJHBI CHIIBHOTO pa3pbiBa. I10ka3aHo, YTo /Ul MOJIEIN JINHEHHOM TEOPHH YIIPYTOCTH 00pa30BaHNe LIMITHHIAPHICCKON
YAAapHO# BOJIHBI BHYTPH CIUIOLIHOTO MacCHBa HEBO3MOXKHO, B TO BPEMsI KAK YIET F€OMETPUYECKOil HETMHEHHOCTH, WITH HCIIOIb30BaHHE APYIHX (pU3HIECKU-HEIHMHEHHBIX MOzeeit
CIIIOIIHOM CpeJibl, IPUBOJUT K BO3MOXKHOCTH 00pa30BaHMsl yJJaPHOH BOJIHBI IIPH HENPEPBHIBHBIX KPAeBBIX YCIOBHSX.

KuioueBbie cjioBa: oHOMepHast oOceCUMMETpHYHAast AeopMarus, HHIMHIPHIECKIE YIapHbIe BOJIHBI, TeOMeTpHYecKas i (U3ndeckast HelIMHEHHOCTb.
UDC 534.11. Bakushev S.V. About the question of possibility of shaping of cylindrical shock waves in continuous mediums. Part 2.
For one-dimension cylindrical waves of compression strain, propagating in the continuous mediums, the mechanical behavior of which can be described by the geometrically linear, and
also by the geometrically nonlinear mathematical models taking into account physical nonlinearity, discussed the conditions, under which the shaping of shock wave or strong shock wave
for the continuous boundary conditions is possible. It is shown, that for the model of the linear elastic theory, the shaping of cylindrical shock wave inside the continuous medium is
impossible, while the account of the geometric nonlinearity, or the using of the other physically-non-linear models of a continuous medium, leads to the possibility of shaping of a shock
wave under the continuous boundary conditions.
Key words: one-dimension axisymmetric deformation, cylindrical shock waves, geometrical and physical nonlinearity.

I'.I'. BYJIBIYEB, n.¢pu3.mat. Hayk, npo¢p. (MUPIA, r.MockBa)
TPEXMEPHBIE 3AJAYY JUHAMUMKH MMOJIOT'O IUJIMH/PA...49
TIpeuioxena HOBast METOAMKA TOCTPOCHHUSI KOHEUHOPA3HOCTHBIX YPAaBHEHHH IS XapaKTEePHCTHICCKOH GOPMBI ypaBHEHHIT IMHAMUKU 1e(hOpMUPYEMBIX TBEpAbIX Teld. OCHOBHAsI HAES TOM
METO/MKH 3aKJII0YaeTCsl B 3aMEHE [IOCTPOCHUS PACYETHBIX MIAGJIOHOB Ha ONpE/IE/ICHHE BOJHOBBIX II0OTOKOB Yepe3 MPAHHLIbI sT9eEK POCTPAHCTBEHHOI CETKU, HA KOTOPYIO pa3duBaeTcs TelO.
DTa METOAMKA UCIIOJIB3YETCS IS TOCTPOCHUSI BHIMUCIUTEIIBHBIX CXEM, TECTHPYETCSI Ha 3a/1a4ax ¢ M3BECTHBIMH (YMCICHHBIMH) PEIICHHSMU U IPUMEHSICTCS JUISl PELICHUS ABYX HOBBIX
3a/1a4 JIMHAMHUKH T10JIOTO JIMHEHHOYIPYTOro 0HOPOAHOI0 M30TPOIHOro NMiMHApa. Ha OCHOBE MOTy4eHHbIX Pe3y/IbTaTOB AaHbI PEKOMEH/ALMH 110 TAlIbHEHIIEMY PAa3BUTHS U IIPUMEHEHHIO
MpeIaraeMoi METOIMKH.

KitioueBble cj10Ba: MaTeMaTHYeCKOE MOJICIMPOBAHIE, METO/] IIPOCTPAHCTBEHHBIX XapaKTEPHCTHK, JMHAMHKA COOPY)KCHHI M KOHCTPYKIIHUH, alrOpUTMBL.
UDC 5.393. Bulyichev G.G. Threedimensional problems of dynamics of the hollow cylinder.
In article the new technique of constructing finite difference equations for the characteristical form of the equations of dynamics of deformable firm bodies is offered. The Basic idea of this
technique consists in replacement of templates building process for computation on the definition process of wave streams through borders of cells of a spatial grid into which the body is
splitted This technique is used for computing scheme’s constructing, is tested on problems with known (numerical) decisions and is applied to the decision of two new problems of
dynamics of the hollow linearly-elastic homogeneous isotropic cylinder. The received results are analyzed. Recommendations for further developments and for applications of an offered
technique are made.
Key words: Mathematical modelling, a method of spatial characteristics, dynamics of buildings and constructions, algorithms.

10.B. KPACHOIIEKOB, 1.7.1.,npod). Cu6HpcKas rocyiapcTBeHHAst ABTOMOOHILHO-10poskHas akagemusi (Cu6AJIN, r.OMcK)
TPACYET KAPKACHOI'O 3JJAHUSI HA IPOT'PECCHUPYIOIIEE OBPYIIEHUE ITPU ABAPUITHOM OTKA3E KOJIOHHBL...54
TIpuBesieHbI pe3yabTaThl HCCIACIOBAHNS HECYIIEH CIIOCOOHOCTH KeIe300eTOHHBIX MEePEKPHITHII MHOTOITKHOTO 3/1aHHs IIPH aBapUHHOM OTKa3e OAHOM U3 KOMOHH. JlIsl CTaTH4ecKoro i
JIMHAMHUYECKOT0 pacyera IepeKphITHs IPUMEHEHa pacyeTHas cXeMa I'HOKOi HUTH. YBENHYCHHE PACTATUBAIONINX YCHIINH IIPU MTHOBEHHOM OTKa3€ KOJIOHHbBI PeKOMEH/IYEeTCSl YUUTHIBATh
BBEJICHHEM JHMHaMHUeckoro koddduumenrta. Paspadoran n anpobupoBaH crocod pacuera JMHAMHIECKOro Kod(duIneHTa ¢ yueroM Heynpyrux aedopmarmii apmarypsl. [Tpusesenst
NIPUMEpHI pacyeTa 31aHus Ha porpeccupyromiee o0pyIieHue.

KuioueBble cjioBa: aBapuifHasi CHTYaIHsl, OTKa3 KOJIOHHBI, IpOrpeccupyiomiee o0pyiienne, rudkas HUTh, JUHAMUUeCKHiT dQheKT.
UDC 624.046. Krasnoshchekov Yu.V. Calculation prefab buildings on progressive collapse columns in crash.
The results of the study the bearing capacity of reinforced concrete floors of multi-storey buildings at the crash of one of the columns. design scheme of flexible filaments used for static and
dynamic analysis of the overlap. The increase in tensile forces at the instantaneous failure of the column it is recommended to consider the introduction of the dynamic coefficient. It
developed and tested a method for calculating the dynamic coefficient taking into account the inelastic deformation reinforcement. Examples of calculation of the building on the
progressive collapse.
Key words: emergency, failure of the column, progressive collapse, flexible string, dynamic effect.

JLH. KY3I>MI/IHA1, Kana.¢u3.Mart.HayK, nom., FO.B. OCI/IHOBZ, KaH1.pu3.MaT.HAYK, o HAY BILID, HUY MI* CY, r.MockBa

PACYET ®MJIbTPALIMU C IBYMSI MEXAHU3MAMM 3AXBATA YACTHIL...59

PaccmarpuBaetcst Mozenb (GUIIbTpaLiy CYCHIEH3HHU B IOPHCTOH Cpejie ¢ IBYMs MeXaHH3MaMH 3axBaTa 4actuil. OTeNbHbIC YaCTULIBI 33EPIKHBAIOTCS IOPAMH MaJIbIX Pa3MEpOB, Ha

KPYIHBIX I0Pax OCaXIAHTCS TPYIIIIbI YaCTHUILI, 00pa3yoliye yCTOHYMBbIE KOHCTPYKIIMH B BH/IE CBOIOBBIX mepeMbrdek. Haii/IeHo aHannTHIecKoe perieHne Ha (PPOHTE KOHIEHTPALIHI

yacrui. J{yst iHeHOro Ko GpuurenTa GUIbTPAHU OCTPOCHO TOYHOE U ACUMIITOTHYECKOE PEILICHUE U BBIOJIHEH YMCIICHHbIN pacyeT aCUMITOTHKH Ha BBIXOJE (PUIBTpA.
KuroueBsle ciioBa: GuibTpauusi, CyCreH3us, MOPUCTas Cpeia, CBOIOBAs IIEPEMBIUKa, TOYHOE M aCHMIITOTHYECKOE PEIICHHS.

UDC 532.546. Kuzmina L.I., Osipov Yu.V. Calculation of filtration with two particle capture mechanisms.

Filtration of suspension in a porous medium with two particle capture mechanisms is considered. Individual particles are retained by pores of small size, large pores are clogged by bridging

— the groups of particles block the pore inlet forming stable arched bridges. Analytical solution is presented at the particle concentration front. For linear filtration coefficient exact and

asymptotic solutions are constructed. Numerical calculation is performed at the filter outlet.

Key words: Filtration, suspension, porous media, arched bridge, exact and asymptotic solutions.

JI.P. CTABHUILIEP, a.1.1., 5.B. BAXOJI/IUH, a.1.H., E.A. COPOYAH, a.1.H.
PACYET BE3OITIACHOCTH OCHOBAHHUM PEAKTOPHBIX OTAEJEHUI ATOMHBIX CTAHIIMIA IPU 3EMJIETPSICEHUAX...65
Paspaboran MeTox pacuera JIOKaJIbHON yCTOHYMBOCTH OCHOBAHHS INIUTHOTO (DYHAAMEHTA MPY PACUYCTHOM CEHCMHUYECKOM Bo3zaeicTBHN. [Ipe/u1okeH MeTO/L MPOrHo3a HaKOIJICHHUS.
HEeoOpaTHMBIX 0CaZOK (yHIaMEHTa 3a CPOK IKCILTYaTAI[MH COOPYKEHHS C YI€TOM IOBTOPSEMOCTH 3eMIICTPSICCHHI.
KiioueBbie cj10Ba: pacyeT JOKAIBHOH YCTOIYMBOCTH, OCHOBaHHE IUTUTHOTO (hyHIaMEHTa, ceficMuueckoe BO3/IeHCTBIE, TOBTOPSEMOCTh 3eMIICTPSICEHHUH.
UDC 539.3. Stavnitser L.R., Bakholdin B.V., Sorochany E.A. Calculation of safety reasons reactor compartment nuclear power plants in earthquake.
We have developed the method of calculating local stability of slab foundation bases for a specified seismic impact. We offer the method of forecasting accumulation of irreversible
foundation settlement during the service life of a building with earthquake frequency taken into account.
Key words: calculation of local stability, the base slab foundation, seismic effects, repeatability of earthquakes.

Pacuersl Ha HaIEKHOCTD
B.A. TPOMALKHUM, k.1.1u. IHAUCK um.Kyuepenko (AO«HUL«CTponTtenncTBoy), r.MockBa
O IPUMEHEHUHA MHOTI'OMEPHOI'O HOPMAJIBHOI'O PACIIPEJIEJIEHUSI B HEKOTOPBIX MOJIEJISIX HAJIEXKHOCTH KOHCTPYKIUAM (Yacts I)...69
H3noxeHsl HEKOTOpPBIE METOABI MOACIHPOBAHUS M BEIYUCICHUS (YHKIIMH pacIpeie]IeHnsl HOpMalbHOTro CilydaiiHoOro Bektopa. Ha ocHOBe uero paccMOTpeHbI BO3MOXKHBIE OLIEHKH
BEPOSATHOCTH OTKa3a M0CIIe0BATENIEHOH CHCTEMbI — TOUHbIE U IPHOIMIKEHHBIE.

KuioueBbie cj10Ba: MHOrOMEpHOE HOPMaJILHOE paclpeiesieHue, mpeodpa3oBaHue pacrpe/ielIeHns, BEpOsSTHOCTb 0TKa3a, IOCIe/[0BaTeIbHast CHCTEMA.
UDC 624.012.2.046.69.04. Gromatsky V.A. Theapplication multivariate normal distribution in some models, reliable designs.
Part I. We set out some methods of modeling and calculating the normal random vector distribution function. On the basis of that assessment, the possible failure probability sequential
system — exact and approximate.
Key words: multivariate normal distribution, distribution, conversion, the probability of failure, consistent system.

C.B. XAPJIAHOBA, k.T.H., B.J1. XAPJIAHOB, a.1.H. BoarI'TV, r. Boarorpan
SHEPTETHYECKUE KPUTEPUU HHTEHCUBHOCTH 3EMJUIETPSICEHMUS...73
B pacuerax 31aHuii n coopyxeHui Ha celicMuUeCKHe Harpy3KH, COOTBETCTBYIOLINE YPOBHIO MaKCHMMAJIbHOIO pacyeTHoro 3emierpscenus (MP3), HeoOX0a1MMo IPUMEHATh
aKceseporpaMmel semiieTpsacenuit. CornacHo JefCcTBYIOMNUM HOPMaM, HHTEHCUBHOCTb 3eMJIETPSACEHMS YCTaHABIIMBAETCS MAKCUMAJILHOM aMILINTY 101 akceneporpammbl. Kak mokasbiBaloT
MHOT'OYHCIIEHHbIE HCCIIE/JOBAHMSA TTOCIIEICTBUI 3€MIIETPACEHHIA, HE CYIIIECTBYET CTPOToH 3aBUCUMOCTH ME3K]ly MHHTEHCHBHOCTBIO 3€MIIETPACEHHS M MAKCUMAJIbHOH aMILIMTY10H
aKceJIeporpaMmel. B craTbe paccMOTpEHBI I0NONHUTENbHBIE KPUTEPHH, O3BOJIAIOIIME OOJIee CTPOro ONpPEIeIMTh HHTEHCUBHOCTh 3eMIIETPSCEHHS 110 akceneporpamme. Iloctpoena
PErpeccHoHHas 3aBUCMMOCTh CBA3BIBAIOIIAs XapaKTEPUCTUKM aKCEIepOrpaMMbl C HHTEHCUBHOCTBIO 3eMiieTpscenus no mkane MCK-64.

KiioueBble ¢/10Ba: HHTEHCUBHOCTb 3EMJIETPSACEHHS, KPUTEPUI UMITYJIbCA, XaPAKTEPHUCTUKH aKCeNeporpaMM, Ko3(GGUIHEHT KOPPENAIUHI, PErPECCHOHHAs MOIEIb.
UDC 624.042.8. Harlanova S.V., Harlanov V.L. Energy criteria of the intensity of the earthquake.
In calculations of buildings and constructions to seismic loads corresponding to the maximum design earthquake (MDE) must apply accelerograms of earthquakes. Under current rules, the
intensity of the earthquake is set maximum amplitude of the accelerograms. As numerous studies of the effects of earthquakes does not exist a strict relationship between the earthquake
intensity and the maximum amplitude of the accelerograms. The article considers additional criteria to more strictly define the intensity of the earthquake on accelerogram. Built a
regression dependence of the binding characteristics of the accelerograms with the intensity of the earthquake according to MSK-64 scale.
Key words: the intensity of the earthquake, the criterion pulse characteristics of the accelerograms, correlation coefficients, regression model.
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Pacuérhl HA IPOYHOCTH
A.C. JEXTSPbD, a.1.H., npod. Hanmona/ibHas akajfieMusi H300pa3HTeIbHbIX HCKYCCTB M apXUTEKTYphI, I Kuep, Ykpauna
TIMPOEKTUPOBAHUE KOMBUHUPOBAHHBIX CUCTEM...2
KomOunupoBaHHbIME 3/1eCh OyeM Ha3bIBaTh KOHCTPYKIIMH, YIEMEHTBI KOTOPBIX UCIIBITHIBAIOT TOJIBKO PACTSHKEHUE — CKATHE WIIH TOJIBKO Monepeynblii n3rub. Panee O6pu1a paccMoTpena [1]
npocreiiinas cuctema [2], cocrosimast 13 OajKy U CTeP)KHsI. PacTSHyTHINH cTep)keHb — pal[MOHAIBHBII AJIEMEHT, B HEM MaTepHall HCIOJIb3yeTCsl IOJTHOCTBIO, MEXTy TeM B Oallke MaTepHa
2(¢(GeKTHBHO UCIIOIB3YeTCs JINIIB B IBYX WIIH OZHON TOUKe HanboJee HANPSHKEHHOTO CEYEHMS, a OCTAIBHON MaTephal OKa3bIBaeTCsl HeIOMCIIONb30BaHHbIM. Ecin Ganka u crepieHb
M3TOTOBJICHBI M3 OZHOTO U TOTO XK€ MaTepuaa, To Aaxe Ipu O4eHb JUIMHHOM CTepXKHE ONTHMAIbHON KOHCTPYKIHEH 0 pacXo/y MaTepHalia Bceraa OyaeT crepxens 6e3 6anku. Hinke
3amauva [1, 2] paccMoTpeHa B pacIIMPEHHOH IOCTaHOBKE — 6allka U CTEP;KeHb MOTYT OBITh M3TOTOBJICHBI U3 PA3JIMYHBIX MaTEPUAIOB — C PA3HBIMHU NpeJieIaMi TEKYIECTH U Pa3HbIMU
croumocTsiMu. Lletb uccie10BaHus — OTBICKaHHUE TAKHX ITapaMeTpOB 3a/1auu (IIPOYHOCTEeH, CTOMMOCTEH U JUTMH CTEPIKHS), TIPH KOTOPBIX ONTHUMAJIHON OKa3bIBAETCS KOHCTPYKIUS C
y4dacTueM u Oayk, u crepxkus. Kpome cummMerpuaHoii 3aaun [2] i1 cpaBHEHHs! paCCMOTPEHBI TaK)Ke M HECUMMETPHYHBIC 3a/1auH.

KiroueBble ciioBa: KOM61/IHI/IPOB3.HHLI€ CHCTEMBI, INIACTHYECKUEC KOHCTPYKLUHNH, HECYIIasa CITOCOOHOCTB.
UDC 624.04:539.376. Planning of the combined systems. Dekhtyar A.S., National Academy of Fine Art and Architecture, Kiev, Ukraine.
The subject of investigation is the combined rigid-plastic systems. Their elements are stretched only or are bent only. The simple symmetric and asymmetrical systems consisting of one bar and one
beam are considered. It is necessary to define such a part of load which every element accepts. Such problem specifications are found when both elements in work are included. Examples are presented.
The analysis of the projects got of the combined systems is given.
Key words: combined systems, plastic structures, load-bearing capacity.
M.H. KHPCAHOB, ap.¢u3s.mart. Hayk, npod., A.H. MACJIOB, nu:x. (HUY MU, r. MockBa)
®OPMYJIbI VIS PACYETA ITIPOTMBA BAJIOYHON MHOTOPEIIETYATOW ®EPMBL...6
CraTuuecKy OIpeAenMas Iiockas Gpepma ¢ JBOHHOMN PEIIeTKOH paBHOMEPHO Harpy)KeHa BEpPTHKAIbHBIMK CHIIAMH 110 BEpXHEMY 110sCy. [lomydeHa TouHas 3aBUCHMOCTh Iporuoa depmsl
OT ee pa3MepoB, HArPY3KU U YKCIIA aHeseil B ynpyroit cramquu ee paboTsl. BoiBeneHbI opMyIisl U1 HaHOOJIee CHKATHIX U PACTSHYTHIX CTEPIKHEH BEPXHEro M HIJKHETO MOSICOB. Y CHIIUS B
CTEPIKHSX ONpPEIEeIIIICh METOIOM BBIPE3aHHs Y3JI0B B aHAUTUTHIECKOM (hopMe ¢ IPHMEHEHHEM CHCTEMbI KOMIIBIOTEpHOIT MaTeMaTnku Maple. TlepemerieHns BBIYHCIICHBI IO (hopMyIIe
MakcBenia — Mopa B IPEAIONIOKEHHH, YTO )KECTKOCTU BCEX CTepKHeil 0OAnHaKOBLL. J{ist 0000IIeH s PeLIeHNs Ha IPOU3BOIEHOE YHCIIO MTAHE IeH HCIIOIB30BAIICS METO HHIAYKIINH.
3ameueHo, 4To K03 HIIEHTH! (HOPMYIIBI YIOBICTBOPSIOT OHOPOJHBIM PEKYPPEHTHBIM YPAaBHEHHSM, PEIICHHE KOTOPBIX METOJAMH KOMIIBIOTEPHOI MaTEMATUKH 1T HCKOMYIO OOLIYyIO
3aBHCHMOCTD B BHie nosmHOMa. OOHAPY)KEHO KMHEMAaTHIeCKOe BRIPOXKICHHE (DepMbl IIPH YKCIIe MaHemneil, KpaTHOM TpeM. [IpHBOANTCS IpUMep COOTBETCTBYIOLICH KMHEMATHUECKH
HETIPOTHBOPEUMBOI CXEMBI PAaCIIpe/IeICHUsI BUPTYaIbHBIX CKOPOCTEH y3110B. BiBoanTCst hopMyra a1t TOPH30HTAIBHOTO CMEIICHHS TOABIKHOI OIOPbI OT ISHCTBHS BEPTUKAIBHOI
Harpy3ku. KpuBble 3aBUCHMOCTH IIPOTHOa OT BHICOTHI (hepMbl OOHAPYKHUBAIOT MUHUMYMBI, HAJMYHE KOTOPBIX MO3BOJISIET ONTUMU3HPOBATh KOHCTPYKIIUIO 110 JKECTKOCTH H BECY.
3aBHCHMOCTB Iporuda OT uKcIia naHenel npu GUKCUPOBAHHOM Harpy3ke Ha GpepMy M 3aJJaHHOH JUIHHE TIpoJIeTa HMeeT CKauKooOpasHbIil XapakTep.

KioueBble ciioBa: 6anounas depma, nporud, Maple, HHIyKIsI, 9HCIO IAHETCH.
UDC 624.04. The formula for deflection calculation of multiple lattice girder. Kirsanov M.N., Maslov A.N., Moscow Power Engineering Institute, Moscow, Russia.
Statically determinate flat girder with double lattice is uniformly loaded by vertical forces on upper chord. The explicit dependence of the truss deflection from its size, loading and number of panels in
elastic stage is obtained. The formulae for the most compressed and stretched bars of upper and lower chords are derived. The stresses in bars were determined by the method of cutting out the nodes in
the analytical form using the computer mathematics system Maple. Displacements are calculated by Maxwell-Mohr formula considering that the stiffness of all bars is the same. To generalize the
solution for an arbitrary number of panels the induction method was used. It is noticed that the formula coefficients meet homogeneous recurrence equations which solution using computer mathematics
methods gives the required general dependence in the polynomial form. The kinematic degeneration of a truss is discovered when the number of panels is in multiples of three. An example of the
corresponding kinematically consistentdistribution of virtual velocities of nodes is given. The formula for horizontal displacement of a movable support under vertical load action. The curves of
dependences of deflection from truss height discover minima, which allow optimization of a structure for stiffness and weight. The dependence of deflection from number of panels under the fixed load
on a truss and the given length of a span has the stick-slip nature.
Key words: braced girder, truss, deflection, Maple, induction, number of panels.

Pacuérel Ha ycroitunBocTs
AJLKPHUIIAH, a.1.H.,npo¢., M.M.CYPOBLIOB, un., B.6.'ABPUJIOB, k.T.H.,1011., A.U.CATAJIATOB, K.T.H,701. MarHUTOropcKuii rocy1apcTBeHHbIi TeXHUYEeCKHil YyHHBEPCHTET
K OIIPEJAEJIEHUIO KOO®OUITUEHTA IMPOJOJBHOI'O U3I'BA JJI51 PACUETA TPYBOBETOHHBIX KOJIOHH KPYTJIOI'O IONEPEYHOI'O CEYEHUS...11
B pa6ote noxasano, 4ro MeTojuka aeiicTByonmmx HopM P® no yuery ru6KocTH BHEIIGHTPEHHO CHKATHIX JKeTIe300€TOHHBIX JIEMEHTOB JIaeT HEIIOX0€ COOTBETCTBHE KCIIEPHMEHTaM JIMIIh
JUISL DJIEMEHTOB, HMEIOIINX rMOKOCTh nopsika A = 40x60. C yueToM CI0MKHOT0 HaNpsHKEHHOTO COCTOSIHUS OETOHHOTO s1/Ipa M CTAIbHON 000JIOUKH H TTOBBIIICHHOH 1e(OpMaTHBHOCTHIO
TpyOOOETOHHBIX KOJIOHH, JIOCTOBEPHBIH pacueT UX Hecylleil CriocoOHOCTH MO JaHHOH METOAMKE HEBO3MOJKEH. 3a/jaua y4eTa FrHOKOCTH TPyOOOeTOHHBIX KOHCTPYKIHIA SBIISIETCS] JOCTATOYHO
clokHOM. McceoBaresiMu npe/yiaraeTcst y4YuThIBaTh X THOKOCTD, HCTIONB3Ys KOA((UIMEHT MPOAOILHOr0 U3rida, 3aHIKAIOIINH ITpeIeIbHOe 3HaYeHUE IPOJI0IbHOM CHITBI, KOTOPOe
MOKET BOCIIPUHATH KOPOTKHH CHKaThIi 2eMEHT. B cTaThe paccMOTpPEHBI pa3iIMYHbIe MIPEUIOKESHHUS M0 ONpe/IeIeHHI0 K0 dHIeHTa PoIoIbHOro n3ruba Juis yueta riOKOCTH Tpu
OIpe/IeNICHNH HecyIel criocobHOoCTH TpyOoOeTOHHBIX KoJIOHH. [Ipoanaan3upoBaHbl METOAUKHU JEHCTBYIONIMX eBPOIEHCKHX M KHTAHCKHX HOPM, a TaKKe COBPEMEHHbBIE METO/IHKH,
TIpeJUIOKeHHbIE KHTaHCKUMH yaeHbIMU. OTMEUEHO CYIIECTBEHHOE PACXOX/JICHHE MEX Ty Pe3yIbTaTaMU PacyeToB 110 3THM METOJMKAM C HMEIOIIUMHUCS ONBITHBIMU JAHHBIMU.
BBINONHEHHBIH CTaTUCTHYECKHIT aHAIM3 GOJIBIIOr0 00beMa JaHHBIX, IIPHHSATHIX [0 UTOraM HEIMHEHHBIX Ae()OpMalMOHHBIX pacyeToB Ha DBM, 103BOIMII IPEUIOKUTH HOBYIO (hopMyIty
ULt onpezenenus Ko dHIeHTa npogoasHoro n3ruba. Memnoap3oBanue 3Toi (JOpMyIIbl TO3BOISIET HOIYYHTh JIYUIIYIO CXOAUMOCTD C OIYyOIMKOBAaHHBIMH 9KCIIEPUMEHTAIBHBIMU JTAHHBIMH
110 CPaBHEHUIO C PACCMOTPEHHBIMHU paHee.

KuioueBbie c10Ba: TpyGOGETOHHBIC KONOHHBI, HECYINAst CIOCOOHOCTD, THOKOCTh, METO/MKA pacueTa, Kod(UIMEHT IPOIONBHOTO H3rHoa.
UDC 624.075.23. Determination of buckling coefficient for calculation of concrete filled steel tube columns of circular cross section. Krishan A.L., Surovtsov M.M., Gavrilov V.B., Sagadatov A.L,
Magnitogorsky State Technical University named after G.I. Nosov, Magnitogorsk, Russia.
Calculation of bearing capacity of axially compressed concrete-filled steel tube structures with large length should be carried out taking into account their flexibility. With increasing of effective length
of compressed elements the limit load with given eccentricity is dependent not only on the strength of used materials, dimensions and cross-sectional shape, but also on the flexibility of structures. The
task of accounting for structures flexibility is quite complicated. Researchers offer to take into account the flexibility using the stability factor, which reduces the limit value of the longitudinal forces that
can be accepted by a short compressed element. Various proposals for determination of buckling coefficient which takes into account the flexibility at calculation of the bearing capacity of concrete-
filled steel tube columns are stated in the article. Calculation procedures of existing European and Chinese standards, as well as modern methods offered by Chinese scientists, are analyzed. Substantial
difference between the results of calculations by these methods with the available experimental data is noted. Carried out statistical analysis of large amount of data received on the basis of nonlinear
deformation computer calculations allowed to offer a new formula for determining the stability reduction factor. The use of this formula allows getting better convergence with the published
experimental data than those previously analyzed.
Key words: concrete-filled steel tube columns, load-carrying capacity, flexibility, calculation procedure, stability factor, buckling coefficient.

T'.M.YJIUTHH pa.1.1H., npod. C.H.IIAPEHKO k.T.H., 10o1. JloHeKHii HAIIMOHAJILHBI TeXHUYECKHil yHUBEPCHTET, I.JloHenk, YKpanHa
MPOJIOJBbHO-IIONEPEYHbIA U3TUB U YCTOMYUBOCTb BECOMOI CTEP’KHEBOII CUCTEMBI...18
CraTbs HOCBsIIEHA POOIEeMe pacyeTa Ha IPOoJI0JIbHO-IIONEPEUHbIH N3THO U YCTOIUMBOCTD CTEPIKHEH CTYNEHYaTO-IIEPEMEHHOr0 CEUEHUsSI TIPU HAJIMYMU COCPEIOTOYCHHBIX U
pacrpe/ielIeHHBIX POIOJILHBIX Harpy3oK. IIpHHATBIC MOJIEIHN CTEpIKHEH MUPOKO UCTIONB3YIOTCS IS UCCIIEIOBAaHNS HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHHS M YCTOHYHBOCTH
9JIEMEHTOB TOPHOT0 000pynoBaHus (OypHIbHbIC TPYOBI, 00CaAHbIE KOJOHHBI H T.I1.) M CTPOUTEIBHBIX KOHCTPYKIHi (OallHU, MauThl, KOJIOHHBI U T.11.). PaccMatpuBaeTcst 00LIuii Moaxo K
MOCTPOCHUIO MATEMaTHIECKON MOJICIN ITPOAOILHO-TIONEPEYHOr0 H3rinba BECOMbIX KOJIOHH CO CTYIICHYATO-IIEPEMEHHBIM cedeHHeM. MareMariieckasi MOJENb MOJIydeHa Ha OCHOBE
QHAIUTHYECKOT0 PeLIeHNst ypaBHeHus n3ruba B Gpynkuusx beccenst u Jlommenst. IIpunsTas MoJenb HO3BOISIET pacCMAaTPUBATh CTEPIKHEBBIC CHCTEMBI C JTI00BIM BUIOM I'PAaHUYHBIX
ycnosuit. ITomy4eHbl ypaBHEHHs IPOTHOOB, YITIOB HOBOPOTA, M3rHOAOIIMX MOMEHTOB U MOMEPEUHBIX CHII JUTS IPOM3BOJIBHOTO yUacTKa CTEP)KHEBOH cucteMbl. HaiiieHbl COOTHOLICHNUS TSt
YCIIOBHI COCTBIKOBKH y4acTKOB. B kauecTBe mpumMepa, pacCMaTpUBAeTCs 3a1a4a yCTOMYMBOCTH KOHCOIBHOTO CTEPXKHS C IEPEMEHHBIM ceueHneM. PacueTHast MoziesIb HOCTpOEHa Ha OCHOBE
ANMPOKCUMALIIHN CTEPIKHS C HEMPEPHIBHO H3MEHAEMOMH (OopMOii — cTyneHYaTo nepeMeHHOH. YUCIIo yqacTKOB s pa3OMBKU MOZIEIH ONPEEIICTCS UCXO/I M3 PACCMOTPEHHS 3a/1a4n
YCTOWYMBOCTH YaCTHOTO CIIydas 3arpyXKeHHUsI CTepiKHs. I10TydeHbl OTHOCHTEIBHbIC BEIMYMHBI KPUTHUCCKHUX HArpy30K. Bepudukarms pe3yapTaTtoB paciyera IPUHSTOH MOJIEIH BBITOIHEHA
Ha OCHOBE JJAHHBIX U3BECTHBIX aHAIUTUUCCKUX PELICHUN.

KitioueBble €/10Ba: IPOAOJIBHO-TIONEPEYHBIIT H3THO, CTEPIKEHb IEPEMEHHOMN KECTKOCTH, BecoMast KOJIOHHA, YCTOHUHBOCTD, (pyHkinu beccemns, Gpyuxims Jlommerst.
UDC 539.3:624.04. Longitudinal-transverse bending and stability of weight rod system. Ulitin G.M., Tsarenko S.N., Donetsky National Technical University, Donetsk, Ukraine.
The article discusses the longitudinal and transverse bending and stability of the step-variable cross section rods under the action of lumped and distributed longitudinal loads. The accepted models of
rods are applied for research of stress-strain state and stability of the elements of mining equipment (drill pipes, casings, etc.) and building structures (towers, masts, columns, etc.). The general method
of constructing a mathematical model of longitudinal-transverse bending weighty columns with step-variable cross-section is considered in the article. The mathematical model was obtained based on the
analytical solution of the equation of bending of Bessel functions and Lommel functions. The accepted model allows considering a system of rods with any kind of boundary conditions. Dependence of
deflections, angles of rotation, bending moments and transverse forces for an arbitrary portion of the rods of the system was obtained. The problem of stability of a cantilever beam with a variable cross
section was worked out as the example. The number of segments is determined based on the consideration of the special case of loading the rod inthe stability problem. The non-dimensional critical
loads were obtained. Verification of the results of the calculation model was based on the known analytical solutions.
Key words: longitudinal-transverse bending, variable stiffness rod, weighty column, stability, Bessel functions, Lommel function.

2 MHAMUYECKUE PACUETHI

A.I'TAIHUH, a.1.H. (AOATOMIHEPronpoexT», r.MockBa)

METOJ HACTPAUBAEMOTI'O IOJYIIPOCTPAHCTBA JIJIs1 OIPEJEJEHUS CENCMHUYECKOM PEAKIMH ILIOIIAIKH...24

HpI/[ BO3BCICHHUH OTBCTCTBCHHBIX COOpy)KCHPIf[ B psAE€ ClIy4dacB HE ynacTcs O6Hapy)KI/ITL TPHU U3BICKAHUAX Ha INIOMIAKE JOCTATOYHO KECTKHUE (CKaJ’ILHLIC I HOJ'IyCKaJ'ILHBIC) TPYHTBI Ha BUJUMBIX
riryOMHaX, COOTBETCTBYIOIIHX NIyOHHAM CKBaXXHH. ITpH pacuere ceHCMUYECKOM peaKi[Hy IUIOMAIKU B MOJOOHBIX CIIydasiX MPHXOAUTCS MPHHAMATh HAIMYHUE MOJ] TAKETOM HCCIICJOBAHHBIX CIIOCB
OJTHOPOIHOTO MOJATIMBOTO MOMYIPOCTPAHCTBA. DTO CO3AET PSAA MPOOIeM IIPH MOJCTHPOBAHHUHN U pacueTe peakuun ocHoBaHus (SRA) — B pe3ynbTaTe «KOHBOMIOLMMY (pacdeTa SKBUBAJICHTHO-
JHeHHbIM MeTozioM 110 porpamme SHAKE) MosiBIsIFOTCS] HCKYCCTBEHHbBIC PE3KHE TPAHHIIBI IO CKOPOCTSIM U AeMI(DHPOBAHUIO MEXK/TY HIJKHHM CJIOEM IMaKeTa M MOJCTHIIAIONIMM TIOJITYIPOCTPAHCTBOM.
Taxkas TpaHHIA MOABIIACTCA B pacy€Tax U3-3a TOro, YTO ACTpaaanus CBOWCTB TpyHTa C pOCTOM ;[etbopmauuﬁ YYHUTBIBACTCS TOJIBKO B ITAKETE CJIIOEB, HO HE B IMMOACTUIIAIOIIEM MMOJIYTIPOCTPAHCTBE.
CrenictBreM 06pa30BaHus TAKOI HCKYCCTBEHHOW PE3KOH MPAHMIIBI SBISCTCS MOSBICHHUE TAPA3UTHYCCKUX PE30HAHCHBIX YaCTOT OCHOBaHMsA. Kpome Toro, o61as )ecTKOCTh OCHOBAHHs OKa3bIBaCTCs
HepCOHCHeHHOI‘//IA ABTOp npemnaracT METOAUKY pacueTa, KOTopast JOJ’KHA ITO3BOJINTH HpI/I6J'II/I)KeHHO Y4E€CTh ACTpaganuio CBOWCTB TPyHTa HE TOJIBKO B MAKETE CJIOCB, HO U B MOACTHJIAIOIIEM



HOJTYNpOCTpaHCTBe. [J1aBHOE MPEMMYIIECTBO MPe/IaraeMoro MoJxo/1a — IPEeMCTBEHHOCTh MEK/Y pacueTaMH PEaKIUH IUIONIAKU B OTCYTCTBHH COOPYXKCHHUH U IIOCIIEIYIOMIMHI pacyeTaMu
JMHAMAYECKOTO B3aUMO/CICTBUSI COOPYXKCHHUI C OCHOBAHUEM.

KumioueBble ci10Ba: pacyer peakilii OCHOBAHHS, YKBUBAICHTHO-MHeiiHbIi MeTox, SHAKE, KOHBOJIIOLHS, Aerpajialist CBOMCTB IPYHTOB.
UDC 539.3. Halfspace tuning method for site seismic response analysis. Tyapin A.G., JSC «Atomenergoproject», Moscow, Russia.
While important structures erecting sometimes one cannot find bedrock at visible depth (corresponding to the boreholes depth) during site survey. In such case one has to put a homogeneous flexible
half-space under the package of soil layers. This fact creates a number of problems for modeling and site response analysis (SRA) — as a result of convolution (SHAKE calculations using equivalent
linear approach) sharp artificial boundaries appear in terms of wave velocities and internal damping between the bottom layer and underlying half-space. Such boundary appears in calculations because
of the strain-dependent degradation of the soil properties, which is taken into account in analysis for soil layers, but not for the half-space. As a consequence of such artificial sharp boundary artificial
resonant frequencies of the soil appear. Besides, general stiffness of the soil proves to be overestimated. The author of the article suggests a method enabling to account for the soil properties degradation
not only in the package of soil layers but (approximately) in the underlying half-space as well. The main advantage of the proposed approach is the consistency between site response analysis and further
soil-structure interaction analysis.
Key words: site response analysis, equivalent linear method, SHAKE, convolution, soil properties degradation.

PacuéThl Ha HAJGKHOCTh
B.C. YTKHUH, . 1.H., npo¢., K.A. KAPITYILIOBA, un:k. Bosioroackuii rocy1apcTBeHHblil yHHBEPCHTET
PACYET HAJIEXKHOCTH HECYIIMX KEJE30BETOHHBIX JIEMEHTOB 10 KPUTEPUIO IIPOYHOCTU PABOYEI APMATYPbI B CEHEHUU C HOPMAJIbHOM TPEUIMHOIA...30
Tlo mpoGieme 6e30aCHOCTH HECYIINX YJIEMEHTOB 3[aHNH M COOPYKEHHUH B TOC/IeIHEe BPEMs M3/1aHO HECKONIbKO 3akoHOB P®, crangapros u CII. B pabore paccmaTpuBaeTtcs npobdiema
0€30I1aCHOCTH PKCIUTyaTallii HECYIIHX JKeJIe300€TOHHBIX JIEMEHTOB IIPH TTOSBJICHHU B HUX HOPMaJIbHOH TPEIMHBI B PACTSHYTOH 30He 6eTOHA Pa3IMYHOM MIMPHHBI PACKPBITHS OT
Pa3IMYHBIX IPUYKH, BIUSHHE € Ha MPOYHOCTh paboyeil apMaTypsl B CEUSHHSX HIEMEHTOB C TPEIIMHON U Ha HAJIGXKHOCTH (0€30I1acCHOCTB) MO KPUTEPHIO POYHOCTH paboydei apMaTyphl.
TIpuBeseH cnocob onpeeeHns HANPSHKEHUS B paboueii apMaType B cedeHHH ¢ TpewuHoit. [Ipe/ioxkeH HOBBI METO/] pacueTa HaJAeKHOCTH Ha IPUMepe JKeI1e300e TOHHO# banku ¢
TPELIMHOMN 110 KPUTEPHIO IPOYHOCTH paboueii apMaTyphl P OrPaHHMICHHON CTATUCTHIECKON NH(POPMALIMK O KOHTPOIMPYEMBIX apaMeTpax B pacyeTHoit Moaenu. JKenezo0eroHHas Gaska
B HMOHATHUSIX TEOPUU HAISKHOCTH MOXKET pacCMAaTPUBATHCS KaK MEXaHUUECKasi CHCTEMA C IIOCIIEI0BATENIbHBIM COSANHEHUEM YCIIOBHBIX 3IEMEHTOB B BU/IE KOHTPOIUPYEMBIX KPUTCPHEB
(IPOYHOCTH apMaTyphl, IPOYHOCTH OETOHA, IPOrHOOB, IHPHUHEI PACKPHITHS TPELINHBI U T.J.), OO P 0TKa3e MO OJHOMY U3 IEPEUUCICHHBIX KpuTepreB. [To MeKrocyjapcTBeHHOMY
crangapty TOCT 27751-2014 oz oTKa30M IOHUMAETCS «COCTOSIHUE CTPOUTEIBHOTO 0OBEKTA, P KOTOPOM HE BBIIOIHSIOTCS OJHO MM HECKOJIBKO YCIOBHH MPEIEIbHBIX COCTOSHHID.
OnHUM U3 BaXHEHIINX YCIOBHH SIBISIETCS IPOYHOCTh apMATYPBI, YEMY U IIOCBSILCHO COIEPIKAHUE CTAaThU.

KitioueBble ¢;10Ba: HECYIINE HIEMCHTBI, KeJIe300eTOHHAst Gallka, IPOYHOCTb apMAaTyphI, HOPMallbHas TPEIMHA, IHPHHA PACKPBITHS, HAIEKHOCTB(GE3011ACHOCTB), METO PACYETa, CTAHs SKCIUTYaTaIHH.
UDC 624.012.45. Calculation of reliability of bearing reinforced concrete elements for strength criterion of principal reinforcement in cross section with normal crack. Utkin V.S., Karpushova K.A.,
Vologodsky State University, Vologda, Russia.
The number of laws of the Russian Federation, standards and codes of rules has been issued recently on the problem of safety of bearing elements of buildings and constructions. This article is dedicated
to the problem of safety of operation of load-bearing reinforced concrete elements while normal crack appearance in stretched zone of concrete of various disclosure widths due to various reasons. The
paper discovers its influence on durability of principal reinforcement in cross-section of elements with a crack and its influence on reliability (safety) by criterion of durability of working reinforcement.
The method of determination of tension in principal reinforcement in cross-section with a crack is given. The new method of reliability calculation upon an example of reinforced concrete beam with a
crack by durability criterion of working reinforcement with limited statistical information on controlled parameters in designed model is offered. The reinforced concrete beam within the theory of
reliability can be considered as a mechanical system with series connection of conditional elements in the form of controlled criteria (durability of reinforcement, durability of concrete, deflections, width
of disclosure of a crack, etc.). This article is devoted to one of the major criteria — durability of reinforcement.
Key words: bearing elements, reinforced concrete beam, reinforcement durability, normal crack, disclosure width, reliability (safety), calculation method, operation stage.

Henuneiinple pacaéTsl
M.IO.TOPOXOB, un:k., M.B.3AXAPEHKOB, un:k., M.B.ITAIIKOBCKH, un:k. AO «MuctutyT«Crpoiinpoexty, r.Cankr-Ilerepoypr

VYET MOJI3YYECTU BETOHA B PACYETE BHEIIHE CTATUYECKH HEOINPEJIEJIMMOM CTAJIEKEJE30BETOHHOM BAJIKH...39
B HOpMaTHBHOI IMTEpaType NPEACTABICH BAPUAHT CIOCO0a PACKPBITHS BHEIIHEH CTATHYECKOIl HEONPEASIMMOCTH B CTAJIC)KEI€300€TOHHBIX KOHCTPYKIHSX aBTOJOPOIKHBIX MOCTOB IIPH
JIeHCTBUH TTOI3ydecTH OEeTOHa, OCHOBAHHBII Ha MeToze CHiL IIpy 9TOM rpy30BbIe MEPEMEIICHHS, MAaTPHULIA KAHOHUYECKOH CUCTEMbI YPaBHEHHI U HATIPSHKCHUS OT JCHCTBUS JIMIIHUX
HEHM3BECTHBIX B OCHOBHOM CHCTEME BBIYHCIISIIOTCS NPH Pa3IMYHbIX 3HAUCHHSIX MOMYJIS IPYTOCTH OETOHA, KOTOPBIE K TOMY K€ 3aBHCST OT HOMEpa UTepaLiii METO/a MOCIEA0BATEIbHBIX
npubmmKenuit. JIorndeckas cxema aaropuTMa MeTOZa CHJI U B OCOOCHHOCTH BBIOOP OCHOBHOM CHCTEMBI SBJISIOTCS JOCTATOYHO CIOXKHBIMU JULS TIOJIHOI aBTOMATH3aluu pacuera Ha OBM.
TIpeiaraercs HOBast cxeMa pacdeTa, COBMECTHMAs C PACUETOM METOZO0M KOHEUHBIX 3JIEMEHTOB B (hOpMe METO/1a epeMELCHHUH, SIBISIIOIIMMCST OCHOBOM COBPEMEHHBIX CHCTEM
MHKEHEpHOro aHamm3a. [Ipu 3ToM obecrednBaeTest TOXACCTBEHHOCTh Pe3y/IbTaTOB PACUYETOB [0 HOBOH CXEME U [0 CXeMe METO/a CHJI, 3aKPEIUICHHON B HOPMAaTHBHOM JIUTepaType.
TIpuBOAATCS COOTHOLICHHS, HEOOXOANMBIE JUISl HTEPALIMOHHOTO PEIICHHs HelMHEeHHOM 3anaun. [Ipearaemas cxema yuera II0JI3y4ecTd OETOHa IIPH pacueTe CTaIekKeIe300eTOHHBIX
MIPOJIETHBIX CTPOSHUH MOCTOB U ITyTENPOBOIOB OCBOOOXKIAET OT HEOOXOIMMOCTH BEIOOpA OCHOBHOI CHCTEMBI METO/Ia CHJI M OTKPHIBACT ITyTh K ITOJTHOM aBTOMAaTH3alluK pacyera.
KiroueBble ciioBa: HONI3y4eCTh 6€TOHa, COCTaBHBIC CTPYKTYPBI, CTaTHICCKass HCONIPEACIICHHOCTb, METO CMCILICHHUS.
UDC 624.04: 624.016. Consideration of concrete creep in the analysis of externally statically indeterminate composite beams. Gorokhov M.Yu., Zakharenkov M.V., Pashkovsky M.V., JSC «The Institute
Stroyproject», Saint-Peterburg, Russia.
The regulation documents describe a method for redundancy elimination of road bridge composite structures in concrete creep effect calculations, which is based on the force method. In this case,
displacements due to external load, system of algebraic equations matrix and stresses due to redundant forces in the primary system are calculated with different values of concrete modulus of elasticity
that also depend on the iteration number when using the iterative process. Logical scheme of force method algorithm and, in particular, selection of the primary system are quite difficult for full
computer-based automation of engineering calculations. The new analytical model is presented, which is compatible with the finite element analysis in the form of the displacement method as a basic
modern engineering analysis system. The results of the analysis performed based on the new analytical model are equivalent to the force method calculation specified in the regulations. Equations are
given for an iterative solution of the non-linear problem. The proposed scheme for considering concrete creep in the analysis of bridge and overpass composite decks removes the necessity for the choice
of the primary system in the force method and opens the way for full automation of the analytical process.
Key words: concrete creep, composite structures, static indeterminacy, displacement method.

YucieHHbIe pacyEThl

E.N.BPUTBUH, xanx.¢pus.mar.nayk (ANCK, r.lnenp Yxpanna)

YPABHEHMUS JE®@OPMALINU TOHKOCTEHHBIX CTEP2KHEU OTKPBITOI'O MIPO®UJISI C YYETOM JE®OPMALIMU C/IBUT'A...44

TIpunsTo cuurarh, 4TO Ae)OpMALMH CABUTA MAJIO BIMSET Ha HANPSDKEHHOE COCTOSHUE CTePIKHEH. 3aMETHBIM 3TO BIMSHUE CTAHOBHTCS TOJIBKO y JOCTATOYHO KOPOTKHX CTEPXKHEit. B TO ke

BpeMsI, Kak ObLIO MTOKA3aHOo B PSIJIC UCCIICIOBAHNH, 1711 TOHKOCTEHHBIX CTEPIKHEH 9TO BIMSHUE MOXET OBITh BeCbMa CYLLIECTBEHHBIM YK€ IJIs1 CTep)KHe#H cpenHeit mmHbl. OcoOeHHO

3HAYUMOH pobIeMa yueTa BIHHUS AeopMaIy CIBUra CTAHOBHTCS IPH ITOTBITKE IIOCTPOUTH MOZEIb y3/1a, 00pPa30BaHHOTO COYICHCHHEM TOHKOCTEHHBIX CTEP)KHEH!, TOCKOJIBKY ISt

a/IeKBAaTHOT'O OIHCAHMSI MOZICIH TPeOyeTCsl MAKCHMAJIbHO TOYHOE COOTBETCTBUE AHATUTHYCCKON U KOHEYHOIEMEHTHOI Mozeseii crepxkHs. B HacTosiiei paboTe MoTydeHbl ypaBHEHHS

JiehopMaluK TOHKOCTEHHBIX CTEPIKHEH OTKPHITOro Mpoduils ¢ ydeToM aedopManiu caBura. JJansl BeIpaKeHUs Ul AeTIaHalul 1 6MMOMeHTa ¢ yuetoM Jedopmarmu casura. [TpusogsTest

(hopMyIIbI IS BEIYHCIICHHS KOO OHUIIMEHTOB CJBUTA Pa3IMYHBIX ceueHui. [IpoaemMoncTprpoBan 3G deKT nosBiIeHNs ASIUIaHALNN B CEUSHHIX HECHMMETPUYHOTO TOHKOCTEHHOTO CTEPIKHS

TIPY CMEIIEHNH MM TIOBOPOTE €r0 KOHIIOB 6e3 KpyueHHs. AHAIUTHYECKHE PELIeHNS TIPOBEPEHBI ITyTEeM CpaBHEHHS C pe3yJIbTaTaMH, OJyIeHHBIMH Ha KOHEUHODJIEMEHTHBIX MOJIETIAX.
KiroueBble ciioBa: pacuer KOHCTPyKHHﬁ, KOHEYHBIN DJICMCHT, TOHKOCTEHHBIH CTCPKECHD, ACIIAHALINSA, 6I/IMDM€HT, HelbDPM’dLU/lﬂ caBura.

UDC 624.044. Equations of thin walled bars deformation of open cross sections with accounting for shear strains. Britvin E.L, DnieperProjectSteelConstruction Institute, Dnepr, Ukraine.

It is generally assumed that the shear strain has little effect on the stress state of the rods. Noticeable this effect is only in sufficiently short rods. At the same time, as has been shown in a number of

studies, this influence can be very significant for thin-walled rods already for rods of medium length. A problem of accounting for the effect of shear deformation becomes especially significant

when you try to build a model of the unit formed by the connection of thin-walled rods [1], since an adequate description of the model requires the most exact correspondence of the analytical and finite

element models of the rod. In this paper, we derive the deformation equations for thin-walled rods of an open profile with consideration of the shear strain. Expressions for warping and bimoment are

given taking into account the shear deformation. Deduce the formulas for calculating of the shear coefficient for various sections. The effect of the appearance of warping in the cross-sections of

asymmetric thin-walled rods is shown while the displacement or rotation of its ends without torsion. The conclusions of the theory tested by comparing with the results obtained in the finite element

models.

Key words: structural analysis, finite element, thin-walled bar, warping, bimoment, shear strain.

A.B.MTHATBEB, k.T.H., 1011., BA.NTHATBEB, a.1.H., npod., M.U.BOUYKOB, un:k. (Bosrorpajckuii rocy1apcTBeHHbIil TeXHHYECKHI YHHBEPCUTET)
NPUMEHEHUE METOJA KOHEYHBIX 9JIEMEHTOB B ®OPME KJACCUYECKOI'O CMEIHIAHHOI'O METO/IA K PACYETY CUCTEM C OJHOCTOPOHHUMMU CBS35MM...52
B crarbe u3naraercs ajaropuT™ pacdera CHCTEM C OTHOCTOPOHHUMH CBSI3SMH 10 METO/Ly KOHEYHBIX JIEMEHTOB B (hOpME KIIACCHUECKOr0 CMEIIAHHOTO MeTo/a. Tak Kak B CHCTEMY
paspenarolX ypaBHEHUH B 9TOM Cllydae BXOJAT KaK IepPeMEIEHNUs, TaK U YCHIINSA, TO IIPU UCIIOIb30BaHUH IIPOLIEITYPhI OIIAroBOro MOrpyKeHus 10 apaMeTpy NpH aHaInu3e
KOHCTPYKTHBHO-HEJIMHEHHBIX CUCTEM MOKHO MEHSATh 3TOT IIapaMETP, NEPEXO/IA OT «GKECTKOI0» HarpyKeHHs 110 HapaMeTpy Harpy3Ku K «MATKOMY» HarpyKeHHIO 110 apaMeTpy
niepeMeleHus (KOHQHUryparum). AJITOpUTM pacdeTa OJMH U TOT XKe, KakK IpU pacyeTe 6aoK ¢ 0HOCTOPOHHUMH )KECTKUMU, TaK U € YIPYTUMH CBA3SIMH, C 3a30paMH MEX/Ty CBS3SIMH U
Gankoit u 6e3 Hux. [IpenmyecTBoM anropurma siBisiercst moiaHas nHdopmarms o HC cucremsl Ha Ka/JI0i UTepallii WK [Iare Harpy)KeHUsl, YIpOIIeHHEe TPOrpaMMUPOBAHUS
MTEPAOHHOr0 AJITOPUTMA pacyeTa, i BO3MOXKHOCTh YCTPaHEHH s MPOOIeMbI 3allMKIIMBaHHs HTEPALOHHOr0 Nporecca. Pa3paboTaHHbIe aarOpUTMBI pacdyeTa MO3BOJISIOT OTCIICKUBATD
Tporiecc, BKIIOYECHHS U BBIKITIOYEHNUS (COTIIMITAHUS») OTHOCTOPOHHHUX CBsI3€H Kak B MpoLecce MOIIaroBoro I0rpy:KeHus 0aJok, Tak U MPH M3MEHEHUH BHA Harpy3Ku (CHIIOBOH MIIH
KMHEMaTUYECKOH) 1 OCIIeI0BAaTEILHOCTH ee priIokeHus. Ha nmpumepe Oaiku ¢ 0THOCTOPOHHUMH CBS3SIMH MOKa3aHa (G (EKTUBHOCTB aJlrOpPUTMA.

KiroueBble ciioBa: METOJ KOHCYHBIX 3JICMCHTOB B li)OPMe KJIaCCUYECKOro CMEIIaHHOro METo1a, CHCTEMBI C OMHOCTOPOHHHUMHU CBS3SIMH.
UDC 624.04: 519.6. Application of the finite element method in the form of classical mixed method to the calculation of systems with unilateral constraints.Ignatyev A.V., Ignatyev V.A., Bochkov M.L,
Volgogradsky State Technical University, Volgograd, Russia.
In article describes the algorithm of calculation of systems with unilateral constraintsby the finite element method in the form of classical mixed method. Since the system of governing equations in this
case includes deflections and forces, when you use the step-by-step procedure of loading of the parameter in the analysis of structurally nonlinear systems it is possible to change this setting, moving
from «hard» loading on the force parameter to «soft» loading to setting deflections (configuration). The algorithm ofcalculation is the same for beams with unilateral constraints, elastic bonds, with gaps
between the bonds and without them. The advantage of the algorithm is complete information about the systems at each iteration or step of loading, simplification of iterative calculation programming,
and the possibility of solving the problems of looping the iterative process. The developed algorithms for calculating process support, enabling and disabling (unstuck) unilateral constraints both in the
process of incremental loading of beams, as well as in changing the type (static or kinematic) and various applications. For example, calculated a beam with one-direction connections to show the
efficiency of the algorithm.
Key words: Finite Element Method, classical mixed method, constructive nonlinear system.



A.C. KPABYYVYK, a.T.H., non., 1.A. TAPACIOK, nn:x. Besopycckuii rocyiapcTBenHblii yHuBepcureT, r. MuHck, besapycs
METOJHUKA ONPEJAEJEHUSA KAYECTBA IPUHYAUTEJIbHOM BEHTAJISALANA IOMEIIEHMIA...62
B paGote npemaraercs MeToiMKa NPOBEPKH Ka4eCTBAa BEHTHIMPOBAHUS MOMEIIIEHHUSI HA JTare POCKTUPOBAHHUS C 1eIIbI0 YMEHbIICHHs HeBEHTHIINPYEMbIX 00acTeil oMeleHus. AHam3
KayecTBa BEHTUJIMPOBAHUS POU3BOAUTCS 110 PE3YJILTaTaM adpOANHAMHYECKOI0 pacyeTa JABMKEHUS BO3yXa C y4€TOM TOYHON IeOMETPHHU ITOMENIEHHsI, MECT KPEIUIEHUS BO3{yXOBOJIOB
OpHMEHTAINH HAIPaBJISAIONIMX BXOJHOM MOTOK BO3/lyXa INTOPOK BO31yX0BO10B. IIpeanaraemMas MeToaMKa NpeICTaBIIEHa B BHJIE METOIMYECKOIO PENIEHHs IIPUMEPa KpaeBoi CTallMOHAPHOK
3a[auH JUIsS IBUKEHHS CKMMAEMOr0 BO3/lyXa CPeJCTBAMU HPOrPaMMbl KOHEUHO-31eMeHTHOro aHainu3a ANSYS 10 ED. Tloka3aHo, 4To Bce FeOMETPUYECKUE U (PU3UUECKUE TapaMeTphl
a’pOANHAMHYECKOT0 pacyeTa MOTYT OKa3bIBaTh CYIIECTBEHHOE BIIMSHHIE HA KAY€CTBO BEHTUIALMHU. Y CTAHOBJICHO, YTO HAJTMYHE PA3HOHANPABICHHBIX IITOPOK Ha BO3AYXOBOAAX IO3BOJIET
KapANHAIBHO YIy4IINTh BEHTHIILHIO, HE YBEIHIHBas 00LI[ee YUCIIO BO3LYXOBOJOB B TOMEICHHH.

KuoueBble ci10Ba: a3poiMHAMUYECKHI pacueT, BEHTUISIHS [IOMEIIICHH S, BUXPEBOIT [OTOK, CTALIMOHAPHBIN MPOIIece.
UDC 697. Method for determining the quality of forced ventilation of the premises. Kravchuk A.S., Tarasyuk LI., Belorussian State University, Minsk, Belorussia.
The method of checking the quality of premises ventilation at the design phase in order to reduce non-ventilated areas of the room is proposed in this paper. Analysis of ventilation quality is produced by
means of the acrodynamic air flow calculation with considering the exact premises geometry, air-ducts attachment places and orientation of the air-duct blinds guiding the input air flow. The proposed
method is presented as a methodological solving of example of the boundary problem for an compressible air stationary motion by means of program of the finite element method analysis ANSYS 10
ED. It is shown that all the geometrical and physical parameters of the aerodynamic calculation can have a significant impact on ventilation quality. It is found that the presence of countervailing blinds
on air-ducts improves ventilation without increasing the total number of air-ducts in premises.
Key words: acrodynamic calculation, ventilation space, the vortex flow, stationary process.

B.I'MAJIMHUH, a.1.1.,1po¢., 10.FO.MYCCAVH, un:k., 10.A.BYP/INH, nxk. OpaoBckuii rocyrapersentslii arpapubiii ynusepenrer um.H.B.Ilapaxuna
MATEMATHYECKOE MOJEJIUPOBAHUE U YUCJIEHHOE PEHIEHUE NPUKJIAJTHBIX 3AJAY CTPOUTEJIbHONU MEXAHUKH JJI1 KOHCTPYKIUU U3 MATEPUAJIOB C TAMSITBIO
®OPMBDBI...69
TIpencrasien BapuaHT MaTeMaTHYECKOH MOJIEIN MaTepHaIOB ¢ d3PHeKTOM naMsaTH (HOPMBI, HCTIONB3YIONIHIT METO/IbI CTPYKTYPHO-aHATUTHIECKOH ME30MEXaHUKH, TI03BOJISIONINI
BBITIOJIHUTB PacyeT HalpsHKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS PA3IMYHBIX KOHCTPYKIHMH M M3/1e/Hif IPU aKTUBHOM H30TepMHIYeckoM naedopMupoBannu. [TpoeseHs!
JKCIIEPUMEHTAJIbHBIC UCCIIE0BaHHS Ha IPONOPIMOHAIBHOE H30TepMUYecKoe 1e(h)OPMUPOBAHHE TOHKOCTEHHBIX IMITMHIPHIECKUX 00Pa3IoB U3 YKBHaTOMHOTO HUKEJIN/a TUTaHa,
TOATBEP KAAIOIINE KAYEeCTBEHHOE M KOJIMYECTBEHHOE COOTBETCTBHE OMBITHBIX JAHHBIX PE3yJbTaTaM TEOPETHUECKHX PACUETOB B BUE AuarpaMMsbl 6—¢. [Ipensoxken crocod
TIPUMEHEHHS TUIOCKUX (hepM ¢ KOMOMHHPOBAHNEM DIIEMEHTOB U3 MaTepHuaa ¢ 3G(HeKkToM maMsaTH GOPMBI U CTAIIH, B IEPCIEKTUBE NIPUMEHSIEMbIX B KAUeCTBE IPEIBAPUTEIIHLHO HANPSTaeMon
apMaTypbl B MOHOJIUTHBIX JKeJI€300€TOHHBIX KOHCTPYKLMSX. Pa3paboTaHa METOAMKA IPUMEHEHH s POrpaMMHOro komiuiekca Ansys Workbench 1ist uiciieHHOTO peleHust 3a1a4 MEXaHUKH
MaTtepHanoB, obnagaromux sdhexrom naMaTi HOpMBI, MyTeM afanTalNK 3aJI0KEHHBIX B 9Ty IPOrPaMMy MOJeNeil TEOPHH TeUEeHHUs T0/] pa3paboTaHHbIH U SKCIICPUMEHTAIBHO
000CHOBaHHBIH BapHaHT MaTEMAaTHYECKOT0 alapaTa MaTepUaIoB C MaMAThI0 (OPMBL. BBIMONIHEH pacueT HanpspKeHHO-1e()OPMUPOBAHHOTO COCTOSIHUS IIOCKOH (hepMbl, Bce
9JIEMEHTbI KOTOPO N3TOTOBJICHBI M3 MaTepuaia ¢ 3¢ dekTom mamsaTi HOpMBI, a TAKKE IPUBEICHBI Pe3y/IbTAThl PEIICHHS B CIIy4ae YaCTHYHOTO IPHMEHEHHS JJIEMEHTOB PEIIECTKH U3
noxo6HOro Marepuana (mosica hepMbl U3TOTOBJICHBI U3 MaTepUala C MaMAThio GopMsI, pemieTka — u3 cranu). OG0CHOBaHO IPUMEHEHHE TOAO0OHBIX (epM ¢ KOMOMHUPOBAaHHEM MAaTEPHAIIOB
PELIETKH JUIs X UCHOJIb30BAHMUS B KAUECTBE MPEABAPUTEIILHO HAIPSITAeMOil apMaTypbl B MOHOJIMTHBIX XKEJIe300€TOHHBIX KOHCTPYKIHSX.

KuioueBble ci10Ba: naMsiTh pOpMbI, MAaTEMAaTHYECKask MOJIEIIb, IKCIICPUMEHT, YHCICHHBIA pacyer, PeBaPUTEIbHOE HALPSIKEHHE.
UDC 624.04. Mathematical modeling and numerical solution of applied problems of structural mechanics for constructions made of shape memory alloy. Malinin V.G., Mussaui Y.Y., Burdin Y.A.,
Orlovsky State Agricultural University, named after N.V. Parakhin, Orel, Russia.
The article describes a variant of the mathematical model of materials with shape memory effect using the methods of structural and analytical mesomechanics that lets you calculate the stress-strain state
of the different designs and products with the active isothermal deformation. The experimental study on proportional isothermal deformation of thin-walled cylindrical samples of equiatomic
NiTi confirming compliance with the qualitative and quantitative experimental data is carried out, the results of theoretical calculations of y-e diagrams are demonstrated. A method of usage of plane
truss with a combination of elements made of shape memory alloy and steel that can be used as prestressed reinforcement in monolithic reinforced concrete structures in future is proposed. The method
of application Ansys Workbench for the numerical solution of problems of mechanics of materials possessing shape memory effect by adaptation laid down in the program under the current model
theory developed and experimentally grounded version of the mathematical apparatus of shape memory materials is designed. The article gives calculations of stress-strain state of the plain truss
where all elements are made of shape memory alloy, as well as the results in the case of partial solutions applying elements of the same material (chord is made of a shape memory material, truss web is
made of steel). The article proves the application of truss with a combination of materials for truss web to be used as prestressed reinforcement in monolithic reinforced concrete structures.
Key words: shape memory effect, mathematical model, experiment, numerical calculation, prestress.

N 33a2017ron
PacuéTel Ha MPOYHOCTD
JI.B. 30TBEB, ap.¢us.mat.Hayk, npod. MHCTHTYT apXuTeKTYpHI M cTpouTeabeTBa Boal' TTY, r.Boarorpan
K PACYETY ITIPOIr'MBOB KOMITIO3UTHBIX OIIOP JISIL...2
CraTbs HOCBSIIEHA PacyeTy HPOrHOOB OHOCTOCUHBIX, KOMIIO3UTHBIX orop JIDII. DT Omops! SBISIIOTCS CPABHUTEIBHO THOKHMH, IO3TOMY NMPOrHOBI OT BETPOBBIX U BECOBBIX HAIPY30K
MOTYT OBITh COITOCTABUMBIMH C Pa3MepaMH KOHCTPYKIMH. B Takux ciiydasx HPUMEHUMOCTh METO/IOB CTPOUTEIBHOM MEXaHHUKH M CONPOMATa, pa3pabOTaHHBIX Ul MAJIbIX EPEMCLICHNUIH,
HYXJaeTcsi B 000CHOBAaHHH SKCIIEPUMEHTaMU. B cTaThe npeuiaraercst MeTos pacyera nporu6os onop JIOII, cBa3aHHBIN ¢ ypaBHEHHEM yHpyroi TMHUH. W3-3a HAIM4Us BEPTHKAIBHBIX CHII
oHo He oTHOcHTCS K OJ1Y. JI1s peleHus 3Toro ypaBHEHHUs PEJIJIaraeTcs allrOpUTM, JIETKo peanusyemblii B MathCad, KOTOpBIH MOXET MPUMEHSTHCS K JIFOOBIM OJHOCTOCUHBIM OIOPAM, &
TaKKe VIS pacyeTa IPOI0IBHO-IONEPEYHBIX H3THOOB JIIOOBIX KOHCOJICH ¢ 3aIeMIICHHBIM KOHIIOM, pa0OTAIONIMX B YIPYTOM pexxume. JlaHHBIH METO/I I03BOJISIET HAUTH TOYHYIO (hopMy
0CEBOI1 JIMHUY IIPH POrndax OJHOTO Nopsika ¢ pasmMepamu KoHCTpyKimu. CAIIP, peanmzyromne MeTo KOHEYHBIX AJIEMEHTOB, a Takxke MeToauka OAO «DCK EDC» Teopernyecky He
o0ecreyrBaloT Ty k€ TOYHOCTh PH JIOCTaTOYHO OONBIIMX Nporubax. B crarbe omucan TpauIMOHHBIN [UIs 3HEPIeTUKH METOJI pacyeTa IporudoB OJJHOCTOSUHBIX ONOp, aalTUPOBAHHBIH
JUISL pacpeIeNIeHHBIX Harpy30K 6e3 yrpoIaomux npeanonoxkenuii. [Tokasano, 4to B ciydae KoMIo3utHoi ornops! JIDIT oH HeTOCTATOUYHO TOYHO YYUTHIBACT BEPTHKAIBHBIC HATPY3KH B
J1e(hOPMHUPOBAHHOM COCTOSIHHH.

KutoueBble ci10Ba: komnosutHas ornopa JIDII, Betposas Harpyska, Gopmyta Makcsemra — Mopa, mporu6 KOHCOIIH, YPaBHEHHE YIPYTOH JTHHAH.
UDC 69.04. The calculation of deflections of power tra ission line posite supports. Zotyev D.B., Institute of Architecture and Building of Volgogradsky State Technical University, Volgograd, Russia.
The article is devoted to the calculation of deflections of single-column composite supports of electric power transmission. These supports are comparatively flexible therefore the deflections arising
from wind and weight loads may be comparable with the dimensions of the structure. In such cases, the applicability of the methods of structural mechanics and strength of materials developed for small
displacements needs to be verified by experiments. The article proposes a method for calculating the deflections of electrical supports, which is connected with the elastic line equation. Because of the
presence of vertical forces, it does not belong to ODEs. To solve this equation the author of the article proposes an algorithm easily implementable in MathCad that can be applied to any single-column
supports as well as calculate the longitudinal-transverse bends of any cantilever beams having rigidly fixed end and operating in an elastic mode. This method allows us to find the exact shape of the
centerline for deflections having the order of the dimensions of the structure. CAD systems, implementing the finite element method, as well as the technique of JSC «Federal Grid Company of the
Unified Energy System of Russia» do not theoretically provide the same accuracy for sufficiently large deflections. The article describes a method for calculating the deflections of single-column
supports, which is traditional for power engineering. It is adapted for distributed loads without any simplifying assumptions. It is shown that in the case of composite electrical supports this method does
not take vertical loads into account quite accurately in a deformed state.
Key words: composite electrical supports, wind load, Maxwell — Mohr formula, pylon deflection, elastic line equation.

B.A. IMHBKOB, a.1.H., npod. (HUY MI'CY, r. Mocksa)
K OLIEHKE JE®OPMATHUBHOCTH COEIUHEHMI JEPEBSIHHBIX JIEMEHTOB HA HAKJTOHHBIX METAJUIMYECKUX CTEP)KHSIX BE3 IPUMEHEHUAS KJIESL...11
TIpencraBieHsl pe3yIbTaThl KCIEPUMEHTAIBHOTO HCCIICIOBAHMS HeCylieil CTocOOHOCTH U AeOPMATHBHOCTH BBIIOIHEHHBIX B HATYPAIbHYIO BEIMYHHY COCIUHEHHUIT 1CPEBSHHbIX
2JICMEHTOB Ha HAKJIIOHHBIX METAJUTMYECKHX CTEPXKHSX C PacHpeaeTeIbHBIMHI Mai0aMu — pa3HOBUAHOCTBIO n3BecTHBIX HMC-coeinHeHnii — coe/IJMHEeHUH JIepeBIHHBIX 2JIEMEHTOB Ha
HaKJIOHHBIX CTEPXKHSX 0e3 nmpuMeHeHus kiest. [IpeacraBiieHa MeToAMKa IPOBEICHNS UCTIBITAHMI, ONpeJieIeHa pacyeTHas Hecylas CriocoOHocTh uceiexyemoro tiuna HMC-coeuaeHnst.
TIpoBeneH cratuCTHUECKUIT aHATIM3 IPOYHOCTHBIX U JeopMaloHHBIX XapakTepucTuk HMC-coeuHennii Ha pacnipeienuTenbHbIX maiibax. [IpoBenena oreHka Hecyel criocoOHoCTH
HMC-coenunenmii mo meroanke [ITHUUCK um.B.A. Kydepenko n mo 'OCT 33082-2014 «KoHcTpyKumy aepeBsiHHbIE. MeTo b Olpe/ieNIeHusI HeCYIIel CIIOCOOHOCTH Y3JIOBBIX
coeqIMHeHu». BeimomnneHa onenka nepopmarusHocTn HMC-coemHennit, B T.4. onpesesieHs e opMaliii COeIMHEHNs Ha ypoBHE BepXHeil rpaHuIbl 00JIaCTH YIPYToii paGoThl, a Tak xe
110 pe3ynnbTaTaM CTaTHCTHYECKOH 00pabOTKH yCTaHOBIICHBI TPAHUIIBI IOBEPHTEILHOIO HHTEPBAJIa, KOTOPhIE ITOKAa3bIBAIOT MAaKCUMAIIbHYIO 1 MUHUMaIbHYI0 Jieopmarmn HMC-coequnenust
Ha CTEPIXKHSX C pacIpe/IeUTeIbHBIMU Iaiibamu.

KiroueBble ¢/10Ba: COCIMHEHNS JICPEBSIHHBIX JIEMEHTOB Ha HAKJIOHHBIX METAIMYECKHX CTEPIKHSX, Paclpe/ieuTeNbHbIe Maii0bl, pa3pymaromas Harpyska, BEpXHss IPaHHIIA 00JIaCTH YIPyroi
PaboThI, pacyeTHas HECYIIasi CIOCOOHOCTh COCAMHEHHS, IehOPMAIIHH COSAMHEHHS, KO3(DOHIMEHTHI HaICKHOCTH.
UDC 539.3. Assessment of the deformability of wooden elements joints on inclined metal rods without glue use. Lin’kov V.I., Moscow State Building University, Moscow, Russia.
The article presents the results of experimental studies of bearing capacity and deformability of medium size joints of wooden elements on inclined metal rods with control washers without the use of
glue. The method of testing is shown, the design bearing capacity of the investigated type of joints is determined. The statistical analysis of the strength and deformation characteristics of joints at the
distribution washers is conducted. The evaluation of the bearing capacity of such joins was carried out by the methods of TSNIISK named after V.A. Kucherenko and along with Russian State Standard
33082-2014 «Wooden Structures. Methods of determination of bearing capacity of jointsy». The evaluation of joint deformability is performed, including deformations of connections at the upper region
limit of elastic work. The boundaries of the confidence interval are defined upon the results of statistical processing. The boundaries show the maximum and minimum deformations of joints on rods
with camshaft washers.
Key words: joints of wooden elements on inclined metal rods, camshaft washer, breaking load, the upper region limit of elastic operation,estimated carrying capacity of joints, joint deformation, safety factors.




B.B.JIABY/JIUH,1.1.H.,nipo¢., B.A.MEJIEXOB,1.1.H.,ipo¢., H. A.INNJITOBCKA fl,unzk., E.B.IIONIOB,un:k., .M. TPOIIUHA un:k., T.IL)KYPABJIEBA,un:x. CeBepHblii penepaibHblii
yHusepcutetr uM.M.B.JloMoHOCOBa, I ApXaHIe/IbCK
HAIPS)KEHHO-JIE®OPMUPOBAHHOE COCTOSIHUE MMAHEJIEN HA JEPEBSIHHOM KAPKACE C OBLIMBKOM U3 JIACTOBBIX JPEBECHBIX MATEPHAJIOB...15
TIpencraBiieHbl pe3yabTaThl HCCIIEOBAHHS HANIPSKEHHO-Ie(pOPMUPOBAHHOTO COCTOSHUS NaHEeNeil IpoieToM 3 M Ha JIepeBIHHOM Kapkace ¢ oOmmBkaMu 13 OSB 1 (aHeps! ¢ pa3InyHbIMU
BapHaHTaMM COeIMHEHHUIT ¢ pebpamu. st poBeIeHNS YHCIICHHOTO YKCIIEPUMEHTa UCIIONIb30BaH NPOrpaMMHBIi BeraucanTenbHbli koMiuieke «SCAD OFFICE» mist mpo4HOCTHOTO M
J1e(hOpMAIMOHHOTO aHAIM3a KOHCTPYKIMH METOZ0M KOHEUHBIX DJIEMEHTOB. Y CTAHOBJICH XapaKTep pacrpe/ielIeHus] HOPMaIbHBIX CKUMAIOIINX HANPSHKEHUH B OOIIMBKE ITaHEH
TIepeKphITHs, paboTaloleil B cocTaBe BCeil KOHCTPYKITHIA; BBISABICHO BIMSHHUE THIIA M IIara CBA3eH CABHIa Ha pacrpeselieHHe HanpshKeH!H B 00IIMBKe U pebpax, a Tak ke Iporud
KoHCTpyKIHH. [IprMeHeHne KOMOMHUPOBAHHBIX COSIMHEHUH ¢ KOrTeBhIMU miaiibamu «Bulldog» criocobeTByeT 3¢ GekTHBHOMY BOBJICYCHHIO CKAaTOM OOIIMBKY B paOOTYy ITaHENH 3a CYET
TOBBINIEHHON CJIBUTOYCTONYMBOCTH COEJJMHEHHUM.

KittoueBble c;10Ba: peOpHCTast TaHEIb, KOMOHHIPOBAHHOE COCINHEHNE, JUCKPETHBIC CBSI3H, IPOYHOCTD, Ae()OPMATHBHOCTD, MOJATIHBOCTD, COCTABHOCTb.
UDC 624.078.4; 624.011.2. Stress-strain state of panels on a wooden frame with a shell of wood-based materials.
Labudin B.V., Melekhov V.1., Shilovskaya N.A., Popov E.V., Tropina P.M., Zhuravleva T.P., Northern Arctic Federal University, Arkhangelsk, Russia.
This article presents the results of investigation of the strain-stress state of panels with span of 3 m on the frame with OSB and veneer siding using different variants of compounds with ribs. The
software computer complex «SCAD OFFICE» is used for strength and deformation analysis of structures using finite element method in the numerical experiment. The character of the distribution of the
normal compressive stress is determined in floor structure siding, which works as part of the whole structure. The influence of the type and pitch of shear bracings on the stress distribution in siding and
ribs is exposed, as well as structural deflection. The use of combined connection with «Bulldog» plates promotes an effective involvement of the compressed siding in behavior of structure panels
through increased shear-resist of connection.
Key words: ribbed panel, combined connection, discrete connections, strength, deformability, compliance, composition.

E.B. KOPEHEBA, 1.1.H. BoeHHb1ii HHCTUTYT BoenHoro yue6Ho-Hay4uHoro nenrpa CyxonyTHbIX Boiick «O0uieBoiickoBasi akagemusi Boopy:kenusix Cui P®», r.MockBa
MOJIEJIMPOBAHUE PABOTHI JIEJIOBOM IJIATHI C OTBEPCTHEM. PEIIEHHUE B ®YHKIUAX BECCEJIA...20
B crarbe npoBOANTCS aHATUTHIECKOE MOZCIMPOBAHIE PabOTHI JICJOBOH IUIUTHI C OTBEPCTHEM, HMEIOIINM B ITaHE KPYroByio opMy. DTa IIMTa pacCMaTPUBACTCS KAK IIABAIOLIAs
IUIACTHHA, JIeXKAIlas Ha YIPYroM BHHKJIEPOBCKOM OCHOBAaHUH ¢ KOI((HUIIHEHTOM ITOCTEIH, PABHOM 00BbEMHOMY BeCy BOZbI. B 001acTH, MpUMBIKAIONIEil K OTBEPCTHIO, TONIIMHA IIITACTHHbL
SIBJIICTCS ICPEMEHHOI; OHA yBEIMYMBACTCS 110 HAIIPABJICHUIO OT BHYTPEHHET0 KOHTYpa OTBepCTHs. J{yis pacuyeTa BHEIIHEH YacTH J€X0BOIl IUINTHI, HPEACTABISIONICi CO00i OECKOHEUHYIO
MJIaCTUHY HOCTOSHHON TOJIIMHBI U JISKAIIYIO Ha YIIPYTOM OCHOBAHUH C KPYTOBBIM OTBEPCTHEM, UCIONB3YeTCs METO/ KOMICHCHPYIOLINX HAarpy3oK. Pe3ynpTar mpeicTaBieH B BUIE CyMMBbI
OCHOBHOT'O 1 KOMIICHCHPYIOLIEro perieHuii. [lepBoe 13 HUX ymoBIeTBOpsieT AnddhepeHIHaIbHOMY YPABHEHHIO U UIMEET HEO0OXOANMbIC OCOOCHHOCTH, KOTOPBIC COOTBETCTBYIOT
neiictByoeit Harpyske. OJHAKO, 9TO PELICHUE HE YAOBICTBOPSECT IPAHUYHBIM YCIOBUSIM. J[JIsl TOrO YTOOBI MOTYYNTh HCKOMBIH pe3yiIbTaT, BBOAUTCS KOMICHCHPYIOIIEE PEIICHHE.
M3zyqaercs nelicTBUe pa3IMYHbIX HATPY30K: COCPEOTOUEHHOM CHJIbL, HATPY3KH, PABHOMEPHO PacIpeIeNIeHHOM 110 OKPYKHOCTH, ¥ Apyrux. M3ydarorcs ycinoBus CONPsKEHUs BHEIIHEH
YACTH JIEIOBOM IIJINTHI, UMEIOIIEH IOCTOSHHOE CEYEHNUE, C BHYTPEHHEH 4acThI0, IPUMBIKAIOIIEH K OTBEPCTUIO U UMEIOIEH IIEPEMEHHYIO TOJIIHMHY. BHYTpEHH:AA 4acTh paccMaTpuBaeTCs
KaK KOJIbIEBas IIACTUHA PaJIHAJIbHO-TIEPEMEHHON JKECTKOCTH, JIEKallas Ha yIIPyroM BUHKJIEPOBCKOM OCHOBAaHWH. BHEIIHMI inamMeTp TOMH IIaCTUHBI PaBEH TMaMeTPy OTBEPCTHS IIJIUThI
TOCTOSTHHOTO ceyeHus. PaboTa BHyTpeHHei yacTi KOHCTPYKIIMH ONuchIBaeTcst AnddepeHIuaabHbpM ypaBHEHHEM YeTBEpPTOro Mopsijika ¢ IIepeMeHHbIMU Kod(duimenTamu. Jist nomydeHus
pe3ynbTaTa ncronb3yercs penienne Hunbcena. Perenust it BHyTpeHHEH 1 BHEIIHEH 4acTH JISTOBOMH IUIMTHI C OTBEPCTHEM BBIPaKEHBI B 3aMKHYTOM BHJIe B QyHKIMIX beccens.
KittoueBble ¢j10Ba: JIe0Bas IUIMTA, OTBEPCTHE KPYIIOit GOPMBL, METO KOMIICHCHPYIOIINX HArpy3oK, Gpyrkuun beccers.
UDC 624.078.4; 624.011.2. Stress-strain state of panels on a wooden frame with a shell of wood-based materials.
Labudin B.V., Melekhov V.1., Shilovskaya N.A., Popov E.V., Tropina P.M., Zhuravleva T.P., Northern Arctic Federal University, Arkhangelsk, Russia.
This article presents the results of investigation of the strain-stress state of panels with span of 3 m on the frame with OSB and veneer siding using different variants of compounds with ribs. The
software computer complex «SCAD OFFICE» is used for strength and deformation analysis of structures using finite element method in the numerical experiment. The character of the distribution of the
normal compressive stress is determined in floor structure siding, which works as part of the whole structure. The influence of the type and pitch of shear bracings on the stress distribution in siding and
ribs is exposed, as well as structural deflection. The use of combined connection with «Bulldog» plates promotes an effective involvement of the compressed siding in behavior of structure panels
through increased shear-resist of connection.
Key words: ribbed panel, combined connection, discrete connections, strength, deformability, compliance, composition.

A.N. HIEUH, a.T.H., npod., O.I'. 3BEMILIOBA, K.T.H., 1011. [leH3eHCKHIi rocy1apcTBeHHbIH YHHBEPCUTET APXUTEKTYPHI H CTPOHTEILCTBA
PACYET ITAPAMETPOB CEYEHUI KEJIE30BETOHHBIX KOHCTPYKIUIA METOAOM OT'PAHUYEHHBIX JIE®@OPMAIIHIA...25
Pacuer Ha OCHOBE TEOPUH MPEIETLHOTO PABHOBECHS YPE3BbIUAHO YI00CH, HO MOIHOE MpeHeOpexeH e qehopMaisIMi MEXaHHUECKOH CHCTEMBI 3aTPYAHSICT €ro IPaBOMEPHOE IPOCKTHOE
npuMeHeHue. I109ToMy, B OCHOBY pacyeTa »ejIe300eTOHHBIX KOHCTPYKIHH [pe/TIaracTcs IOCTaBUTh APYT'YI0 TEOPETHIECKYI0 OCHOBY — KPUTEpHil orpaHuueHus nedopmanuii. B crarse
NIPUBE/IEHBI OCHOBHBIE TOJIOKEHUSI METOa orpaHn4eHHbIX nedopmarmii (MO/I). B ocHOBY pacuera OCTaBIICHBI YCIOBHUS OPaHHYEHHs NPEACIbHBIX 1e(OpMalnii B 3aJaHHBIX 30HAX
HanboJIee HAMIPSHKEHHBIX CEYCHHIT KOMITO3UTHBIX KOHCTPYKIHif. T10IydeHbl CHCTEMBI pa3penIaroinX areOpandeckuxX YpaBHEHUH IS OIPEACNICHHS TapaMeTPOB CeUCHHI IPH Pa3INIHbIX
Juarpammax paboTbl 6eTOHa: THHEHHON, HeIMHEHHOH (KyOu4ecKoil) U HealbHO yIPYroIIaCTHIECKONH. Y PaBHEHUS COCTABIICHbI IPH 3HAKOIIEPEMEHHOI pad0Te CeueHUs U JUIs
HEPaBHOMEPHO C)KaToro cedeHus. Ha ocHOBe MeTo/1a BBIIOIHEHBI PEIIeH s 3a1a4 000pa MapaMeTpoB ceyeHHMIt jkee300eTOHHBIX GaloK M KOJIOHH C PeBapUTEeIbHO HEeHANpsAraeMoi u
HarpsiraeMoi apMaTypoii B CHMBOJIBHOM M UHCJICHHOM BUjaX. B pabore npuBe/ieH 1 YHCICHHO peai30BaH aJrOPUTM METO/1a I10 pacueTy CTaTHUeCKH HeoNpeaeMMbIX cucteM. ITonbop
TapaMeTpoB CEUCHHs TPOU3BOJUTCS IO OAHOMY HauboJiee HalpsHkeHHO-1e(OopMUPOBAaHHOMY CEUEHHIO KaXJI0T0 MIeMEeHTa KOHCTPYKTHBHOM cHcTeMbl. MeTo orpaHnYeHHBIX e opManuii
MOKET CTaTh HaJI©)KHBIM HHCTPYMEHTOM MPOEKTUPOBAHHS U PacyeTa Keyne300eTOHHBIX KOHCTPYKIIHIA.

KittoueBble ¢j10Ba: METO OTPaHHYCHHBIX Je(hOopMAaLHii, )Kene300eTOH, KeIe300¢TOHHbIC KOHCTPYKIINH, TAPaMETPhI ITONCPEYHOTO CCUCHHSL.
UDC 624.012.45. Calculation of the section parameters of reinforced concrete structures by the method of limited deformations. Shein A.I., Zemtsova O.G., Penzensky State University of
Architecture and Construction, Penza, Russia
The main provisions of the method of bounded deformations are given in the article. The basis of the calculation is the criterion of limiting deformations in the given zones of the most stressed sections
of composite structures. On the basis of the method, the solutions of the problems of selecting the parameters of cross sections of reinforced concrete beams and columns with a non-stressed and stressed
reinforcement in symbolic form for linear and nonlinear (cubic) stress-strain relationship are performed. The algorithm of the method for calculating statically indeterminate systems is presented and
numerically realized. The method of limited deformations can become a reliable tool for the design and calculation of reinforced concrete structures.
Key words: method of limited deformations, reinforced concrete, reinforced concrete structures, cross-sectional parameters.

M.H. KHPCAHOB, 1-p ¢u3.-mat. Hayk, npop. (HUY M3IH, r. Mocksa)
AHAJIUTUYECKUI PACYET IJIOCKOM PET'YJIIPHON ®EPMBbI C PACTSIHY TBIMHA PACKOCAMM...31
Paccmorpena cxema 06aouHOl CTaTHUECKH ONpeieMMOoi GepMBbl ¢ MPAMOIMHEHHBIM BEPXHHM MOSICOM, KPeCTOOOPa3HOM PelIeTKo!, COCTOSIIEeH N3 PacKOCOB U CTOEK, COETMHEHHBIX 110
TPH B y3J1aX HIDKHHX KOHIIOB cToek (aHaior ¢epmsl bonbsmana). OxHa n3 orop depMbl moaBIKHAS, APYyras — HETOABIKHBIH mapHup. BeBoauTces hopmysta st mporuda u
TOPH30HTAJILHOTO CMEILEHHsI TOABIKHOM OTOPHI B 3aBUCUMOCTH OT Pa3MepoB (hepMbl, BEIMYNHBI HAIPY3KH U YKciia nanesneil. Konctpykuus packocHO# pereTrky (pepMbl TakoBa, 4To
YCHIIMS B CTEPIKHSIX 110 OTJEIBHOCTH U3BECTHBIMU METOIAMH HAWTH He YaeTcs, M Ul ONPEIeNICHHs YCHIINI TpeOyeTcs cOCTaBIeHne CUCTEMBI ypaBHEHHIT PaBHOBECHS BCEX Y3JI0B (hePMBI.
TIporu6 ot neiicTBUs paBHOMEPHO pacnpe/ielIeHHOI 110 y3J1aM BEpXHEro 1osica Harpy3ku omnpejesnsercs mo Gopmyne Makcsemia — Mopa B IPe/oNoKeH!H!, YTO CTEPIKHI
YIpyrue, UMEIoT OJJMHAKOBYIO JKECTKOCTh U Pa0OTAIOT TONBKO Ha PACTsDKEHHE U cxkaTue. Pemenune, moydyeHHoOe B CHMBOJIBHOI (hopMe B cHCTeMe KOMITBIOTEpHOH MaTeMaTHku Maple ¢
TPUMCHEHHEM OIIEPaTOPOB COCTABIICHHS M PEIICHHS OJHOPOJHBIX PEKYPPEHTHBIX yPaBHEHUH MOpsIKa He OOJIbIIee cebMOro, 00001aeTest Ha IPOU3BOJIBHOE YHCIIO MaHeeil MeToJoM
uHayKuun. OOHApYKEHbI HEKOTOPbIe 0COOCHHOCTH 3aBUCUMOCTEH yCHINI B HauOoJiee CKAThIX U Hanboee PaCTAHYTBIX CTEPKHAX OT uMcla naHeneil. HaliieHbl acuMITOTHYECKHE
XapaKTePUCTUKHU PEIICHHUS.

Kurouesbie ciioBa: Bollman, Fink, 6anounas depma, nporu6, Maple, HHIYKIHS, YHCIIO MaHENeH, aCHMITOTHKA.
UDC 624.04. Analytical calculation of the planar regular truss with stretched braces. Kirsanov M.N., Moscow Power Engineering Institut, Moscow, Russia.
The scheme of beam statically determinate truss with a straight upper zone and cross lattice, consisting of braces and supports that are connected by three nodes in the lower ends of the struts (similar to
Bollman’s truss). One of the hinges of the truss is movable, the other — fixed hinge. Deduce a formula for the deflection and horizontal displacement of the movable support, depending on the size of the
truss, value of load and number of panels. Design of diagonal lattice truss is such that the forces in the rods separately cannot be found by known methods, and to determine the forces it is required to
solve a system of equilibrium equations of all the nodes in the truss. The deflection under the action of uniformly distributed over the nodes of the upper belt load is determined by the formula of
Maxwell -Mohr on the assumption that the elastic rods have the same stiffness and work only in tension and compression. The solution obtained in symbol form in the system of computer mathematics
Maple with the use of the operators of compiling and solving homogeneous recurrence equations of order greater seventh, generalized to an arbitrary number of panels by method of induction.
Discovered some features of the dependencies of forces in the most concise and the most stretched members of the number of panels. The asymptotic features of the solution are obtained.
Key words: Bollman, Fink, braced girder, deflection, Maple, induction, the number of panels, asymptotics.

E.A. BPUTBUH, kana.¢pus.mat. Hayk (AICK, r. JnenponerpoBck, Y KpanHa)
O KPYYEHUU TOHKOCTEHHBIX CTEPKHEN 3AMKHYTOI'O ITIPO®UJISL...36
Paboter 1o npoGiieMe KpydeHNst TOHKOCTEHHBIX CTEPXKHEH 3aMKHYTOTo IpoduIIs 6epyT cBoe Hadano ot 30-40-X rooB nponuioro Beka. OCHOBOITOJIOXHBIMU B 9TOW 00JIACTH CUUTAIOTCS
padotsl A.A. YManckoro. Matemaruuecku Teopust A.A. YMaHCKOTO 04eHb OJIM3Ka K OECCABUIOBON TEOPHH TOHKOCTEHHBIX cTepikHeil B.C. BiacoBa, 01HaKO MO3BOJISAET IOITY4HTh Oosee
WIIM MEHEE JIOCTOBEPHBIIl PE3yNIbTaT ISl TOHKOCTEHHBIX CTEPIKHEH 3aMKHYTOro npoduis. TeM He MeHee, KaK I0Ka3bIBalOT SKCIEPHMEHTBI, BCE JKe MPEACcKa3aHus TeOpHu A.A. YMaHCKOTo,
roadac ObIBAIOT OYCHb JAJICKH OT ACHCTBHTEILHOCTH. B HacTosmieit paboTe mosydeHb! ypaBHEHHS KPY4EHHS TOHKOCTEHHBIX CTEPIKHEH 3aMKHYTOr0 MPOQHIISL ¢ y4eTOM TpeX (hakTopoB:
KacaTe/IbHbIX HAIPSDKEHHIT CBOOOJHOTO KpYyUeHHS, ACIIaHALNN U UCKaXeHHsT (POPMbI CEUCHHS B CBOCH IIIOCKOCTH. JJaHO aHAINTHYIECKOE PEIICHIE OCHOBHBIX ypaBHeHHil. [Ipou3BeieHo
CpaBHEHHUE TpecKazaHuit Teopus ¢ Teopueil A.A. YMaHCKOro H ¢ 3KCIIepUMEHTaIbHBIMK JaHHBIMU. TToTyueHo Xopoliee CoBMnajieHHe ¢ 9KCIEPUMEHTOM.

KiioueBble ¢j10Ba: pacyeT KOHCTPYKIMH, TOHKOCTCHHBII CTEpPKEHb 3aMKHYTOTO IO, AeIIaHaIus, OMMOMEHT, 1e(hOopMaIIHs CABHTa.
UDC: 624.044. Torsion of the closed thin-walled sections. Britvin E.I., Institute «DnieperProjectSteelConstruction», Dnepropetrovsk, Ukraine.
The studies on the problem of torsion of thin-walled rods of a closed section take their origin from the 30s-40s of the last century. The fundamental works in this area are ones of A.A. Umansky.
Mathematically, the theory of A.A. Umansky is very close to the shiftless theory of V.Z.Vlasov’s thinlwalled rods, but it allows one to obtain more or less reliable result for thin-walled rods of a closed
section. Nevertheless, as experiments show, that the predictions of A.A. Umansky’s theory are sometimes very far from reality. In this paper, we obtain the equations of torsion of thin-walled rods of a
closed section taking into account three factors: shearing stresses of free torsion, warping and distortion of the section’s shape in its plane. The analytical solution of the basic equations is given. A
comparison of the theory predictions with A.A.Umansky’s theory and with experimental data is made. The good matching with the experiment data was obtained.
Key words: structural analysis, finite element, thin-walled bar of closed section, warping, bimoment, shear strain.



Pacuérel Ha ycroitunBocTs
10.U. TIOPOI'OB, kaHna. TexH. HayK (T. Boikckuii)
YCTOMYHUBOCTHb 'OPU30HTAJILHOI'O CTEPKHS C T'PY30M IOCPEUHE...46
Hccnenyercst ycTOHYMBOCTD YIPYTOro FOpU30HTAIBHOIO CTEPKHSA ¢ Tpy30M nocpeauHe. CTep keHb MapHUPHO 3aKpeIIeH Ha KOHIaxX. I py3 moAnupaeTcs: CHU3Y 5KECTKUM YIIOPOM TaK, 4TO
OH HE MOXKET CMEIIAaThCsl BHU3, HO OECHPENATCTBEHHO MepeMentaercs BBepX. Cuila TshKecTH, IeCTBYIONas Ha Tpy3, PEMATCTBYET oTepe yCTOHYMBOCTH cTepxHs. PaccmarpuBatorcs
TOJIBKO CHMMETPUYHBIE ()OPMBI PABHOBECHS CTEPXKHS C OTHOCTOPOHHEH! BBITYKJIOCTHIO H30THYTOH OCH. 3aj1a4ya peraeTcst ¢ UCIoiIb30BaHieM AndhepeHInaabHOro ypaBHeH!s H3rnda
CTEPIKHS, YYUTHIBAIOILETO TOYHOE BBIpAKEHHE JUIsl KpUBU3HBL. IlomydeHbl napaMeTpuueckue ypaBHEHHs H30THYTON OCH CTEPIKHS, U HaliJleHa 3aBUCUMOCTh KPUTHYECKOH CKMMAFOIIEH
CHUJTBI, BBIHY)K/IAIOIIEH CTep)KeHb CMEHUTH NPSIMOJIMHEHHYIO ()OpMy paBHOBECHS Ha M30THYTYIO, OT Macchl rpy3a. st onpe/enenus KpUTHIECKOH CUITBI, BHIHYKIAIOIIEH CTEpIKEeHb C
TPY30M CMEHHTb TIPSIMOIMHEHHYIO ()OPMY PaBHOBECHS HAa H30THYTYIO ()OPMY, HE JIOCTATOUHO OXHOTO yCIIOBHs paBHOBecHs. HeoOX0MMO COBMECTHOE pellIeHHe YPaBHEHHUS!, BEIPAXKaIONIero
YCJIOBHE PaBHOBECHSI CTEPIKHS, U YPAaBHEHHUsI SHEPreTHUEeCKOro 6ajiaHca, BhIpaXkarollero yCIOBHE PaBEeHCTBA PaOOTHI BHEITHEH CKUMAIOIIEH CHITBI M ITOJHOW MOTEHIHAIBHOMH SHEPTUH
CTepikHs ¢ rpy3oM. Kpuruueckas cuia, pi KOTOPO#H MPOUCXOJNT CMEHA NPSMOJIMHEHHOH (pOpMBI paBHOBECHS HA H30THYTYIO (hOpMY, 3aBHCHT OT Macchl rpy3a. C yBelnnueHHeM Macchl
KpPHUTHYECKask CHJIa YBEIMUMBACTCS. Y CTAHOBJIEHO, YTO M30THYTast JopMa paBHOBECHS, KOTOPYIO IPHHUMAET CTEPKEHb MOCIe MOTEPH YCTOIYUBOCTH, HE SIBISETCS CMEKHOM ¢
MIPSIMOJIMHEHHOM MCXOIHOM (HOPMOI 1 3aBUCHUT OT MAcChl Ipy3a.

KuioueBble ¢/10Ba: YCTOHYUBOCTD CTEPIKHS; TOPU3OHTANIBHBII CTEPKEHB C IPY30M.
UDC 539.3. Stability of the horizontal column with load in the middle. Dorogov Y .I., Volzhskiy, Russia.
Stability of the elastic horizontal column with load in the middle is investigated. On the ends the column is fixed by means of hinges. The load is propped up from below by a rigid buttress. Therefore it
can’t be displaced down, but freely moves up. The gravity operating on the load interferes with loss of stability of the column. Symmetric forms of balance of the column with unilateral camber are
considered. The problem is solved with use of the differential equation of a bend of the column considering exact expression for curvature. The parametrical equations of a curved axis of the column are
received. Dependence of the critical force from the mass of load is found. At determination of the critical force, equality of elastic potential energy and work of external forces is considered. For
determination of the critical force, forcing the column to replace with freight a rectilinear form of equilibrium with an arched form, one equilibrium condition is not enough. The collateral solution of the
equation expressing the column equilibrium condition, and the equations of the energy balance expressing a condition of equality of work of the external squeezing force and the total potential energy of
the column with freight is necessary. The critical force depends on the mass of load. The more mass of load, the more critical force. It is established that the curved form of balance which takes the
column after stability loss, isn’t adjacent to a rectilinear initial form and depends from the mass of load.
Key words: buckling of the column, horizontal column with load.

JInHamMuYecKre pacuérel
A.H. ITIOTAINOB, A.T.H., 1o1.}O:KkH0-Y pajibcKuii rocy1apcTBeHHbINH YHHBEPCHTET, I. Yeasa0nHck
BPEMEHHOM AHAJIU3 YIIPYTOMl PEAKIIUU JUCCUIIATUBHBIX CUCTEM. Yacts 1...53
TIpuBeaeHbI pe3yabTaThI 10 TCOPUH BPEMEHHOTO aHAIN3a JUCKPETHBIX AUCCHIIATHBHBIX CHCTEM, KOJICOAHHST KOTOPBIX OMHCHIBAIOTCS OOBIKHOBEHHBIME AU (epeHIHATBHEIME YPAaBHCHHISIMHU C
MOCTOSIHHBIMHU K03 dunrenTamu. OCHOBY TEOPHH COCTABIIACT HOBBIH alreOpandecKuii MoX0 1, COCTOSAIINI B UCCIICIOBAHIN XapaKTEPUCTUIECKOTO MATPUYHOTO KBAIPATHOTO yPABHCHHUS.
TIpUMEHHUTEIBHO K aHAIN3Y YIPYTHX CHCTEM U3JI0KECHBI OCHOBHBIC MOJIOXKCHNUS TEOPHI: MATEMATHICCKHUI alllIapat, CTPYKTypa PELICHHS XapaKTePUCTHICCKOrO YPABHEHHS M CBOHCTBA MATPUIHBIX
COOTHOIICHHIT. AHAJIMTHYECKOE BBIPAXKCHNE PEIICHHS XapaKTEPUCTHIECKOIO YPAaBHEHHS IMEET BUJI KOPHEBOH Taphl U COICPKHT JIBE MATPHIIBI H3BECTHON CTPYKTYpBI. JIIsl JaHHBIX MATpPHIL TOKa3aHa
BO3MOKHOCTB IIOCTPOCHHS HTEPALHOHHOTO LHUKIIA [0 ONPEICICHHIO HX 3HaYeHHI. B Hanboee o0mieM Br/e PEICTABICHB! YCIOBHS IIPONOPIHOHAIEHOTO ASMII(QUPOBAHIS AUCCHIIATHBHON CHCTEMBI,
obecreynBaroNIie NPUBEICHAE YPAaBHCHHE JIBHKCHHS K HOPMaJIbHBIM KoopanHaTaM. IToka3aHo, 4To JUIst 3TOTO Cllydas PENICHHE XapaKTePUCTHICCKOTO YPABHEHHS CBOIHUTCS K KOHCUHBIM MAaTPHUHBIM
omepauusiM. JlaHa cxema [MOCTPOCHHS Pa3pelIaloiiX yPAaBHCHHIT JUHAMUYECKON PEaKIHH JUCCUIIATUBHOM CHCTEMBI OT JCHCTBUS IIPOM3BOIBHON AHHAMHYCCKOI HATPY3KH B MaTPHYHOI hopme
nnTerpaina J{roamens. JlaHHbI HHTErpall IIONy4YeH B 3aMKHYTOH (hopMme, He IpHberas K CIIEKTPaIbHOMY Pa3I0KCHUIO PEIICHUs TMHAMUYCCKON 3a1aun. B cTpyKType HOABIHTErpaibHOrO BBIPAKEHHS
JIMHAMUYECKON PEaKI[NH CHCTEMBI IIOTydeHa MaTPUIIA, KOTOPAsI SIBIISICTCS. aHAJIOTOM MAaTPHIIbI HMITYJIbCHBIX IEPEXOIHBIX QYHKIMI. OCOOCHHOCTh 3TOM MATPHIIBI 3aKIIFOYACTCSA B TOM, YTO B OTIHYHE OT
MATPHIIB HMITYJIBCHBIX IEPEXOAHBIX (YHKIHI OHA MMEET aHATUTHYCCKYIO (GOPMY 3aIIHCH U B CBOCH CHMMETPHYHON CTPYKType COACPXKHUT QyHAaMEHTAIbHYIO MaTpuIly. [IpuBeICHBI ypaBHCHUS
PEAKIIMH JIUCCUIIATUBHOMN CHCTEMBI C y4eTOM JACHCTBHS CTATHUCCKOM HArpy3KH.

KittoueBble ¢/10Ba: JUCCHNATHBHAS CHCTEMA, JHHAMHUYCCKAsl PEaKIysl, KoJeOaHne, ICPEeMEIICHIE, CKOPOCTb, YPABHEHHE, BEKTOP.
UDC 624.042.8:534.1. Time analysis of elastic response of dissipative systems. Part 1. Potapov A.N., South Ural State University, Chelyabinsk, Russia.
The article gives the results on the theory of time analysis of discrete dissipative systems, the oscillations of which are described by ordinary differential equations with constant coefficients. The basis of
the theory is a new algebraic approach in the study of the characteristic matrix quadratic equation. In relation to the analysis of elastic systems key provisions of the theory are represented: mathematical
apparatus, the structure of the solution of the characteristic equation and properties of matrix correlations. The analytical expression for the solution of the characteristic equation has the form of a root
pair and contains two known matrices. Opportunity to determinate values of these matrices by iterativemethod is given. Conditions of proportional damping of the dissipative system, which convert the
equation of motion to normal coordinates, are represented in the most general form. It is shown that for this case the solution of the characteristic equation is reduced to finite matrix operations. The
scheme of the derivation of dynamic equations for the reaction of dissipative system as a result of an arbitrary dynamic load is given in a matrix form of Duhamel integral. The integral is obtained in a
closed form without the spectral decomposition of the solution of the dynamic problem. The matrix is given in the structure of the integrand of system dynamic response, which is similar to a matrix of
impulse transition functions. The peculiarity of this matrix is that it has an analytical form and in its symmetrical structure contains a fundamental matrix unlike the matrix of impulse transition functions.
Key words: dissipative systems, dynamic response, oscillation, displacement, velocity, equation, vector.

A.JO.KOHOBAJIOB,k.T.H.,3aB.ka¢., M.A.IITYCTOBAJIOBA,k.T.H.,1011. CeBepHblii (eepasbublii yuusepcutetr uM.M.B.JIoMoHOCOBa, I'. ApXaHTeJbCK.
AHAJIM3 PABOTBI IJTIOCKOM 3D MOJIEJIM BUCSTYET'O MOCTA. Yacts 1. ACCJIEJOBAHUE BJIMSIHUS YCHJIAS TIPEJABAPUTEJIBHOI'O HATSIKEHHSI HECYILETO
KABEJISI HA PABOTY BUCSYEI'O MOCTA...62
TIprumenenre KOMOMHUPOBAHHBIX BUCSYMX CHCTEM B CTPOMTEIHLCTBE MOCTOB CHIDKAET 3aTPAThl HA MaTepUaIbl M O3BOJISIET EPEKPhIBaTh OOJIBIIHE MPOJIETHI 0e3 YCTPOoKcTBa
TIPOMEXYTOUHBIX orop. I[Tpu 3ToM BHCsSUHE MOCTHI 00J1a1al0T MEHbIIEH KECTKOCTBIO 10 CPABHEHHIO ¢ OATOYHBIMH M apOYHBIMU. [IpUMEHHTENBHO K BUCSYMM MOCTaM HaHOOJBIINI HHTEpeC
TIpeJICTaBIIeT NPUHIUIT YIPABIEMBIX CBS3€H, BO3MOXKHOCTb CO3/IaHHs CHCTEMbI aBTOMATHYECKOTO YIPABICHHS HAIPSHKEHHO-1e()OPMHPOBAHHBIM COCTOSTHHEM Ha OCHOBE HCIOJIb30BAHHs
CBSI3€H, ONpE/IeNAIONINX TapaMeTpPhl )KecTKOCTH. M3MeHeH e KeCTKOCTH KOHCTPYKIIMH OKa3bIBaeT BIMSHUE HA AMHAMUYECKNE XapaKTepUCTUKH. ABTOpaMH HCIIONb3yeTcs riockas 3D-
Mojenb, chopMupoBanHas B iporpaMmmMHoM komiutekce ANSYS. [Ipumenenne cuctemsl ANSY'S 103BOJISIET BU3yaIn3UpOBaTh IIMPOKHI CIIEKTP GopM COOCTBEHHBIX KOJICOAHUIT U BBISIBUTH
BIIMSIHHE KOHCTPYKTUBHOI CXEMBI Ha MOBEACHUE MOJIEIH. BBITNOIHEH CpaBHUTENBHBIH aHaIN3 IIIOCKUX 3D-Mojeneil ¢ pa3nuHbIM 3aKpeIIeHHeM HeCyIero kabens U opueHTanueil BaHT u
BBISIBJICHO Haubouiee 2 HeKTHBHOE KOHCTPYKTUBHOE PElIeHUE JUISl JaIbHEHIIIEro HCCIIeA0BaH s IPHMEHEHHS JeMIT(PUPYIOMUX YCTPOHCTB C IENIbIO CO3/IaHUs YIPABISIEMONH KOHCTPYKIINH.
B nepBoii uacTn myGIMKanny aBTOPbI HCCIIEAYIOT BINSHIE MPEJBAPUTEILHOTO HATHKCHHUS HECYIero Kabesst Ha HalpshKeHHO-1e()OPMHUPOBAaHHOE COCTOSIHUE M JUHAMUYCCKHE
XapakTepHCcTUKH m1ockoit 3D monemu. [IponsBeiena oneHKa KPUTHUECKUX CKOPOCTEH BETPOBOrO PE30HAHCA U a9POANHAMHUYIECKON YCTOMUMBOCTH KOHCTPYKIHH.

KroueBble ¢10Ba: BUCSYMIT MOCT, MOJIaJIbHBIN aHAIN3, yCHIIMs, nepemenienus, ANSYS.
UDC 624.521.Analysis of operation of flat 3D model of a suspension bridge. Part 1.Influence of the pre-stressing of the main cable on the operation of a suspension bridge. Konovalov A.Yu.,
Pustovalova M.A., Northern Federal University, Arkhangelsk, Russia.
The use of combined suspension systems in the construction of bridges reduces the cost of materials and allows to cover large spans without the device of intermediate supports. At the same time, the
suspension bridges have less rigidity than beam and arched ones. The most interesting is possibility of Intelligent Control of construction rigidity and the intense deformed state. The change in rigidity of
structure affects the dynamic properties. The authors use a flat 3D model, formed in the software complex ANSY'S. The application of the ANSYS system allows to visualize a wide range of mode of
natural oscillations and to reveal the influence of the constructive scheme on the behavior of the model. A comparative analysis has been performed using flat 3D models for different types of the main
cable-to-anchorage connections and different orientation of suspension cables, the most effective constructive solution for further investigation of the use of damping devices for the purpose of creating a
controlled structure has been revealed. In the first part of the publication, the authors investigate the influence of the pre-stressing of the main cable on the stress-strain state and the dynamic
characteristics of a flat 3D model. Critical wind velocities and acrodynamic stability of the structure have been estimated.
Key words: suspension bridge, modal analysis, stress, deformation, ANSYS.

OcHoBaHus ¥ HyHIAMEHTBI
A.B. BAPBIKHUH, nn:k. (AkafeMusi CTPOUTEIbCTBA U apXuTeKTypbl. KpbiMcknii dpenepanbhblii yansepcuter um. B.H. Bepnajackoro, r.Cumdeponon)
MOJEJbHBIE UCCJIEJIOBAHHUS JE®OPMAIIUA OCHOBAHUI NEPEKPECTHO-BAJIOUYHBIX ®YHIAMEHTOB HA CKJIOHAX...68
TIpoBeneH aHamM3 HMEIOMUXCS Ha JaHHBII MOMEHT 3KCIIEPUMEHTAIBbHbIX HCCIIEI0BAaHHI B3aUMO/ICHCTBIS HAKJIOHHBIX OCHOBAHHH U (yHIaMeHTOB 31aHui. Ha ocHOBe MOJIeIbHBIX
HCCIIeIOBaHMIT H3ydeHbI 3aBUCHMOCTH H3MEHEHHUS 0CafoK M KO3 (PUIMEHTOB KECTKOCTH B HAKIIOHHOM OCHOBAHHH JUISl CHCTEMBI IEPEKPECTHO-0AIOUHBIX ()yHIaMEHTOB B 3aBUCHMOCTH OT
yrila HaKJIOHa OCHOBAHUsI 1 OTHOCUTEIIBHOM JUTHHBI Oasky (pyHaMeHTa. B nporecce dKCriepuMeHTaNbHBIX HCCIIEIOBAHMH PEIIeHBI 3a1aUH 110 H3yUEHHUIO XapaKTepa pacipe/ielieHus 0CaloK,
KOHTAKTHBIX HAPSDKEHUH U KO HUIIHEHTOB )XECTKOCTH OCHOBAHUS IO T0I0LIBOI EPEKPEeCTHO-0aI0uHbIX (yHIAMEHTOB Ha CKJIOHAX HAa OCHOBE PeaIn3alii HCCICeI0BaHHH
nedopManuii rpyHTOBOTO MaccuBa M MONYICHHUIO 3aBHCHMOCTEH, MTO3BOJISIIONINX BBIYHCIISTH HapaMETPhI UISL S0Pl KOHTAKTHBIX HAPSHKCHUH ¢ y4eTOM M3MEHEHHUs Kod(dduumeHTa
JKECTKOCTH OCHOBAHHS IPH PA3IMYHBIX YIJIaX HAKIOHA OCHOBaHMsL. [Ipe/yioskeH MeTo 1 onpe/ieneHus Ko HUIHEHTOB )KECTKOCTH OCHOBAHUSI IO IIOOLIBOH (hyHIaMEHTa C
HCIIOB30BaHUEM 0OBEMHOI AMIOPHI H3MEHEHHI OTHOCUTENBHBIX KOI((HIIMEHTOB )KECTKOCTH, COCTOSIIEH N3 HECKOJIBKUX PACUETHBIX INIOCKOCTEH. OH JaeT BO3MOXKHOCTD ONpPEeIsiTh
pacueTHble KOd()PUIIUEHTHI XKECTKOCTH B JTI000# TOUKE OCHOBAHMUSI 10]] HOOMIBON (hyHIaMEHTa C y4ETOM BIMSHHS BHEIIHEH HArPY3KH U YIJIa HAKIIOHA OCHOBAHUs, a TAKXKE yria
BHYTPEHHETO TPEHHUS TPYHTA CKJIOHA, YTO HEOOXOAUMO JUTSl HOIYYCHHS IIepepacipeie/ICHHOI SMIOPbl KOHTAKTHBIX HAPSHKCHUH.

KiroueBble ¢j10Ba: MOJICIIbHBIC HCCIIC0BAHHS, CKIOH, 0CaIKa, KOO (HUIMEHT KECTKOCTH, SII0Pa KOHTAKTHBIX HAMPSKEHUH, IEPEKPECTHO-0aI0uHbIe HYHIAMEHTBI.
UDC 624.131.541.3.The model study of the base deformation of cross-beam foundations on slopes. Barykin A.B., Academy of Building and Architecture of Crimean Federal University named after
V.I1.Vernadsky, Simferopol.
The analysis of the current pilot studies of interaction of the inclined bases and the bases of buildings was carried out. The settlement variation and stiffness ratio in the sloping base for the cross-beam
foundation system depending on the sloping angle of the base and the relative length of the foundation beam were examined by means of the model studies. During the experimental studies the problems
were solved on studying the nature of the settlement distribution, contact stresses and stiffness ratios under the cross-beam foundation bed on slopes through the studies realization on the soil mass
deformation and obtaining the relations. That makes possible the calculation of the parameters for the contact stress diagram (epure) taking into account the variations of the base stiffness ratio under
different sloping angles of the footing. The method of determination of stiffness ratio of the basis under a base sole with use of a volume epure of changes of relative stiffness ratio consisting of several
settlement planes is offered. It gives the chance to define settlement stiffness ratio in any point of the basis under a base sole taking into account influence of external loading and a tilt angle of the basis
and also the angle of internal friction of soil of a slope what is necessary for receiving the redistributed epure of contact tension.
Key words: model study, slope, settlement, stiffness ratio, contact stress diagram (epure), cross-beam foundations.
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Pacuérel Ha mpouHOCTH
C.B. BOCAKOB', 1.1.1., npod., E.A. CAT A, mik. 'PYIT «Muctutyt BetHUUCy, r.Munck, *Beal’ YT, r.Lomens, Benapych
K PACYETY ®YHIAMEHTHBIX IIVTAT HA CTAJINH SKCIUIYATALIUMN...2
B crarbe npeyraraercst pacyeT CHCTEMBbI «OCHOBaHHE + (yHIaMeHTHas UIMTa + HaAQYHAAMEHTHOE CTPOCHHE» 3aMEHUTh PACYCTOM TOJBKO IUIMTHI HA YIPYTrOM OCHOBAHHH, CYUTAs
JKECTKOCTh Haf(hyHIaMEHTHOTO CTPOCHHsI OECKOHEUHOM. PaccMOTpeHb! ABa puMepa: II0cKast JehopManus IINTHI ¢ TPeMsl y4acTKaMu OECKOHEYHOI H3rHOHOM KECTKOCTH, Ha KOTOPYIO
JeHCTBYeT BepTHKaIbHAs CHMMETPUYHAs Harpy3Ka (PakTHICCKUH aHaIOr — JIGHTOYHbIN (DYHIAMEHT oMa C TPEMs HECYIIMMH CTEHAMI) ¥ OCECUMMETPUYHOE HArpy)KeHHE KPYIJIOH ILIHTHI
C KOJIBLIEBBIM Y4aCTKOM OCCKOHEUHOH HHIMHAPHIECKOM KECTKOCTH (IIPAaKTUYECKHIT aHAIOT — ABIMOBast Tpy0Oa). [lapamieabHo U1 0CeCUMMETPUYHO HATPY)KEHHOW KPYIJIOH ILIUTEI
TePEMEHHOI! IIMIMHAPHYECKON KECTKOCTH C 3aIEeMIICHHON B LICHTPE HOPMAJIBIO PEIIACTCs 3a/1a4a 110 ONPEICICHUIO €€ POruboB OT ACHCTBHS CTATHUECKH IIPUIOKEHHON KOJIBIIEBOH
Harpy3ku. YncleHHbIe pacueTsl, BhIoiHeHHbIe criocoboM b.H. XKemouknna 115 9THX JBYX HPUMEPOB, TTOKA3BIBAIOT (P HEKTHBHOCTH TaKOT0 MPEITON0KEHHS IPH ONPEAENICHHBIX
COOTHOIICHHSX Pa3MepoB QYHIAMEHTHOMN TUIMTHI M JKECTKUX y4acTKOB Ha Heil. [Ipu ydeTe HelmMHeHHOH paboThl MaTepHaoB CHCTEMbI «OCHOBaHKE — (DyH/IaMEHTHas TIMTA —
Ha/IQyHITAMEHTHAs YacTh» H3JI0XKEHHBIH B CTaThe MOAXO0/] MOXKET 3HAYUTEIEHO YyMEHBIIUThH BPEMsI paCUETOB U MOBBICHTH CXOJUMOCTh H TOYHOCTB ITOTy4aeMBIX PE3yJIbTaToB.

KuioueBsbie ciioBa: GpyHIaMeHTHas IUINTA, TUIOCKas AedopManus, ocecHMMeTpUYHbIi n3rud, crocod b.H. Xemoukuna.
UDC 624.131. The calculation of foundation plates at the stage of operation. Bosakov S.V., Institute BeINIIS, Minsk, Belarus; Sigay E.A., Belorussian State University of Transport, Gomel, Belarus.
The article proposes to replace the calculation of the «foundation — foundation slab — suprafundamental structure» system by the calculation of a slab on an elastic foundation considering the rigidity of
the suprafundamental structure to be infinite. Two examples are considered: flat deformation of a plate with three sections of infinite bending stiffness, which is affected by a vertical symmetrical load (a
practical analogue — the ribbon foundation of a house with three bearing walls), and an axisymmetric loading of a circular plate with an annular section of infinite cylindrical stiffness (practical analogue
— a chimney). In parallel, for an axisymmetrically loaded round plate of variable cylindrical stiffness with the normal clamped in the centre, the problem of determining its deflections from the action of a
statically applied annular load is solved. The numerical calculations performed by the method of B.N. Zhemochkin for these two examples show the effectiveness of this assumption for certain
proportions of the dimensions of the foundation slab and the rigid sections on it. When taking into account the nonlinear work of the materials of the «foundation-foundation slab-suprafundamental part»
system, the approach presented in the article can significantly reduce the calculation time and increase the convergence and accuracy of the results obtained.
Key words: foundation plate, plain deformation, axisymmetric bending, method of B.N. Zhemochkin.

A.C. JEXTSPbD, a.1.H., npod. Hanmona/ibHas akajfieMusi H300pa3HTeIbHBIX HCKYCCTB M apXHTEKTYphI, I Kues, Ykpauna
K IPOEKTUPOBAHUIO KEJE30BETOHHBIX JIOTKOB...7
Paccmorpena 3a1aua IpoeKTHPOBAHUS TPH3MATHUECKHX JKeJIe300€TOHHBIX JIOTKOB ISl MH)KEHEPHBIX ceTeil. I'eHepasbHble pa3Mepsl 10TKa (GUKCHPOBAHBI M ONPEJIEIISIOTCS ero
Ha3HAYCHHEM, TaK 4TO MPEIMETOM IPOCKTUPOBAHMS SBIISIIOTCS TOJNIIMHEI ITOJIKHU U pebep. [IprMeHeH KnHeMaTHIeCKUi METO TEOPHH MPEIENIbHOr0 paBHOBeCHs. PaccMOTpeHbI ueTsIpe
BO3MOXKHBIE (DOPMBI HCUEPIIAHHS HECYILIEH CIIOCOOHOCTH KOHCTPYKIIMHU, HX BHIOOP 3aBUCHUT OT COOTHOLICHHUSI pa3MEepOB H OpHEHTAIMHU pebep JI0TKa (BBEpX WM BHU3 pebpami). B
3aMKHYTO# (hOpMe MOJTyYEHBI OLEHKH TOJIIMH HOJIKK M CTEHOK J10TKa. ITepexo oT oHOit ()OPMBI pa3pyIICHHs K APYroi TakkKe 3aBHUCHT OT COOTHOLICHHUS pa3MepoB. PaccMOTpeHbI
TIPUMEpBI ¥ IIPUBEICHBI HEOOXOIMBIC CPAaBHCHUS.

Ki11oueBbie cj10Ba: HHXXEHEPHBIC CETH, IPU3MATHUECKHE XKEJIe300eTOHHbIC JIOTKH, HECYIIasi CIIOCOOHOCTh KOHCTPYKIUH, MPOGuIib, pedpa.
UDC 624.04:539.376. Design of reinforced concrete trays. Dekhtyar’ A.S., National Academy of Fine Arts and Architecture, Kiev, Ukraine.
The problem of design of prismatic reinforced concrete trays for engineering networks is considered. The general sizes of tray are fixed and determined by setting of structure. The designsubject is
thicknesses of plate and ribs. The kinematics method of ultimate equilibrium theory is applied. Four possible forms of destruction of structures are described. The choice of destruction form relies on
correlation of sizes and orientation of ribs of a tray (up or down). In closed form the resulting estimations of the thickness of plates and walls of a tray are obtained.The examples are considered and the
necessary comparisons are done.
Key words: engineering networks, prismatic ferroconcrete trays, structural load-carrying capacity, profile, ribs.

C.A3EHMH' k.1.1., P.ILITAPUIIOB' k.1.1., O.B.KY IMHOB' ,un:k., B.A.CEMEHOB’, 1.7.1. '"HUMIKB nm.A.A.I'so3aesa, 2000 «Texcod», r.Mocksa
CTATUYECKHUI PACYET JIEMEHTOB KOHCTPYKTUBHBIX CHUCTEM C TOCTHATPSI)KEHHBIMUA IMEPEKPHITUSIMU BE3 CUEIIEHASI APMATYPBI C BETOHOM...11
B oTeuecTBeHHOM HOPMATHBHOM 0a3e OTCYTCTBYIOT eTalbHbIC yKA3aHHs MO MPOCKTHPOBAHHIO XKEIe300e TOHHBIX KOHCTPYKIHI ¢ HAlpsIraeMoii apMatypoii 6e3 CLenIeHus: ¢ OCTOHOM.
Oco0eHHO BayKeH JaHHBIN aCIIEKT B YACTH BBINOIHEHHS PACYETOB C IPUMCHCHHEM Pa3INYHBIX IIPOrPAMMHBIX KOMILIEKCOB, PEAIM3YIONINX METO/ KOHEYHBIX JIEMEHTOB. B MaHHOI cTaThe
PaccMOTpEeH METOA OaTaHCOBBIX CHII, IIHPOKO HPUMEHSCMBIH B MEXTyHAPOIHOH MPAKTUKE PACUCTOB IIOCTHANPSDKEHHBIX XKEJIE300€TOHHBIX KOHCTPYKIHIl, H3/I0)KCHBI OCHOBHbIC
MPEIOCHUIKH JAHHOTO METO/Ia, a TAKXKE IPEIOKEHBI OCHOBHBIC (PU3MYECKIE MOJICIIM CXEM HAMPSDKEHHS! X COOTBETCTBYIOLIME UM CHCTEMBI CHJI UL PA3JIMYHBIX CIIy4acB HATSHKCHHUS
apMaTypsbl. Takke BBITOIHEH CPABHUTEIbHBINA aHAIN3 Pe3yIbTaTOB PACUCTOB, BHITOIHEHHBIX METOOM KOHEUHBIX 3JIEMEHTOB C IIPUMEHCHUEM METO/1a OaaHCOBBIX CHII U BCTPOCHHBIX
HMHCTPYMEHTOB CepTU(GUIIPOBAHHOIO B HallIeil CTpaHe IPOrpaMMHOro komiuiekca «Ing+y. IIpeamosaraercsi, 4T0 OCHOBHBIE MIPEANOCHUIKH JUIS PACYETOB MTOCTHATPSKCHHBIX
JKeJ1e300e TOHHBIX KOHCTPYKIHUI, B TOM YHCJIE C IPUMEHEHHEM METO/Ia KOHEUHBIX JIEMEHTOB, MOTYT OBITH HCIIOIb30BaHBI IS COBEPILICHCTBOBAHHS OTCUECTBEHHOI HOPMATHBHOM 6a3bl 110
MIPOEKTHPOBAHMUIO JKEE300CTOHHBIX KOHCTPYKIIHI.

KuioueBsbie ciioBa: apMaTypa, OETOH, NpeJielbHbIe COCTOSHHSA, MOCT-HANPSHKEHHbIE KOHCTPYKIIHH, CLETUICHHE.
UDC 624.07.012. Static calculation of elements of structural systems with post stressed beams without adhesion of reinforcement with concrete.
Zenin S.A., Sharipov R.S., Kudinov O.V., NIIZHB named after A.A. Gvozdev, Moscow, Russia; Semenov V.A., JSC «Techsoft», Moscow, Russia
In Russian regulatory base there are no detailed instructions on design of post-stressed reinforced concrete constructions with unbondedreinforcement. This aspect regarding performance of calculations
with application of various program complexes realizing a FE-method is especially important. In this article the method of balance forces which is widely applied in the international practice of
calculations of post-stressed construction designs is considered, the main prerequisites of this method are stated, and also the main physical models of tension schemes and systems of forces
corresponding to them for various cases are offered. The comparative analysis of results of the calculations executed by FEM with application of a method of balance forces and the built-in tools of the
program Ing+ complex certified in Russia is also made. It is supposed that the main prerequisites for calculations of post-intense concrete designs, including with application of FEM, can be used for
improvement of the Russian regulatory base on design of reinforced concrete structures.
Key words: ribbed panel, combined connection, discrete connections, strength, deformability, compliance, composition.

A.C.MAPYTSIH', k.1.1., npod., A.T.ABOBSIH?,K.T.H.,1011. '®unnan Cesepo-Kapkasckoro dexepanbHoro yuusepentera B r.IIsturopeke, “MAJIU,r.Mockea
PACYET OIITUMAJIBHBIX MAPAMETPOB INIOCKOOBAJIBHBIX TPYB JJI1 ®EPMEHHBIX KOHCTPYKIIUM...17
TIpuBesieH pacyeT ONTHMAJIBHBIX TAPAMETPOB IIIOCKOOBATIBHBIX TPYO MO MPUOIMIKEHHON METOJUKE, KOPPEKTHOCTH KOTOPOH MOATBEPKAEHA TECTHPOBAHUEM C HCIIOIb30BAaHHEM
CTaHAapTU3UPOBAHHBIX Npodueil. [IpencTaBieHa HoBast KOMIOHOBKA PEIIETOK M3 INIOCKOOBAIBHBIX MPOGMIBHBIX TPYO, pazpaboTanHas 11 pepMEHHBIX CHCTEM Ha 0a3e CTaIbHBIX
NIPYTKOBBIX KOHCTPYKIMIT MOKPBITHIA C 3aMEHOI MPYTKOBBIX THYTBIX 2JIeMEHTOB Ha Tpy6uatsie. [Ipopaboransl GecdacOHOUHBIC y3/I0BBIE COCMHEHHS MOSICOB U PEIIETOK C
HETIOCPEACTBEHHBIM MPUMbBIKAHUEM CTEPHKHEBBIX 2JIEMEHTOB JPYT K APYTy 0€3 pacleHTPOBOK, a TAKXKE C KOHCTPYKTHBHBIMH dKCLIEHTPUCUTETAMH, OrpaHH4YeHHBIMH 0,25 BBICOTHI TTOSCHBIX
2JIEMEHTOB, YTO JIOITYCKAeT HE YUUTBIBATh HX B pacuyeTax U 00ecreynBaeT MOBBIIICHNE CTeNeHH YHU(UKAINK Y3JI0B BEPXHUX U HIKHUX MOSICOB HECYIIMX KOHCTpYKuuii. [Tokazana
MePCHEKTUBHOCTH UCIOJIB30BAHHUSI HOBOTO TEXHUYECKOTO PEIICHHS B JITKUX METAJUINYECKUX KOHCTPYKIMAX 3[aHuil 1 coopyxeHuit. OuepueHa 001acTh €ro palnoHaIbHOrO IPUMEHEHHS,
TZie IIpU IOMOIIY BapHAHTHOTO MPOEKTUPOBAHMS TUIIOBBIX, H3BECTHBIX M HOBBIX PEIICHUH JaHa KOMMYECTBEHHAs OIIEHKA COKPAIEHHIO pacXo/ia KOHCTPYKIMOHHOTO MaTrepuana. [Ipusenena
BCS AnarpamMma M3MEHEHHUIT pacueTHBIX TapaMeTPOB MIIOCKOOBAIBHBIX TPYO pH TpaHCHOPMALIMU UX HONEPEUHBIX CEUCHUH OT BEPTUKAIBHBIX KOHGUIypalnii K TOPU30HTAIBHbIM, BKIIOYast
Tepexo Yepe3 ouepTaHue Kpyriaoi Gopmbl.

Ki110ueBbIe cJ10Ba: pacyeT ONTHMAIbHbIX ITapaMeTPOB, MPOMHIBHbIC TPYOBI, CTEPIKHEBBIC CUCTEMBI, (PEPMBI, JIETKHE METAINTNYECKHE KOHCTPYKIIHH.
UDC 624.072.2. Calculation of optimal parameters for plain oval pipes for truss structures. Marutyan A.S., North-Caucasian Federal University, Pyatigorsk, Russia; Abovyan A.G., Moscow State
Automobile and Road Technical University, Russia.
The article gives the calculation for optimal parameters of plain oval pipes in an approximate method, the correctness of which is confirmed by testing using standard profiles. The new layout of arrays of
oval profile pipes designed for truss systems on the base of steel rod cover structures with replacement of bent rod elements for the tubular ones is shown. The article describes the chord joints and
netswhere rod elements are abutted directly to each other without misalignments and with structural eccentricities reduced to 0,25 of the height of chord elements. It allows not to consider them in the
calculations and ensures a higher degree of unification of nodes of upper and lower chords of supporting structures. The prospects of using these new technical solutions in the lightweight metal
structures of buildings and structures are shown. The article explains the area of the rational application, where with the help of variant design of typical, well-known and new solutions there is a
possibility for quantitative evaluation to reduce the consumption of structural material.
Key words: Calculation of optimal parameters, profilepipe, rod system, truss, light-weight metal structures.

B.C. YTKHH, a.1.H., npod. (Bojoroackuii rocyiapcTBeHHbli YHHBEPCHTET)
PABOTA BUCSIYMX CBAM B TPYHTE OCHOBAHUS ®YHIAMEHTA U ONIPEJAEJIEHUE JIJUHbI CBAM...23
TIpeioxeHb! HOBBIC PACYETHBIE CXEMBbI PaOOTHI BUCSYNX CBail B IPYHTE OCHOBaHMS (yHAaMeHTa. CHIIBI «TPEHHUsD) Ha OBEPXHOCTH CBAU BBI3BIBAIOTCS HE EPEMCLICHUSIMH CBaK B TPYHTE,
YTO MOXKET COOTBETCTBOBAThH aBapHiHHON cHTyarui. CHIIBI «TPEHHs» Ha TIOBEPXHOCTHU CBAH BBI3BIBAIOTCS MHKpPOIEpEeMEIIeHUsIME MaTepHalia cBar (1edopMarmsaMi) B TpyHTe.
Koaddumment tpeHns B 9ToM citydae HalTH HEBO3MOXHO U O HAJIMYUH CHJI TPEHHSI MOXKHO CYMTh JIMIIb IO HATMYHIO AedopManiii MaTepraia CBaH, He O3BOJISIONINX KOJINUECTBEHHO
XapaKTepH30BaTh 3TH cuIIbl. Ha HekoTopoii BeicoTe (BHH3 110 cBae) eopMaIy B CBae OTCYTCTBYIOT, OTCYTCTBYIOT U CHIIBI TPeHHs. J{JIsi PEeaebHOro COCTOSHUS cBau JiehopMariuy ee
MaTepHaa M CHJIa TPeHHs PaKTHYECKU JOXOJAT JI0 KoHua cBau. Ha 31oii ocHOBE MOXKHO onpeznesuTh Kod(QUIHEHT 3amaca cBau 0 Hecylieil ClocoOHOCTH TpyHTa OCHOBAHHS, a M0
(ukcupoBaHHOMY KOI(dHUIMEHTY 3araca ONpe/IeHTh ONTHMAIBHYIO JUIMHY CBaH, YTO B HEKOTOPBIX CIy4asX MO3BOJISIET ITOTYyIUTh SKOHOMHYECKUH (B deKT.

KuioueBsbie ciioBa: Bucsuas cBasi, SKCITyaTallMOHHAs Harpys3Ka, IpejielibHash Harpyska, kodduiment 3amaca, [epopManiy cBau, CUiIa TPEHHs], HECYIIasi CIIOCOOHOCTD, AJIMHA CBAH.
UDC 624.154. Work of trailing piles in soil of a subfoundation and determination of length of a pile. Utkin V.S., Vologodsky State University, Vologda, Russia.
The new settlement schemes of work of trailing piles in subfoundation soil are offered. Forces of «friction» on a surface of a pile are caused not by movements of a pile in soil that corresponds to an
emergency. Forces of «friction» on a surface of a pile are caused by pile material micromovements (deformations) in soil. The friction coefficient in this case can not be found and it is possible to judge
about presence of friction forces only by existence of the material deformations of a pile which aren’t allowing to characterize quantitatively these forces. At some height (down a pile) there are no
deformations in a pile, there are also no friction forces. For a limit condition of a pile the material deformations and friction force practically reach the end of a pile. On this basis it is possible to
determine a reserve coefficient of a pile by the bearing capacity of basis soil, and to determine an optimum length of a pile upon the fixed reserve coefficient that in certain cases allows to gain economic
effect.
Key words: trailing pile, operational loading, ultimate load, reserve coefficient, deformation of a pile, friction force, load-bearing capacity, pile length.



Henuneiinbie pacuerst
C.B. BAKYUIEB, a.1.H., npod. Ilen3eHcKHii rocy1apcTBeHHbIH YHUBEPCUTET APXUTEKTYPHI H CTPOUTEIBCTBA
K BOITPOCY OB OLIEHKE KO3®®HUIUEHTA ITONMEPEYHOM JIE®OPMALMM B CIUIOIIHBIX CPEJAX, ONMMCBIBAEMBIX HEJTMHEWHBIMY MOJEJISIMU...26
PaccmatpuBaroTcs BOmpochl OLeHKH Kod(duimenTa nomnepedHoit reopmMaryi B CIUIOMIHBIX TPYHTOBBIX MAaCCHBAX, MEXaHUUYECKOE ITOBEICHUE KOTOPHIX OMMCHIBACTCS Ae(OpMAIlOHHON
Teopuei MIaCTUYHOCTH Chiyueit cpennl I.A. ['eHneBa B reoMeTpU4eCcKy JIMHEHHOI U reOMeTpUIeCKH HEMMHEIHON TOCTaHOBKE. AHAIN3 PelIeHUs KPaeBol 3aJa4i OAHOMEPHOTO INIOCKOTO
ne(hOpMHUPOBAHHUS CIUIOLIHOM cpe/ibl 6€3 BO3MOKHOCTH OOKOBOTO BBIMYYMBAHMUS HE HCKIIIOYAET TSl KO HHIMeHTa onepedHoit aedopMaliy 3HaYCHIUH, TIPEBBILIAIONINX IPEICIbHOS
3Ha4YeHHUE JUIs yIpyrux cpex, pasuoe 0,5. TTokasaHo, uTo BennurHa Koo duirenTa nonepeyHoii [eopMarin CyIecTBeHHO 3aBUCHT OT MECXaHHYECKHX XapaKTEPUCTUK MaTeprana
TOIYNIPOCTPAHCTBA.

KuioueBbie cjioBa: ogHOMepHas Iuockas aedopmariysi, reoMmeTpudeckas 1 pu3ndeckast HeIMHEHHOCTb, KOd(GHIMEeHT monepedHoit fehopMarin.
UDC 539.372. Evaluation of the coefficient of transverse deformation in continuous media described by nonlinear models. Bakushev S.V., Penzensky State University of Architecture and
Construction, Penza, Russia.
The article is dedicated to the questions of evaluation of the coefficient of lateral deformation in solid ground massifs, mechanical behavior of which is described with the deformation theory of loose
medium plasticity brought by G.A. Geniev in geometrically linear and geometrically nonlinear statements.Analysis of the solution of the boundary value problem for one$dimensional plane deformation
of a continuous medium without the possibility of lateral buckling does not excludethe values exceeding the ultimate value for elastic media equal to 0.5for the coefficient of transverse deformation. It is
shown that the value of the coefficient of transverse deformation at the point of a continuous medium essentially depends both on the level of the stress-strain state at this point and also on the
mechanical characteristics of the material of the half-space.It is noted that taking into account the geometric nonlinearity leads to an increase in the coefficient of transverse deformation and to an
increase in the range of its variation in comparison with the geometrically linear model of a continuous medium.
Key words: one-dimensional flat deformation, geometrical and physical nonlinearity, coefficient of transverse deformation.

E.AJIAPHOHOB!, 1.1.1., npog., A.EJJAPUOHOB?, un:k. "MI'CY, 20A0 «Jlaiincodr», r. Mocksa
K TEOPAY HEJIMHEMHOM ITOJI3YUYECTUA MATEPHAJIOB...35
JIuHeiiHbIe peoornuecKie ypaBHEeH!sI MEXaHHYECKOTO COCTOSIHUS IPH OJTHOOCHOM HArpy»KEHHH BBIBOJIATCS COTJIACHO MPHHIHUITY Cyrepro3unuy bonbiMana — yactuynsle gedopmarymn
TIOJI3y4€CTH ONpPEACIISIOTCS JIMIIb BEIMYUHON U POJIOJDKUTEIFHOCTHIO COOTBETCTBYIOIINX MPUPAIICHUH PACCUINTAHHBIX HA HOPMAJIbHBIE CEUSHHs DJIeMeHTa HanpsbkeHuid. CTpyKTypHbIe
TIOBPEXK/ICHHS MaTepHaa dJIeMeHTa TIOPOXK/AI0T TIepepactpe/ieNieH s STUX HAIPSHKEHUH Ha ero CIIOCOOHYIO K CHIIOBOMY CONPOTHBIICHHIO YaCTh HOPMAJIBHOTO CEUCHHUS U UX yBEIIMYCHUS JI0
TaK Ha3bIBAEMBIX CTPYKTYPHBIX HaIlpsDKEHHI Ha 9Tol yacT. B pesynbpTare yactHuHbIe 1eOpMAIUK TT0I3y4ecTH paboTOCIIOCOOHON 10 MOMEHTA HAOIIOACHNUS YaCTH dIIEMEHTa,
TOPOXKIaeMBbIe COOTBETCTBYIONIMMH MPHPAIEHUAMU CTPYKTYPHOTO HATIPSLKEHUS, SBIISIOTCS B3AMMOHE3aBUCUMBIMU. FIMEHHO 9TO 00CTOSATENIBCTBO TT03BOJISAET IPHMEHEHHE
MOAU(DUIIPOBAHHOTO NIPUHIIUIIA CYTIEPIIO3UIIUK BosbiiMaHa npu BBIBO/IE HETMHEHHBIX PEOJIOrHYECKHX YPaBHEHHH MEXaHUYECKOT0 COCTOSHUS.

KuioueBble cj10Ba: 11o13y4ecTb, MPHHIAUI BolbiMaHa, HeIMHEHHOCTB.
UDC 691.328.004.12. The theory of nonlinear creep of materials. Larionov E.A., Moscow State Building University, Russia; Larionov A.E., JSC «Linesoft», Moscow, Russia.
Linear rheological equations of mechanical state under uniaxial loading are deduced in accordance with the Boltzmann’s principle of superposition — fractional creep strain is determined only by the
magnitude and duration of corresponding increments calculated on the normal section of astress element. Structural damages of element’s material generate redistributions of these stresses on its normal
section part able to force resistance and increase those stresses to the so$called structural stresses on this part. Thus, the partial creep deformationsof operational part of the element caused by the
corresponding structural stress increments are mutually independent. This fact allows the application of the modified superposition principle of Boltzmann under the derivation of nonlinear rheological
equations of mechanical state.
Key words: creep, Boltzmann principle, nonlinearity.

JlnHaMuueckue pacuérsl
HN.A. UBAHYEHKO, a.1.1., npod. (MTYTIC MUHT, r. Mocksa)
K ADPOJIMHAMHAYECKOMY PACYETY BAJIOYHBIX IMMPOJIETHBIX CTPOEHUI MOCTOB. Yacts 1...39
PaccmarpuBaeTcs METOAMKA YUCICHHOTO PEIICHUS 3a/1a4, CBA3aHHBIX C M3THOHO-KPYTHIBHBIM (DIIATTEPOM y KOPOOUAThIX, OAIOUHBIX KOHCTPYKIHUiT (Ha PUMepe MPOJICTHOTO CTPOCHHUS
MOCTA) IIPH €€ MOZCIMPOBAHIN TOHKOCTCHHBIMH CTEPIKHIMH OTKPBITOTO U 3aMKHYTOT0 MPOQHIIS, BKIIFOYasi KOHCTPYKIHHU C OTBETBICHUSIMHE (KPBUIBSIMH), HCTIONB3YIOIIast MeTox [ anepkuHa
Ut (HOPMUPOBAHHUS CUCTEMbI PA3PEIIAIOIINX YPAaBHEHHIA.

KuioueBbie cj10Ba: KojaeOaHUst MOCTOB, H3THOHO-KPYTHIIBHBLI (hIIaTTep, TOHKOCTCHHBIC CTEP)KHU, AHHAMHYIECKUE KOO GUIHEHTBL.
UDC 624.042.41. Aerodynamic calculation of bridge beam spans. Part I. Ivanchenko L.I., Moscow State Railway University MIIT, Russia.
The article describes the method of numerical solutions for problems related to flexure-torsion flutter ofbox, beam structures (for example, a span of a bridge) under their modeling by thin-walled rods of
open and closed profile, including designs with branches (wings). The Galerkin’s method is used for formation of the system of resolving equations built on the basis of the characteristic determinants.
The dynamics of rod (bridge beam with a span of 155 m) with V wind flow’s velocity is composed of interconnected flexural transverse, torsional and flexural oscillations. The dynamic ratios are used to
describe the self-excited lifting forces and moments under the wind flow’s action. The algorithm that implements the method is tested on the example of the known solutions obtained in the theory of
Theodorsen for the superstructure with ideal streamlined cross-section (in the form of a thin plate). Application of the developed algorithm is extended fora span structure withcross-section
characteristics matching the cross section of the first stage of the construction of well-known beam long-span «Dancing» bridge in Volgograd, which experienced a vortex flutter in the first stage of its
operation.
Key words: bridge vibration, flexure-torsion flutter, thin rod, dynamic coefficients.

10.T. YEPHOB,A.T.H.,nipo¢., M.JI. SEBHJINJIA un:x. HaumonansHbIi Hecse10BaTe/IbcKHii MOCKOBCKHIA ToOCy1apcTBeHHBIH CTPOUTE/ILHBII YHHBepcHTeT
PACYET CUCTEM BUBPOM3OJISIHUU OBOPYIOBAHHUSI, B TOM YUCJIE, C HEJIMHEHHBIMU XAPAKTEPUCTUKAMM...47
PaccmarpuBaroTcs M aHAIM3UPYIOTCS CUCTEMbI BUOPOU3OIISILIMHI, PACUETHBIE CXEMBI KOTOPBIX — CUCTEMBI C OTHOW M JIBYMsI CTETICHSIMH CBOOO/IbI, B TOM YHCJIe, BKIIIOYAIOIINE HEJTMHEHHbIE
aneMenTsl. [IpuBossTCst pacueTHbIe (HOPMyYITbl B 3aMKHYTOM BHAE JJIs JIMHEHHBIX CHCTEM B DKCIUTyaTallHOHHBIX peXUMax (IIpH FapMOHUYECKOH M UMITYJIbCHON HAarpy3Kax), alropuTMbl K
NIPUMEPHI pacyeTa JUHEHHBIX U HEMHEWHBIX CUCTEM B KCILTyaTallMOHHBIX M IIEPEXOAHBIX peKMMax. MeTol pacyeTa  NIpHUBE/IEHHBIE 3aBUCMMOCTH 3aIIMCaHBbl, HCIIOJb3Yys IIepeaaTOuHbIe
(T1®) 1 ummynseHble nepexoanble Gpynkunn (UI1P) mHeHpIX AMHAMIYECKHUX CHCTEM M 3aBUCHMOCTH, OIPEIEISIONINE CBSI3b MEXTy dTUMH (GyHKIUSIMH. [Ipy MpUMEHEHHH 3TOro MeToa
PpEIIeHHs 3aIMChIBAIOTCS B BUJIE Pa3JIoXKeHUs 110 (popMaM COOCTBEHHBIX KosebaHuil, cpa3y OTHOCHTEIBHO 0000ImeHHbIX GyHKuuiA. [Ipn 9TOM oTrasaeT He0OXOANMOCTh B TOCTPOSHUN
coOCTBEHHBIX (HOPM, Tepexo/Iy K YPaBHEHUSIM B TJIaBHBIM KOOPJMHATAM H HX PELICHUIO U TePeXo/1y K 0000IIeHHBIM KOOpANHaTaM. AHaIu3upyeTcst 3pGeKTHBHOCTD 4 BapHAHTOB CHCTEM
BHOPOM30JISILIMN TPOXOTOB B IKCILTYaTAlOHHBIX M IEPEXOHBIX PEKUMAX, YTO SBIISIETCS JOCTATOYHO aKTyalIbHOIl 3a1a4eil /Ui IPeANPHATHIA, TIe YCTaHOBJICHBI TPOXOTHI, B Y4aCTHOCTH, Ha
oboraruTensHbIX (pabprkax anamMa3zox00bIBAIONICH IPOMBIIUIEHHOCTH, HAa KOTOPBIX B OTAEIBHBIX MPOJIETaX BO30YKIAIOTCS BBICOKHE YPOBHHU BHOpALMii. 3HAYNTENBHO CHIKACT HATPY3KH OT
000pyI0BaHMs Ha OTMIOPHBIC KOHCTPYKIMH B OKCILIyaTallHOHHOM PEXXUME — YCTAHOBKA JJOMOIHUTEIBHOrO O110Ka (Macca m2), a B pe)KMMax MyCKa-OCTAHOBKU BBEACHUE OIOIHUTEIBHON
CBSI3CH.

Ku1ioueBbie ¢j10Ba: CHCTEMbI BUOPOM30IISLIMH, OTPAaHHYINTEIIb IIEPEMEIICHI, HeTMHEHHbIC cucTeMbl, nepenarounbie Gpynkuun (I1D), ummynbcHbie nepexoansie ¢yuxiwun (UIID),
unTerpain Jroamens.
UDC 624.042.8:534.014.5. Calculation of vibration systems of equipment including non linear characteristics. Chernov Yu.T., Zebilila M.D., Moscow State Building University,Russia.
The research considers and analyses vibration isolation systems, whose design schemes are systems of one and two degrees of freedom including variable nonlinear elements. The calculation formulas
are presented in closed form for linear systems in operational modes (under harmonic and impulse loads). The algorithms and examples of calculation of linear and nonlinear systems in operational and
transient modes are given. The calculation method and the above dependences are written using the transfer and impulse response functions of linear dynamical systems and dependencies that determine
the relationship between these functions. Four options of vibration isolation systems are considered.
Key words: vibration isolation systems, variable stiffness connections, nonlinear systems, transfer functions, impulse response functions.

A.H.INOTAIOB, A.T.H., 10u. KO:KHO-YpabCKHii rocyIapcTBeHHbIH YHUBEPCHTET, I.UeIsi0uHCK
BPEMEHHOWM AHAJIN3 YIIPYTOM PEAKIMU IUCCUIIATUBHBIX CUCTEM. Yacts 2...55
PaccMmoTpenb! yacTHbIE CTydau IPUIOKEHHs HHTerpaia J[roamerns K 3aa4aM JUHAMUKH COOpYyXKeHuit. PacueTHas cxema cOOpYKEHHUsI MOJCIUPYETCsl CHCTEMOH € N-CTEIIEHSIMU CBOOOBI,
yder aeMdupoBaHus IPOBOIUTCS B paAMKaX JIMHEHHOI TEOPUH BSI3KOTO CONPOTHBICHHUS. [10IyueHO pelieH e MpH ANHAMUYECKOM BO3ICHCTBHU OT BHE3AITHO IPUIIOKEHHBIX CHIT
TOCTOSIHHOM BEJTMYMHBL, ICHCTBYIONIMX KaK JUIMTEIHOE BPEMsl, TaK M B TEUCHUE HEKOTOPOTro (PMKCUPOBAHHOTO IIPOMEXKYTKA BPEMEHH, IOCIIC KOTOPOTO CHJIbI BHE3AITHO HCYE3AI0T.
TToka3aHo, 4TO ONpeaeNeHUe PEaKMK PACUETHOI MOZIEIH COOPY)KEHHUS TIPH ASHCTBHH BUOPALIMOHHOMN HArPY3KH CBSA3aHO C PELICHHEM HEelpepbIBHOro ypaBHeHus CunbBectpa. PaccMoTpen
o0mmii moaxos Kk peanuzanny ypasHeHust CHIbBECTpa U OKA3aHO, YTO IS IHCCUITATHBHOM CHCTEMBbI 3TO ypaBHEHHUE BCET/Ia UMEET SAMHCTBEHHOE pelieHne. B ciydae jxe BhIHYXACHHBIX
KosieOaHuii cucTeMbl 03 yueTa BHyTPEHHET0 TPeHHs CYIECTBYET YCIOBHE, KOT/Ia PEllIeHHe CTAHOBUTCS HEOIPEIeIeHHbBIM (TIPU Pe30HaHCe). YpaBHEHHE PEakIuy IIOCTPOSHO B 00IIEM BUIE
JUISL CITydasi, KOTJIa B Pa3IMYHbIX y3J1aX AMCKPETHON CHCTEMBI TapaMeTphl BO30Y K IeH s (YTJIOBBIE YaCTOTHI, HauaIbHbIE (ha3bl, aMIUIUTY/IbI) — pa3iudHbL. {71 YacTHBIX CIydaeB
BHOPALMOHHOT0 BO3AEHCTBHS, KOT/Ia TapaMeTphl Harpy3KH BO BCEX y3J1aX pacueTHON MOJIeIN OJMHAKOBBI, ITOTy4eHa Oosee ynpouieHHas GpopMma 3am1ucy BEIpaKeHHi peakinH,
BBITEKAIOIINX U3 00X ypaBHeHHit. [IpiBeieHo ypaBHEHNE peaKuy MPH JASHCTBHU MEPHOIUMIECKOr0o HMITYJIbCa JUIsl Clydast PSIMOYTOJIbHOM M cHHycouanbHoi Gopmel. Bee
TIOCTPOEHHBIE PEIICHHSI UMEIOT aHAMMTHYECKYIO (hOpMY 3aIiCcH. Pe3ynbTaThl TEOPETHYECKUX UCCIIEIOBAHUH MINTIOCTPHPYIOTCS IIPUMEpaMH KOJIeOaHUH TPEeXdTaKHOT0 MPOCTPAHCTBEHHOTO
KapKaca 3/[aHHs.

KiioueBbie cjioBa: JMCCUNIAaTHBHAS CHCTEMa, JIMHAMUYECKask peaKilys, iepeMelieHne, koiebanue, BUOpallMmoHHas Harpy3Ka, IepHoIMIeCcKHit UMITYIIbC, ypaBHEHHE.
UDC 624.042.8:534.1. Time analysis of elastic response of dissipative systems. Part 2. Potapov A.N., South Ural State University, Chelyabinsk, Russia.
The results are given about special cases of the use of integral of Duhamel in relation to the problems of structural dynamics. Calculation scheme of the structure is being modelled as a system with N
degrees of freedom, damping is taking into account on the linear theory of viscous resistance. It is dealt with the solution of the dynamic effect of suddenly applied forces of constant magnitude, acting
both a long time and for a certain period of time after which the power suddenly disappears. It is shown that determination of the calculation model response of the structure under the action of vibration
loads is connected with the solution of the continuous Sylvester equations. The general approach to the implementation of this equation is given and it is shown that this equation always has a unique
solution for dissipative systems. In the case of forced oscillations of a system without taking into account internal friction, there is a condition when the solution becomes undefined (at resonance). The
response equation is constructed in a general form for the case when different nodes of a discrete system have different excitation parameters (the angular frequency, initial phase, amplitude). A more
simplified form of the expression reactions arising from the general equations for the special cases of vibration impact is received, when the loads on all nodes in the calculation model are the same. The
equation of the response under action of the periodic rectangular and sinusoidal impulses is given. All the constructed solutions are analytical. The theoretical results are illustrated by examples of
fluctuations of the 3-storey frame of the building.
Key words: dissipative systems, dynamic response, oscillation, displacement, vibratory load, periodic pulse, equation.



OKCIEepUMEHTAIBHbIEC UCCIACIOBAHUS
A.A.MIOTOPEJIBLEB, k.1.1., C.5.TYPKOBCKHM, k.1.1., .A.KOHJIPAIUEB, nnx. IHUUCK um.B.A.Kyuepenko (AO«HHAIL«CTPOUTEIHCTBOY)
BOJIBIIEITPOJIETHBIE KYIIOJIA U3 KJIEEHON IPEBECHHBI C KECTKAMH Y3JIAMHA CACTEMBI IHAUCK...63
B nmaboparopun aepessiHnbix KoHcTpykimii [THUMCK ¢ 1974 rona npoBoATCs KOMIUICKCHBIE HCCIIEOBAHHS H Pa3pabOTKa KECTKUX CTHIKOB JACPEBSHHBIX KOHCTPYKIHH, B TOM YHCIIE
GOJIBIICTIPOICTHBIX KYIIOJI0B. PacCMOTPEHBI )KECTKHE YKPYITHUTEIBHBIC CTHIKH U Y3JIbI CONPSDKEHHS MEPUIMOHAIBHBIX peOep K BepXHEeMY KOJIblly. JIaHbl pe3yIbTaThl HCIIBITAHUS
(hparMeHTa B HATYPAJIbHYIO BEJINYHHY )KECTKOTO YKPYITHUTEIBHOTO CThIKA Ha BKJICCHHBIX CTEPXKHSX CHKATO-M3rnOaeMoro sneMeHTa. JlaH alropuT™ pacyera CTHIKOB CKATO-N3rubaeMbIX
KJICEHBIX JIEPEBSHHBIX KOHCTPYKIMI — MEPUIHOHAIIBHBIX pebep KymoJoB, BbinoaHeHHbIX 1o cucteMe [IHMVICK Ha BKIIGeHHBIX CTEPKHAX. PaccMOTpeH pacyeT cxaTo-u3rudaeMbIx
3JIEMEHTOB, B YKPYITHUTENIBHBIX CTBIKaX KOTOPBIX 3II0pa MOMEHTOB OJJHO3HAUHA MM UMEET IEPEMEHHBIN 3HAK, IPU 3TOM, CTEPXKHHU BKIICEHBI HAKJIOHHO MapauIeNIbHO APYT IPYTy U
paboTaloT Ha PacTsDKEHHE MM BKIICCHBI T10/] YIJIOM JPYT K APYTy B BHAe V-00pa3HbIX aHKepoB. [IpuBeieHbI IPUMEPHI CTPOUTEILCTBA B POCCHN COOPY)KEHHI ¢ KapKacaMH IIOKPBITHS B
BH/ie OOJIBIICTIPOJICTHBIX KYIIOJIOB M3 KJIGCHOM APEBECHHBI C Y3/IaMH Ha BKJICCHHBIX CTEPXKHAX: Kynou auamerpom 90 M akBanapka «ITutepienny B Cankr-IletepOypre, Kynon auaMeTpom B
KapHH3e 95 M 1 mamerpom 1o onopam 80 M akBamapka B HoBocuOupcke, kymoin quamerpom 45 M nupka B EpeBane.

KuioueBbie cjioBa: peOpUCTBIH KyITOJ, CTBIK CKATO-H30THYTOTO JJIEMEHTA, BKJICEHHbIE CTEPKHH, HCIIBITAHNSI, BBIIEPTHBAHNE, HECYIas CIIOCOOHOCTS.
UDC 692.48: 69.05. Large span domes made from glued wood with hard joints of TSNIISK system.
Pogoreltsev A.A., Turkovsky S.B., Kondrashev I.A., TSNIISK named after V.A. Kucherenko of JSC «Research Centre «Construction», Moscow, Russia.
In the Laboratory of Wooden Structures of TSNIISK named after V.A.Kucherenko the complex research and development of rigid joints for wooden structures including large-span domeshave been
carried out since 1974. The article examines the rigid enlarging joints and nodes of meridional ribs to the top ring. The testing results of the fragment ofthe rigid enlarging joint on glued rods of
compressed-bent elements in natural size are presented. The article gives the algorithm calculation of joints of compressed-bent-glued wooden structures — the meridionaldome ribsmade along with
«TSNIISK» systemon glued rods. The article covers the calculation of compressed-bent elements with enlarging jointswhere epure of moments is unambiguousor has a variable sign while the rods are
glued inclined parallel to each other and work in tension or they are glued at an angle to each other as V-shaped anchors. The article shows the construction examples in Russia of buildings with a frame
cover of largespan domes made of glued wood with nodes glued on rods: the dome with diameter of 90 m of the Aquapark «Piterlend» in Saint-Petersburg, the dome with diameter under the cornice of
95 m and diameter on the supports of 80 m of the Aquaparkin Novosibirsk, the dome with diameter of 45 m of the Circus in Yerevan.
Key words: ribbed dome, joint of compressed-bent element, glued rods, testing, pulling, load-bearing capacity.

YuclieHHbIC METOBL
B.JI. XAPJIAHOB, a.1.H., C.B. XAPJIAHOBA, k.1.H. (MAuC BoarI'TV, r.Boarorpan)
MOJEJIMPOBAHUE BETOHA KOHEYHBIMU 3JIEMEHTAMM...71
MeToa KOHEUHBIX 3JIEMEHTOB M METO/bI PELICHHS HeIMHEIHBIX YPaBHEHHI B COUCTAHUH C BEICOKOIPOU3BOANTENBHOM BRIUUCIUTEIBHON TEXHUKOI Aal0T BO3MOXKHOCTD BBINIOIHAT aHAIIM3
00BEMHBIX U CIIOXKHBIX CHCTEM C y4ETOM HeJIMHEHHBIX Aedopmarmii MaTeprana. OHAKO B ISHCTBYIOIINX HOPMaxX METOUKH pacyera IpeCTaBICHbl Ha yPOBHE cedeHHs dnemeHTa. [t
BOCIIOJIHCHHSI 9TOT0 Ipobesia aBTOpaMu IPEATI0okKEeHa METOIMKa MOICIMPOBAHHS OETOHA METOJOM KOHCUHBIX JICMEHTOB, OIMPAOIIASCS Ha ICHCTBYIONME HOPMBI U TOCYAapCTBEHHBIC
CTaHZApPTHL. ABTOPAMH IPE/UIOKEHO YUUTHIBATh Pa3pyIICHHE YJIEMEHTOB B IIPOIecce BO3ACHCTBHS. B 9TOM citydyae y3i10Bble peakiuy pa3pylIeHHBIX JIEMEHTOB MPHKIIAIBIBAIOTCS KaK
BHEIIHsIs Harpy3ka. BelmosiHeHo MojiempoBaHue paspynieHns: 6eToHHOTo Ky0a B rpecce. [IpoBesieHo cpaBHEHHE Pa3IMYHBIX TEOPUH TPOYHOCTH JUIS BBIYMCIICHUS YKBUBAIICHTHBIX
HanpspkeHni. B kadecTBe ckesleTHOI AnarpaMMbl BeIOpaHa JrarpaMmMa COCTOSTHUS C SIBHBIM pa3/ielieHHeM IUIacTHUeCKUX U ynpyrux aedopmarmii. [Toctpoens auarpamMmbl
neopMHUpOBaHUs cedeHust KyOa B rporecce Ae(opMaIlMOHHOTO HAarpy)KeHHs MOZIeIH. BBIsBIEHBI 001acTH paspymieHus: 0eTOHHOro Ky0a IpH JOCTIKEHUH NpeieIbHbIX Aedopmariyii.
OrpejieseHbl TEOPHU MPOUYHOCTH M MOJIENH, HaHOoJIee TTOJIHO OTPaXKaloINe AeHCTBUTEILHOE HANPsHKEHHO-1e(opMIpoBaHue OeToHa B rporiecce BosaercTBys. [IpenoxkenHas MeTouka
MOeT OBITh IPUMEHEHA [Tl YMCICHHOTO aHaJN3a jKeIe300€TOHHBIX KOHCTPYKIUH METO0M KOHEUHBIX DIIEMEHTOB.

KuioueBbie cjioBa: 6eTOH, TEOPUsI IIPOYHOCTH, JMArpaMMa COCTOSIHHSI, METO/] KOHEUHBIX 3JIEMEHTOB, JKBUBAJICHTHBIC HATIPSLKEHHS, DHEPrHsl e OPMUPOBAHNS, HEJIMHEHHbBIE ypaBHEHHUS.
CTaTUKH, (pU3NYEcKast HeTMHEHHOCTb.
UDC 624.012.41:519.3. Modeling of concrete by finite elements. Kharlanov V.L., Kharlanova S.V., Volgogradsky State Technical University, Volgograd, Russia.
Finite elements and solution methods of nonlinear equations in combination with high-performance computing technology make it possible to perform analysis of large and complex systems taking into
account nonlinear deformation of a material. However, the applicable standard methods of calculation are presented on the cross-section of the element. To fill this gap, the authors propose a method of
modeling of concrete finite element, based on existing norms and state standards. The authors propose to take into account the destruction of elements in the treatment process. In this case, the nodal
reactions of destroyed elements are applied as external load. A comparison of different theories of strength for the calculation of the equivalent stress is given. The state diagram with explicit separation
of plastic and elastic deformations is chosen as a skeletal chart. The diagrams of deformation of the cube cross section in the process of deformation loading of the model are considered. The article
identifies the areas of damage of concrete cube while reaching the ultimate strain. The proposed method can be applied for numerical analysis of reinforced concrete structures by finite element method.
Key words: concrete, strength theory, state diagram, finite element method, equivalent stress, deformation energy, nonlinear static equations, physical nonlinearity.

N 53a2017rox
Pacuérel Ha mpoyHOCTH
I'.A. TEHUEB, a.1.1., K.IL IATUKPECTOBCKHWM, 1.T.H. AOHHUI«Crtpoureascrso» (HHUUCK nm.B.A.Kyuepenko), r.Mocksa, Poccust
KPUTEPUI IPOYHOCTH JIbJA IIPU CJIOKHOM HAIPSIKEHHOM COCTOSIHUH...2
CdopmynupoBaH KpUTepHil IPOYHOCTH JIbJA TS CIIOKHOTO (TPEXOCHOT0) HAMPSDKEHHOTO COCTOSIHKA. B ccTeMe KOOpAMHAT IVIABHBIX HOPMAaJIbHBIX HAMPSDKEHUI KPUTEPHil IPOYHOCTH
OIpe/IeNseTCsl MOBEPXHOCTHIO JLUTHIICON 1A BPAIICHHS, XapaKTePHbIE pa3Mepbl KOTOPOro SIBJISIOTCS (PYHKIHIMU TEMIIepaTypbl Jibaa. IIpHBeICHbI 3aBUCHMOCTH BYX BXOJUIIINX B KPUTEPHI
OIPE/IEISIOIINX BEIMYHH-IPE/ICIIOB IPOYHOCTH Ha CXKATHE M PACTSHKEHHE OT TEMIICPATYPhI, @ TAKXKe 3aBHCHMOCTH OT Hee MOAyJiei fedopmaruii ibaa. Periena 3aada o IPOYHOCTH JIbJia
TIPY IJIOCKOM HAaIpPsHKEHHOM cOCTOSTHUM. OGOCHOBAaHbI HEOOXOANMBIEC Pa3MepBbI JIS0BOI0 MACCHBA [IJIsE 00ECIICUSHHs MPOYHOCTH B CIIydae NPHIIOKEHHUS K HEMY COCPEIOTOYCHHOI CHIIBL.
PaspaboTtans! npeaIoKeHns 0 000CHOBAHUIO KPUTEPHsI IPOYHOCTH JibJa. BOMpocs! MpoYHOCTH IbAa KaK CTPOUTEIBHOTO MaTeprasia CTAHOBSTCS aKTYa IbHBIMU B CBSI3H C BO3POCIIUMH
obbemamu ctpoutenbcTBa Ha Kpaiinem Cesepe. B mocneaHee BpeMst HOSBUIIOCH MHOTO ITyOJIMKALHiA, CBA3AHHBIX C Pa3IM4YHBIMU JICIOBBIMH COOPYKEHUAMH U Joporamu. O630p 3Tux pabor
peJuIaraeTcs npeJICTaBUTh B CIEAYIONHX TyOIMKaIHsX.

KuioueBsbie cjioBa: e, KpUTEpHil IPOUYHOCTH, CII0XKHOE HAIPSKEHHOE COCTOSTHHE.
UDC 624.01.016. The criterion of ice strength under complex stress state. Geniev G.A., Pyatikrestovskiy K.P., JSC «Research Centre «Construction» (TSNIISK named after V.A.
Kucherenko), Moscow, Russia
The strength criterion is formulated for ice under complex (triaxial) stress state. In the coordinate system of the main normal stresses the strength criterion is to be defined by the surface of the
rotation ellipsoid, characteristic sizes of which are functions of ice temperature. The dependences of two determining values - ultimate strength on compression and stretching temperature — are given, as
well as dependences for the modules of ice deformations. The problem of ice strength under plane stress state is solved. Proposals for study of ice strength criterion are developed. The questions of ice
strength as a construction material have become relevant due to the increased volume of construction in the Far North regions.
Key words: ice, strength criterion, complex stress state.

M.H. KHPCAHOB, n.¢us.mat.Hayk, npo¢., A.C. CTEIIAHOB, k.t.H., 1ou. HLY MJH, r.Mocksa, Poccust

0 3ABUCAMOCTH JE®OPMAILAA MJIOCKOI APOYHOM ®EPMbI OT YU CJIA TAHEJEH...9

TIpuBouTcs BBIBOA HOPMYIIBI TS HPOrHOa M CMEIICHHUS TIOJIBIKHOI OMOPBI CTATUYECKH OMPEICTUMOi epMBI, COCTOAIICH U3 PHIelIs U JBYX GOKOBBIX OIIOPHBIX (DePMEHHBIX YaCTeHl.

KoHcTpyKIust paBHOMEPHO HarpyeHa BEpTHKaTbHBIMU CHIIAMH 110 y3JIaM BEPXHETO I10sica. AJITOPHTM BBIBOJIA TOUHBIX 3aBHCHMOCTEH AehopMaliuii GpepMbl OT ee pa3MepoB, HArPY3KU U YHCeT aHeNei

GasupyeTcst Ha METOJaX CHCTEMbI KOMIIBIOTEPHOM MaTeMaTHK Maple 1 IBOMHOI HHIYKIHH, IPOBEACHHON OCIE0BATEIBHO IS YHCeT AHENeH B Kax10ii u3 dacteit Gpepmer. Bmecte ¢ Gpopmymamu

JUIS CMEICHUI HAXOATCS M BBIPDAKCHHS JUIS YCHIIMIL B HAnboJIee CHKATBIX M PACTAHYTBIX CTEPHKHAX BEPXHEIO M HIKHETO MOsACOB. B porpaMme, HaNmMCcaHHOM Ha A3bIKE CHMBOJIBHOH MaTeMaTHKH,

HCIIONB3YETCsI METO BBIPE3aHNUs Y3/I0B, IPUBOMSIINIL K PEIICHIIO CHCTEMBI JINHEHHBIX ypaBHeHuil. [Iporu6 BeraucieH mo ¢popmyne Maxcseiwta — Mopa. [Ipeanonaraercs, 4To )eCTKOCTH BCEX

cTepKHel oiMHaKoBbL. OO00IICHNE PEIICHHI Ha IIPOM3BOJIBHOE YHCIIO TaHENeH OCHOBAHO HA TOM, YTO KOHCTPYKIHS PEryisipHas ¥ KO3(pOHUIHEHTI HCKOMOT GOPMYIIbI YIOBICTBOPSIOT IMHCHHBIM

PEKYPPEHTHBIM yPaBHEHUSIM, IS PEIICHHS] KOTOPBIX UCIIONIB3YIOTCS ONEPaTophl KOMITBIOTEPHOI MaTeMaTHKU. FIckoMble 061ne 3aBHCHMOCTH AehOopMaNHii OT 9iCeN aHe el HOTyJaloTcsl B BUAC

TIOJIMHOMOB 110 3TUM 4HciIaM. ITocTpoeHHbIC KPUBBIC 3aBHCHMOCTH IPOTH0Oa OT BHICOTHI (hepMBI MMEIOT SKCTPEMaIbHBIC TOUKH, II03BOJISIONINE ONTUMH3HPOBATh GEepMy 110 BECY H KECTKOCTH.
KuiroueBble cioBa: apounas ¢pepma, nporud, Maple, 1BoiHAasS HHAYKIHS, YUCIO MTAHEICH.

UDC 624.04. On the dependence of the deformation of flat arched truss from the panels number. Kirsanov M.N., Stepanov A.S., Moscow Power Engineering Institute, Moscow, Russia.

The formulas for deflection and displacement of the movable support statically determinate truss, consisting of a crossbar and two side support truss parts are deduced. Structure is under uniform load of

vertical forces at the nodes of the upper belt. The algorithm output the exact dependencies of the deformations of the truss from its size, load and number of panels is based on the methods of the

computer algebra system Maple and double induction, carried out successively for numbers of panels in each part of the truss. Together with the formula for displacement an expression for forces in the

most compressed and stretch-ties rods, upper and lower belts are obtained. In the program written in the symbolic language of mathematics the method of cutting nodes, leading to the solution of the

system of linear equations is used. Deflection deduced by the formula of Maxwell - Mohr. It is assumed that the stiffness of all rods are the same. Generalization of the solutions for an arbitrary number

of panels based on the regularity of construction. The coefficients of the desired formula satisfy linear recurrence equations, for which solutions are obtained by operators of computer mathematics. The

required total dependence of deformation and numbers of panels are in the form of polynomials in these numbers. Plotted curves are based on the deflection of the height of the truss and have the

extreme point, allowing to optimize the truss in weight and stiffness.

Key words: arch, truss, deflection, Maple, induction, the number of panels.

P.K. MEXTHEB, kauna. ¢pus.mat. Hayk, 101. A3epOaiil:kaHckuii TexHH4eckuii yHuBepcureT, I. baky, A3ep6aiigxan
MPOJIOJIBbHBIV CABUTL TEJ CO CJAOXHOU CTPYKTYPOI OCJAABJIEHHOU NPSIMOJIMHEMHBIMU TPEIIUHAMM...15
PaccmaTpuBaercs 3a1a4a MEXaHUKHU paspylleHus oOmLIel peryaspHoil CTpYKTYphl IMHEHHO apMUPOBAHHOM cpesibl oOpasylolelics suelikaMu, cojiepkalleil Ipou3BOIbHOE KOHEYHOE YHCIIO
BOJIOKOH Pa3JIMYHBIX JUaMeTpOB. [IpOJOIbHBIH CABHUT INIACTHHBI, 10 KPasiM OTBEPCTHI U 0CJIA0ICHHOI ABOSKONCPUOANYCCKOM CHCTEMON MPSMOINHEHHBIX CKBO3HBIX TPELMH
KOJUIMHEApHBIX OCSAM abCILMCC ¥ OPJMHAT PaBHBI 110 JUIMHE. PellieHune 3aiauu 0 paBHOBECHH 11ep(HOPUPOBAHHOTO TelIa HPU HPOJOILHOM CABHUIE C 30HAMU HPEAPA3PYIICHUS CBOIUTCS K
PELICHHIO OJIHOI OECKOHEUHOIT anreOpandeckoil CHCTEMBbI U HEJMHEHHOTO CHHIYISIPHOTrO HHTErpoandGepeHHanbsHOro ypaBHeHus ¢ siapom tumna siapa Komm. 13 penrennst
9TUX YPABHEHUIT HAXOIAT YCHJIUA B 30HAX TPCIIMH. YCIOBHE NOABICHHUS TPEIMHBI (POPMYIUPYETCS C YUETOM KpHTEpHs IPEEIbHOTO pa3phiBa cMelleHuil MaTepuaina. Kaxnoe
CHHTYJISIPHOE MHTETPajIbHOE YPABHEHUE CBOJUTCS K KOHEUHOH CHCTEME JIMHEHHBIX are0panuecKux ypaBHEHHIL.

KiroueBble ¢j10Ba: IPOJOJIbHBIH CIBUT, TOJIIMHA IIOKPBITHS, JBOSKONEPHOANYECKAs PELIETKA, BOJIOKHA — IIOKPBITHSA, IIOKPBITHE — CBA3YIOLIEE, FOIOMOphHAs (HyHKIHS.



UDC 539.3. Continuous moving of bodies with a complex structure of a flashing rectangular crack. Mehtiyev R.K., Azerbaijan Technical University, Baku, Azerbaijan

The problem of fracture mechanics of the general regular structure of a linearly formed reinforced enviroment by cells containing an arbitrary finite number of fibers of different diameters is considered.
The longitudinal shear of the plate, the edges of the holes and the weakened bipolar-periodic system of rectilinear through cracks in the collinear axes of the abscissa and ordinate are equal in length. The
solution of the problem of the equilibrium of a perforated body under longitudinal shear with order fracture zones reduces to solving one infinite algebraic system and a nonlinear singular integral
differential equation with kernel of Cauchy kernel type. From the solution of these equations, efforts are made in the zones of cracks. The condition for the appearance of a crack is formulated taking into
consideration the criterion for the maximum discontinuity in the displacements of the material. Each singular integral equation reduces to a finite system of linear algebraic equations.

Key words: longitudinal shear, coating thickness, doubly periodic lattice, coating fibers, coating-binder, holomorphic function.

M.O. MOUCEEHKO, k.1.H., O.H. [IOMOB, k.1.H., T.A. TPEIIYTHEBA, k. (TTACY, r.Tomck)
JNE®OPMUPYEMOCTH JBYXIOJbHOM T'MBKOM IJIACTUHBI C HAYAJIbHBIM [IPOI'MBOM [P HEPABHOMEPHOM HAT'PEBE...21
B crarbe npeacTaBieHO HCCIIEJOBAHNE HATIPSHKCHHO-1e()OPMUPOBAHHOTO COCTOSIHUS BYXITOJIBHOI TMOKO# MIaCTHHBI, HMEIOIICH HavaIbHbI IPOrud 1 HaxozsIIeiics o/ BO3ACHCTBHEM
HEPaBHOMEPHOT'0 TeMIIepaTypHoOro noiist. Marepuain rmacTuHbl — citaB Br6. [IpuBesien aHau3 YHCICHHBIX CCIIEIOBAHMH, TOIYyYSHHBIX Ha OCHOBE pa3paboTaHHOIO aBTOpPaMH aJIrOpHTMa
pacdeTa pa3sHOMOJYJIbHBIX IPSMOYTOJIBHBIX 2JIEMEHTOB KOHCTPYKIIMH C Pa3phIBHBIMHU [TAPAMETPAMHK C Y4€TOM HEJMHEHHOCTEN M CBOWCTB MaTepHalla, 3aBUCAIINX OT TEMIIEPATypHOIO
BO3/IeiicTBUS. BBIMOIHEHO cpaBHEHHE MOMYYSHHBIX Pe3yIbTaTOB JOMOIHUTEIEHOI0, CyMMapHOTO IPOru0a U MHTEHCUBHOCTH HAIPSDKEHHIT TIIAaCTHHBI 0€3 ydeTa U ¢ y4eTOM HayalbHOTro
npornda. AHaJIM3 TTOTy4YEHHBIX PE3yJIbTATOB pacyeTa yKa3blBaeT Ha HEOOXOAUMOCTh OJJTHOBPEMEHHOI'O yueTa HauallbHOTo Mporuda, GU3nuecKkoil, reoMeTpuueckoil HelMHeHHOCTeH,
HEOJIHOPOJIHOCTH MaTepHalia IIACTHHBI.

KuioueBble ciioBa: miacTuHa, pedpa JKeCTKOCTH, HeJIMHEHHOCTh, HaYalbHBIH IPOrH0.
UDC 7.04:535.4.011.22.23. Deformation of two fields of a flexible plate with an initial deflection at non-uniform heating. Moiseenko M.O., Popov O.N., Treputneva T.A., Tomsk State University
of Architecture and Civil Engineering, Russia.
On an example of account two-panel supported flexible steel (BT6) of a plate with an initial deflection (HIT) taking place in a non-uniform temperature field are submitted and the carried out(spent)
accounts are analysed in view of non-uniform properties of a material dependent on temperature influence in view of dependence of mechanical properties on temperature. Plastic deformations in a plate
(from a material BT6) in a considered(examined) range of temperatures up to did not arise. The analysis of the submitted results of accounts mapuupro fixed nByxmnomnsHoii of a plate with an initial
deflection in view of the variable physical characteristics depending on temperature, geometrical nonlinearity, results in the following conclusions. The results received at linear account and only in view
of heterogeneity of physical properties depending on a temperature field, show the large error, than with the additional account of geometrical nonlinearity. For a flexible plate with relative thickness at
variable temperature influence at HIT reduces additional deflections and pressure(voltage). It also is traced on development of zones of plasticity on a field and thickness of a plate. At accounts of thin-
walled elements with explosive parameters on action of external loading it is necessary simultaneously to take into account an initial deflection, physical and geometrical nonlinearity, heterogeneity of a
material connected with a variable temperature field. Not the account at account of one of the listed features results in the large error of the received results.
Key words: plate, edges of rigidity, nonlinearity, initial deflection.

JMHaMUYECKHe PacueThl
W.10. BEJYLKHUM, a.1.H., npod., A.B. JAIINH, nn:k. TuxookeaHCKHI TocyJapcTBEHHBIN YHUBEPCHTET, I'. Xa0apoBcK
AJANTALIAS. KOHEYHO-3JJEMEHTHOM MOJIEJIM IPOJIETHOI'O CTPOEHMS IEMIEXOAHOT'O ITYTEIPOBO/JIA K PEATBHBIM Y CJIOBHUSIM
PABOTbBI COOPYKEHMUSI...28
Bormpoc oreHkH 3HaYeHUs] COOCTBEHHBIX YaCTOT KOJICOAHUH MIPOJICTHBIX CTPOCHHUH MENIEXOAHBIX MOCTOB HMEET MPAKTHIECKYIO 3HAYNMOCTb. Y YUTHIBAsE OTHOCHTEIEHO HEOOJIBIIYIO MacCy
TIPOJICTHBIX CTPOCHHUH Takue (paKTOPhI KaK JUHAMUYECKHE BO3ACHCTBIS, OCOOCHHOCTH KOHCTPYKLIMU OMOPHBIX 3JIEMEHTOB, PEHEOPEKCHIE KOTOPHIMU SIBIISICTCSI HOPMOIT B KITACCHYIECKON
IIAPHUPHO-CTEPKHEBOH MOJEIH IPOJIICTHOTO CTPOCHUSI, OKa3bIBAIOT CYIECTBEHHOE BIMSHIE HA JMHAMUYECKUE XapaKTePUCTUKH MIPOJICTHBIX cTpoeHuil. PaccMoTrpen Bonpoc
HEOOXOIMMOCTH yueTa )KECTKOCTH U YHPYTOCTH KOMITO3UTHBIX PE3NHOMETAINIMYECKHUX OIOPHBIX YacTel, a Tak jke JIEMEHTOB OIPAKACHHS B OIIEHKE XapaKTepa JMHAMUUEeCKOi paboTh
NPOJIETHBIX CTPOSHUH ImyTenposoaa. Ha mpumepe paccMoTpeHa aanTtaiys YMCISHHOH MOJIENH K peallbHbIM YCIOBHSAM PabOTBI, ITyTEM COIOCTABIICHHS C Pe3yJIbTaTaMH JHHAMHYECKUX
HCIBITAaHUH TIEMIEXO/JHOTO MyTEePoBO/Ia Ha aBTOMOOMIIBHON Tpacce M-60 «¥Yccypm» XabapoBck — BiaguBocrok yyactok 747-750 xm [TK 156+132. Tlo pe3ynbraTam aganranuu
YHCIICHHOI MOJIEIHN OTpe/ielieHbl (JaKTOPHI, BHOCSIINE HANOONBIINIT BKJIaJ] B IMHAMUYECKHE XapaKTePUCTUKH TIPOJIETHBIX CTPOCHUH.

KuioueBbie cj10Ba: rerexoHblii MOCT, BEpTHKaJIbHbIE KOJIeOaH!s, KOHEUHO-3JIEMEHTHAs MOJIENIb, KPYTHIIbHAS dKECTKOCTh, JMHAMUUECKHE UCTIBITAHHSI, OTIOPHAs YacThb.
UDC 624.21. Adaptation of the finite-element model of the span structure of the pedestrian overpass to the real working conditions of the structure. Belutsky Y.Yu., Lapin A.V., Pacific
National University, Khabarovsk, Russia.
The determination of the value of the natural vibration frequencies of thelongitudinal girders of pedestrian bridges is of practical importance. Considering the relatively small mass of longitudinalgirders,
such factors as dynamic effects, structural features of support elements, neglect of which is the norm in the classical hinge-rod model of the span structure, providing a significant influence on the
dynamic characteristics of the longitudinal girders. The article considers the need to take into account the rigidity and elasticity of composite rubber-metal support parts, as well as fencing elements in
assessing the nature of the dynamic operation of the longitudinal girders of the overpass. For example, the adaptation of the numerical model to the real operating conditions is considered, by comparing
it with the results of dynamic tests of the longitudinal girders of the overpass on the highway M-60 «Ussuri» Khabarovsk-Vladivostok section 747750 km of the PK 156 + 132. Based on the results of
the adaptation of the numerical model, the factors that make the greatest contribution to the dynamic characteristics of the longitudinal girders are determined.
Key words: pedestrian bridge, vertical vibrations, finite element model, the torsional stiffness, dynamic test, support part.

B.H. CUMBUPKUH, k.1.1., I0.B. TAHACEHKO, un:x. HTHUUCK um.B.A.Kyuepenko, OOO«EBPOCO®T», r.MockBa

YNPOILEHHBIN HEJITMHEVMHBIN JUHAMHUYECKUIA PACUET COOPYIKEHUI NNPU CEMCMUYECKHUX BO3IEMCTBUSIX...32

TIpencrasieHa ynpouieHHas METOIMKA BBITOIHEHHS YUCICHHOTO (PU3MYECKH HEIMHEHHOr0 pacueTa KOHCTPYKIHI 30aHNH 1 COOPYKEHHUI IPpH CeHCMUYECKIX BO3AeHCTBIsX. [IpeioxkeHo
coueTaHHe JIByX CIIOCO0OB ydeTa HeIMMHEHHOCTH Je()OpMUPOBAHNUS KOHCTPYKIHIf — TOYHOT'O /YIS CYLLIECTBEHHO HEIMHEIHBIX JIEMEHTOB (JIOKAJIbHBIX HEMHEHHOCTEN) 1 IPUOIHIKEHHOTO
JUISL OCTAJIbHOM YacTh KOHCTPYKIHH. 3agada copMyIHpoBaHa B BUAE CUCTEMbI An(depeHIHaNIbHbIX YPABHEHUH B HCXOHBIX ¥ HOPMAJIbHBIX KOOpANHATaxX B hopme, yRoOHOit st
TPUMCHECHHS YMCICHHBIX METO/IOB HHTETPUPOBAHHUS MO BpeMeHH. J[aHO pelieHue mpodiIeMbl y4eTa JOCTATOYHOr0 KOINYecTBa (popM COOCTBEHHBIX KOJICOAHNUH B Cllydae MPHMEHEHHUS
METO/Ia PA3JIOKEeHHs JUHAMUYECKOit peakuuu 1o Gopmam kosedanuit. OTMedeHa 0COOCHHOCTh IPUMEHEHHS HeJUarOHAIbHBIX MATPHI] Macc U AeMnupoBanus KOHCTpyKuud. [Ipu
YCJIOBHHM HAJIMUHs B CHCTEME HEOOIBIIOro YHCIa JIOKAIBHBIX HeJMHEHHOCTEl JaHHbII MOIXO0 TT03BOMISET 00ECIIEYUTh CKOPOCTh PEIICHUs HeTMHEHHON IMHAMUYECKOH 3a1auH,
NPaKTHYECKU PaBHYIO CKOPOCTH PEILICHUs COOTBETCTBYIONICH IMHEHHON 3a1aun. Meroauka peann3osana B porpaMmuom komruiekce STARKES u nocrynua s

MPAaKTHYECKOI0 UCIOIB30BaHUs IIPU MACCOBOM IIPOEKTHPOBAHMHU M MCCIIEJOBAHUH KOHCTPYKIIHH.

KittoueBble c/10Ba: HeTMHEIHAS JUHAMUKA, METO KOHEUHBIX dneMeHToB (MKD), celicMudecknii aHanu3, pasioxeHue mo popmaM KoneOaHHil, akceaeporpaMma 3eMICTPSICCHHUST, CEHCMON30ISILIHSL.
UDC 624.04:519.62. A simplified nonlinear dynamic analysis of structures under seismic loads. Simbirkin VN, Panasenko Yu.V., Eurosoft LLC, JSC «Research Centre «Construction» (TSNIISK
named after V.A.Kucherenko), Moscow, Russia.

A simplified procedure to perform a numerical physically nonlinear analysis of structures under seismic loads is given. It is suggested to combine two ways of the nonlinear

deformation consideration. These are an exact approach for essentially nonlinear elements (local nonlinearities) and an approximate approach for the rest of the structure. The problem is formulated as a
system of differential equations in initial and normal coordinates in a form suitable for applying numerical methods of time integration. The solution to the problem of sufficient number of eigenvectors
in the case of applying the mode superpositionmethod is given. The feature of usingnon-diagonal mass and damping matrices is considered.In a case of a fewlocal nonlinearities, the approach enables to
provide the speed of solving a nonlinear dynamic problem that is practically equal to the speed of solving the corresponding linear problem. The technique is implemented in the STARK ES software
package and is available for practical use in structural design and research.

Key words: nonlinear dynamic, seismic analysis,finite element method (FEM), mode superposition, earthquake accelerogram, seismic isolation.

A.H. IOTAIOB, a.T.H., 1ou. FOkHO-Ypanbckuii rocyiapcTBeHHbII YHHBEPCUTET, I. Yeasounck
BPEMEHHOM AHAJIM3 JUCCUMATUBHBIX KOHCTPYKIMIA C BBIKJIIOYAIOUIUMHUCS CBA3SIMMU...37
TIpuBeieHb! MaTEMAaTHUECKHE MOZICIN KOJIeOaHHUI U alIrOPUTM pacuyeTa KOHCTPYKTHBHO HEJTMHEHHOW CHCTEMBI IPU BHE3AITHOM BBIKIIIOYECHNH CBSI3U. B pamMkax Teopui BpeMEHHOTO aHAIN3a
JIaH BBIBOJI Pa3peNIaloliX yYPaBHEHUH PEaKIUK JUCKPETHON TMCCUIIATUBHON CUCTEMBI, HAXOASIIEHCS 10 BEIKIIOYEHHS CBSA3H MO ACHCTBHEM KaK CTaTHYECKOM, TaK M JMHAMHYECKON
Harpysku. IIpoBeieH aHanU3 peakiMy CHCTEMBI M YCTAHOBJIEHBI HEKOTOPBIE 3aBUCUMOCTH JUISl €€ TapaMETPOB B MOMEHT OTKa3a CBsA3H. [l KpUTHYECKO BpeMEHHON TOYKH ITOITy4EeHbI
KHHEeMaTHdecKHe (MepeMeleH s, CKOPOCTH U YCKOPEHHsI) U CUIIOBBIE (BOCCTaHABIIMBAIOININE, JUCCUNIATHBHBIC 1 HHEPIIMOHHBIE CHJIBI) TApaMEeTpPhl PEaKIHH B JIBYX COCTOSIHHUSX PacUeTHOM
MOJIJIH: JIO U MOCTIe BBIKITIOUEHHS CBs3U. JIJ1st 00IIero ciryyast JUCCUIIAaTHBHON CHCTEMBI, HaXOIAIIeHCs B MOMEHT OTKa3a CBSI3M B Ipoliecce KoIeOaHHi, 1aH BBIBOJ aHATUTHIECKUX
BBIPAKEHHH, ONPE/IEIIAIONINX BEIMYNHY CKauKa y IIapaMeTpOB JTMHAMHUYECKOH peakluy. BhIONHEH aHauu3 71 4aCTHOIO ClIydas HOBPEKIEHHON CUCTEMBI, HAXOIAIIEHCS 10 pa3pylIeH s
CBSI3U B ITOJIOKEHUH CTaTHYECKOro paBHOBecus. [loctpoeHa BcriomMoraTelibHasi peaKiysi, HO3BOJISIONIAs JaTh OLEHKY JONOIHUTEILHOMY 2(Q(BEKTy, BEI3BAHHOMY MOBPEXKJICHUEM CHCTEMBI.
BcnomorarenbHas peakiys npe/icTaBIsieT BEKTOPHYIO Pa3HOCTh (HEBA3KY) PEaKIMH CHCTEMBI MOCHIE U 10 BBIKIIOUSHUS CBSI3U. Pe3ynbTaThl MINTIOCTPHPYIOTCS Ha NpUMepe KojaeOaHui
JIBYXIIPOJICTHOM CTaJbHOMN OAJK¥ IPU BHE3AITHOM Pa3pyIICHHN IPOMEKYTOYHOH OMOpbl. PacCMOTPEHbI BApHAHTHI PAa3pyLICHHS OOPHI: IIPU CTATHYECKOM HArpY)KCHHU OAJIKH ¥ JUTs OAJIKH,
HaxoJLIeiicst B mporecce KoseOaHuii.

Ki1ioueBbie cJI0Ba: UCCUNATHBHAS CHCTEMA, pa3pylicHNe, AMHAMHYECKas PEaKiys, epeMelleHre, KonebaHne, BOCCTaHABIMBAIOIIAs CUIIA, YPABHCHUE, MATPULIA KECTKOCTH
UDC 624.042.8:534.1. Time analysis of dissipative structural with switch off connections. Potapov A.N., South Ural State University, Cheliabinsk, Russia.
The paper is concerned with the mathematical models of oscillations and the calculational algorithm for structurally nonlinear system in case of sudden shutdown of element. Derivation of
governing equations of the response of a discrete dissipative system is given within the theory of time analysis. System is under the action of both static and dynamic loads beforebreaking down of
element. The analysis of the response of systemand some patterns of its parameters at the time of the element failure are represented.Kinematic (displacement, velocity, and acceleration) and power
(restore, dissipative and inertial forces) reaction parameterswere obtained for the critical time pointin two conditions the calculatinal model: before and after breaking down of the element.The derivation
of analytical expressions that determine the value of the jump of parameters of dynamic response is givenfor the general case of dissipative system, which is at the moment of a element failure in the
process of the fluctuations. The analysis isdone for the particular case of a damaged system before the destruction of the element when structure is in a position of static equilibrium.Secondary reaction is
given. It allows to evaluate the additional effect, caused by damage of the system. Secondary reaction is a vector of a difference (error) of response of the system after and before breaking down of
element.The results are illustrated on the example of oscillations of a two-span steel beams in case of sudden destruction of the intermediate support. The variants of the collapse of the support are given:
for beams under static loading and for beams that are oscillating.
Key words: dissipative system, destruction, dynamic response, displacement,oscillation,restoring force,equation, stiffness matrix.



HN.U. UBAHYEHKO, n.1.H., npod. MI'YIIC MUUT, r. Mocksa)
K ASPOJIMHAMMYECKOMY PACYETY BAJIOYHBIX IIPOJIETHBIX CTPOEHUI MOCTOB (Yacts 2)...48
PaccmarpuBaeTcst METOAMKA YUCICHHOTO (IIOIIArOBOr0) PELICHNUS 3a/1a4, CBSI3aHHBIX C ANHAMIYECKOH HEYCTOHYHBOCTBIO (M3rHOHO-KPYTHIIBHBIM (IIATTEpOM) Yy KOPOOUAThIX, OaTOUHBIX
KOHCTPYKIIHMiT (Ha IpUMepe MPOJIETHOTO CTPOCHHUSI MOCTa) TIPU UX MOJCIMPOBAHHI TOHKOCTCHHBIMH CTEP)KHSIMU OTKPBITOrO MM 3aMKHYTOIO HPO(UIIS, BKIIOUast KOHCTPYKIIUH C
OTBETBJICHUSIMH (KPbUIbsIMH). JINHAMUKA CTEP)KHS (MOCTOBOH Oanku ¢ mponeToM 155 M) B HaberaromieM co CKOpOCTbI0 V BETPOBOM ITIOTOKE CKJIAbIBACTCS M3 B3aHMOCBS3aHHBIX H3THOHBIX
TONEPEYHBIX, KPYTHIBHBIX U H3THOHBIX BEPTUKAIBHBIX KoeOaHuii. J[iis omucaHus: caMoBO30Y K TAIOIIHXCSI ITOJbEMHBIX CHJII 1 MOMEHTOB IIPH JICHCTBHH BETPOBOTO MIOTOKA HCIIOIB3YIOTCS
JHaMHYeckre kodpduimentsl. Bo3oyxeHne konebanuit 6anku u fanbHeinee HabIF0ICHNE 3a ee TOBEJICHUEM PH BCTPEYHOM, TTONEPEUHOM K Oalike MOTOKE BETpa, IPEACTaBIAeTCS KaK
LeJTb UCCIIEI0BAHMS, JIOCTIKEHNE KOTOPOH BO3MOXKHO TIPU YHCICHHOM PEIICHNH CHCTeMBI (P (epeHInaTbHbIX YpaBHEHNUH, OITMCHIBAIOIINX yKa3aHHBI nporecc. Crucrema
yKa3aHHBIX YpaBHEHHMIT peliaeTcs ¢ UCIONB30BAHUEM MPE/TIOKEHHOH paHee aBTOPOM TECTUPOBAHHOI I1aroBoi, 0e3ycI0BHO-YCTOHYNBOMN MPOIEAYPHI JUIS HCCIICA0BAHHS
HEYCTAHOBUBIIEHCS AMHAMHKHI CTPOUTEIBHBIX KOHCTPYKIMHA. Onpe/ienieHHble B MepBOH YaCTH MCCIIEIOBAaHHS Ha OCHOBE XapaKTePUCTHYECKUX OIpeJieNuTerneil KpHTHIeCKue CKOpOCTH U
YaCTOTHI JUISl YKa3aHHOTO MPOJIETHOTO CTPOCHHSI ITPOBEPSIOTCS BO BTOPOM, HACTOSIIEH, YaCTH MCCIIEA0BAHHS HHBIM 00pa3oM, pellIeHHeM YHCIICHHO CUCTeMbl ypaBHeHui. [Ipu ykazaHHBIX
KPUTHYECKHX TTapaMeTpax HaOI01aeTcsi HeOrpaHUYEHHBIH POCT MOCIIe HaYaIbHOTO KPaTKOBPEMEHHOTO BO30Y:KIeH s KojeOaHuii 6aiku, ee epeMelieHnH Ipu 3aKpUTHIECKOH CKOPOCTH
BETPOBOT'O MOTOKA. AJITOPUTM, PEATH3YIONIHIT METOJMKY, TECTHPYETCs Ha IPHUMepe U3BECTHOTO PEIICHHS, TTIOTyYeHHOr0 110 TeopHHu TeopopceHa Juis IPOJISTHOTO CTPOSHHS C HACaTbHO
00TeKaeMbIM MOIIEPEYHBIM CEUCHHEM (B BUJIC TOHKOM MiacTHHbD). IIpoBeeHa cepys YUCIOBBIX SKCIIEPUMEHTOB TS MOJIYYCHHS KPUTHUECKHX CKOPOCTEH 1 YaCTOT B MOMEHT IOSIBJICHHUS
IMHAMHYECKOIT HeYCTOITYMBOCTH B (hOpME U3THOHO-KPYTHIIBHOTO (hiraTTepa uist Oaok.

KuroueBble cj10Ba: Ko1e6aHUsA MOCTOB, H3THOHO-KPYTHIIBHBIN (hIIaTTeP, TOHKOCTCHHBIC CTEPKHH, IIArOBIC IIPONEAYPHI, AMHAMUYECKHE KOB(DOHIMCHTHI.
UDC 624.042.41. Aerodynamic calculation of beam bridge spans (Part 2). Ivanchenko L.I., Moscow State University of Railway Engineering, MIIT, Moscow, Russia
The method of numerical stepping solution of dynamic instability problems (flexure-torsion flutter) in box, girder structures (for example, a span of a bridge) under their modeling by thin-walled rods of
open or closed profile, including structures with branches-wings. Dynamics of rod (beam bridge with a span of 155 m) with the wind flow of V velocity is composed of interconnected flexural
transverse, torsional and flexural vertical oscillations. To describe the self-excited lift forces and moments under the wind flow action the dynamic coefficients are used. The excitation of beam
oscillations and further monitoring of its behavior under the opposite, transverse wind flow is the purpose of the study. The analyses could be conducted by using a system of differential equations
describing this process. The system of these equations is solved using the stepping sustainable study method tested and proposed by the author for transient dynamics of building structures.
Key words: bridge oscillations, flexure-torsion flutter, thin rods, stepping procedure, dynamic coefficients.

Pacuersl Ha ycTOHYMBOCTD
10.1. JOPOI'OB, k.T.H. (. Bosxckuii)
YCTOMYHUBOCTD TAKEJIOIO TOPU30OHTAJIBHOI'O CTEPXKHI...56
Hccnemyercst ycTOWUMBOCTD TSDKEIOrO TOPU3OHTAIBHOTIO CTEPIKHS, JIEKALIET0 Ha XKECTKOM OCHOBAHMH. JIJIst JOCTaTOYHO JJIMHHBIX CTEPXKHEH OOJIbIIONH MacChl KpUTHYECKas cuna Ditnepa
OKAa3bIBAaCTCSI HUYTOXKHO Maloi. Takas cuia He MOXKeT IPUBECTU K OTepe YCTOMUUBOCTH CTEPIKHS, JISKAIIETO Ha )KECTKOM OCHOBAaHUM, U IIOCIEAYIOIEMY €ro HOAHITHIO. DTO
00CTOSATENBCTBO 00YC/IABINBAIOT HEOOXOMMMOCTh yUeTa Beca CTEPIKHI IIPH ONpeeIeHUH KPUTHUECKOit critbl. BoiBeieHo TouHoe quddepeHniansHoe ypaBHEHHE H30THYTOI OCH CTEPXKHS,
BBIPAXKAIOIEE 3aBUCHMOCTD YIJIOB HAKJIOHA KAacaTeNIbHON OT KOOPAUHATHI AMuHbL. COOTBETCTBYIOIIAs KpaeBasl 3a1a4a Ul JAaHHOTO YPaBHEHHUS PEIIacTCsl BapHAIlMOHHBIM MeToioM Putia.
YcraHoBIEHO, YTO CyMMa YIPYTOif ¥ IPaBUTALMOHHOM TOTCHIHAIBHBIX HEPTHIl H30THYTOTO CTEP)KHS IPEBOCXOUT PabOTy CHIIbI, CIOCOOHOM yIepKaTh CTEPKEHb B H30THYTOM
cocrosiunu. Kpurrnaeckast cuiia, Ipu KOTOPOH TSDKEIBIH TOPH30HTAIIBHBIH CTEPIKEHB, JIOKAIHI Ha JKECTKOM OCHOBAHHH, TEPSIET YCTOIYUBOCTD, HE MOXKET OBITH ONpE/eNeHa Kak CUiia,
YIep KUBAOIIAsl CTEPKEHb B U30THYTOM IosnoxkeHuHu. [TomydeHo 3HaueHne KPUTUIECKOH CHUJIbI, BHIHYX/IAOIIEH CTepKeHb OTKJIOHUTHCS OT MPSIMOIMHEHHOT0 TOPU30HTAIBHOTO TOJIOKEHHUS.
D10 3HaUEHHE NMPEBOCXOANUT 3HAYEHHUE, opeenseMoe GpopMyioit Diinepa, n 3aBUCHT HE TOJIBKO OT JAJIMHBI CTEP)KHSI H )KECTKOCTH €T0 MONEPEYHOr0 CeYEeHHMs, HO M OT IJIOTHOCTH MaTepHaia
creprkHs. OTIIMYNe KPUTHYECKOH CHIIBI OT CHITBI Dilliepa TeM OoJbliie, 4eM 0ojiee TOHKHM U JIJIMHHBIM SBIISIETCS CTEPIKEHb.

KuioueBbie cj10Ba: yCTOWYHBOCT CTEPIKHS, TSHKEIBIH TOPH30HTAIIBHBINA CTEPIKEHb.
UDC 539.3. Stability of the heavy horizontal column. Dorogov Y 1., Volzhsky, Russia.
Stability of the heavy horizontal core lying on the rigid basis is investigated. For enough lengthiest columns of big weight the critical strength of Euler is insignificant small. Such force cannot lead to
loss of stability of the column, lying on the rigid basis, and the subsequent its raising. Therefore it is necessary to consider weight of the column when determining its critical force. The precise
differential equation of an arched column axle is found. This equation expresses dependence of slope angles of a tangent on length coordinate. For this equation the corresponding boundary value
problem is set. This boundary value problem is solved by the variation method of Ritz. It is established that the sum of resilient and gravitational potential energies of an arched the column surpasses
work of force capable to hold the column in an arched position. The critical force, with which the heavy horizontal column, lying on the rigid basis, loses stability, cannot be determined as force holding
the column in arched situation. Value of critical force is received. This force forces the column to deviate rectilinear horizontal position. The found value of force surpasses the value, determined by a
formula of Euler. The critical force depends not only on length of the column and a rigidity of its transverse section, but also on column material density. The relation of critical force to strength of
Euler increases with increase in length of a column.
Key words: buckling of the column, heavy horizontal column.

Mexanuka rpyHTOB
B.C. YTKUH, a.1.H., npod. BoJoroackuii rocyiapcTBeHHbIN YHHUBEPCHTET
PABOTA Y PACYET BUCSIYMX BYPOUHBEKIIMOHHBIX CBAM B TPYHTE OCHOBAHHUS U OIITUMHU3ALIASL YCTPOMCTBA YILIMPEHMA...63
Paccmorpena pabora BuCSUMX GYpOMHBEKIIMOHHBIX CBaif B TPYHTaX OCHOBaHMIT (yHIaMeHTOB. BMecTo HCIIONB30BaHUS «CPBIBa» (JIBHKEHHS) CBAH JUIS ONPEJICIICHUS CHII TPEHUS Ha
roBepxHoCTH cBan B padote 1o CI124.13330.2011 B craThe MCHONB3YIOTCS MUKpOIIEpeMelIeH s (1eopMaliin) MaTepraia cBal B KOHTaKTe ¢ IPYHTOM OocHOBaHUs. Ha 3ToM HOBOM
TOX0/Ie IPHHSATA pacueTHast CXeMa BUCSYel cBau B TPYHTE U BBIABIISICTCS paboyast (ToJie3Hast) JUIMHA CBaM, BOCIIPHHUMAIONIAs Harpy3Ky oT ¢pyHnaMenTa (poctBepka). Ha aroit ocHoBe
ONTHUMH3HMPOBAHO MECTO YIIHPEHHUs HA JUIMHE CBaW M yTOYHEHA €ro POk B IOBBILICHUH HECYIIEH CIOCOOHOCTH CBaH 110 rpyHTY. IIpuBesieHbI pacyeTHbIe (OPMYIIBI C YIETOM YIIUPEHHS
cBan. Bo3mosken sxonoMuueckuit ekt n nocturaercs 6osee sicHast paboTa CBau U ee YIIMPEHHH U KaK CJISICTBHE, TOBBIIIAETCS 0€30MacHOCTb 3/1aHHIl U COOPY/KSHHH.

KuioueBbie cjioBa: OypoMHBEKIIMOHHAS BUCSYast CBast, IIMPEHHE CBAH, MPOOHas CBasi, MUKpOIIEepeMeIleH s, Ae(opMaliy, JUTHHA CBaH, MECTO YIIUPEHHS, IIOBBIIICHHE O€30ITaCHOCTH.
UDC 624.154. The work and design of CFA friction piles in soil base and optimization of underream. Utkin V.S., Vologda State University, Vologda, Russia.
The article describes the work of CFA friction piles in soil base. The article uses micromovement (deformation) of the pile material in contact with the ground instead «breakdown» (movement) of piles
to determine the friction forces on the pile surface in the SP 24.13330.201 1. This new approach adopted a design scheme of friction piles in the ground and revealed the design (useful) length of the pile,
which transfer the load from foundation (grillage). On this basis, the location of the under-ream on the length of the pile is optimized and clarified its role in improving the bearing capacity of the pile in
the soil. The design formulas are given taking into account the under-ream of the piles. The economic effect is possible. It is achieved more clear work of the pile and its under-ream. As a result, the
safety of buildings and structures increases.
Key words: CFA pile, pile under-ream, test pile, micromovement, deformation, pile length, under-ream place, safety increase.

A.I'. TAIIUH, a.1.H. (AO «ATOMIHEpPronpoexkT, r. Mockpa)
BJIMSIHUE YKPEIUIEHHSI CTABOI'O IPYHTA IO ®YHIAMEHTOM HA CEACMHUYECKYIO PEAKIIUIO COOPYKEHMSI. Yacts I1I. BOSMOKHOCTH
«COTOBOW» MOAYLIKHN...67
TIpu BO3BeAEHNH OTBETCTBEHHBIX COOPY)KCHHUI Ha CIa0bIX IPYHTAX IPUXOAUTCS MIPUMEHSTh YKPEIUICHHE IPYHTOB C LEIBI0 KOHTPOIISI 0CafoK 1 KpeHoB GyHaamenToB. Ho coznanue
YKPEIUICHHOH «TPYHTOBOM HOIYIIKKMY MO (YHAAMEHTOM, KaK BBISCHSETCS, HHOT/IA CIIOCOOHO 3aMETHO CHU3UTh CEHCMUYECKYIO PEaKIMI0 COOpyKeHus. PaHee 3TOT 3¢ ekt Obut
NPOJIEMOHCTPHPOBAH aBTOPOM Ha KOHKPETHOM ITPUMeEpe M3 MpaKTHKH. [1o3ke Oblia MpoieMOHCTPUPOBaHa BeyIast pOJib KHHEMATHYECKOTO B3aUMOICHCTBYS COOPYKEHHUS C OCHOBAaHHEM B
paccmarpuBaeMoM dddekre. B HacTosmIelH cTaThe 00CYK1aeTCsl BO3MOXKHOCT JOCTIXKEHHMS TOr0 ke ddeKTa Mpu ycTpoiicTBE HECIIONIHOMH «TPYHTOBOH IOYIIKI» — HaIpUMep, 110
«coTOBOI» cxeme. Takoe pelreHne Mo3BOIMIO Obl COKOHOMHTH MaTepHallbl M TPYA03aTpaThl Ha yKpeIIeHne rpyHTa. BMmecte ¢ TeM, 3aMeHa CIUIONIHOM IOJYIIKH Ha COTOBYIO TTOIYIIKY
MOKET IPUBECTH K yMEHBIIEHHIO celicMo3atuuTHOro dddekra. B crarbe m3ydaercs BimsHue AByX (akTopos. IIepBblit hakTop — M3MEHEHHE B3aUMOCHCTBHS C OKPYXKAIOIIUM TPYHTOM I10
TIOIOMIBE TTOYLIKHU MPH TIEPEX0/ie OT CILIONIHOM MOAYIIKN K COTOBOH. 371eCh CPaBHHBAIOTCS PE3YJIbTaThl IPH HCKYCCTBEHHO Y/KECTOYEHHOM MaTepHalie TPYHTOBOH ITOJYIIKH, YTOOB
BBIJICNIUTH paccMaTprBaeMblit a¢dekt. [Tokasano, yTo pa3HHIa B pe3yIbTaTax HEBEINKA U MPOSBIISIETCS, B OCHOBHOM, JUISl BEPTHKAILHOH PEaKIK U Ha CPABHUTENILHO BBICOKMX YaCTOTaX.
Bropoit ¢pakTop — BimsiHIE peanbHOH KOHEUHOH MOATIIMBOCTH MaTepHalia TpyHTOBOI IOyIIKH. 3/1ech Pa3HUIA B PEaKI[HU 3aMETHO O0JIbIe, 0COOEHHO Ha BEICOKHX YaCTOTaX B TEPMHUHAX
nepeaaToYHbIX QYHKIMIT K KoneOaHusM xkecTkoro GyHaamMeHTa. B TepMHUHax CIeKTPOB yCKOPEeHHi Ha (yHIaMeHTe pa3HULA He CTOMb BeINKa 6J1aroapsi HU3KO4aCTOTHOMY COCTaBy
CEMCMUYECKOTr0 BO3ICHCTBUS.

KuioueBbie cj10Ba: celicMHYIECKUE BO3ICHCTBHUS, B3aHMO/ICHCTBHE COOPYIKEHHS C TPYHTOBBIM OCHOBAHHEM, YKPEIUICHHE TPYHTA 110/ HYHIAMEHTOM.
UDC 539.3. Impact of the soil upgrade on the structural seismic response. Part III. Potential of cellular soil pillow. Tyapin A.G., Architecture and Construction Design Bureau, Moscow, Russia.
In cases of weak soils under the base mat one has to upgrade soils in order to control settlements of the foundation. However, it turns out that the upgraded «soil pillow» under the base mat is
sometimes capable of decreasing seismic response of a structure. Recently this effect has been demonstrated by the author for a practical case. Later on the author demonstrated crucial role of
the kinematical interaction in the considered effect. In this paper the possibility to achieve the same effect with cellular «soil pillow» is discussed. Such a solution can save materials and labor costs.
On the other hand, it may lead to the reduction of seismic protection effect of the «soil pillow». Two factors are studied in the paper. The first factor — change in the interaction with surrounding soil
over the bottom of the soil pillow. Here the results for the artificially hard pillow material are compared to extract the effect of interest. It is shown that the difference in the results is not significant: it
is seen mainly for the vertical response and in the high frequency range. The second factor is the effect of the actual finite flexibility of the pillow material. Here the difference in response is
more pronounced; especially for the high frequencies in terms of the transfer functions to the motion of rigid base mat. In terms of the acceleration spectra the difference is not so great due to the
lowfrequency content of seismic excitation.
Key words: seismic excitation, soil-structure interaction, upgrade of soil under the base mat.
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Pacuérel Ha mpouHOCTH
I'.A. TEHUEB, a.1.1., K.IL. ISTUKPECTOBCKUM, a.T1.H. AO«HUL«CTtpoureascrro» (HHUUCK nm.B.A.Kyuepenko), r.Mocksa, Poccust
IMPOYHOCTH JIEJOBBIX MACCHBOB ITPH IJIOCKOM JE®OPMALIMH...2
CTaths SABISIETCS IPOJOIIKCHIEM TEOPETHIECKOr0 000CHOBAHMS KPUTEPHS IPOYHOCTH HPU CIIOKHOM HATPSDKCHHOM COCTOSIHHM (Ha4ajIo0 KOTOPOTO OIyOIHKOBAHO B IIPEIBIAYIIEM HOMEPE XKypHaia
«CTpouTenbHas MEXaHHKa U pacueT coopyxeHuit Ne 5, 2017) u copepxut npuMep pacyera MpOYHOCTH JISJOBBIX MacCHBOB. PaccMoTpeHa obmias 3a1a4a TEOpHHU MPeJIeIbHOTO COCTOSHHS
(IUTaCTUYHOCTH) JIbJA TIPH €T0 IIOCKOM Ie(OPMHPOBAHHOM COCTOSIHHH C YHCIOBBIM IPUMEPOM HMPAKTHYECCKOTO IPUMEHCHHS. Pe3yabTaThl MOTYT OBITH HCIIOIB30BAHEL IIPH BEIOOPE JIGAOKOIBHOTO CyIHA
B ceBepHbIX Mopsix. PaboTa Beimonxena B [IHUMCK um.B.A Kyuepenko I'.A. TeHHEBBIM U SBISICTCS €r0 HHTEIUICKTYaIbHOM cOOCTBeHHOCTHIO (¢ yuacTieM K.IT. ITATHKpPeCTOBCKOrO).

KittoueBble ¢/10Ba: IPOYHOCT, JICAOBBIC MACCHBEL, INTOCKas AedopMarys.
UDC 624.01.016. The strength of ice massifs under plane strain. Geniev G.A., Pyatikrestovskiy K.P. TSNIISK named after V.A. Kucherenko (JSC «SIC «Construction»), Moscow, Russia.
This article continues the theoretical study of the strength criterion under complex stress state (the beginning of which was published in the previous issue of the journal »Structural mechanics and
analysis of constructions» No 5, 2017), and provides an example of strength calculation of ice massifs. The general problem of the theory of limit stress (plasticity) of ice under its plane deformed
condition is considered with a numerical example of practical application. The results can be used while selecting of an icebreaking vessel in the Northern seas. The work was done at TSNIISK named
after V.A. Kucherenko by G.A.Geniev and it is its intellectual property (featuring by K.P. Pyatikrestovsky).
Key words: strength, ice massif, plane strain.

A.C. JEXTAPD, a.1.1., npod.HanmonaapHas akaaeMusi 1300pa3suTe/IbHbIX HCKYCCTB H APXHTEKTYpbI, I'. Kues, Ykpauna
0 BO3MOKXHOCTH TPOI'PECCHUPYIOIIET O PA3SPYIIEHUSI...7
PaccMoTpeHa 3a/1a4a IPOSKTUPOBAHHUS IPH3MATHYCCKHX XKeIe300€TOHHBIX JIOTKOB [T HHKCHEPHBIX ceTeil. OCOGEHHOCTh 3a/1auk COCTOMT B TOM, YTO MPAKTHYECKH OCHOBHOH HATPY3KO#f JUIs TAKMX
KOHCTPYKIIUH €CTh HX COOCTBEHHBIIT BEC, TIPOSIBISIOMIMIICS IPU H3TOTOBICHHH, IEPEBO3KE H YCTAHOBKE B IPOCKTHOE MOJIOXCHUE. [ eHepaIbHbIE Pa3Mephl JI0TKa (PUKCUPOBAHEI U OIPEICISIOTCS €ro
Ha3HA4YCHHMEM, TaK YTO HPEIMET IIPOCKTHPOBAHHUS — TOJIIMHBI HOJKH 1 pebep. IIpuMeHeH KHHeMAaTHIECKHi METO TCOPHH NPE/IETLHOTO PABHOBECHS. PaCCMOTPEHBI YeThIPe BO3MOXKHBIC HOPMBI
HCYCPIIAHMs HECYIIeH CIOCOOHOCTH KOHCTPYKIMH, HX BBIOOP 3aBUCHT OT COOTHOLICHHS Pa3MEPOB M OPUCHTALMH pebep T0TKa (BBEpX MM BHU3 peOpamn). B 3aMkHyTO# (hopMme MOITydeHBI OLCHKH
TOJIIIMH TOJIKU ¥ CTEHOK JIOTKA. PaccMOTpeHBI mprMepsI U IIPHBEICHB HEOOX0MMbIC CPaBHEHHs. B 4aCTHOCTH, HCCIIEI0BaH MEPEXo/l OT OHON (pOPMBI K APYroii B 3aBUCHMOCTH OT NIapaMETPOB 3a1a4H.
O6cyxaaeTcs CTEIeHb JJOCTOBEPHOCTH ITONYYCHHBIX PE3yIIbTaTOB.

KittoueBble ¢/10Ba: IPOrPECCUPYIOLICE PA3PyIICHIUE, IPU3MATHYCCKHE JKEIC300eTOHHBIC JIOTKH, HHXCHEPHBIC CCTH.
UDC 624. 04:539.376. On progressive collapse possibility. Dekhtyar” A.S. The National Academy of fine arts and architecture, Kiev, Ukraine.
Destruction of buildings or building structures including with the large human victims was first described in «Annals» by Roman historian Tacit. In our time attention of builders to this phenomenon was
come into about 50 years to that backwards after the known failure of Ronan Point panel building in London. Investigations of panel building progressive destruction were conducted. Then they were
widespread to buildings in the monolithic reinforced concrete. For computations the method of finite elements was mainly used. Meantime for estimation of destruction and load carrying capacity
methods of theory of limit equilibrium are specially intended. It is necessary to answer on questions about possibility of destruction, about the volume of the expected blasted area of and about direction
of destruction. In this paper the task of building structure elements progressive destruction are considered. The kinematics method of theory of limit equilibrium is applied. The possible forms of
destruction are considered. The examples of computations are resulted.
Key words: progressive destruction, limit equilibrium, load carrying capacity.

C.B. BAKYUIEB, a.1.1.,npo¢. Ilen3enckuii rocyiapcTBeHHbI YHHBEPCHTET APXUTEKTYPbI H CTPOUTE/ILCTBA
PA3PEIIAIOIIUE YPABHEHMS IVIOCKOM JE®OPMAIIMHA B IEPEMEINEHUSIX JIJISI JUHENHO-YIIPYT'OM U TEOMETPAYECKH HEJMHEWHOM CIIJIOIITHOMN
CPEJIbI B HUJIMHAPUYECKUX KOOPJIUHATAX...12
Jlst wtockoit edopMariny CIUIOMIHBIX CPEl, MEXaHIMYECKOE IIOBEICHNE KOTOPBIX OMHUCHIBACTCS INHEIHO-YIPYTUMH MaTeMAaTHICCKUMH MOJCISIMA C YIETOM [€OMETPHICCKON HEMHEHHOCTH,
paccMaTpHBaeTCs MOCTPOCHNE PA3PEIIAIONINX YPABHCHHI B IIEPEMEIICHUAX B IIMINHIPHYCCKOH CHCTEME KOOpAMHAT. I'eoMeTpuyeckast HeIMHEHHOCTh YUUTHIBACTCS P TIOMOIIN T€OMETPHYCSCKUX
cootHomreHuit Ko, B KOTOPBIX, B OT/INYNE OT TEOMETPHUCCKH INHEHHBIX CIUTOLIHBIX CPEJl, COXPAHSIOTCS KBaJPATHYHBIC cllaraeMble. Paspemmaromas cucteMa ypaBHeHHIT IPEACTaBIsIeT OO0 cucteMy
JIBYX KBa3HIMHEHHBIX U] (pepeHIanbHbIX yPaBHEHNH BTOPOTO MOPSIKa B YACTHBIX MPOU3BOIHBIX OT JBYX HE3aBUCHMBIX IIEPEMCHHBIX — IEPEMEIICHHI TOUEK CILIOIIHOM CPe/bl B paualbHOM 1
TAaHICHIMATbHOM HAMPABICHUSX. B KauecTBe MeTONOB peleHus pacueTHbIX A (epeHIHATPHBIX YPaBHEHHUH IPEAIAral0TCs HTePALMOHHBIE METOAbL. [IpH 9TOM B Ka4eCTBE HAYAIBHOTO IPHOIIKCHUS
pelIeHHs TIpeuIaracTcs 6paTh PENICHHE PACCMATPUBACMON 3a1aun JUIs (PU3UYCCKH U TEOMETPHUCCKH JIMHEHHON CILIOMIHOM CpeIbl.

KittoueBble ¢/10Ba: CIUIOLIHAS IHHCHHO-YIIPYTast CPe/ia, FCOMETPHUICCKast HETMHEHHOCTD, PAa3pEIIAONIIe YPABHCHNUS B IEPEMCILICHISX, ININHIPHICCKAst CHCTEMa KOOP/IHHAT.
UDC 539.37. Resolving equations of planar deformation in displacements for linear-elastic and geometrically nonlinear continuum at the cylindrical coordinates. Bakushev S.V. Penza State
University of architecture and construction.
For planar deformations of continuum, which mechanical behavior is described by linear-elastic mathematical models, by taking geometrical nonlinearity into account, the development of resolving
equations in displacements at the cylindrical coordinates is being analyzed. The geometrical nonlinearity is analyzed with the help of Cauchy geometrical relation, where there are quadratic components
in contrast with geometrical linear continuum. The resolving equations system is a system of two quasilinear differential equations of second order at quotient derivatives from two independent variables
— the displacement of continuum points at radial and tangential directions. Iteration methods are suggested as the methods of differential primitive equation solutions. In these circumstances it is
recommended to take the discussed question solution for physical and geometrical linear continuum as initial solution approximation.
Key words: continuous linear-elastic medium, geometric non-linearity, allow equations in displacement, cylindrical coordinate system.

I.T. TAPABPHUH, a.1.H., npod. (BoarI'TYV, r. Boarorpan)
TPAHC®OPMHUPOBAHME I10OJIOT Ol OBOJIOYKH BPAIIIEHHUS TTOJIOKUTEJIBHOM T'AYCCOBOWM KPUBU3HBI B IVIACTUHY...18
TTonoras oGonoyka BpamieHus B popMe YCEIEHHOT0 KOHYCa ¢ KPHBOIMHEHHBIMU 00pa3yIONMMK TPAaHC(HOPMUPYETCS B KPYTITYIO KOIBIEBYIO IIIACTHHY IyTEM CHKAaTHs a0COIIOTHO KECTKMMH IITAMIIAMH,
MEPICHINKYSIPHBIMA OCH 000I0YKH. PaccMaTpHBAIOTCS YETHIPE BHA TPAHIUYHEIX YCIOBHIL, B KOTOPBIX Kpast 0O0IIOUYKH HIIH MIAPHUPHO COCANHEHBI C YIPYTHMH ILIACTHHAMH W SIBIISIOTCS
CBOOOIHBIMH. B paMkax ynpyrocTy U reoMeTpHIecKOii INHEHHOCTH MOIy4eHO TOYHOE PEIICHUE 3a/1a4l O HANPSKECHHO-1e(OPMUPOBAHHOM COCTOSIHUM TPAHC(OPMUPOBAHHON B KOJIBIIEBYIO IUIACTHHY
000JI0UKH C 331aHHBIMU TPAHUYHBIMH YCIOBUSIMH.

KiroueBble ¢j10Ba: ynpyrue MIacTHHbI B 000I0YKH, KPUBOJIMHEHHBIC 00pa3yrolne.
UDC 539.3. Transforming a sloping rotation shell of positive Gaussian curvature into a plate. G.T. Tarabrin, Volgograd State Technical University, Russia.
A sloping rotation shell in the form of frustum of a cone with curved generatrixes transforms into a circular ring plate by compressing by absolutely rigid stamps which are perpendicular to the axis of the
shell. The author of the article analyzes four types of boundary conditions, where the shell edges either are pivotally connected with elastic plates or are free. Within elasticity and geometric linearity the
exact solution of the problem on stress-strain state of a shell transformed into an ring plate is obtained with given boundary conditions.
Key words: clastic plates and shells.

M.H. KHPCAHOB, np.¢pus.mart. nayk, npog., B.E. XPOMATOB, k.1.H., npod. HUY MU, r. Mocksa
MOJIEJIMPOBAHUE JIE®@OPMALHI IMJIOCKOW ®EPMBI TPEYT'OJIBHOT'O OYEPTAHMSIL...24
Tlpennaraercst cxeMa ¥ aHAIMTHYECKUH PacyeT CTATHYESCKH ONPEISTUMON CTPOIMIBHOM GepMbI ¢ IPOM3BOIBHBIM YHCIIOM NaHelei. B KoHCTpyKIuu GepMbl HCTIONB3YIOTCS TPH THIIOpa3Mepa
CTePIXKHEBBIX 371eMEHTOB. [IlapHupBI GepMBI IPUHSTHL NACATBHBIMHA, CTCPXKHH — YIPYTHMH. PaccMaTpuBaroTCs ABa BHA HATPY)KCHHUS — PABHOMEPHOE HATPYKCHHE Y37I0B HIIKHETO HPSIMOIMHEHHOTO
M0sICa BEPTHKAIBHBIMU CUJIAMH U GOKOBOE Harpy)KCHHE OHOI M3 CTOPOH (hepMbl FOPU3OHTAIBHBIMH CHIIAMHU, HMHTUPYIOIIMMHU IOCTOSHHYIO 110 BBICOTE KOHCTPYKIIMH BETPOBYIO HAarpysky. B
mporpaMMe, HaIMCAHHO} Ha s3bIke Maple, MPUMEHSIeTCSI METO BBIPE3aHIs BCEX Y3I0B KOHCTPYKIH, IPHBOISIIHI K PEIICHUIO CHCTEMbI IMHSHHBIX ypaBHeHHit. [Iporu0 BeraucieH mo popmyiie
Makcgemia — Mopa. Ipejmonaraercs, 4To )eCTKOCTH BCEX CTEpKHEH 0MHAKOBBL. MeTOI0M HHIYKIHH C IPUBICUYCHHEM OIIEPATOPOB CHMBOIIBHOI MaTeMaTHKu Maple 1aH BBIBOJ| 3aBHCUMOCTEH
nporu6a or uKcia naHelneil. BeisicHsAeTCA, 4TO KO3QGUIMEHTHI HCKOMBIX 3aBHCHMOCTEH Y/IOBICTBOPSIOT JTMHEHHBIM PEKYPPEHTHBIM YPABHEHUSAM, PEIICHUS KOTOPBIX JIAIOT OOIIUE YICHBI
MOCIIE0BATEIBHOCTEH METOja HHAYKIMH. [10mydeHsl Takke GOPMyIIB! 3aBHCHUMOCTEH IS yCUINiA HanbolIee CKAaThIX M PACTSHYTHIX CTEpiKHEH (epMbl OT uncia maxeneil. [loctpoeHs! n
MPOAHATH3UPOBAHBI TPAUKN HAMICHHBIX 3aBHCUMOCTel. OOHAPYKEHBI HEKOTOPBIC ACHMIITOTHYECKUE CBOICTBA PEIICHUI B PE/NOI0KCHNH O TIOCTOSHCTBE JUIMHBI IIPOJIETA U 00IIIeH Harpy3KH.
KiroueBble ciioBa: 6anounas depma, nporud, Maple, HHIYKIHS, YHCITO TaHENTEH.
UDC 624.04. Modeling of deformations of flat truss with triangular shape. Kirsanov M.N., Khromatov V.Y. Moscow Power Engineering Institute, Russia.
A scheme and an analytical calculation of a statically determinate truss with an arbitrary number of panels is proposed. A scheme and an analytical calculation of a statically determinate truss with an
arbitrary number of panels is proposed. A scheme and an analytical calculation of a statically determinate truss with an arbitrary number of panels is proposed. A scheme and an analytical calculation of
a statically determinate truss with an arbitrary number of panels is proposed. A scheme and an analytical calculation of a statically determinate truss with an arbitrary number of panels is proposed.. The
design of the truss consist of three sizes of core elements. The nodes of the truss taken perfect, the rods are elastic. There are two loading — uniform loading of nodes of the lower straight-line belt by
vertical forces and side loading on one side of the truss by horizontal forces simulating a constant wind load. In the program written in the Maple language, method of cutting out all nodes in the
construction, leading to the solution of the system of linear equations. The deflection calculated by the formula of Maxwell-Mohr. It is assumed that the stiffness of all rods are the same. The method of
induction with the involvement of operators of symbol mathematics Maple the derivation of the dependency of the deflection of the panels is given. It turns out that the coefficients of the desired dependencies satisfy
the linear recurrence equations whose solution gives the common members of the sequence of the method of induction. The formulas for efforts in the most concise and tie bars truss on the number of panels are
obtained. Ploted and analyzed graphs of the found dependencies. Discovered some asymptotic properties of solutions under the assumption of the constancy of the length of the span and the total load.
Key words: braced girder, truss, deflection, Maple, induction, the number of panels.

A.B. UITHATBEB, k.T.H., nou., B.A. UT'HATBEB, a.1.H., npod.Boarorpaackuii rocyiapcTBeHHbIH TeXHHYECKHIl YHHBEPCUTET
OCOBEHHOCTH PACUYETA MJIOCKUX PET'YJISPHBIX BAJTOYHBIX ®EPM CO CJIOKHOM PEIIETKOJA...28
CraTbs IOCBAIIECHA aHAHN3Y omyOnukoBaHHBIX M.H. KupcaHOBBIM pe3ynbTaToB pacyera INIOCKHX (epM C peIIeTKaMy Pa3IMYHBIX THIIOB U BBIBOJIOB IO HUM. AHAIIH3 BHITIOJIHEH HAa OCHOBE
pa3paboTaHHOIT aBTOPaMU MOIM(PUKAIIME METO/A BBIPE3aHHUs y3710B. IIpeIoxKeHHBII anropuTM KHHEMATHIECKOT0 aHaau3a pepM He TpeObyeT YHCICHHOro pacyeTa 1 Jierko Gpopmammsyercs. ITokasana
9 }HEKTUBHOCTD MPEIIOKEHHOTO AIrOPUTMA Ha PUMEPE aHAIH3a IIIOCKHX (hepM ¢ HeOONBIINM YHCIIOM MPOoJIeToB. JlaHo TeopeTHueckoe obocHoBanue BbisiBIeHHBIX M.H. KupcanoBsM ocobenHoCTEH
MOBEJICHHS 1101 HArPY3KOii 6anoyHbIX GepM ¢ pa3INYHBIMU THIIAMH CIIOKHBIX PEHICTOK. BhIIONHEH MOAPOOHBIH aHAIH3 BHIBOIOB O BIMSHUN YKCIIA MAHEICH Ha M3MEHAEMOCTh PACCMOTPEHHBIX hepM 1
0 TOM, YTO «HETOCPEICTBEHHBII pacueT (hepMbl C IPOM3BOIBHBIM YHCIIOM TaHeNeil HeBO3MOXKEH, KaK H PEIICHHE CHCTEMbI JIMHEHHBIX YpaBHEHHI HEONPEIeIeHHOTO NOpsiAKa, orydeHHbIX M. H.
KupcaHoBBIM 10 pe3ynbTaTaM IPOBEICHHBIX UM HccienoBanui. CHopMyIMpoBaHbl 3aMEUaHNs M yTOYHEHHUS 110 STHM BBIBOJIAM.

KiioueBble ¢j10Ba: Iockue 6anounsle GpepMBl, CI0XKHAS PELIeTKa, 0COOCHHOCTH HANPSHKEHHO-Ae(OPMHPOBAHHOTO COCTOSHHSI.
UDC 624.04:519.6. Features of the calculation of flat regular beam trusses with a complex grid. Ignatyev A.V., Ignatyev V.A. Volgograd State Technical University, Russia.
The article is devoted to the analysis of the results of the solution of flat trusses with lattices of various types and conclusions on them, published by M.N. Kirsanov. The analysis is based on the author’s method of
cutting out the nodes. The theoretical substantiation of the behavior under the load of beam trusses with various types of complex grid, revealed by M.N. Kirsanov, is given. A detailed analysis of the conclusions
obtained by M.N. Kirsanov according to the results of his research, is performed. Remarks and clarifications on these conclusions are formulated.
Key words: flat beams truss, complex grid, features of the stress-strain state.



Teopus onTuMH3aLAK

A.C. MAPYTSIH, k.1.H., npod.®@umnan Cesepo-KaBka3sckoro ¢enepaabnoro ynusepcutera B r.IlsTuropcke

ONTUMM3ALUS COCTABHBIX THYTOCBAPHBIX IPO®UJIEA HOBO MOIUDPUKALIUU...35

B kadecTBe H3BECTHBIX TEXHUYCCKHX PENICHHIT PACCMOTPEHBI TPYOUaThie MPOMHIN COCTABHBIX CEUCHUH, CKOMITIOHOBAHHBIC U3 TIPOKATHBIX IIBEIICPOB M PABHONOIOYHBIX YTOJIKOB (IIPOTOTHII), @ TAKKE

KBaJIpaTHBIX TPYO, Pa3BePHYTHIX AMATOHAIBHO H YCHICHHBIX THYTBIMH MIBeuepaMu. OTMEUCHbBI X IPEHMYIIECTBA M HEAOCTATKH [PH HCIIOIB30BAHNH B [OSICAX HECYIIUX KOHCTPYKIIUN.

TIpensioxeHO HOBOE TEXHMYECKOE PEIICHHE TPYOUaThIX IPOQHIICH COCTABHBIX CEYCHHI C IPHMEHEHHEM IHyThIX C-00pa3sHbIX M KOPBHITHBIX mpoduuieii. ITokasaHa HX palMOHANBHOCTB B MOSCAX

PeLICTYATHIX IPOrOHOB U (hepM GECIIPOrOHHBIX HOKPHITHI, BKIIIOUas epeKpecTHbIC (epMmbl TrIa «IIsturopck». CpaBHEHHE Ha OXHOM H TOM e 6a30BOM 00BEKTE MPEIaracMbIX U H3BECTHBIX PELICHUIH

BBISIBIIIO YMCHBIIICHHE PACX0/a KOHCTPYKIMOHHOTO MaTepuaia. IIpy 9ToM 0Tka3 oT (hacOHHBIX HPOQUICH B [OIE3Y COPTOBOM CTAIH CHIDKACT CTOMMOCTHBIC II0KA3aTeIIH, YTO 00SCICIHBACT

HOJIepXKAHNE U yBEIIMYCHHE KOHKYPEHTOCIIOCOOHOCTH HECYIIMX KOHCTPYKIMIA IPU MX MoJiepHu3ainy. Ha kaxiblii BApHaHT 6a30BOro 00bEKTa IIPHXOAUTCS OT YETHIPEX JIO CEMH PabounX BepCHii

HOBOTO PEIICHNS, 9TO PACIINPSET KOMIIOHOBOYHBIC U yHH(HKALHOHHBIC BO3MOXKHOCTH IS HECYIINX KOHCTPYKIHUIA, obeciieunBast BEIOOp Hanbosee ONTHMaIbHbIX 13 HUX. CepHifHOe H3rOTOBICHHE 1

MOJICpHH3AIHs IPUBEIACHHBIX KOHCTPYKIMT OrpaHHYEHBI XOJIOJHOH 00paboTKOi MeTallIa, OTX0/Ibl KOTOPOH OTINYAIOTCS TIIATEIBHON yTHIH3aIHei. Takas TeXHONOT s 3KOJIOINYeCcKH 6e30IacHa i

obecreunBaeT BHICOKOKBAIM(UIIMPOBAHHBIE PabOdIe MECTa, YTO BEChMa aKTyalIbHO UIsi KypopTHOTro perroxa Kaskascknx Munepansabix Box u Bcero Ceepo-KaBkasckoro deaepanbHOro okpyra.
KuioueBbie cjioBa: TpyOUaThie NPOQUIM, COCTABHBIC CEYCHNUS, PEIIETYATHIC TPOrOHbI, epMbl GECIPOrOHHBIX TTOKPBITHH, EPEKPECTHBIE CHCTEMBI, JIETKHE METAIOKOHCTPYKIIIH.

UDC 624.074:69.024.4. Optimization of composite hydrochemical profiles new modification. Marutyan A.S. Branch of the North-Caucasian Federal University in Pyatigorsk, Russia.

As well-known technical solutions, tubular profiles of composite sections, assembled from rolling channels and equal-angle corners (prototype), as well as square tubes, deployed diagonally

and reinforced by bent channels, are considered. Their advantages and disadvantages are noted when using bearing structures in belts. A new technical solution is proposed for tubular profiles

of composite sections with the use of curved C-shaped and trough profiles. Their rationality is shown in the belts of lattice girders and farmless rafts, including cross farms of the Pyatigorsk

type. Comparison of the proposed and known solutions on the same base object revealed a decrease in the consumption of the structural material. At the same time, the rejection of profiled profiles in

favor of high-grade steel reduces the cost parameters, which ensures the maintenance and increase in the competitiveness of load-bearing structures during their modernization. For each variant of the

base object, there are four to seven working versions of the new solution, which expands the layout and unification capabilities for load-bearing structures, ensuring the selection of the most optimal

ones. Serial production and modernization of these structures are limited to cold metal processing, the waste of which is characterized by careful utilization. Such technology is environmentally safe

and provides highly qualified jobs, which is very important for the resort region of the Caucasian Mineral Waters and the entire North Caucasus Federal District.

Key words: tubular profiles, composite sections, lattice runways, farms of run-free coatings, cross systems, light metal structures.

P.II. MOUCEEHKO, a.T1.H., npog., 0.0. KOHJAPATEHKO, un:k. ToMckuii rocy1apcTBeHHbIi apXHTEKTYPHO-CTPOUTEIbHBIH YHUBEPCUTET
ONTUMM3ALIUS IPSIMOYTI'OJIBHBIX PEBPUCTBIX IJIACTUH C OTPAHUYEHHEM IEPBOM YACTOTBHI COBCTBEHHBIX KOJIEBAHUM B BU/IE
YPABHEHUNS, BBIPA’)KAIOIIEI'O 3AKOH COXPAHEHUS DOHEPI'UH...42
Pa3paGoTaH aarOpPUTM ONTUMH3ALNA IPSIMOYTOIBHBIX PEOPHCTHIX IUTACTUH HPH 331aHHON MEPBOii 4aCTOTE COOCTBEHHBIX KoaebaHnil. OrpaHIYCHHE 3aMICEIBACTCS B BUIE 3aKOHA COXPAHCHHSI SHEPIUH
C HOJICTABICHHBIM B YPaBHEHHE 33/IaHHBIM 3HAUYCHUEM MEPBOil 4aCTOTHI. BapbUpyIOTCs IMPHHA M BHICOTA NPSMOYTOJIBHOTO MoNepedHoro ceueHns pedep. CHopMyIMpoBaHO HOBOE CBOHCTBO
OITHMAaJIBHOCTH, Ha OCHOBE KOTOPOTO COCTABJICH UTEPALMOHHBII anropuT™. [IpuMepsl TOKa3bIBAIOT, YTO YKOHOMHS MaTePHasIa 3aBHCUT OT KOITHYCCTBA PeOep U CTEIeHN aCHMMETPUIHOCTH PaCICTHOM
CXEMBI IUIACTHHBI, T.€. 3KOHOMHS MOKET ObITh IIOYTH HYJICBOH MM JIOCTUIaTh HECKOJIBKUX JICCATKOB TIPOIICHTOB.

KittoueBble ¢j10Ba: mIacTHHA, pebpo, 4aCTOTa COOCTBEHHBIX KONCOAHHiT, ONTUMAIBHOCTb.
UDC 624.045.0ptimization of rectangular ribbed plates with the constraint of the first natural frequency in the form of the equation expressing the law of conservation of energy. Moiseenko
R.P., Kondratenko O.0. Tomsk State University of Architecture and Civil Engineering, Russia.
The developed algorithm of optimization of rectangular ribbed plates at a predetermined first natural frequency. The restriction is recorded in the form of the law of conservation of energy substituted
into the equation the given value of the first frequency. Vary the width and height of the rectangular cross section of the ribs. Formulated new property of optimality on the basis of which is composed of
the iterative algorithm. The examples show that the savings of material depends on the number of edges and the degree of asymmetry of the design scheme of the plate, the savings can be almost zero or
to reach several tens of percent.
Key words: plate edge, the natural frequency, optimality.

A.B. EPMAKOBA, k.T.H., 10o11. FO:kH0-Ypajabckuii rocyiapcTBeHHbIH YHUBEpPCHTET, I.YeasOnHck
HUJIEAJBHBIE MOJEJIM PA3PYIIEHUSA KOHCTPYKIUMI 1151 HEIMHEMHOIO PACYETA METOJAOM JOIOJHUTEJIBHBIX KOHEYHBIX SJIEMEHTOB...46
MeTox OTOTHUTEIBHBIX KOHEYHBIX d1eMeHToB (MJIKD) pa3pabaTeiBacTcs Kak BAapUaHT METo/a KOHEUYHbIX aeMeHToB (MKD) 1u1st pacuera KOHCTPYKIMiT ¢ HECKOIIBKUMH (pU3HYECKH
HEMHCHHBIMHA CBOICTBaMH. JIJIs1 peLICHHsI BOIIPOCca 06 OIPEIeICHIN KPUTEPHs KOHIA PabOTHl KOHCTPYKIHHU B YCIOBUSIX CTATHYCCKOTO HATPYKCHHUSI, OH ITO3BOJISIET HCIIONB30BATh TCOPHUIO PEICIBHOTO
PABHOBECHS M HOHATHE «HCANIbHAS MOJICIIb PAa3PyIICHHUs» ULl ONMCAHHS PACUCTHOH CXEMBI PACCMATPHBACMOIl KOHCTPYKIIMH B ITPEIEIbHOM COCTOSIHUM HIepesl moTepeil Hecymeit ciocobHocTH. B cTaThe
PacCMATPHBAIOTCS BOIIPOCHI, CBSI3aHHBIC C BBEACHHUEM DTOTO HOHSTUS U AaHBI IPEMEpPb! (HOPMUPOBAHKS TAKHX MOACICH.

KiroueBble ¢j10Ba: METOI JIOTOJIHUTEIBHBIX KOHCUHBIX 3IEMEHTOB, METO/l KOHEUHBIX SJIEMEHTOB, METO/I IIPE/ICIbHOTO PABHOBECHS, HCalIbHas MOJICIIb PA3PyIICHHS, IOMOIHATEIbHASL
pacdeTHast cXeMa, JOMOIHUTEIbHBIN KOHCUHBIH JIIEMEHT.
UDC 624.04+624.07. Ideal failure models of struc tures for nonlinear analysis by additional finite element method. Ermakova A.V. South Ural State University, Chelyabinsk, Russia.
Additional Finite Element Method (AFEM) is the variant of Finite Element Method (FEM) which intends for analysis of structures with several nonlinear properties. It allows to use of theory of ultimate
equilibrium for solving of problem of definition of criterion of operating period under static loading and the term «ideal failure model of structure» for description of structure at limit state before losing
of carrying capacity. Paper considers problems of introduction of this term and gives examples of formation of such models.
Key words: additional finite element method, finite element method, method of ultimate equilibrium, ideal failure model, additional design diagram, additional finite element.

I'.I'. BYJIBIYEB, np.¢pu3s.mat. nayk, npo¢. (MUPIA, r.MockBa)
TPEXMEPHASI JUHAMUKA CIVIOIIHBIX IUJIIMHAPOB...53
B crarbe mpezaraeTcst HoBast METOHKA IOCTPOCHHS BBIYUCIUTEIBHBIX CXEM IS PACUeTa HAIPSDKCHHOTO COCTOSHISI OXHOPOIHBIX H30TPOIHBIX TBEPABIX T ¢ KPHBOIHHEHHBIMU
rpanunamu. OCHOBHAS HIESI 9TOM METOAUKH 3aKII0YACTCS B 3aMEHE HCXOIHOTO KPUBOIMHEHHOTO TEJIa, alIPOKCHMUPYIOLINM €TI0 TEIOM, COCTOSIINM U3 KyOUKOB, W HCIIOIb30BAHHH IS
MOJICIIMPOBAHNS IMHAMUKH METO/Ia IIPOCTPAHCTBEHHBIX XapaKTEPUCTHK. DTa METOJIMKA UCIIONB3YETCs JUIs MOCTPOCHHUS HOBBIX BBIYMCIIUTEIIBHBIX CXEM, TECTHPYETCS Ha 33/1a4aX C H3BECTHBIMU
(4MCICHHBIME) PEIICHISIME U IPUMEHSCTCS IUIs PELICHNUS IBYX HOBBIX 3a/ja4 ANHAMUKH CIUIOIIHOTO JHHEHHO-YIIPYroro OHOPOIHOIO H30TPOIHOTO LMIIHHAPA. [10TydeHHBIE Pe3yIbTaThl
aHATM3UPYIOTCs. JlaloTesl PeKOMEHIAIMH 110 JajbHeHIIeMy Pa3BUTHIO M IPUMEHEHHIO TIPEUIaracMoil METOIUKH.

KittoueBble ¢/10Ba: MaTeMaTHIECKOES MOCTHPOBAHHE, METO/ IPOCTPAHCTBCHHBIX XaPaKTCPUCTHK, JHHAMHKA COOPYXKCHUH U KOHCTPYKIHIL, AT OPHTMEL
UDC 624.04+624.07. Ideal failure models of struc tures for nonlinear analysis by additional finite element method. Ermakova A.V. South Ural State University, Chelyabinsk, Russia.
Additional Finite Element Method (AFEM) is the variant of Finite Element Method (FEM) which intends for analysis of structures with several nonlinear properties. It allows to use of theory of ultimate
equilibrium for solving of problem of definition of criterion of operating period under static loading and the term «ideal failure model of structure» for description of structure at limit state before losing
of carrying capacity. Paper considers problems of introduction of this term and gives examples of formation of such models.
Key words: additional finite element method, finite element method, method of ultimate equilibrium, ideal failure model, additional design diagram, additional finite element.

JMHaMUYeCKHe PacueThl
A.JO. KOHOBAJIOB, k.1.H., M.A. ITYCTOBAJIOBA, K.T.H., 1011. CeBepHblii (ApkTH4eckuii) ¢peaepanbnplii ynusepcuter umenn M.B.JlomonocoBa, r.ApxaHrejbck
AHAJIA3 PABOTBI IIJIOCKOM 3D MOJEJIM BUCSYETO MOCTA. Y. 2. UCCJEJIOBAHME BJIUSAHUSA CTABAJIM3UPYIOIIETO KAHATA HA PABOTY
BUCAYEI'O MOCTA...59
PaccmoTpeHna paboTa BHCSYEro MOCTa, B IpOrpaMMHOM KoMiiekce ANSY'S. BeImonHeH cpaBHUTEIbHBIN aHAIH3 IIIOCKUX 3D-Moaeneil, OCHAIICHHBIX CTaOMIN3UPYIOMINM KaHATOM O GaKoit
JKECTKOCTH B IICHTPAJILHOM TIpoJieTe. McceJoBaHO BIHSHHE PEIBAPHTEIBHOTO HATSKEHHS CTAOMIIM3UPYIONIEro KaHATa Ha HAIPSKEHHO-1e(DOPMUPOBAHHOE COCTOSIHAE M IMHAMUYIECKUC
XapaKTePHCTHKA KOHCTPYKUuH. [Ipou3BeieHa OLieHKa KPUTHYECKHX CKOPOCTE BETPOBOTO PE30HAHCA M adPOJAMHAMHUYCCKOM YCTOHIMBOCTH KOHCTPYKIHH.

KroueBble ¢10Ba: BUCSYMIT MOCT, CTaOMIM3UPYIOIIMIT KaHAT, MOAAJIBHBII aHAIIN3, yeuIius, nepemerienus, ANSYS.
UDC 624.521. Analysis of Operation of flat 3D model of a suspension bridge. Part 2. Influence of the Stabilizing Cable on the Operation of a suspension bridge. Konovalov A.Yu., Pustovalova
M.A. Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia.
The use of combined suspension systems in the construction of bridges reduces the cost of materials and allows to cover large spans without the device of intermediate supports. At the same time, the
suspension bridges have less rigidity than beam and arched ones. The most interesting is possibility of Intelligent Control of construction rigidity and the intense deformed state. The change in rigidity of
structural affects the dynamic properties. The authors use a flat 3D model, formed in the software complex ANSYS. The application of the ANSYS system allows to visualize a wide range of mode of
natural oscillations and to reveal the influence of the constructive scheme on the behavior of the model. A comparative analysis has been performed using flat 3D models for different types of the main
cable-to-anchorage connections and different orientation of suspension cables, the most effective constructive solution for further investigation of the use of damping devices for the purpose of creating
a controlled structure has been revealed. In the second part of the publication, the authors investigate the influence of the prestressing of the main cable on the stress-strain state and the dynamic
characteristics of a flat 3D model. In the second part of the publication, the authors consider the operation of a bridge equipped with a stabilizing cable installed under the stiffening girder in the central
span, examining the effect of prestressing of the main cable and stabilizing cable on the stress-strain state and dynamic characteristics using a flat 3D model of the structure. Critical wind velocities and
aerodynamic stability of the structure with a stabilizing cable have been estimated.
Key words: suspension bridge, stabilizing cable, modal analysis, stress, deformation, ANSYS.

H.U. TOPUIKOB, k.T1.H., 1011., M.A. KPACHOB, nn:x., FOans HI3UHBOHDb, nnx. Tuxookeanckuii rocyiapcTBeHHbIil YHUBEPCHTET, I.Xa0apoBcK

IMPOEKTUPOBAHUE CUCTEM «TPAHUIESI - OCHOBAHMUE»...64

HauGonee n3BecTHON pabOTOM, ITOCBAIICHHOMH TEOPETHYECKOMY M SKCIICPUMEHTAILHOMY HCCIIC0BAHUIO HANpsDKeHHO-1edopmupoBanHoro coctostuus (HIAC) 1 ycTOHYMBOCTH KPYTHIX BEIEMOK
(Tpasmueit), sBasiercss MoHorpadus npodeccopa D.B. Kocrepuna (1973). B a1oit paboTte npuBeeHb! pe3yIbTaThl MOJIEBBIX ONBITOB aBTOPA, CBA3aHHBIC C YCTOHYMBOCTHIO KPYTHIX OTKOCOB TPAHILEH 1O
TpyGonpoBokl. Mccie1oBaHus IPOBOAMINCH HA MSTH 00BEKTaX, Ha KaXI0M U3 HUX YCTPaHBAIHCh HECKOJIBKO y4aCTKOB TPAHINEH pa3HOM ITyOMHBI B Pa3HBIX IPYHTOBBIX YCIOBHAX. Pe3ymbTaThl
BBINOIHEHHEIX HpodeccopoM J.B. KocTeprHBIM HCCIeI0BaHUI MOTYT CTaTh OCHOBOI ISl IIPOJODKCHNUST aHAINTHYCCKIX HCCIIC0BAHMI Ha 6a3¢ YHCICHHBIX METO0B, C IPHMCHEHIEM HEINHEHHBIX
MoJielIel IPYHTOB, C y4ETOM TEXHOJOI'MH yCTPONCTBA TPAHIICH (IKCKaBAIMU IPYHTA M NPHIIOKEHUH HAIPY3KU B MECTE OTBAJIa IPyHTA Ha OBEPXHOCTH MaccuBa) U T.I. Pe3ynbTaThl aHaM3a
BBIMOJIHCHHBIX PACYCTOB MOKHO HCIONB30BATh B AATbHEHMIINX HCCICAOBAHMAX [0 MOJCIHPOBAHHIO YCTPOHCTBA CHCTEM «TPAHILIEs — Te0CPeIa», BKIIOYast Pa3paboTKy CXeM UX MPOCKTHPOBAHMSL.
YuCIeHHOEe MOJICIMPOBAHNE BBIOIHSIIOCH Ha OCHOBE cepTH(hHIMpOoBaHHOI mporpamMbl GenlDE32, B KOTOpPO#t peani30BaHbl alrOPUTMBI METO/[a KOHEYHBIX d1eMenToB (MKD). B pacuyerax HIC
HCIIONB30BAIACh HEIMHCHHAS MOZEIb TPYHTA HA OCHOBE aCCOLMMPOBAHHOTO 3aKOHA ILIACTHYECKOTO TEUCHHS C yCIOBUEM TeKydecTH o Kymony — Mopy. L{enbio HacTOsIIIel CTaThU SBISICTCS YHCICHHOS
HCCIIe0BAHNE HATPSDKCHHO-Ae()OPMUPOBAHHOTO COCTOSIHHS M YCTOHYIMBOCTH CHCTEM «TPAHILIEs] — OCHOBAHHE) U CPABHEHHE C Pe3yIbTaTaMH OIBITOB.



KuioueBble cj10Ba: TpaHIIes, TPYHT, OCHOBAaHHE, HAIIPSKEHHO-1e(DOPMUPOBAHHOE COCTOSIHHE, YCTONYNBOCTD, IIOBEPXHOCTH CKOJIBKEHHUS, METOJ] KOHEYHOT'O SIIEMEHTA.
UDC 624.131.537, 624.131.524. System design «trench — base». Gorshkov N.I., Krasnov M.A., Yuan Tszinven. Pacific State University, Khabarovsk, Russia.
The most famous work dedicated to theoretical and experimental study of stress-strain state and resistance of trenches is the monograph of Professor E.V. Kosterin (1973). In this article the authors
present the results of their field experiments related to the stability of steep slopes of trenches for pipelines. The studies were conducted at five sites, where several parts of trenches of different depths in
different soil conditions were arranged at each one. The results of the studies by E.V. Kosterin could become the basis for further analytical research based on numerical methods, using a nonlinear soil
models taking into account a trench technology (soil excavation and load application in the place of soil dump on the surface of the array), etc. The results of the analysis of the performed calculations
can be used for further studies on modeling the systems «trench — geo-environmenty, including the development of their design schemes. Numerical simulation was performed based on certified program
GenIDE32, which implements the algorithms of the finite element method (FEM). In the stress-strain state calculations a nonlinear soil model based on the associated rule of plastic flow with the fluidity
condition under Pendant Moru was used. The purpose of this article is a numerical investigation of the stress-strain state and stability of systems «trench — base» and comparison with the results of
experiments.
Key words: trench, soil, base, stress-strain state, stability, sliding surface, finite element method.

YucieHHbIe METOJIBI
P.K. MEXTHUEB, kana.¢pus.mar.Hayk, nou., C.A. I KADPAPOBA, Kk.T.H., 101. A3epdaiizkaHCKHii TeXHHYECKHil yHUBepCUTeT, r.baky, Asepoaiimkan
MOJIEJTMPOBAHUE C/IBUT' A U30TPOITHOM CPEJIbI, OCJIABJIEHHOI CUCTEMOM KPYTOBBIX OTBEPCTHIA...69
TTocTpoena MaTeMaTH4€CKast MOJEIb TPEIMH B H30TPOITHOM TeJI€, OCIa0ICHHOM JBOSKONEPHOINYECKOI CHCTEMOM KPYIIIBIX OTBEPCTHH, IPH MPOJIOIBHOM CABHUre. DTOM cTaTeil pemeHa
3aj1aua O MPOAOILHOM CABHI'€ H30TPOIHON YIPYTOil Cpe/ibl, 0cIabIeHHOM ABOSKONEPHOANYECKOT CHCTEMOl KPYTOBBIX OTBEPCTHI U TPEILHMH,BBIXOSIIMMH Ha KOHTYp OTBEPCTHil.
Crpositest 001IHe TIPEACTaBICHUS PELICHUH, OMMCHIBAIOIINE KIACC 3a1a4 ¢ JBOSKONEPHOIUIECKHM PACTIPeIeICHHEM HAPSHKCHHUI BHE KPYTOBBIX OTBEPCTHI M NPSIMOJIIMHEHHBIX TPELINH.
YV 10BIIeTBOPSISE TPAHMYHBIM YCIOBHSAM Ha KOHTYPaX KPYroBbIX OTBEPCTHI 1 Oeperax TpeLnH, mojiyueHa OeckoHevHas anrebpanyeckasi CHCTEMa U SIBHO CHHTYJISIPHOE HHTEIPaIbHOE
ypaBHEHHE. 3aTeM HCIOJb3YsI IPSIMbIC METOIBI, PELICHNE HHTETPAIbHOTO yPaBHEHHS CBEICHO K KOHEYHOH anreOpandeckoit cucreme. UncaeHHas peaan3aliys H3I0KEHHOTro crnocoba
npuBesieHa Ha IBM. Berauciensl kodureHTs HHTEHCHBHOCTH HANPSDKEHUH B 3aBUCUMOCTH OT T€OMETPUYECKHX T1apaMeTpOB PacCMaTpHBAEMOMH CpeJibl.

KittoueBble ¢j10Ba: IPOJOIBHBIH CIBHUT, BOSKONEPHOAMICCKAs PEIICTKA, CPSIHNE HATIPSDKCHHUSL, IPSIMOIMHCHHBIC TPSIIMHEL, H30TPOIHAS yIIPpyras Cpefa.
UDC 539. 375. Modeling of the shift of isotropic elastic environment, weared by the double certified system of circular holes and cracks outleting on the hole of holes. Mehtiyev R.K.,
Dzhafarova S.A. Azerbaijan Technical University, Azerbaijan.
A mathematical model of cracks in an isotropic body is constructed, weakened by a doubly periodic system of circular holes, with longitudinal shear. This article solves the problem of the longitudinal
displacement of an isotropic elastic medium, weakened by a doubly periodic system of circular holes and cracks emerging on the contour of the holes. General representations of solutions that describe a
class of problems with a doubly periodic distribution of stresses outside circular holes and rectilinear cracks are constructed. Satisfying the boundary conditions on the contours of the circular holes and
the shores of the cracks, an infinite algebraic system and an explicitly singular integral equation are obtained. Then using direct methods, the solution of the integral equation is reduced to a finite
algebraic system. The numerical implementation of this method is given in IBM. The stress intensity factors are calculated as a function of the geometric parameters of the medium under consideration.
Key words: longitudinal shift, doubly periodic lattice, average stresses, rectilinear cracks, isotropic elastic medium.
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Pacuérel Ha mpouHOCTH
I'.A. TEHUEB, a.1.1., K.IL. ISTUKPECTOBCKUM, x.T.n.IHUUCK uM.B.A.Kyuepenko (AO«HULl«CtponTteabcTBo»), r.MockBa
O JE®OPMAIIMOHHBIX 3ABUCUMOCTSX U ONMPEJEJISIOIINUX YPABHEHUAX VIS JIBJA...2
TIpuBesieH npuMep UCIOIB30BaHMs padpaboTanHoro I A. ['eHHEeBbIM KPUTEPHS IPOYHOCTH JIbJA IS CJI0XKHOTO HAMPSDKEHHOTO COCTOSHMS. [IpHBeIeHbI 3aBUCHMOCTH ABYX BXOJUIIINX B
KPHUTEPHii ONPEeEISIONINX BEIMYHNH — IPEENIOB IPOYHOCTU Ha CXKATHE M PACTSDKEHHE OT TEMIIEPATyphl, a TAKXKe 3aBUCUMOCTH OT Hee MoAynel nedopmannii baa. PazpaboTansr
(hu3nUecKre 3aBUCHMOCTH MEXTy HANPSHKCHUAMHU U e OPMALUSIMH JIba B €r0 JONPEICIBHOM COCTOSIHIH C HCIIOIb30BaHHEM MOJIEIH YIIPYrO-BsI3KOT0 Teja, B KOTOPOil yueT BI3KHX
CBOMCTB 00YCIIOBIICH SIBJICHHSMH IOJI3Y4ECTH.

Ki1ro4eBble c10Ba: siesl, KpUTEPUil IPOYHOCTH, CIIOKHOE HAMIPSHKEHHOE COCTOSIHUE, IPUMEp pacdeTa JIeA0BON MIOTHUHEL.
UDC 624.01.016. The deformation dependencies and the constitutive equations for ice. Geniev G.A., Pyatikrestovsky K.P., JSC «SIC «Construction» — TSNIISK named after V.A. Kucherenko
Moscow, Russia.
The article shows an example of using the ice strength criterion for the complex stress state developed by G.A. Geniev. The dependencies between two constituent values of criterion for determining the
ultimate strength on compression and stretching temperature are given. Also the article considers the dependencies between temperatures and the deformation modules of ice. The authors developed the
physical dependencies between stress and deformation of ice at his pre-ultimate condition using the model of elastic$viscous body, where the given elastic properties are caused by phenomena of creep.
Key words: ice, strength criterion, complex stress state, calculation example for ice dam.

I'.A. TEHUEB, a.1.1., K.IL. ISTUKPECTOBCKUM, a.1.1n. IHUMCK nm. B.A. Kyuepenko (AO «<HUL] «CtpouTtesabcTBo»), r. MockBa
OCECHUMMETPUAYHASI 3AJAYA O IIPEJEJbHOM HANPSI)KEHHOM COCTOSIHUHA JIEJOBOI'O MACCHUBA C BHYTPEHHEN LUJIWMHIPAYECKOM MTOJOCTHIO...8
TIpuBeseHo peleHne BaXKHOI JUIsl MPAKTHKY 3a/]a4d O HATIPSHKEHHOM COCTOSIHUH IMJIMHAPUYECKOTO JISZI0BOTO MAaCCHBA C BHYTPEHHEH IOJIOCTBIO, NPH JASHCTBUHU B HEell H30BITOYHOTO
pajmabHOro JaBiieHus. [Tonepeunoe ceueHne MaccHBa OPTOrOHABHO BEPTUKAIBHOM 0cH Z. MaccuB AeNUTCs KOHIEHTPUUECKHMH KPYTaMH, KOTOpble 0003HAYalOT BHEITHIO TPaHHILY
00JIaCTH MPEIEIBHOTO COCTOSIHUS JIb/Ia, BEIMYMHA KOTOPOro 3apaHee HeM3BECTHA M 3aBUCHT OT 3HAYCHMUS ACHCTBYIOIIETO Ha Heil paJuanbHOro JaBieHus. B Hanpasienun ocu Z
BBINIOJIHSIOTCS YCIIOBHS 1UI0cKO#H eopmannn €z = 0. CocraBinsercs auddepeHnnaibHoe ypaBHEHHE U PEIIaeTcs ¢ MOMOIIBIO 3aMEHbI IIEPEMEHHBIX ULl ABYX 3HAUCHHIT BHYTPEHHETO
JiaBJIeHUs B 1osocTu npu Temnepatype — 20 oC 1 BBIIONHACTCS Ka4€CTBEHHbII aHAIN3 HAPSHKEHHOTO COCTOSIHHS Ha IPaHUIIE PEAEIbHOM 1 ynpyroi obnacteil. HanpsbkeHHoe
COCTOSIHHE B YIIpyroil o6acTu onpeensiercs pemeHreM 3aaaun Jlame Uit TMIHHAPHIECKOTO MacCHBa C BHYTPSHHUM PaIiyCOM «IIOJIOCTH» 2 U BHEIIHUM PAANyCOM I3 — Hapy)KHBIM
KOHTYpPOM MaccuBa. PelieHie pacCMOTPEHHOM 3a1aui MOXKET HMETh IPUIOKEHHE KPOME IIPOSKTUPOBAHUS eMKOCTEH K pacueTaM MPOYHOCTH 3HAYUTENIBHOTO 110 TIyOHHE JISJOBOTO MOJIS
BOKPYT IUJIMHAPUYECKOTO OIIyCKHOTO KOJIOIIA.

Ku110ueBbie ¢J10Ba: JI€0BbIif MaCCHB, BEPTHKAIbHAS LIUJINHAPUYECKAs TOIOCTh, HAMPSHKEHHOE COCTOSIHHE, H30BITOYHOE PAJAHaIbHOE AaBICHHE, PACUET.
UDC 539.3:551.322. Axisymmetric problem of the ultimate stress state of an ice massif with an internal cylindrical cavity. Geniev G.A., Pyatikrestovsky K.P. JSC «SIC «Construction» —
TSNIISK named after V.A. Kucherenko Moscow, Russia.
The article gives the solution for an important practical problem on the stress state of the cylindrical ice array with an internal cavity where there is an action of an excess radial pressure. The
cross section of the massif is orthogonal to the vertical axis Z. The solid line denotes the boundary of the internal cavity of r1 radius, on which the pressure p1 acts. The dashed line represents. The massif
is divided by concentric circles that represent the outer boundary of the ice ultimate state area, the value of which is unknown beforehand and depends on the value of acting radial pressure. Along the
axis Z direction the conditions of plane strain €z = 0 are realized. The differential equation is to be compiled and to be solved by changing variables for two values of the internal pressure in the cavity at
the temperature of — 20 °C. The qualitative analysis of the stress state at the boundary of ultimate and elastic areas is to be performed. The stress state in the elastic area is determined by the solution of
Lame’s problem for a cylindrical massif with an inner «cavity» of the radius r2 and the outer radius r3 which is the outer contour of the massif. The solution to the considered problem can be applied to
strength calculations of an ice field significant in depth around buried cylindrical caisson coffer and to design of reservoirs.
Key words: ice massif, vertical cylindrical cavity, stress state, excessive radial pressure calculation.
MLII. COH, k.T.H., 1ou. [TepMcKmii HAMOHAIBLHBIN HCCIEA0BATEIHLCKHIA MOJUTEXHNYECKH YHUBepcHTeT, I. [lepmb
KO3®®UILUEHT YCJIOBHUI PABOTHI CTEHKHA KOJIOHHBI BO ®JIAHIEBBIX COEAAHEHHUSIX...11
Tloka3aHo, 4TO IelCTBHE MECTHOI HArpy3KH, MEPIICHANKYIISIPHOIT CTEHKE KOJIOHHBI, BEI3BIBACT HE TOJIBKO CXKaTHE (PACTsDKCHUE) B HEl, HO Takoke U3rub. B pe3ynbrare HCIBITaHUH BOCBMHI
TOJTHOMACIITAOHBIX HATYPHBIX MOJIEJICH IOy 4eHbI MoKa3aHus aedopmaruii 29 map TeH30pe3UCTOPOB, HAKJICCHHBIX 10 Pa3HbIC CTOPOHbI CTEHKH KOJIOHHBL CTaTncTHYecKast 00paboTka
PE3YIbTAaTOB MOKA3bIBAET, UTO C BEPOATHOCTBIO 95 % oTkiI0OHEHHUE nedopmanuii B kpaitHux ¢pudpax creHkH He npe3oiizet 0,1 B cpennux. Uro npennaraetcst yuuThIBaTh B pacueTax ¢
nomonisio ko3 urmenta ycnosuii pabotst pasuoro 0,9.

KuroueBble ciioBa: duianel, y3ei, KOJIOHHA, KOOQ(HIHEHT yCIoBHil pabOTHL.
UDC 624.04; 624.014. Partial ratio of the column wall in flange connections. Son M.P., Perm National Research Polytechnic University, Perm, Russia
The article shows that local loads action, perpendicular to the wall of the
column, causes not only compression (tension) in it but also flexion. As a result of 8 experiments of full-scale models were obtained deformation values readied from 29 pairs of tensoresistors glues on
different sides of the wall of the column. Statistical analysis of these results shows that with the probability of 95% the deflection of deformations in the extreme fibers of the wall from the average will
not exceed 0.1 of its value. That is proposed to be taken into account in calculations partial ratio 0.9.
Key words: flange, node, column, partial ratio.



A.B. UITHATBEB, k.T.H., 1011., B.A. UTHATBEB, a.1.H., npod., B.B. TABOBA, k.T.H. (Boarorpajackuii rocyiapcTBeHHbI TEXHUYeCKHH YHUBEPCHTET)
KOHCTPYKTHUBHBIE OCOBEHHOCTHU U AE®EKTbI HEKOTOPBIX TUITIOB IIJIOCKHUX PEI'YJISIPHBIX BAJIOYHBIX ®EPM...17
TIpennoxeHa METOANKA YHCICHHOTO PacyeTa IIIOCKUX PEery/IApHbIX OaoYHbIX epM CO CI0XKHOI pereTkoi, ocHoBaHHast Ha MKD B opMe KI1acCHY€CKOro CMEIIaHHOTO METOAa,
TO3BOJISIOIIAsT HE TOJIBKO BEpU(UIUPOBATH Pe3yIbTaThl pacyera TakuxX (epM, BHITOIHEHHBIX IPYTHMH HCCICAOBATEIIMHU, HO U 1aTh O0BSICHEHHUS HEKOTOPBIM BBISBICHHBIM UM
0COOCHHOCTSIM MX MOBE/CHHS MO/ HArPy3KOii, B 3aBUCHMOCTH OT TUIIOB pereTky. [TokazaHa Takke HEKOPPEKTHOCTh HEKOTOPHIX BBIBOJIOB U 3aKJIIOYEHHUI 110 pe3ysibTaTaM pacyera
HEKOTOPBIX TUIIOB TaKMX (hepM C HCHOJIB30BaHHEM IporpaMMHoro komuiekca « IMPA-CATIP 2013 R5».

Ki1ioueBble ¢j10Ba: IIOCKKE PerysipHble OanouHble HepMBbl, CI0XKHAS PELIeTKa, KOHCTPYKTHBHbIC Ie(EKThl 1 0COOCHHOCTH
UDC 624.04: 519.6. Structural features and defects of some types of planar regular beam truss. Ignatev A.V., Ignatev V.A., Gabova V.V., Volgograd State Technical University, Russia.
In this paper, we propose a technique for the numerical calculation of planar regular beam trusses with complex lattice, based on the FEM in the form of a classical mixed method, which allows us not
only to verify the results of the analysis of such trusses performed by other researchers, but also to explain some of the features of their behavior under load, depending on the types of lattice. The
incorrectness of certain conclusions based on the results of calculation of some types of such trusses using the LIRA-SAPR 2013 RS software package is also discussed.
Key words: planar regular beams truss, complex grid, structural defects and features of the stress$strain state.

Pacuérel Ha ceificMOCTOMKOCTh
I.M. HATMETOB', k.1.1.,1011., B.A. AKATBEB?, a.1.1.,1po¢., AM. CABUHOB', mm:xk., T.I. HATMETOB', umx. 'Hayuno-uccie10BaTe/ibCKuii MECTHTYT FPasKIaHCKOl
000pOHBI M Ype3BbIYANHBIX CUTYAIIMIi, MI'TY um. H.9. Baymana
OL[EHKA CEUCMOCTOMKOCTH 3JIAHUNA JTUHAMUKO-TEO®U3NYECKUM METO0OM C YYETOM OCOBEHHOCTH B3AMMOIEMCTBUSA
CEMCMHMYECKOM BOJIHbI C CACTEMOM «'PYHT — COOPYKEHHE»...24
TIpencraBieHsl pe3yIbTaThl HCCIICIOBAHUH aBTOPOB 110 OLIEHKE CEHCMOCTOMKOCTH 31aHUH ¢ MPHMEHEHHEM SKCIIEPUMEHTAIBHO-PACYETHOTO CII0c00a — IUHAMUKO-TCO()U3MICCKUX
MCTIBITAaHNH. BBUTH BBISIBIICHBI XapaKTepHbIE 0COOCHHOCTH Pa3pyIIAlOIIEro BO3ACHCTBHS CEHCMUYIECKUX BOJIH Ha 3JaHHS U COOPY)KCHHS B 3aBUCHMOCTH OT XapakTepa MeCTHOCTH,
TPYHTOBBIX YCIOBHI, KOHCTPYKTUBHOI'O UCTIOJIHEHUS U TEOMETPUU 3JaHUN U COOPYKEHHN.

Ki1ro4eBble ¢/10Ba: OIleHKA CEHCMOCTOMKOCTH 3[]aHUM, HOBEPXHOCTHBIE BOJIHOBBIC BO3AEHCTBHS, PACUETHO-IKCIIEPUMEHTAIbHBIN METO/.
UDC 699.84. Estimation of seismic resistance of buildings by the dynamic-geophysical method, taking into account the peculiarity of the interaction of the seismic wave with the «soil —
construction» system. Nigmetov G.M., Savinov A.M., Nigmetov T.G., Research Institute for Civil Defense and Emergencies; Akatiev V.A., Moscow State Technical University named after N.E.
Bauman.
The existing approaches to assess seismic resistance of buildings and structures are mainly based on the vibrational quasistatic approach and do not take into account the specific features of the wave
action. While practical data show that the destruction of buildings from seismic action depends on ground conditions, topography, direction of the seismic wave, geometry and structural design of the
building, the peculiarities of the location stiffness cores in the form of lift shafts and staircases. The influence of all these factors can be taken into account for existing objects by analyzing the nature of
the passage of seismic waves through the «soil$structure» system using a multichannel measuring system. In this article given results of scientific researches provided by usage of a method of dynamic
geophysical tests in zones of catastrophic earthquakes. In the course of the research, there were characteristic features of the destructive effect of seismic waves on buildings and structures, depending on
the nature of the terrain, ground conditions, structural design, geometry of buildings and structures.
Key words: estimation of seismic resistance of buildings, surface wave effects, calculation and experimental method.

Pacuérel Ha HajIe)KHOCTD
B.C. YTKHH, a.T1.H., npod. (Bojoroackuii rocyapcTBeHHbIN YHHBEPCHTET)
PACYET HAJIEXKHOCTH BUCSYUX )KEJE3OBETOHHBIX CBAM B TPYHTE OCHOBAHMAL...31
Paccmotpen Merton pacyeTa HaJJe)KHOCTH BUCSUEH CBAaM MO KPUTEPUSAM NIPOYHOCTH MaTepHalia CBau B ¢ BEpXHEH YacTH ¢ HaHOOJBIINMH YCHIIHSMHU B CBae M 110 HECYIeH CIIocoOHOCTH
rpyHTa OCHOBaHHMs (DyHJaMEHTa, Ha OCHOBE HOBOT'O IT0/IX0J1a K paboTe cBau 1o 000MM KpHTEepHsiM ee paboTocrnocodHocTH. Tak MPOYHOCTH XKeJIe300eTOHHON CBal MPOBEPSIETCS C yIETOM
THIIOTE3bI INIOCKUX CEUCHHUH U3 KOTOPOil CIEAyeT, YTO OJUH M3 MAaTePHAIIOB JOCTUrAeT IPEACIbHBIX Ae(opMaliyii, a BTOPOil 0CTaeTCsl HEOUCIIOIb30BAHHBIM 110 CBOCH Hecymeit
crocobHoCTH M3-3a Gomblei ero 1eOpMaTHBHOCTH. PacyeT Ha/IeKHOCTH CBaM 10 HECYIIEeH CIIOCOOHOCTH IPYHTa OCHOBAHMUSI HCXOAUT U3 YCIIOBHSI BOSHHKHOBEHHMS B CBA€ CHJI TPECHUSI-
CLICTUICHHS], BBI3BAHHBIX JedopManueil MaTeprana cBau, IPH BO3JCHCTBUH HA Hee CKMMAIOLIECH CHIIBI, @ HE CHIIaMH TPEHHUSI IIPU «CPBIBE» CBaM, IPUHATHIX B HOPMATHBHBIX TOKYMEHTAX
(CTI). Tak KaKk HaJEXHOCTh CBAU MOXKHO ONPEIEINUTh TOJIBKO MO HH(POPMALIMHU PE3YIbTATOB €¢ HCIBITaHUIl, TO CTaTUCTHYeCcKast HH(OpMaILWs U1 pacuera ee HaJeKHOCTH
BCer/a OrpaHYeHHas (HEMOIHAs) U Pe3ysIbTaThl BEPOSITHOCTHO-CTATUCTHYECKNX METO/IOB PacyeTa HaJeKHOCTH HEKOPPEKTHBI, II0ITOMY pacdeT HaJIe)KHOCTH BUCSYCH cBau B pabore
TIPOBOAUTCS BO3MOXHOCTHBIM METOJIOM C HHTEPBAIBbHBIM IIOKa3aTeIeM HaJIeKHOCTH.

Ku1ioueBble cjioBa: BUCs4ast CBast, HAACKHOCTh CBaH, IPOYHOCTH MaTepHalia CBau, HECyIasi ClOCOOHOCTh TPYHTA, HHTEPBAJ HA/IeKHOCTH, OCIIEA0BATEIbHAS CHCTEMA.
UDC 624.154. Reliability analysis of reinforced concrete friction piles in soil base. Utkin V.S., Vologda State University, Vologda, Russia.
There is necessary to develop methods of reliability analysis of structural elements of buildings and structures in accordance with the requirements of new standards on the mechanical safety ensuring in
the construction industry. In this regard, the article describes the method of reliability (safety) analysis of reinforced concrete piles for pile foundations. The article presents the method of reliability
analysis of the friction piles according to the strength criterion of the pile material in its upper part with the greatest efforts in the pile and to the bearing capacity of the soil base. The offered methods
based on the new approach of the piles design along both criteria of limit state. So, the strength of the reinforced concrete piles is verified considering the Bernoulli hypothesis, from which it follows that
one of the materials reaches the ultimate strain, while the other remains underutilized for its load$bearing capacity because of the greater deformability. Reliability analysis of piles by soil bearing
capacity criterion comes from the conditions of the friction$grip forces in the piles caused by the deformation of the piles material, when subjected to compressive forces and not only friction forces
in the «failure» of the pile, which adopted in the regulations (SP). As the reliability of piles can be determined only according to the testing results, the statistical information for the reliability analysis is
always limited (incomplete) and the results of the probabilistic$statistical methods of reliability analysis is incorrect, so the reliability analysis of friction piles in the article carried out possibilistic
method with interval reliability index. The proposed method of the reliability analysis of single pile will allow us to analyze the reliability of the pile foundation as a mechanical system in terms of
reliability theory. And the proposed method is the basis for the mechanical safety of above-foundation structure.
Key words: friction pile; reliability of a pile; pile material durability; the bearing ability of soil; reliability interval; consecutive system.

ﬂHHaMH‘{eCKI/Ie pacyYeThI
HN.A. UBAHYEHKO, a.1.H., npod. (PYT MHUHUT, r. Mocksa)
ASPOIMHAMUKA BAJIOYHbBIX MOCTOB, MOJAEJIMPYEMbIX TOHKOCTEHHBIMU CTEPKHSIMU, ITPU ﬂ,EflCTBMI/I l/lHEP].ll/lOHHOﬂ HOZ[BI/DKHOﬂ
HAT'PY3KH...36
TIpeuiaraercs YMCICHHBIH METO/ HCCIIEIOBAHMS COBMECTHBIX KOJIeOaHHI OalOUHBIX MPOICTHBIX CTPOCHUIT MOCTOB, B3aNMOCIHCTBYIONINX C MOABIDKHOM HHEPLIMOHHOI HAarpy3Koi
(3KeTIe3HOOPOIKHOI MM aBTOMOOHIIBHOM ), IPH ACHCTBUH HA YKAa3aHHYIO CHCTEMY ITOIEPEYHOr0 BO3AYIIHOTO [IOTOKA (B paMKax CKOPOCTEii, pa3pelIaoiinX ABIKEHHE IO MOCTY).
Meronuka CTpOUTCS HAa MPUMEpPE UCCIIEN0BAHNS B3aUMOIEHCTBHS IBYXITYTHOTO IIPOJIETHOTO CTpoeHust MocTa Ha BCM 1 BBICOKOCKOPOCTHOT'O JKeJI€3HOJOPOKHOT0 cocTasa. [Ipu onucanuu
KoneOaHmii IPOJIETHOTO CTPOCHHMS, B TOM YHCIIE, OT CAMOBO30YKIAIOIIMXCS TIOJbEMHBIX CHJI H MOMEHTOB, IIPH JSHCTBUH BETPOBOTO OTOKA, ABIXKYIIETOCS CO CKOPOCTBIO V,
HCIIONB3YIOTCS adpoauHamMudeckie koddduimentsl. [Ipu onucaHny BepTUKAIBHBIX M KPYTHIBHBIX KOJIeOaHUil OalIKK, yINTHIBACTCS CBSI3aHHOCTh KPYTHIIBHBIX M ITOHEPEYHBIX ee
konebanuii. PaccmarpuBaeTcs monepevHast 1 BepTHKaIbHAs JMHAMUKA TOBIKHON HAarpy3ku. JKene3HOJOpOXKHEI IyTh Ha MIPOJIETHOM CTPOCHHH M BHE MOCTA 3aMEHSCTCS YIIPYroO-BsI3KUMHI
JIMHEHHBIMU ¥ HEJTMHEHHBIMH DJICMECHTaMH, Ka)KJIbIi BaroH cocTtaBa MOJCIUPYETCA MEXaHHYECKON CUCTEMOM ¢ 25 cTerneHsIMu CB060I[I:I. YyureiBarorcs TIONIEPEYHBIC CMEIICHUA KOJIECHBIX
ap OTHOCUTEJIBHO MHEPTHOI'O PEJIbCa C YYETOM CHII IICEBJOCKOJIBXECHUA ITPU BUIITHUH KOJIECHBIX T1ap. PaCCMOTpeHLI CJIydyan BOBHUKHOBEHMS CPBIBHOT'O d)naTrepa JUIA IPOJIETHOT'O
CTPOCHM S, UCITOJIB3YA NIEPUOANIECKYIO (byHKL[I/IIO JUIL MOICIMPOBAaHUA HHTEHCUBHOCTH CHIJT, HeﬁCTBy}OLL[PIX Ha IPOJIETHOE CTPOCHHUE ITOMEPEK BO3TYITHOI'O ITIOTOKA.

KuioueBrble cjioBa: KoyieOaHus JBYXITYTHBIX MOCTOB, OoKoBast JWHAMHKa, CKOPOCTHBIE COCTaBbl, TOHKOCTCHHBIE CTEPXKHU C OTKPBITBIM U 3aMKHYTBIMH HpO(bPUIHMI/I, ImaroBbIC
TIPOLIETYPBI, CHIIBI TICEBJIOCKONIBLKEHHUS, a9pOJHHAMUYeCcKUe KOd(PUIIMEHTBI, CPRIBHOW (rarTep.
UDC 624.07.534.1. Aerodynamics of beam bridges, modelled by thin-walled rods under the action of moving inertial load. Ivanchenko LI., Moscow State University of Railway
Engineering, MIIT, Moscow, Russia.
The article proposes a numerical study method for joint oscillations of beam superstructures of bridges that interact with a moving inertial load (rail or road) under the action on the mentioned system of transverse air
flow (within the speed allowing traffic on the bridge). The method is based on the study example of the interaction of double-track span of a bridge with a high-speed railway and a high-speed train. The aerodynamic
coefficients are used in the description of oscillations of a superstructure including the self-excited lift forces and moments under the action of wind flow moving with velocity V. The binding of torsional and transverse
vibrations is taken into account in the description of vertical and torsional vibrations of a beam. The transverse and vertical dynamics of a moving load is discussed. Railway track on the span structure and outside of a
bridge is replaced by elastic-viscous non-linear elements, each wagon is modelled by a mechanical system with 25 degrees of freedom. The cases of occurrence of stall flutter for the superstructure using a periodic
function to the force intensity model acting on the superstructure across airflow are considered.
Key words: oscillations of double-track bridges, side dynamics, high-speed trains, thin-walled rods of open and closed profiles, stepping procedure, pseudo slip power, acrodynamic coefficients, stall flutter.
YucneHHble pacyeThl
10.B. KJIOYKOB', a.1.H., npod., A.Il. HHKOJIAEB', a.1.1., npod., M.FO. KTTOUKOB?, unx. (‘Bosirorpaickuii rocyaaperBeHHblii arpapubiii yausepeutet, MY um.M.B. JlomonocoBa)
CPABHMTEJBbHBINA AHAJIN3 JABYX BAPUAHTOB OINNPEAEJIEHUSA HAC TOHKUX OBOJIOYEK C YYETOM NONEPEYHOI'O CABUT A...46
Pa3spaboTaH KOHEUHBII 2IEMEHT TOHKO# 000JI04KH Ha OCHOBE rHnoTe3bl THMoIeHKo. IIpy MomydeHH ONpEAeIIOMX TeOMETPHYECKUX COOTHOIICHHI PacCMaTPUBAIOTCS /1Ba BapHaHTA
OTCHYETa yIjIa IOBOPOTa HOPMAJIH, KOTOPbIE B JAbHEHIIEM CPABHUBAIOTCS MEKAY COOO0M. DIEMEHTOM AMCKPETH3AlUK BEIONPACTCSI YEThIPEXyrOIbHbIH (parMeHT CPpeANHHOM TOBEPXHOCTH
C y3J1aMHu i, j, k, 1. B xauectBe Y3JIOBBIX BapbUPYEMBIX ITapaMETPOB OBLTH UCITOJIB30BAHBI KOMITOHEHTHI BEKTOpa NEPEMEIICHHUSA, UX TIEPBBIC IIPOU3BOIHBIC 110 KpHBOHHHeﬁHLIM KoopauHaram,
a TaK)K€ KOMIIOHEHTHI BEKTOpa YIJIOB IIOBOPOTa HOPpMaJIH. B pa60Te TIpEeACTaBJICH YUCJICHHBIN TIpuUMEp pacyera Q)parMeHTa QJUIMNTHYECKOr0 NUJIMHIpA, TO3BOJISIOIIMA CENIaTh BBIBO 00
yﬂOBHeTBOpHTeHBHOI‘;I TOYHOCTH pa3pa60TaHHor0 ajlropuTMa.

KuioueBble cj10Ba: TOHKas 060]’[0‘[1(3, nonepetmbn?[ CBHT, YrOJI ITOBOpOTa HOpMAJIH, LIeTI:Ipe)(yl"().l'ﬂ:}-[I:II‘;[ DJICMECHT.
UDC 539.3. Comparative analysis of two variants of determination of stressed-deformed states thin shells with regard to the transverse shear. Klochkov Yu.V., Nikolaev A.P.,Volgograd State Agrarian
University; Klochkov M.Yu., Moscow State University named after M.V.Lomonosov, Russia.
The final element of the thin shell was developed on the basis of Tymoshenko’s hypothesis. The article describes the algorithm of linear calculation thin shells considering transverse shear deformation on the basis of
the finite element method (FEM). Upon receipt of determining the geometric relationships are considered two versions of the reference rotation angle of the normal, which in future are compared. As element
selected quadrilateral fragment of the middle surface with nodes i, j, k, 1. As of usual varied parameters of the displacement vector components are used, their first derivatives with respect to curvilinear coordinates, as
well as the components of the rotation angles of the normal vector. This paper presents a numerical example of calculation of a fragment of an elliptical cylinder, which allows to conclude that satisfactory accuracy of
the developed algorithm.
Key words: thin shell, transverse shear, rotation normal, quadrilateral element.



E.N. BPI/ITBI/IH', KaH1.pu3.MaT.HAYK, A. l'lEflCl/le, unK., M. SUCEHBEPT EPZ, 1-p ¢uaocoduu,npod. (l,[lnenpnpoeKTcTaJlLKOHCprKumI, r.JlnenponeTposck, YKpanHa,
zl/l3paﬂﬂbclﬂ/ll7[ TexHoormueckuii HHCTUTYT « Texnunon», Xaiida, M3panin)
JME®OPMUPYEMBIi B CBOEN IJIOCKOCTHU TPEYTOJIbHBI KOHEUHBIN 3JIEMEHT C BPAIIATEJIBHBIMU CTEIIEHSIMA CBOBO/IBL...53
Hcnons3yst H3BECTHOE PELICHUE TS TPEYrOJIbHOT0 MEMOPaHHOr0 KOHEYHOro aneMeHTa ¢ 10-1o y3mamu (20 cr.cB.), 1eh)opMUPYEeMOro B CBOEit ITIOCKOCTH, BBIBEICH HOBBII TPEYTOIbHBII
aneMeHT (3 y3ina, 9 cr.cB.). ITocTynarenpHble CTENeHH CBOOOIbI IECTH MIPOMEKYTOUHBIX y3JIOB Ha CTOPOHAX TPEYToJbHUKA U LEHTPAIBHOTO y3J1a SJIeMEeHTa IpeoOpasyoTcs B 3
BpallaTeIbHbIC CTENICHH CBOOO/IbI B YITIOBBIX TOUYKAX, YTO IPUBOAUT K HOBOMY DJIEMEHTY C JIEBSATHIO CTEHECHIMH cBOOO0IbI. He3aBUCHMBIMHU CTEMEHSIMHU CBOOO/IBI Ha KAXKIOM Y371 SBIISIOTCS
JIBa CMEILEHHS U TOBOPOT, MEPHECHIUKYIPHBII IIIOCKOCTH d1eMeHTa. [I0Kka3aHo, 4TO TOYHOCTh PEIICHHSI MOXKET ObITh YIyUIlIeHa ITyTeM BbIOOpa COOTBETCTBYIOIIETO 3HAYCHNUS ITapaMeTpa
My3BIPBKOBBIX (yHKIMH GopMbl. JIaHBI CpaBHEHHS ¢ M3BECTHBIMH PE3yJIbTaTaMU U NPOAEMOHCTPUPOBAHBI OTIIMYHBIE TOBEIECHNE TIOTYYEHHOTO JJIEMEHTa.

Ki1ioueBbie cJ10Ba: KOHEUHBIH 2J1€MEHT, TPEYrOJIbHBIH MEMOPaHHbIH MIEMEHT, BpaliaTelIbHbIC CTEIIEHN CBOOO/IBI.
UDC 539.3. Advanced triangular membran finite element with drilling degrees of freedom. Britvin E.I, Institute «Dneprproektstalkonstruktsiya, Ukraine; Eisenberger M., Peysin A., Faculty of Civil
and Environmental Engineering, Technion, Haifa, Israel.
Using the well-known 10 node (20 DOF) membrane triangular element for in-plane static analysis, a new triangular element (3 nodes, 9 DOF) is derived. The 6 nodes along the edges s and the central
node of the element are transformed to 3 drilling degrees of freedom at the corner nodes, resulting in a nine degree of freedom new element. The independent degrees of freedom at each node are the two
displacements and a rotation perpendicular to the plane of the element. The stiffness matrix of the new element is given explicitly as the product of numerical matrices. It is found that the accuracy of the
newly derived element can be improved by assigning values to a parameter that controls the resulting bubble functions in the interior of the element. Comparisons with known results are given and
demonstrate the excellent results of the new element.
Key words: structural finite element, triangular membrane element, drilling degrees of freedom.

B nomons npoekTupoBmuKy
A.A. TIOI'OPEJIBLIEB, k.T1.H., B.O. CTOSIHOB, unx. AO<HUL«Ctpountenscro» (HHUMUCK nm.B.A.Kyuepenko), r.MockBa
YCUJIEHUE JEPEBSIHHBIX BAJIOK C TPEIHMHAMM HAKJTIOHHBIM APMUPOBAHUEM CTEKJOILTACTUKOBOM APMATYPOIA...60
KiteeBble coemHEHNS 376 MEHTOB M3rN0aEeMBbIX ACPEBSIHHBIX KOHCTPYKIHUIT II0JBEPIKEHBI PUCKY PACCIOCHUS B PE3yIbTaTe ACHCTBHS BHYTPCHHUX HANPSDKECHHUH, 00YCIOBICHHBIX
TIepEeMEHHBIMH TEMIICPATyPHO-BIQKHOCTHBIMH BO3JCHCTBUSIMHE, HAPYIICHUEM YCIOBHIl SKCILTyaTalluy, TpeOOBaHHI K TPAHCIIOPTHPOBKE M MOHTAXY, HEMpokiesiMu. Ha ceromHs Bonpocst
PEMOHTA U YCHIICHHS AEPEBIHHBIX KOHCTPYKIIMH, CTAHOBSTCS BCE aKkTyanbHee. [IpuMeHeHne CTalbHbIX CTepKHEl 4acTo ABISIETCS HeKeIaTeIbHBIM, JTM00 HeJIOYyCTUMBIM H3-32 PHCKA
Koppo3uu. B crathe NpUBOAATCS pe3ylbTaThl HCCIISOBAHUS PaOOThI CTEKIJIONIIACTUKOBBIX CTEP)KHEH B KaueCTBE CBSA3EH C/IBHTa B COCTABHBIX HJIEMEHTAX M AJIEMEHTAX C IPOIOIbHBIMHI
TpemuHamu. Io pesynbraram nccnenoBaHuil NpUBeEEHA METOAMKA PacyeTa U KOHCTPYMPOBAHHs YCHIICHHs HAKJIIOHHO BKJICEHHBIMU CTEP/KHAMH U3 CTEKJIOIIACTUKOBOM apMaTyphl B
coorBercTBun ¢ HOBbIM CIT 64.13330.2017. IIpuBOAMTCS YMCICHHBIN IPUMEP pacdyeTa i KOHCTPYUPOBAHUS YCUIICHUSL.

KuioueBbie cji0Ba: JpeBecHHa, TPEIINHA, CBS3H CABHUIA, CTEKJIOMIACTHK.
UDC 694.143, 69.04. Strengthening of wooden beams with cracks by inclined reinforcement with fiberglass reinforcement. Pogoreltsev A.A., Stoianov V.O., JSC «SIC «Construction» — TSNIISK
named after V.A. Kucherenko Moscow, Russia.
Glue joints of elements of bent timber structures are subject to the risk of stratification as a result of internal stresses caused by variable temperature and humidity influences, violation of operating
conditions, transport and installation requirements, non$glulam. Today, the issues of repair and strengthening of wooden structures are becoming more urgent. The use of steel rods is often undesirable or
unacceptable due to the risk of corrosion. The article presents the results of the investigation of the operation of GRP rods as shear bonds in composite elements and elements with longitudinal cracks.
Based on the results of the research, a technique for calculating and constructing the gain by obliquely pasted rods from fiberglass reinforcement is presented in accordance with the new SP
64.13330.2017. A numerical example of calculation and design of amplification is given in the article.
Key words: timber, crack, shear bonds, GRP.

A.C. MAPYTISIH, k.1.H.,nipo¢. ®Pnman CeBepo-KaBkasckoro ¢enepaabnoro ynusepeurera B r. [laruropcke
HOBBII CIIOCOB NMEPEIMNPO®UJIMPOBAHMSI KPYIJIBIX TPYB U PACUET EI'O OITUMAJIBHBIX IAPAMETPOB JIISI BAJIOYHBIX KOHCTPYKIIUIA...66
IIpencraiieHo HOBOE TEXHUYECKOE PEIICHUE TTePepOPHINPOBAHUS KPYTIIBIX TPYO B IIOCKOOBAJIbHBIE C OTHOIICHUEM radapuToB 1/3,064, 4To MOBBIIIAET UX MPOYHOCTH HA H3THO.
TIpuBesien pacyeT ONTHMAJIBHBIX TAPAMETPOB TOHKOCTEHHBIX CEUSHHMIT IIIOCKOOBAILHON (OPMBI 10 MPUOIIKEHHOI METONKE, KOPPEKTHOCTH KOTOPOH TOATBEP)KAEHA TECTHPOBAHUEM C
HCIIONB30BAHHBIX CTAaHJAPTHBIX mpoduieii. Takoii pacyeT MOBTOPEH MPHMEHHUTEIILHO K TOHKOCTEHHBIM CEUeHHM oBasbHOW dopmel. TIpeacTaBiieHa Best quarpaMMa H3MEHEHHH pacueTHBIX
1apaMeTpoB IIOCKOOBATIBHBIX M OBAIBHBIX TPYO MpH TpaHC(HOPMAIMH HX TTONEPEUHbIX CeYSHHIT OT BEPTHKAIBHBIX KOH(HUrypaluii K rOpH30HTAIBHBIM, BKJIIOYAs IEPEXOJl Yepe3 ouepTaHue
KpYyTJ10# (hopMBI. BBINONHEH CpaBHUTENBHBIA aHAIN3 ONTHMHU3UPOBAHHBIX CEYEHUH IIIOCKOOBAIBHBIX, OBAJIBHBIX M KPYIJIBIX TPYO C yU4ETOB YIPYTUX U yHPYTO-IUIACTHYHBIX Jedopmarimit
KOHCTPYKIIMOHHOT'O MaTepHaJia, Tie B Ka4eCTBE Pa3IeIUTEeIbHON YePThl MEXK Ly TUMH Ae(opMaIlUsIMU NPHHSTA IPOTSHKEHHOCTh CPEAHEH JIMHUN TOHKOCTEHHOTro ceyeHus. [Toka3ano, 4ro
JUISL pOCTa Hecyleil criocoOHOCTH TIIOCKOOBATIBHBIX M OBATBHBIX NpoduIeil Ha n3rub Gojee MPeANoUTUTENIEHO HepenpoHINpOBaHue KPYIIIbIX TpYO 0e3 yBeInueH s MPOTsSKEHHOCTH
CPEJIHHX JINHHI UX MONepeyHbIX cedeHniH. O60CHOBaH BBIOOP B I10JIB3Y INIOCKOOBAIBHBIX MPOQMIBHBIX TPYO 3a cueT ux 6osee mpocToit (hopMBI, BKIIFOYAIOIIEH ITPaHU TTOCTOSHHOI
KPHBH3HBI (TUIOCKHE H TIOIYKPYTJbIE), CPAaBHUTEIFHO HU3KOH Ce0eCTONMOCTH, MEHBIIICH BHICOTHI, OOJIbIICH KOMIIAKTHOCTH, HOBBIIICHHOTO MOMEHTA COIPOTUBIICHUSL.

KuroueBsie ciioBa: criocod nepenpoduiinpoBanus, Tpyddarsie Ipodum, III0CKOOBa, 0BaJl, ONTHMH3ALHS CEUCHHIH, pacueT ONTUMAJbHbIX [IapaMeTPOB, OaOYHbIC KOHCTPYKIMH.
UDC 624.072.2.014. A new way of reprofiling of round pipes and the calculation of its optimal parameters for beam structures. Marutyan A.S., North-Caucasian Federal University,
Pyatigorsk, Russia
The article presents the new technical solution for reshaping of round pipes into plain oval ones with the ratio of size 1/3.064 which increases their bending strength. The calculation of the
optimal parameters of thin-walled cross-sections of plain oval shape according to the approximate method is given, the correctness of the method is confirmed by the tests using standard profiles. Such
calculation was remade for thin-walled oval cross-sections. The article shows the entire chart of design parameters’ changes for plain oval and oval pipes at the transformation of their cross-sections from
a vertical configuration to a horizontal one, including the outline of a round shape. The comparative analysis of optimized cross-sections of plain oval, oval and circular pipes taking into account elastic
and elastic-plastic deformations of structural material is carried out, where the dividing line between these deformations is a length of the middle line of a thin-walled section. The choice is proved in
favour of plain oval profile pipes due to their more simple form, relatively low cost, lower height, greater compactness, increased moment of resistance.
Key words: reprofiling method, pipe profiles, plain oval, oval, cross-section optimization, calculation of optimal parameters, beam structures.

M.K. M1 YK, k.1.H., 3aB.;1a60paTopueii HHUUCK nm.B.A. Kyuepenko (AO«HUL«CTpouTebcTBO»), r.MocKkBa
HCCJEIOBAHUE HANIPSI)KEHHO-JE®OPMHUPOBAHHOI'O COCTOSAHMUS KJIAJKHA JIMIEBOTI'O CJ1051 HAPY)KHBIX CTEH C TMBKUMU CBS35MU ITPU
TEMIIEPATYPHO-BJIA’)KHOCTHBIX BO3JIECTBHUSIX...72
OG6001eHbI Pe3yIbTaThl HATYPHBIX 00CICI0BAHMIT 30aHUI ¢ HAPYKHBIMU CTCHAMH M3 MHOTOCJIOMHOM KIIaIKH, BBIIBUBIINE A€(EKThI KJIAAKH M IPUYHHBI HOSBICHHUS TPELIMH B JTHULEBBIX
CIIOSIX, BBI3BIBAEMBIX KaK IIPABUIIO, TEMIICPATYPHO-BIQKHOCTHBIMH J1e(h)OPMALMSIMH H HApYIICHUSIMHU [PH YCTPOHCTBE 1eh)OPMAIIMOHHBIX MIBOB. IIpUBEACHBI PE3yIbTaThI
9KCIIEPUMEHTAIbHBIX UCCIIEJOBaHHIT KpyITHOMACIITaOHOU Mojenu pazMepamu 2x9x2,9 (h) M. BbisBiIeHbI OCHOBHBIC KaUeCTBEHHbIE H KOIMUuecTBeHHbIE nokaszarenu HJIC kiianku auueBoro
CJIOS B 3aBHCHMOCTH OT XapaKTepa ONUPaHUs ¥ TOJI0BOIO X0/Ia TeMIIepaTyphl, HEOOXOAUMBIE IS Pa3pabOTKH M KOPPEKTHPOBKH pacueTHbIX cxem MKD.

KuioueBbie cjioBa: TpexcioifHble cTeHbI ¢ THOKUMHU cBsi3siMu, HJIC KiTazku JTHLEBOTO CIIOs, TeMIIEpaTypHO-BIAXKHOCTHBIE ieopMaIiuy, MPOYHOCTh KJIAJKU Ha PACTsHKCHHE, ITMPHHA
PAaCKpPBITHS TPELIUH.
UDC 693.22. Investigation of the stress-strain state of the laying of the face layer of external walls with flexible connections at temperature-humidity influences. Ischuk M.K., «SIC
«Construction» — TSNIISK named after V.A.Kucherenko Moscow, Russia
The results of full-scale surveys of buildings with external walls of multilayer masonry, revealing defects in the masonry and the causes of the appearance of cracks in the face layers, caused, as a rule, by
temperature-humidity deformations and disturbances in the construction of expansion joints are generalized. The results of experimental studies of a large-scale model with sizes of 2r9r2.9 (h) m are
presented. The main qualitative and quantitative indices of the stress-strain state of the laying of the face layer are determined, depending on the nature of the support and the annual temperature
variation necessary for the development and correction of the design schemes for FEM.
Key words: three-layered walls with flexible connections, stress-strain state of laying of the face layer, temperature-humidity deformations, tensile strength of the masonry, crack opening width.

N 23a2018roa

Pacuérhl HA IPOYHOCTH

C.B. BAKYHIEB, a.1.H., npod. Ilen3eHcKHii rocy1apcTBeHHbIH YHHBEPCHTET APXHTEKTYPhI H CTPOHTEILCTBA

MOJIU®UILIAPOBAHHASI JE®OPMALIMOHHAS TEOPUS IIACTUYHOCTH CHIITYYEM CPE/BI...2

PaccmarpuBaercs Mmoxudukarms aeopMaloOHHON TEOPUH IIIACTUYHOCTH CHITyYeH cpejibl, peanoxkenHoi npopeccopom I'A. I'enuessiM. [Ipeutaraercs onpenensTs AUIaTaHCHOHHYIO

COCTaBJIAIONIYI0 00BEMHOI e(opMalii Kak HEKOTOPYIO YacTh OT KBajpara o0miel o0beMHOM JeopMaliy, TeM caMbIM HCKIIIOYask B IEPEMEHHOM MOJIyJie 00beMHON e opmanuu

Jie7IeHne Ha Houlb. MakcuMaltbHas BeJImdnHa Kod(duIMenTa quiaTaHCHH TIpU STOM OyZeT ONpeeNaThes Kak BelIMUHHA, 00paTHast IpeiebHON 00beMHO AedopMaIi Py YUCTOM

casure. OcrabHbIe KOHCTAHTHI MOAU(UIMPOBAHHOK MOIENH OyyT COBNAJIATh C KOHCTAaHTaMHM Je()OpMAIOHHON TEOPHH MIIACTHYHOCTH chimyyeit cpensl I'.A. I'ennesa. Ecin e

YUHUTBHIBATh SBJICHHE JMJIATAHCUH, TO €CTh Pa3phIXJICHUE CPEeJIbl OT JEHCTBHUS KacaTelbHbIX HArPY30K, TO JAe(OopMaIMOHHBIE COOTHOIICHHS TEOPHH TNIACTHYHOCTH ChIIydeit cpefb I A.

T'enneBa MoOHOCTHIO COBMANAIOT € Ae(hOPMALHOHHBIMH COOTHOIICHUSMU MOAH(DHIMPOBAHHON TEOPHUH TIIACTHYHOCTH ChIITydeit cpebl. Onpe/ieeHbl YCIOBHS, IPH BBIOIHEHUH KOTOPBIX

CILJIOLIHAS CPe/Ia OMICHIBACTCS YPAaBHEHUSIMH MOU(PHUIMPOBAHHOM Ae(OpMAIMOHHON TEOPUH IUIACTUYHOCTH ChIITy4eii cpesibl. B kauecTBe IpUMEPOB PacCMOTPEHO MOCTPOCHHE AUArPAMM

C/IBHT'OBOTO ¥ 00BbEMHOr0 1e(h)OpMUPOBAHHMS [JIsI XapaKTEPHBIX CIIydaeB IUIOCKOH nedopmanuu ceimydeii cpeapl. [TokazaHo, 4TO IpH JBYXOCHOM M OJHOOCHOM YIJIMHEHUH JUISl HEKOTOPBIX

3HAYCHUH KOHCTAHT CPEIbl €€ MEXaHHIECKOE MTOBEICHUE IEPECTACT OMMCHIBATHCS YPABHCHUSIMHE MOAU(GUIMPOBAHHOI Ae)OPMALIMOHHOI TEOPHH TUIACTUYHOCTH CHIMYYeH Cpe/ibl.
KiroueBble cj10Ba: ChIlTydast cpe/ia, MaTeMaTHIecKas MOJICIIb, INIATAHCHS, 1e()OPMAIHOHHbIC COOTHOIICHHS, TIEPEMEHHBIC MOJTYJIH.

UDC 539.371. Modified deformation theory of loose medium plasticity. Bakushev S.V., Penza State University of Architecture and Construction, Penza, Russia

Under analysis is the modification of loose medium plasticity deformation theory, suggested by Prof. G.A. Geniev. It is suggested to consider dilatancy component of volumetric strain as some part of

total volumetric strain square, therefore, we exclude zero divide at the variable module of volumetric strain. In this case, dilatancy coefficient max will be determined as reciprocal of a limiting value of

volumetric strain at pure shift. Other invariables of modified module will coincide with invariables of loose medium plasticity deformation theory by G.A. Geniev. If we leave out of account dilatancy

phenomenon, that is dilatation of medium because of sharing loads action, then deformation ratio of the loose medium plasticity theory by G.A. Geniev will totally coincide with deformation ratio of

modified theory of loose medium plasticity. There determined the conditions, in case of meeting them, continuous medium will be described by equations of modified deformation theory of loose

medium plasticity. As examples we can study construction of diagrams of shearing and volumetric strain for typical cases of loose medium plane deformation. It is stated that at biaxial and uniaxial

elongation for some invariables of medium its mechanical behaviour can’t be described any more by equations of modified deformation theory of loose medium plasticity.

Key words: loose medium, symbolic model, dilatancy, deformation ratio, variables.



A.C. JEXTSPbD, a.1.H., npod. HannonanbHas akajieMusi H300pa3uTeIbHBIX HCKYCCTB H ADXHTEKTYpHI, I'. KueB, Ykpanna
IMPOEKTHPOBAHME BE3BAJIOYHBIX NIEPEKPBITHIA...9
B npoMbInIeHHBIX 1 00IIECTBEHHBIX 3aHUSX, TOA3EMHBIX H IT0JTy3ariTyOIeHHBIX pe3epByapax 4acTo ycTpauBaloT Oe30a0uHbIe epeKphITUS, ONMPAIOIINECs Ha IPOMEKYTOUHBIE
KOJIOHHBI. UTOOBI MPEAOTBPATUTD CABUTOBOE Pa3pyIISHHE IUTUTHI, KOJIOHHBI CHA0XKAIOT KanuTeJsIMA. KaruTen yMeHbIIAIOT MPOJIETH IUIMTHI, @ TIOTOMY YMEHBIIAIOTCS TONIIMHA TIJIUTHI,
apMHMpOBAHME M 3aTPaThl Ha BO3Be/IeHNE. BMecTe ¢ TeM yBeIMYMBaIOTCs 3aTpaThl HA yCTPOMCTBO caMuX Kanurtenel. [loaromy cyMMapHas CTOMMOCTh KOHCTPYKIIMH MOXKET UMETh MUHUMYM
B 00J1aCTH MapaMeTpoB IPOCKTUPOBAHHMS, TO €CTh MOXKHO OTHICKATh ONTHMANIbHBIC Pa3Mepbl KanuTenei. PaccMOTpeHs! 1B BO3MOXKHBIE ()OPMBI HCUEPIIAHUS HECYIeH CIOCOOHOCTH
TePEeKPBITUS — M3rUOHAs ¥ CABUTOBast. st BEepXHUX IPAHUL IIPe/IeIbHON HArPY3KHU MOIYYCHBI OLICHKH B 3aMKHYTOH (hopme. OOCYKIAIOTCsI YCIOBUSI KOHKYPEHIIHU 3THX (hOPM pa3pyIIeHHUsL.
TIpencrasnena ueneBast pyHKIUS ONTHMHU3ALMOHHON 3a1aull — CyMMapHasi CTOUMOCTb KOHCTPYKIHUHU. [IpuBeaeHb! IPUMepbl ONTHMAIBHBIX MPOEKTOB. IIpoBe/ieH nX aHaIu3 1
JIaHbI IPAKTHYECKUE PEKOMEHIAUH A1 IPOSKTUPOBAHUSL.

KuioueBble cj10Ba: 6¢30a109HOE NIEPEKPHITHE, KAIIUTENb, TOYCYHOE OIUPAHHUE TUTHTHI, ONITHMU3AIIHS.
UDC 624.04:539.376. On Beamless ceiling design. Dekhtyar’ A.S., National Academy of Fine Arts and Architecture, Kiev, Ukraine
Industrial and public buildings, underground and semi-underground reservoirs often have the beamless ceilings supporting on columns. To avoid the shear destruction in the supporting points in columns
the caps are arranged. Caps diminish the spans of plate therefore the thickness of plate and its cost diminish also. From other side the increase of sizes of caps conduces to the increase of their cost. It is
clear that there is an optimization task — it is possible to find the best sizes of cap.
Key words: beamless ceiling, cap optimization, point supporting.

P.K. MEXTI/!EB, KaHA.Qu3.MaT.HaYK, qou., H.I'. HpJ’IAI[OB, K.T.H., A. K. MEXTHEB, KaHZI.(l)lB.MaT.Hay!(, JIOII. Asepﬁaﬁumgﬂcknﬁ TeXHHYeCKHIi yHHBEPCHTeT, A3epoaiikan
B3AUMOJENUCTBHUE JBOAKONEPUOJUYECKOU CUCTEMbI MHOPOJAHBIX YIIPYTHX BKIIOYEHUU U ITPAMOJIMHEWHBIX TPEIIIMH ITPU IONEPEYHOM CJBMUIE...13
PaccmarpuBaetcs 3aga4a MEXaHUKHU Pa3pyLICHHs O B3aUMOJICHCTBUM YIPYTUX BKJIIOUEHUIL, TOBEPXHOCTh KOTOPBIX PABHOMEPHO MOKPHITA OJJHOPOIHOM IJICHKON, U BOJIOKHA HMEET TPEIHH.
TIpeioxeHa MO/IENb TPEIIHH B KOMIIO3UTAX C JBOSKOIEPHUOIMIECKOM CTPYKTYPOH,0CHOBaHHAsI HA PACCMOTPEHHH 30HBI TPELHHO00pa3oBanus. [IpHHATO, YTO 30HA TPEIIMHOOOPA30BAHMS
TpeCcTaBisieT co00it CI0i KOHEYHOI ANHBL,COACPIKALICH MaTepral ¢ YaCTUYHO HAPYIICHHBIMH CBSI3SIMH MEX/Y OTJCIbHBIMU CTPYKTYPHBIMH 1eMeHTamu. CTposiTest o0ruue
TIPEACTABICHUS PELICHHH, ONMCHIBAIOIINE KIIACcC 3aa4 ¢ JBOSKOIEPUOANIECKUM PACIpe/ieIeHHeM HANPsDKCHUH BHE KPYTOBBIX OTBEPCTHH M IPSIMOIMHEHHBIX TPELIHUH. Y JOBICTBOPAS
TPaHUYHBIM YCIIOBHSM Ha KOHTYpaxX KPYrOBBIX OTBEPCTHI U Oeperax TPeLIHH, MojlydeHa OeCKOHeuHas anrebpanyeckas CHCTEMa U SBHO CHHTYJIIPHOE MHTETPaIbHOE ypaBHEHHE. 3aTeM
HCTIONB3YsI IPSMbIE METO/IbI, PELICHHE HHTETPAJIbHOI0 YPABHEHHS CBEJICHO K KOHEUYHOI anreOpandeckoil ciucreMe. UnCIeHHAs peaan3aliys H3JI0KEHHOTo crocoba npuseneHa Ha IBM.
Berunciensr k03 GUIHEHTH HHTEHCHBHOCTH HANPSDKEHUH B 3aBUCHMOCTH OT T'€OMETPUUYECKHX NTapaMeTPOB PacCMaTPHBAEMOM Cpe/Ibl.

KitioueBble €;10Ba: (BOSKONEPHOANYECKAs PELICTKA, TONIINHA TOKPBITHS, BOJOKHA — IOKPBITHS, TIOKPBITHE — CBS3YIOIIEe, CPEAHNE HATPSUKCHILS, JINHEHHbIC alre0panyeckKue YpaBHeHHs, CHHIYIISPHBIC YPABHCHHS.
UDC 539.375. Interaction of the two-periodic system of foreign urgent inclusions and rectangular cracks with the transverse shift. Mekhtiev R K., Poladov NG, Mehdiyev A.K., Azerbaijan Technical University, Baku.
At the stage, the problem of fracture mechanics is discussed about the interaction of elastic inclusions, the surface of which is uniformly covered with a homogeneous film, and the fiber has a crack.
A model of cracks in composites with a doubly periodic structure based on the examination of the cracking zone is proposed. It is assumed that the cracking zone is a layer of finite length containing
material with partially broken bonds between individual structural elements. General representations of solutions that describe a class of problems with a doubly periodic distribution of stresses outside
circular holes and rectilinear cracks are constructed. Satisfying the boundary conditions on the contours of the circular holes and the shores of the cracks, an infinite algebraic system and an explicitly
singular integral equation are obtained. Then using direct methods, the solution of the integral equation is reduced to a finite algebraic system. The numerical implementation of this method is given in
IBM. The stress intensity factors are calculated as a function of the geometric parameters of the medium under consideration.
Key words: doubly periodic lattice, coating thickness, coating fibers, coating-binder, average stresses, linear algebraic equations, singular equations.

C.H. KPUBOHIAIIKO, a.1.H., npo¢. (Poccuiickuii ynuBepcuter Apyk0b1 HapoaoB, r. MockBa)
NPUMEHEHHUE, TEOMETPHYECKHUE U ITIPOYHOCTHBIE UCCJIEJOBAHMUSA TOPCOBBIX OBOJIOYEK. OB30P PABOT, OITYBJIMKOBAHHBIX ITOCJIE 2008r....19
Tlocne BbIxOza U3 neuatu MoHOrpaduu aBTopa «I'eoMeTpus THMHEHYaThIX TOBEPXHOCTEH ¢ peOpOM BO3BpATa U JIMHEHAs TeOpHUst pacyera TOPCoBbIX odonouek» (M.: M3n-so PYIH, 2009,
357 c.), rae noapoOHO aHAIN3UPYIOTCSI OCHOBHBIE PaboTEI, omybuiinkoBanHbie 10 2008 ro/a, IOSBHINCH HOBBIC pabOThI, TOCBSIIECHHBIC TCOMETPUH, IPUMEHEHHUIO U PacYeTy Ha IPOYHOCTh
TOHKHX 000JIOUEK CO CPEANHHOM TOPCOBOM MOBEPXHOCTHIO0. HEKOTOpbIE pe3ysibTaThl HCCIICOBAHNI HMEIOT HOBH3HY U ONPE/CICHHbIN Hay4IHbIH U MPAKTHICCKUH HHTEPEC, a HEKOTOPbIE
paboTHI WM COBEPLICHCTBYIOT paHee NMPeIokKEeHHbIe METOIBI, MIIM MPe/IaraloT HOBbIE BapHAHTHI IPUMEHEHHsI TOPCOBBIX IIOBEPXHOCTEH. B cTaThe aHaIM3UPYIOTCS HOBBIE PE3yJIbTaThI,
NoJTy4eHHbIe 3a nociaenanue 10 JieT u CBs3aHHbIE ¢ 3a1POCcaMH HH)KSHEPHOH NPAKTHUKU U apXUTEKTYPHI U3JeIUH, KOHCTPYKIHUHA U COOPYKEHUH.

KittoueBble ¢j10Ba: TOPCOBasI TOBEPXHOCTH, KOHCTPYUPOBAHUE TOPCOB, TOPCOBBIC 0OOIOUKH, FTEOMETPHICCKOE MOACINPOBAHIE, HAPSKEHHO-1e()OPMUPOBAHHOE COCTOSIHIE 000T0UKH.
UDC 624.04:074.4:513.73. Application and geometric researches of tangent developable surfaces and the determination of stress-strain state of thin tangential developable shells: a review of papers,
published after 2008. Krivoshapko S.N., Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia.
After publication of the author’s monograph Geometry of Ruled Surfaces with Cuspidal Edge and Linear Theory of Analysis of Tangential Developable Shells, M.: 1zd-vo RUDN, 2009, 357 p., where
general works published before 2008 were analysed, new papers appeared devoted to geometry, application and strength analyses of thin shells with the middle developable surface. Some results of
investigations have newness and definite scientific and practical interest but some works improve methods presented before or propose new variants of application of tangent developable surfaces. In a
paper, new results derived past the last 10 years and connected with needs of engineer practice and architecture of manufactured articles, structures, and erections, are analysed.
Key words: tangential developable, design of a torse, tangential developable shell, geometric modeling, stress-strain state of the shell.

M.O. MOUCEEHKO, k.1.1., O.H. IIONOB, k.T.1., T.A. TPEIIYTHEBA, k., A.B. FTOPIUEHKO, umx. (TTACY, r. Tomck)
M3MEHEHHE BEJIMYUH HANIPSIZKEHUHA, TIPOI'MBOB B IVIACTHHE C HAYAJIBHBIM INIPOIr'BOM IO AEUCTBUEM HEPABHOMEPHOI'O TEMIIEPATYPHOTI'O 110JIA1...26
Hccnenyercs: HanpspKeHHO-AGOPMUPYEMOE COCTOSHUE IBYXITOIBHOMN IUIACTHHBI, HAXOASIICHCS O/ JeficTBHEM HEPaBHOMEPHOTO TEMIIEPAaTypHOro 1ojs. Marepuai KOHCTPYKIIHHU — CILIaB
Bt6. I'nbkocTh miacTuHs! coctasiser 33,3. Pacuer BeeTcs ¢ y4eTOM HayalbHOro Nporuda, reomerpudeckoi Henuueitnoctu no T. Kapmany, a Taoke ¢ y4eTOM H3MEHEHHST MEXaHUYECKHX
CBOICTB MaTepuaja OT TeMIIEpaTypHOro BO3AeHCTBHs. B paccMaTpiBaeMoM Hama3oHe TeMIepaTyp miacTudeckue aedopmari He BO3HHKAIM. J{Jist OJIydeHHs OLICHKH HATIPSHKCHHO-
1e(hOpMHUPYEMOro COCTOSTHHUSL B IUIACTHUHE, HAXO/SIIEHCS T10/] TEMIICPATyPHBIM BO3JCHCTBUEM OIPEICISUIICh HHTCHCHBHOCTD HANPSDKCHUH U IIepeMeIeHHs 0e3 ydeTa 1 C y4eTOM
HavyaJIbHOro Nporuda. 13 moaydeHHbIX pe3yIbTaToB CAeIaHbl CICAYIONINE BHIBOIBL: a) PE3yIbTaThl JMHEHHBIX PACUETOB OKA3bIBAIOT OONBIIYIO TOIPEIIHOCTH [0 CPABHEHHIO C
pe3yibTaTaMu, MOTYyYEHHBIME C YIE€TOM I'€OMETPUUYECKOH HEMMHEIHOCTH 1 C Y4eTOM HEOXHOPOIHOCTH (HM3NUECKHUX CBOMCTB MaTepHala OT TeMIepaTypsl; 0) IpH pacuyeTax TOHKOCTEHHBIX
2JIEMEHTOB C Pa3phIBHBIMU NTapaMeTPaMy Ha JISHCTBHE BHENTHEH Harpy3KH HEOOXO0MMO OJJHOBPEMEHHO YUHTHIBATh HAYaJIbHBIH IPOTrHO, FeOMETPUUECKYIO HETMHEHHOCTh, HEOAHOPOTHOCTh
CBSI3aHHYIO C TIEPEMEHHBIM TeMIepaTypHbBIM rosieM. HeydeT oJJHOro U3 BhIIeNepeyncIeHHbIX (PakTOPOB IPUBOIHUT K 3HAUHTEILHON MOTPEIIHOCTH IOTyYEHHBIX Pe3yJIbTaToB; B)
rpadMKy 3aBUCUMOCTH HANPSDKSHUH ¥ IPOrHOOB OT TeMIepaTyphl B IUIacTHHE THOKOCThIO0 a/h = 33,3 m3MeHstoTcest 6oJiee MOHOTOHHO (TUIaBHO), YeM B IUTacTHHE THOKOCTHIO a’h = 50; 1) mpn
temmeparype 400 °C noBeeHne ruiacTHHbl THOKOCTBIO a/h = 33,3 craHOBHTCS OIIMDKE K TIOBEACHHIO THOKOI TutacTHHBI THOKOCTBIO a/h = 50. MI3MeHsieTcst 3HaK HaNpsOKSHUSL.

KittoueBble ¢/10Ba: MIaCTHHA, HAYaIbHbII IPOrH0, (U3MIECKas HETMHEHHOCTD, TCOMETPHYICCKast HEIMHSHHOCTD, TEMIIEPATypPHOE BO3ACHCTBHE.
UDC 7.04:535.4.011.22.23. Changes of voltage stresses, signs in the plates with initial damping, under action of the inequal-dimensional temperature field. Moiseenko M.O., Popov O.N., Treputneva T.A., Gordienko
A.V., TGAU, Tomsk, Russia. The stress-strain state of a two-field plate under the influence of an uneven temperature field is investigated. Material of construction — alloy W6. The flexibility of the plate
is 33.3. The calculation is carried out taking into account the initial deflection, the geometric nonlinearity according to T. Karman, and also taking into account the change in the mechanical properties of
the material from the temperature effect. In the considered temperature range, plastic deformations did not arise. To obtain an estimate of the stress-strain state in a plate under the influence of
temperature, the stresses and displacements were determined without taking into account and taking into account the initial deflection. From the results obtained the following conclusions are drawn: a)
the results of calculations obtained in linear calculations show a large error, in comparison with the results obtained with allowance for the geometric nonlinearity and taking into account the
inhomogeneity of the physical properties of the material from the temperature; b) when calculating thin-walled elements with discontinuous parameters on the action of an external load, it is necessary
simultaneously to take into account the initial deflection, geometric nonlinearity, the in homogeneity associated with the variable temperature field. Not taking into account when calculating one of the
above factors leads to a significant error in the results obtained; c) the graphs of the dependence of stresses and deflections on the temperature in the plate with the flexibility a/h = 33,3 change
more monotonously (smoothly) than in the plate with the flexibility a/h=50; d) at a temperature of 400 °C, the behavior of the plate with flexibility a/h=33.3 becomes closer to the behavior of the flexible
plate by the flexibility a/h=50.
Key words: plate, initial deflection, geometric nonlinearity, temperature influence, mechanical properties of the material.

B.II. IAPKOB, k.T.H., 101. PTAY — MCXA um. K.A. Tumupszesa, r. Mockpa
DOOPMVYJIA JISI PACUETA IT'OPU30OHTAJIBHBIX HAT'PY30K OT 3AIIOJIHUTEJISI HA CTEHKH CUJIOCOB ITPU UX PA3I'PY3KE...32
J171st 9acTHOTO CiTydast — IIePOXOBATBIX CTEH CHIIOca — MpejuIaraeTcst popMylia Julst pacyeTa TOpPH30HTAIBHOTO JIABJICHUS 3aMIOJTHUTEIIS HA €r0 CTEHKHU MPH BBITPY3Ke, a TAKKe ee MapamMeTphl.
B paGote npuHsTa rumore3a 0 BOSHUKHOBEHHH Y CTEH «IKCTPEMaIbHOT0» HAIPSHKEHHOTO COCTOSHUS C Pa3BUTHEM KacaTelIbHBIX HANpPsHKeHHH 10 BEJIMYHHBI T1aBHBIX. DopMyia sisercs
passutHeM (Gopmyn SIHceHa — ['eHrneBa U MOKa3bIBAeT YOBJICTBOPHTEIBHYIO TOYHOCTD. BBISBIICHO, UTO B IMHAMUYECKUX YCIOBHAX KOI(DOHUIIMEHT TOPU30HTAIBHOTO AABICHUS y CTCH A =
1,0, a k0d)PUIMEHT KOHTAKTHOTO TPEHHS MTOHMKACTCS OT BeIMUUHBI tgd 110 sind. PopMyra u ee OCHOBOH IapaMeTp MOITBEPIKIACTCS Pe3yIbTaTaAMU OIBITOB.

KiioueBble ¢j10Ba: CHIIOC, BHI'PY3Ka 3aMOJIHUTEIIS, TOPU3OHTANBHOE JaBICHUE, KACATEIbHBIC HANPSDKEHHSA, GOpMyIa [UIsl ONpeIeIeH s JMHAMHYECKOTO TaBJICHHUS, OIBITHOE TIOATBEPKICHHE.
UDC 69.01. Formula for calculation horizontal loads from the aggregate on the walls of silos when unloading them. Sharkov V.P. RGAU — MAAA named after Timiryazev, Moscow, Russia
For the particular case of rough walls of the silo provides a formula for calculating the horizontal pressure of the filler on the wall when unloading, and explains its parameters. In the work are assumed to
occur at the walls of «extreme» stress state with the development of shear stresses to the value of the home. The formula is the development of formulas Jansen is Genieva and shows a satisfactory
precision. Revealed that under dynamic conditions the coefficient of horizontal pressure at the walls A = 1,0 and the coefficient of friction decreases with the magnitude of tg ¢ to sin ¢. Formula and its
basis parameter is supported by experiments.
Key words: silo, aggregate unloading, horizontal pressure, tangential stresses, formula for determining dynamic pressure, experimental confirmation.

BeposTtHocTHbIE pacuéThl
B.A. TPOMAILIKHI, k.1.1. THUUCK um. Kyuepenxo (AO «HUILL «CTpouTebeTBO»), r. MockBa
O MPUMEHEHAY MHOT'OMEPHOI'O HOPMAJIBHOT'O PACHPEJIEJTEHUS B HEKOTOPBIX MOJEJISIX HAJAEKHOCTH KOHCTPYKIIHIA. Yacrs I1....40
W31105KeHBI HEKOTOPBIC METOIbI MOJICIIMPOBAHMS M BEIYUCICHHS HYHKINH pactipeaeneHust (¢.p.) HOpMaIbHOTro ciydaifHoro Bekropa. IIpescraBiieHe KOBapHAIIMOHHON MAaTPHUILIBI 9TOTO BEKTOpa B
BH/IC IPOU3BEACHNUS HIDKHEH M BEPXHEH TPEYTONbHBIX MAaTPHI], IpeoOpa3oBaHUe MIIOTHOCTH MHOTOMEPHOTO CTAHIAPTHOTO HOPMAIIBHOTO PACTIPeeIeHHs K INIOTHOCTH CTaHapPTHOTO HE3aBHCHMOTO
HOPMAJIBHOTO BEKTOpA MO3BOJISIOT CBECTH BBIYKMCICHHUE (.p. (KpaTHOTO MHTETpaja) CTaHAapPTHOIO HOPMAIbHOTO BEKTOPA K BEIYHUCIICHHIO TIOBTOPHOTO MHTerpaia. JinneitHoe npeobpa3oBanue
HOPMAJIHOTO BEKTOpA C UCIIOIB30BAaHUEM METO/Ia YCIOBHBIX (DYHKIMIT pactipe/ieieH s JaeT BOZMOXKHOCTb BBIYHCIATE (.p. BeKTOpa MeToxoM Moure-Kapio: mpuBe/IeHHbIH alrOpuT™ pacdera
BKJIFOYAET ONpEICNICHIE HE0OX0IMMOTr0 YHCIa CTATUCTHYECKUX UCIBITAHUH HCXOMS U3 3a1aBaeMOif TOUHOCTH M HAJISKHOCTH OLICHKU 3HAYCHHS] KPATHOTO HHTerpaia. Ha OCHOBE 9THX METOIOB B paMKax
TEOPHH HA/IEKHOCTH IIEPBOTO MOPSIAKA PACCMATPUBAOTCS BO3MOXKHBIE OLIEHKH BEPOSTHOCTH OTKa3a IOC/ICI0BATEIBHON CHCTEMBbI — TOUHBIC U IPUOIIHIKECHHBIE.

Ki11oueBble cj10Ba: MHOrOMEPHOE HOPMAJIBHOE paclpeseiicHue, Mpeobpa3oBaHie pacipe/ieIeHus, BEPOSITHOCTE 0TKa3a, OCIeJ0BaTeNbHAs CHCTEMA.



UDC 624.012.2.046.69.04. Application of multivariate normal distribution in some models of structure reliability. Part II. Gromacky V.A., TSNIISK named after V.A. Kucherenko

(JSC «Research Centre «Construction»), Moscow, Russia

Some methods of modeling and calculation of distribution function of normal random vector are described. The representation of the covariance matrix of this vector as a product of lower and upper
triangular matrixes and the transformation of the density of a multidimensional standard normal distribution to the density of a standard independent normal vector allow us to reduce the calculation of
distribution function (multiple integral) of the standard normal vector to the computation of the repeated integral. Linear transformation of the normal vector using the method of conditional distribution
functions makes it possible to calculate distribution function of vector by Monte Carlo method: the calculation algorithm includes determining the required number of statistical tests based on the
specified accuracy and reliability of the multiple integral value estimation. On the basis of these methods within the framework of the theory of reliability of the first order it is possible to estimate
probability of failure of sequential system — exactly and approximately.

Key words: multivariate normal distribution, transforming the distribution, probability of failure, sequential system.

YucIeHHbIC METOJIbI
E.A. JIAPUOHOB, A.T.1., ipodp. (MI'CY, r. Mocksa). IEMII®GUPOBAHHBIE KOJTEBAHHUS COOPYKEHUI U CIUIOIIHBIX CPE],..44
JIBrKEeHHE COOPYKEHUSI MOICIUPYETCS KaK JIBUKEHUE COBOKYITHOCTH COCPEJOTOYEHHBIX B3aMMOICHCTBYIONMX MAcC B KOHEYHOMEPHOM IIPOCTPAHCTBE U BBIPAYKAETCS MATPUYHBIM
ypaBHeHueM. [ToMCK ero perieHuii B BUAe HOPMAJIbHBIX KOJIeOaHHI HOPOXXKAAeT MATPUYHBII My4OK, CBA3BIBAIOIINI MaTPHIbI Macc, AeMidupoBanus u sxecTkocteil. [Ipu cBeneHnn
COOTBETCTBYIOLIETO OJHOPOJHOrO YPaBHEHHMS K CHCTEME B OPTOTOHAIBHOM CyMMe JIBYX CBSI3aHHBIX C 3aaueii MPOCTPAHCTB BO3HUKACT CHMMETPUYHAsI OTHOCUTEIIBHO HHAS(UHUTHOTO
CKaJIIPHOTO Ipou3BeeHus MaTpuil. OTBevaronuii 3Toi MaTpuie oneparop obnagaeT HHBaPHAHTHBIM IIO/IIPOCTPAHCTBOM, KOTOPOMY COOTBETCTBYIOT KOPHH MaTPHIHOTO
XapaKTePUCTUYECKOro ypaBHeHHUs. CHEKTpaibHast CTPYKTYpa STHX KOPHEH ONpeaessieT CTPYKTYpy PeLIeHHiT HCXOXHOTO ypaBHEHUS M XapaKkTep KojiebaHuil coopyKeHus. 3aadu
MaTeMaTHYeCKol (GH3UKH MPUBOIIT K U3YUCHHUIO ONEPaTOPHbIX AU (epeHInanbHbIX YPaBHEHUI  PACCMOTPEHHE HOPMAIBHBIX KOJICOAHNH COOTBETCTBYIONIMX CILIOLIHBIX CPe/] HOPOXKIaeT
OIIepaTOPHBIC ITyYKHU U OHEPATOPHOE XapaKTePUCTHYECKOoe ypaBHeHHe. [IpuMeHeH e TSl PEIIeHHs STHX 3a/a4 TEOPHHU OHEePaTOPOB, CAMOCOIPSDKEHHBIX OTHOCHTEIBHO HHASHHHUTHOTO
CKaJIIPHOTO IIPOM3BEACHHUS, JOMOIHACT U3BECTHBIC PaHEe Pe3yIbTaThl.

KuioueBble ciioBa: oneparop, Iy4oK, COOCTBEHHBIH BEKTOp, COOCTBEHHBIE 3HAYEHUS], TOTHOTA.
UDC 539.3. Damped vibrations of structures and continuous media. Larionov E.A., Moscow State University of Civil Engineering, Moscow, Russia
A motion of a structure is modeled as the motion of a set of concentrated interacting masses in a finite-dimensional space and expressed by a matrix equation. The search for its solutions in the form of
normal oscillations generates a matrix cluster linking mass-, damping- and stiffness matrixes. When a corresponding homogeneous equation is reduced to a system in the orthogonal sum of two spaces
connected with the problem, a symmetric product of matrixes with respect to the indefinite scalar product arises. The operator corresponding to this matrix has an invariant subspace to which the roots of
the matrix characteristic equation correspond. The spectral structure of these roots determines the structure of solutions of the initial equation and the nature of oscillations of the structure. Problems of
mathematical physics lead to the study of operator differential equations and the consideration of normal oscillations of the corresponding continuous media generates operator beams and operator
characteristic equation.
Key words: operator, beam, eigenvector, eigenvalue, completeness.

B.A. OBO30B, a.1.H., npod. THUUCK um. B.A. Kyuepenko (AO «<HULL «CTponTteiibcTBoO»), . MockBa
METO/IbI IOCTPOEHMSI OFBEMHBIX KOMITbIOTEPHBIX MOJEJEN 3AMIOJTHEHUS HAPYKHBIX CTEH KAPKACHBIX 3JIAHUM KJIAJKOM U3 KPYITHBIX BJIOKOB...50
Paccmorpeno Ba criocoba mocTpoeHust 00bEMHBIX KOHEYHO-3JIEMEHTHBIX MOJICIICH 3aIIOJHEHHS HAPYKHBIX CTEH MHOTO3TAXHBIX KAPKACHBIX 3MaHUH KIaAKOI U3 KPYIMHO(MOPMATHBIX
610koB. IIpu npsiMoM MeTozie 1 GJIOKH M PaCTBOPHBIE BBl MOJEIUPYIOTCS 00beMHbIME KO, mpr KOMOMHUPOBAaHHOM METO/E OJIOKH MOACIUPYIOTCA 00beMHbIMU KO, pacTBOpHbIE IBa —
mnockumu KD. AHamm3upyioTest 0COOEHHOCTH MOJICIUPOBAHNUS ABYCIOHHOTO U TPEXCIIOHOrO 3aM0HEHNs B BBIMUCIMTENBHOM cpese mporpaMmuoro komuiekca «J IMPA-CATIP».
TIpenmyecTBOM HCTIONB30BAHNS OOBEMHBIX PACUETHBIX MOJIEIICH IIPU pacyeTe 3aIl0JHeH s HAPYKHBIX CTE€H KapKacHBIX 31aHUH, KHPITHYHBIX POCTEHKOB, CTOJI00B SBIISETCS
BO3MOXKHOCTB JTU(PepeHIINPOBAHHO 33/1aBaTh Je(hOpMALOHHbIE XapaKTEPUCTHKH COCTABIIIONINX KIIAJKy MaTepHAIIOB.

KiioueBble ciioBa: 00beMHOE MOZICNIMPOBAHKE, pacyueT, KilajKa, OJI0KH, KapKacHbIE 3/IaHHUs, 3alI0JTHEHNE HAPY)KHBIX CTEH.
UDC 624.04. A metod of constructing a balk of computer models for filling of exterior walls of frame buildings with masonry of large blocks. Obozov V.I. TSNIISK named after V.A.
Kucherenko (JSC «SIC «Construction»), Moscow, Russia
Considered two ways to build a volumetric finite element models for filling of exterior walls of multi-storey frame buildings with masonry of large blocks. The direct method and the blocks and mortar
joints are modeled by volumetric finite elements, by the combined method, the blocks are modeled by volumetric finite elements, the mortar joints — flat SE. Analyzes the features of the simulation of
two-layer and three-layer filling in the computing environment of the software complex «LIRA-SAPR». The advantage of using three-dimensional computational models when calculating the filling of
exterior walls of frame buildings, brick walls, pillars is the ability to set differentiated deformation characteristics of the components of masonry materials.
Key words: volumetric modeling, calculation, masonry, blocks, prefab building, filling of external walls.

II.M. 3A1051H, K.T.H., ra.cnemuaiauct (AO «ITHUUHUC», r. MockBa)
CEMCMHAYECKAS PEAKIASI C YYETOM BJIHUSIHUS ®OPMBbI YIIEJIbSI...55
M3yueno BiustHus Tonorpaduu Ha ceficMHYECKOl peaKIiu IUIOIAAKU. PaccMaTpuBaeTcss MECTHOCTB CO CIIOXKHOM reoMeTpueil THIIA yIIelbst pa3IndHbIX GopM U u3ydaercs celicMuueckas
peaxiuys 1o BbIcoTe 60pTOB ymenbs. [Ipy n3ydennn ceicMU4Ieckoro MoBeIeH s Ha BCEX CIIydasx NPUMEHSETCs OJJMHAKOBOE OCHOBAHHE, COCTOSAIIEE U3 CKAIBHBIX TPYHTOB, YTO XapaKTepHO
JUIS TAKMX TUTOMAI0K. PaccmaTpuBaercst 3ajaua iiockoit eopMartiii, ¢ HCIoIb30BaHHeM METOa THOKHX 00BbEeMOB, MPEICTABILIONHI MotdHKaLHeil KOHIETINA METOAa OTHUMAaHHs
BBIYHMCIIUTEIIFHON CHCTEMBI aHAJIN3a AMHAMHYECKOT0 B3aMO/IeHCTBHS coopyxkeHHs ¢ ocHoBaHHeM (ACS-SASSI). [TpuBomurcs conocrabieHne K0d3QGUIUSHTOB YCHICHUS C
ko3 dunuentom yuera penbeda mectHoct Ky CIT 14.13330, ¢ moMOILIBI0 TapaMETPHUIECKOr0O aHAIN3a YCTAHABINBACTCS 3aBUCUMOCTb KO3(D(UILIMEHTa YCUICHHS IMKOBBIX YCKOPEHHIt OT
CTENEHHU KPYTU3HbI CKIIOHOB.

KirodeBble cj10Ba: celicMuuecKkas peakius, BIUSHUE YIIEbs, JMHAMUUECKOE B3aUMOACHCTBHE COOPYKEHUH C OCHOBAHHEM, YCUICHHE YCKOPEHUM.
UDC 539.5. Seismic response with the canyon form effect. Zadoyan P.M., JSC «PNIIIS», Moscow, Russia
The influence of topographic conditions of the site on response seismic is studied in the paper. It is discussed the site with different geometries like canyon shapes and studying seismic response along
canyon edge upward. The same site conditions and seismic input are used in the analyses contains by the rock, which is common for such a type of canyon sites. The plane strain problem is considering.
The flexible volume method has been applied in the study which is representing a modified method of the subtracting concept of soil-structure interaction analysis (ACS-SASSI). Comparison
and discussion of amplification coefficient with the site topographic effect accounting coefficient K4 of the code CIT 14.13330, by parametric analyses the peak ground acceleration amplification
coefficient dependences on slope degree is presented.
Key words: Seismic response, canyon effect, soil-structure interaction, acceleration amplification.

A.A. [IETPAKOB, a.1.H., npo¢., H.A. IETPAKOBA, k.T.H., 1011., M.JI. IAHACIOK, un:x. Jlon6acckasi HAMOHA/IbLHASL aKaleMHUsl CTPOUTENbCTBA U apxuTekTypbl (JlonHACA), Ykpanna
HUTEPAITMOHHBIE METO/Ibl PEHIEHUSA 3AJIAY MKD...62
CTaThs HOCBSAIIEHA PA3BUTHIO YNCIEHHBIX METOJI0OB CTPOUTENbHOMH MexaHuKH. Kpyr 3a/1a4 orpaHIYMBAeTCs pacueToM KOHCTPYKIIHI, HeaIn3upoBaHHbIX 110 cxeme MKD, npu craTnueckux
Harpy>KeHUsIX B JINHEHHOI U HeNTMHEeHHOH nocranoBke. PaccMotpeH nrepannonusiii Meton Hetorona — I1BP (nocnenoarensHoit Bepxueit penakcarmu (I1BP)) st pernenns ypaBHeHunit
paBHOBECHsI TIPU pacyeTe KOHCTPYKIUH MeTooM KoHeuHbIX d1eMeHToB (MKD). Iomyuen nrepalioHHbIiH aaropuT™, He TpeOyroIuii Juist cBoeil peanus3anuy cOOpKy MaTPHUIIbI JKECTKOCTH
cucteMsl. [Ipu 3TOM 0cTUraeTcs yMeHbIICHHE Pa3MEpOB MAaTPUIIBI AKECTKOCTH U CYIIECTBEHHOE COKpAIICHIE BPEMEHNU PEIICHUS 3a1a4n.

KuroueBble ciioBa: meron Hetorona — [IBP, MeTo KOHEUHBIX 3JIEMEHTOB, pa3Mepbl MATPUIIbI JKECTKOCTH, BPEMs PEIICHUS 3aa4u.
UDC 624.074.042. Iterative methods for solution MFE taskes. Petrakov A.A., Petrakova N.A., Panasjuk M.D., Donbass National Academy of Civil Engineering and Architecture (DonNACEA), Ukraine
This article for improving numerical methods of structural mechanics is devoted. The field of solving tasks is static linear or nonlinear analysis of constructions to have model regard to MFE. The
Newton Method — SHR to calculate equilibrium equations for structural analysis by method of finite elements has been considered. Iterative algorithm that isn’t required for its realization to collect
matrix stiffness has been obtained. In this case reduction of matrix stiffness dimentions and essential reduction of time to execute the task have been achieved.
Key words: the Newton method — SHR, method of finite elements, matrix stiffness dimensions, time to execute the task.

OKCIIepPHMEHTaIbHBIC UCCIICIOBAHMUS
HN.N. BEJSKOB, a.1.H., npod., I1.11. OI[ECCKI/Iﬁ, I.T.H., 1po¢., C.B. 'YPOB, nn:x. HTHUUCK um.B.A.Kyuepenko (AO «HHUILI «CtpoutenbcTBo»), r. MockBa
OBECIEYEHUE IMTPOYHOCTY CBAPHBIX COEJIMHEHUM JUIS1 YHUKAJIbHBIX KOHCTPYKIUIA U3 ITIPOKATA BOJIBIINX TOJIIAH MOBBIIIEHHON U BBICOKOM
TITPOYHOCTM...68
OO6cyxnaercs obecreueHre BEICOKNX IKCIUTYaTal[MOHHBIX CBOMCTB CBAPHBIX COCAMHEHHH YHHKAIBHBIX CTPOUTEIIBHBIX KOHCTPYKIUH U3 TOJICTOIMCTOBOTO M ()aCOHHOTO MPOKATa BHICOKOH
NIPOYHOCTH, IPH U3rOTOBJICHUH Ha HECKOJIBKMX 3aBOZIaX METANIMYECKUX KOHCTPYKIMH B Halllel cTpaHe U 3a pyOexxoM. PaccmaTpuBaroTcs MaTepuaiibl CBApHBIX KOHCTPYKIIMH:
TOJICTOJIMCTOBON M (DaCOHHBIH TPOKATHI U3 CTAJIH BHICOKOH IIPOYHOCTH, MPEJICTABIISAIONINE COOO0H MaTepHaIbl TPETHErO TIOKOJICHUS ISl CTPOUTEIIBHBIX METANIMYECKUX KOHCTPYKIHMIT; TaKke
PaccMOTPEeHbl OCHOBHBIE IPUMEHEHHBIE THITBI CBAPHBIX COCMHEHUH KOHCTPYKIMil. PaccMoTpeHa npejuioskeHHast TEXHOJIOTHS CBapKH M €€ 0COOEHHOCTH B 3aBUCHMOCTH OT TUIIOB
coeauHeHnit. [IpeacTaBneHbl pe3yIbTaThl OLIEHKH MEXaHHYECKHUX CBOICTB COCIMHEHMIT, TOKa3aHa UX BBICOKAs IPOYHOCTH U INIACTHYHOCTH. BhIcOKas paboTOCOCOOHOCT CBApHBIX
COCIMHEHNUH MTOATBEPIKACHA IPOBEACHHBIMI MEXaHHIECKUMH HCIIBITAHUSIMY METAJLIa CBapHBIX LIBOB KOHCTPYKIMH BHICOTHOTO 31aHus «JlaxTa-Ilentp» B r. Cankr-ITetepOypr.

Ki110ueBble ¢J10Ba: YHUKAIbHBIC CTPOMTEIBHbIC CTAIBHBIC KOHCTPYKIMH, CBAPHBIC COCIMHEHMS, JIHCTOBOII M (haCOHHBII POKAT U3 CTAIIM BBHICOKOH IPOYHOCTH, TEXHOJIOTHSI CBapKH,
KOMOMHHUPOBaHUE CIIOCOO0B CBAPKH, IKCITyaTAllHOHHBIE CBOMCTBA COCANHCHHIA.
UDC 620.17. Provision of the strength of welded compounds for unique structures from the rolling of large thicknesses of increased and high strength. Vedyakov L., Odessky P.D., Gurov S.V.,
TSNIISK named after V.A. Kucherenko (JSC «SIC «Construction»), Moscow, Russia
It is regarded to provide the welds with high operational properties for the exceptional building steel constructions made of the high strength thickness rolled and shape rolled rollings
during manufacturing their at some metal construction plants in our country and abroad. It is considered the following materials of welded constructions: thickness rolled and shape rolled rollings made
of high strength steel which are the 3-rd generation materials destined for building metal constructions. Also were considered main applied types of the construction welds. It was considered offered weld
technology and its features in depend on welding types. It was submitted the estimation results of mechanical properties of the welds and shown their high strength and plasticity. High work capacity of
the welds was confirmed as carried out mechanical tests by the welds in the constructions of high-rise building «Lahta-Center» at the city Saint-Petersburg.
Key words: exceptional building steel constructions, welds, rolled and shaped rolling made of high strength steel, weld technology, combining the methods of weldings, operational properties of welds.



N 3 3a 2018rox
Pacuérhl HA IPOYHOCTH
B.A. BOBPOBA, nn:x. (MI'CY, r. MockBa)
MOCTPOEHME NOBEPXHOCTH BJUSHUS ITPOTUBA IS HEHTPAJIBHOM TOYKH ITOJIOIO OBOJIOYKH...2
Paccmorpen uncienHslii criocod pacuera mojorux obosnouek. Jist anmmpokCHMAaIMy HCXOAHON CHCTEMBI pa3pemmaomux quddepeHnnanbHbIX ypaBHEHNH HCIIONB3YIOTCS 0000IeHHbIE
ypaBHEHHUs MeToj1a KoHeuHsIX pasHocTeil (MKP). Ha ocHoBaHMH ONMCAaHHOTO aJITOPUTMA ITPH IIOMOIIH TTIOCTPOSHHUSI HTEPAllHOHHOTO MpoIiecca pelieHa 3a/[a4ya HOCTPOSHH S TOBEPXHOCTH
BIMSIHUA TIPOru0a JUls HEHTPAIbHOH TOYKHU MOJIOT0it 000T0UKH.
KuioueBble cjioBa: ronorue 000I04KHY, YHCICHHBIE METO/IBI, METO/ KOHEUHBIX pazHocTeil, MKP, 06o0iennsle ypaBuenuss MKP, moBepXHOCTb BITHSHUSL.
UDC 624.074. Influence surface of the deflection for the shallow shell’s central point. Bobrova V.I., Moscow University of Civil Engineering, Moscow, Russia.
The author considers the numerical method of shallow shells calculation. The generalized finite difference method (FDM) equations are used to approximate the original system of resolving differential
equations. Based on the described algorithm with the help of iterative process the problem of generating the influence surface of the deflection for the shallow shell’s central point was solved.
Key words: shallow shells, numerical methods, finite difference method, FDM, generalized FDM equations, influence surface.

C.B. EOCAKOB', N.T.H., ipo¢., C.H. 3l/lHEBl/l‘12, K.T.H., 101, O.B. KO3YHOBA3, K.T.H., 101 Pyl «Hucruryr BetHUUC», zBHTY, r.MUHCK, 3Beal YT, r.I'omean, Beaapycs
PACYET IHAPHUPHO-COEAUMHEHHBIX MPAMOYT'OJIBHBIX )KECTKUX IIVIMT HA OCHOBAHUU BUHKJIEPA...8
B pabote paccmarpuBaeTcs 3aada 0 pacyeTe HIApHUPHO-COSIHHEHHBIX B OT/EIBHBIX TOYKAX MPSIMOYTOJIBHBIX JKECTKHX IUIUT HAa BUHKJICPOBCKOM OCHOBAHHH Ha IIPOM3BOJIBHYIO BHEIIHIOK
Harpysky. Pacuer BBIIOJIHSIETCS] CMELIAHHBIM METO/IOM CTPOMTEIFHON MEXaHNKH ¢ HCronb30BaHueM criocoba b.H. JKemoukina. CMeXHbIE IUTHTHI COSAUHSIOTCS [IIHHPUICCKIMH
IIapHUpPaAMU B ABYX Toukax. Peann3anus mpemnaraeMoro moaxoa BEINOJHEHA IS CEMH MAapHUPHO-COSANHEHHBIX MPSMOYTOJIBHBIX KECTKUX IUUT 0] AeHCTBHEM TPEX CHMMETPHYHO
TIPUJIOKEHHBIX COCPEIOTOUCHHBIX cuil. [IpuBOIATCS IMHENHHbIE U YTTIOBbIE IIEPEMEIEHNUS [UIUNT, PEaKTUBHbIC IaBJICHHUS HA KOHTAKTE IIUT C YIIPYTHM OCHOBAaHHEM, ITONIEPEUHBIC CUIIBI B
COCMHUTEIBHBIX MapHupax. [Toaxox erko 006001aeTces Ha MINThI KOHEYHO! )KECTKOCTH U HHBIE MOJIENH YIIPYTOTr0 OCHOBAHUSL.

KuioueBble ciioBa: npsiMoyroJbHast IUIHTa, YIpyroe ocHoBanue, crnocobd b.H. XKemoukuna.
UDC 624.13. Calculation of pivotally connected rigid rectangular plates based on Winkler. Bosakov S.V., Republican unitary enterprise «Institute BeINIIS», Zinevich S.I., BNTU, Minsk,
Kozunova O.V., BelGUT, Gomel, Belarus
The paper deals with the problem of calculating rectangular rigid plates pivotally connected at certain pointson the winkler basis at an arbitrary external load. The calculation is performed by a mixed
method of structural mechanics using the approach of B.N. Zhemochkin. Adjacent plates are connected by cylindrical joints at two points. The implementation of the proposed approach is performed for
seven pivotally connected rectangular rigid plates under the action of three symmetrically applied concentrated forces. The linear and angular movements of the plates are shown, the reactive pressure on
the plates at the contact with an elastic foundation is given and the shear forces in the connecting hinges are described. The approach is easily generalized to plates of finite stiffness and other models
elastic based.
Key words: rectangular plate, elastic base, method of B.N.Zhemochkin.

B.T. EPO®EEB!, a.1.H., npod., A.C. TIOPSIXUH!, k.T.H., 1o1., U.B. EPO®EEBA?, umk. ('Hauuonanbﬂblﬁ HcciieoBaTe bkl MopAoBeKHii rocy1apcTBeHHbI YHHBEPCHTET
uv.H.IL.Orapésa, r.Capanck, "ZHAH crpouteannoii pusnxu PAACH, r.Mocksa)
O CBS351X MAPAMETPOB HECYIIEM ®A3bI C 3®PEKTUBHBIMUA ITAPAMETPAMM B MOJIEJISIX 3EPHUCTBIX KOMIIO3UTOB...11
TIpuBeieHBI pe3yabTaThl HCCIECIOBAHNS, TOKA3bIBAIONINE BO3MOXKHOCTh IIPSIMOT0 U 0OPaTHOTO MepexoJ10B OT AQ(HEKTUBHBIX TApaMETPOB OJHOCBSI3HBIX MOJIeNIel K mapamMeTpaM TBepI0i
(asbl 1BYXCBA3HOI Mojenn. CTpyKTypa IpeICTaBUTeIIEHOr0 00beMa JUlsl 36pHUCTOTO KOMITO3UTA BBIPAXKAETCS MOJIEIIBIO HECYIIEH TOJICTOCTEHHOI cepbl, copeprkallel »KHAKOCTHOS
BKIIOUeHHe. DPPeKTHBHAS MOJIEIb — YIPYTHil OMHOPOAHBINA N30TPOIHBIIT Map. Y IOBIETBOPSIS YCIOBHAM PKBHBAJIICHTHOCTH M CIIONIHOCTH, BBISBIISETCS 3aKOHOMEPHOCTH, KOTOPAst
TO3BOJISIET PeIaTh NPsAMYI0 U 00paTHYIO 3aa4yn. B 9THX 3a/ja4yax ynpyrue napameTphbl OJHON U3 MOJieliel BBIPaXKaroTCs yepe3 TakoBbIe Apyroii. [IpuBe/ieH YNCIIeHHBIH IpUMep peneHns
o0parHO¥H 3a1a4n.

KiioueBble cj10Ba: KOMITO3UT, IIPECTaBUTEIbHBII 00beM MaTepHalia, OJJHOCBA3HAs MOJIENb YIIPYTOro Iapa, ABYXCBs3Has MOJIEIb TOICTOCTEHHOMN cdepsl, dddexTiBHbIe 1edhopManuy,
MOy/Tb 00BEMHOT0 CHKATHS, MOJYJIb CIIBUTA.
UDC 691.3. On the connections of the carrier parameters with effective parameters in models of grain composites. Erofeev V.T.1, Tyuryakhin A.S.!, Erofeeva I.V.?, 'National Research Mordovian
State University named after N.P. Ogaryov, Saransk, “Research Institute of Building Physics RAASN, Moscow, Russia.
The paper presents the results of a study showing the possibility of direct and inverse transitions from the effective parameters of simply connected models to the parameters of the solid phase of a
doubly-connected model. The structure of a representative volume for a granular composite is expressed by a model of a bearing thick-walled sphere containing a liquid inclusion. An effective model is
an elastic homogeneous isotropic sphere. Satisfying the conditions of equivalence and continuity, a regularity is revealed that allows solving direct and inverse problems. In these problems, the elastic
parameters of one of the models are expressed in terms of the other. A numerical example of the solution of the inverse problem is given.
Key words: composite, representative volume of material, a simply-connected model of an elastic sphere, a doubly-connected model of a thick-walled sphere, effective deformations, a bulk modulus, a
shear modulus.

10.®. ®PUJIUIIIOBA", nnik., C.B. Z[OPOHI/IHZ, K.T.H., a011., E.B. MOCKBHUYEB'?, k.T.H. ('OOO «Inmxuran Maiina /leBesionmMenT», 2I/IHCTuTyT BbIYHCIHTENbHBIX TexHoJaornii CO PAH,
Kpacnosipckuii ¢puinar)
MO/JIEJIA TEMIIEPATYPHOI'O JE®OPMHUPOBAHUSA TOKOIIPOBO/IOB C JIUTOM U30JIALMEN...18
Jlnst obecrieueHus MPOYHOCTH TOKOIPOBOJIOB C JIUTOI M30JISIMEH ITOCTaBIIeHa 3a/1a4a OLeHKH TeMIepaTypHbIX AedopMariuii cekiuii Tokornposoja. Pa3paboraHbl YncIeHHbIE KOHEYHO-
9JICMEHTHBIC MOJICIIH, YIUTHIBAIOIIME TEIIOBBIJICICHHE B IIMHAX TOKOIPOBO/A MPH IPOXOXKICHUH HIEKTPUUCCKOrO TOKA M KOHBEKTUBHBIN TETUIOOOMEH M30JISLIMH C BHEIIHEH Cpeoil.
Tlonyuens 3aBucuMocTH Ae)OpMaluii OT TeMIIepaTypbl SKCILTYaTalUH, TOJ0XKEHHbIC B OCHOBY OAJIOUHON MOJIEIH MPOTKEHHON TPacChl TOKOIPOBO/A.

Ki110ueBbie ¢j10Ba: TOKOIPOBO, JIUTAS! N30SI, MOJCINPOBAHKE, TEIUIOOOMEH, 1edhopMarusi.
UDC 621.315. Models of temperature deformation of cast-resin insulated busbars. Filippova Yu.F., Doronin S.V., Moskvichev E.V., JSC «Ddital Mind Development», Institute of
Computational Technologies RAS, Krasnoyarsk, Russia.
To ensure the strength of cast-resin insulated busbars, the task to estimate the temperature deformations of busbar sections was set. The numerical finite-element models have been developed taking into
account heating produced by the passage of an electric current through a conductors and the convective heat exchange of the insulation with the environment. The dependencies of deformations on the
operating temperature were obtained, which were used to create the beam model of the busbar system.
Key words: busbar systems, cast-resin insulation, modelling, heat transfer, deformation.

A.A. TPELHIEB, a.1.1., npog., A.B. POMAIINHA, unx. TyJbcknii rocyiapcTBeHHbIH YHHBEPCHTET

H/IC ILTACTUHBI U3 MATEPHAJIA C YCJIOXHEHHBIMUA CBOMCTBAMU U C KOHIIEHTPATOPOM HANPSIKEHUM SJUTMIITUYECKOIO THUIIA...24
Brimonnena nocranoBka 3anauu tina Kupina 11t IiIacTHHBI ¢ 37UIMOTUYECKUM OTBEPCTHEM U3 OPTOTPOIHOTO Pa3HOCOMPOTUBIIAIONIEIOCA MaTepuaa, aJaiTUPOBaHbl OIPeIeIIOmue
COOTHOIICHHMS, TIpe/ICTaBICHHbIC B paborax A.A. Tpemesa [1—3] st nanHOrO Kiacca 3agad. [IpuBeeH BHIBOJ pa3pellaoiX ypaBHeHuit. Ha ocHOBe mocTpoeHHoit Moenu ¢
HCIIOIB30BaHUEM METO/Ia KOHEUHBIX 3JIEMEHTOB pelileHa KOHKpeTHast 3a1a4a. [Ipe/cTaBieHbl Hanboee XxapakTepHble JaHHble 10 uccaenoBaniio HJIC miacTHHbL U BBITOIHEH aHAIN3
pe3yJIbTaTOB pacyera.

KuaroueBble cj10Ba: ITHITHIECKOE OTBEPCTUE, ONHOOCHOE PACTSKECHUE, INTOCKOC HATIPS)KEHHOE COCTOSIHUEC, OpTOTPOHHI)Iﬁ paBHOCOHpOTHBJ’IﬂIOH_[P[ﬁCS{ MaTepuall, KOHICHTpanus HaHpﬂ)KEHI/H‘//L
UDC 539.319:539.219.2. The stress-strain state of the plate made of material with complicated properties with stress concentrator of elliptic type. Treschev A.A., Romashina A.V., Tula State
University, Russia.

In the article, raising the solution of the task like the Kirsch’s problem is produced for the plate with elliptical hole made of orthotropic material with multimodulus behavior. The defining relations
submitted in the monograph of A.A. reschev [1-3] are adapted for this class of problems. The article contains the conclusion of resolving equations. The concrete problem was decided on the basis of the
built model with the use of method of finite elements. The article presents the most characteristic data research stress-strain state of plates and the analysis of calculation results is executed.

Key words: elliptical hole, uniaxial stretching, flat stress state, ortotropic different resistant material, stress concentration.

H.IO. IbIBUH, un:k., B.U. AHAPEEB, a.1.1., P.A. TYPYCOB, ap.¢us.mat.uayxk HHY MI'CY, r. MockBa
HUCCJEIOBAHME MMOJIBYYECTHU NOJIMMEPOB B PA3JIMYHBIX YCJIOBUAX JE®OPMUPOBAHMUSI...30
JIist )KeCTKUX MOIMMEpOB AehOpMaIliH IPEACTABIAIOT CO00 CyMMY yIPYTHX U BHICOKOAIACTHYECKUX JAeopManuii. B craThe cpaBHMBAIOTCS AedOpMAIMN HOITHMMEPHON HPOCIONKH CIIOMCTOrO
KOMIIO3HUTA IPSIMOYTOIBFHOTO CEUCHHS X CBOOOJHOTO IPH3MATHIECCKOTO MOTMMEPHOTO CTEPIKHSI, BBIIIOTHEHHOTO M3 TOTO JKE MAaTepUala, 9T0 U CJIOH aAre3uBa, IpH PaCTKCHUN PAaCIIPEIeICHHON
Harpy3koii. Bzanmo/ieficTBie CI0€B MOIMMEPHOT0 aJIre3MBa O CIOAMH CyOCTpaTa B KOMIIO3HTE Oy/IET OCYIIECTBIATHCS C TIOMOIIBIO KOHTAKTHOTO CJIOSI, B KOTOPOM MPOUCXOJUT MEXMOJICKYIIPHOE
B3aMMO/ICHCTBIC BEIIECTBA are3uBa ¢ cyocrparom. [IpeamnoaaraeTcest, 4T0 KOHTAKTHBIH CIION SIBISICTCS] aHU30TPOITHOM CPEOi, IPEACTABISION[CiT MACCHB KOPOTKUX YIPYTHUX CTEPIKEHBKOB — CBSI3CH, HE
KOHTaKTUPYIOIUX MEXJTy co00if. Tak Kak B KOMIIO3UTE BO3HHKAET HEOJHOPOJHOE TPEXOCHOE HANIPSHKECHHO-1e(hOPMUPOBAHHOE COCTOSIHUE, TO BEIMYMHBI AeGOpMaIinii HOJTUMEPHOH MPOCIONKH, TPH
OJMHAKOBBIX YCIIOBUSIX HATPYKEHHS, JODKHBI OTIIHYATHCS OT aHAJTOTHYHEIX Ae(opMarinii B CBOGOJHOM MPU3MATHICCKOM IIOIMMEPHOM CTEPIKHE, KOTOPBIil HAXOAHUTCS B OJHOOCHOM HAIPSHKCHHO-
e OpPMIPOBAaHHOM COCTOSIHHIL. B naHHO# paboTe MOKa3aHO, 9TO aAre3MOHHOE B3aHMMOACHCTBHE MOIMMEpA C YIPYTUM XKECTKUM CYOCTPAaTOM CYILECTBEHHO 3aTPyAHSCT PEIAKCAMOHHBIC IPOLIECCH B
TIOJINMEPHOH MPOCIIONKE.

KittoueBble ¢/10Ba: CITOMCTHI KOMIIO3UT, TTOIMMEPHEII CTEPKEHb, YIPYTOCTh, OI3y4eCTh, KOHTAKTHEI CIIOM, AehopMaNH, aare3us, CyOCTpaT, aAre3HOHHOE B3aNMO/ICHCTBHE.
UDC 624.016. Study of polymers creep in various conditions of deformation. Tsybin N.Yu., Andreev V.I., Turusov R.A., Moscow University of Civil Engineering, Moscow, Russia.
For rigid polymers, deformations are the sum of elastic and highly elastic deformations. The article compares the deformations of a polymeric layer of a layered composite of rectangular cross-section
and a free prismatic polymer rod made of the same material as the adhesive layer when stretched by a distributed load. The interaction of the layers of the polymer adhesive with the layers of the
substrate in the composite will be realized by means of a contact layer in which the intermolecular interaction of the adhesive substance with the substrate takes place. It is assumed that the contact layer
is an anisotropic medium representing an array of short elastic rods-bonds that do not contact each other. Since an inhomogeneous triaxial stress-strain state arises in the composite, the values of
deformations of the polymer layer, under identical loading conditions, should differ from analogous deformations in a free prismatic polymer rod that is in a uniaxial stress-strain state. In this paper, it is
shown that the adhesive interaction of a polymer with an elastic rigid substrate substantially complicates the relaxation processes in the polymer interlayer.
Key words: layered composite, polymer rod, elasticity, creep, contact layer, deformation, adhesive, substrate, adhesion interaction.



Pacuérel Ha ycroitunBocTs
H.A. BEASIKOB, a.T.H., npo¢., A.B. IOTAIIOB, k.T.H. IHUUCK nm.B.A.Kyuepenko (AO «HUII «CTpouTteabcTBo»), r.Mockpa
K BOIIPOCY O PACUETAX HA YCTOMUYUBOCTbH CTAJBHBIX CTEPJKHEN OTKPBITOIO IIPODUIISL...36
CTaths IIOCBSANICHA YUCICHHOMY HCCIIEI0OBAHUIO U COBEPIICHCTBOBAHHMIO METOI0B PAacyeTa Ha yCTONYMBOCTD CTATBHBIX CTEPHKHEH OTKPBHITOTO IPOQUIISA, MACCOBO MPUMEHSACMBIX B
CTpOHTEIBCTBE. UHCIICHHbIC HCCICA0BAHMS IIPOBOAIIIICH C yICTOM ACHCTBHTEIBHOM AHArPaMMBbl PabOThI CTAIN «HAPSDKECHHIE — Ae(opMarisy ¢ pa3iIHdHBIME dKCLeHTprucHTeTamu. Ha ocHoBanuu
TEOPETUYCCKHX HCCICIOBAHMUI Pa3paboTaH alrOPUTM pacyeTa Ha YCTOHYHBOCTh CTANBHBIX CTEPKHEH OTKPHITOr0 MPOMHIIS ¢ PA3INYHBIMU THIIAMH TIONEPEUYHbIX CeUeHNH. [l N3bICKaHUs PE3ePBOB
HECyIIIEeH CIIOCOOHOCTH CHKATBIX CTEPIKHEH W COBEPIICHCTBOBAHIS METOJOB PAacueTa Ha yCTONYMBOCTD YUUTHIBACTCS UX Pab0Ta 3a MPEAEIOM yIPYrocTH (YIpYyromIacTHIECKast CTaqus paboThI).
TIpencTaBineHs! pe3y/IbTaThl YUCICHHBIX HCCICIOBAHMIT HA TIPHMEPE CTEPKHEH IBEIUICPHOTO CCUCHUs U CPABHEHHE TOJTYYCHHBIX JaHHBIX C PACUCTaMH, TIPOBEICHHBIMH 0 IEHCTBYIOIUM HOPMaM
MPOCKTHPOBAHMSL.

KiroueBble ¢/10Ba: YCTOIYMBOCTE, METOJI PACUETa, YHCICHHBIC HCCICIOBAHMS, SKCIICHTPUCHTET, CTAIBHBIC KOHCTPYKIIHH.
UDC 624.01.7. The calculations on the stability of steel rods of open profile. Vedyakov LI., Potapov A.V., JSC «Research centre «Construction» (TSNIISK named after V.A.Kucherenko), Moscow,
Russia.
The article is devoted to the numeralstudy and improvement of methods for calculating the stability of steel rods of open profile widely used in construction. Numerical studies were carried out taking
into account the actual diagram of steel performance «stress — strain» with different eccentricities. On the basis of theoretical researches the algorithm of stability calculation of steel rods of an open
profile with various types of cross sections is developed. To find the load-bearing capacity reserves of compressed rods and to improve the stability calculation methods their work beyond the elastic
limit (elastic-plastic stage of work) is to be taken into account. The results of numerical studies with the example of channel cross-section rods and the comparison of the data obtained with the
calculations carried out according to the current design standards are presented.
Key words: stability, method of calculation, numerical analysis, eccentricity, steel construction.

JluHampdeckue pacuérel
C.B. BAKYUIEB, a.1.H., npod. Ilen3eHcKHii rocy1apcTBeHHbIH YHHBEPCUTET APXUTEKTYPBI H CTPOUTEIBCTBA
®U3UYECKHU U TEOMETPUYECKHW HEJIMHEWHBIE IAJTAHIPUYECKHUE BOJHBI JEQ®OPMALMIA CABUTA...42
PaccmarpuBaeTcs 3a/1aua MOCTPOCHHS Pa3pelIaloliX yPaBHEHH I, XapaKTePUCTUK M COOTHOMICHNH Ha HUX, a TAKXKE ONpEICICHHEe CKOPOCTEH PACIPOCTPAHEHHS TCOMETPHUCCKU B QH3HUESCKI
HENMHCHHBIX WHTHHIPUICCKHUX BOIH AehopManuii cABHra c1aboro paspeiBa B CIUIOLIHBIX CPEIaX, MEXaHHICCKOE [OBEACHNUE KOTOPBIX OMHCHIBACTCS IPOU3BOIBHBIMI ICPEKPECTHBIME 3aBUCHMOCTIMH
MEK/y MePBIMA HHBAPHAHTAMHU TEH30POB U BTOPHIMU HHBAPHAHTAMU JICBHATOPOB 00OOIIICHHBIX HAPSHKCHHUI M HETMHEHHBIX JeopManuii. OTMEYEHO, 4TO CHCTEMa JMHAMUYCCKUX YPaBHCHHIT
pacmagaercs Ha Ba Au(depeHIMaNbHEIX yPABHCHHUS: IEPBOE U3 HUX — CTATHYECKOE — OIMHCHIBACT PACIPE/IC/ICHIE TAHTCHIMATBHBIX IEPEMEIICHHI B TOJIIC MACCHBA [IPU 3aJaHHBIX HA TIOBEPXHOCTH
IUIMHIPUYECKOH MOJOCTH KacaTelbHbIX YCUINI; BTOPOE ypaBHEHNE — JMHAMUYECKOE — OIMMCHIBACT PACIPOCTPAHEHUE BOIH AedopMaImii cIBUra. AHAJIM3 Pe3ybTaTOB PEIICHNUS 3a/[a4H OKa3bIBACT,
YTO CKOPOCTH PACIPOCTPAHCHHS TCOMETPHICCKU M DH3MICCKH HETMHEHHBIX IIINHAPHICCKUX BOIH Ae(opMaruii CIBUra OMPECISICTCS HE TOIBKO MEXaHHISCKUMH XapAaKTEPHCTHKAMHE CILTOLIHON
Cpeibl, BBOANMBIMA PACCMAaTPUBACMOM MaTEMATHICCKON MOZEIIBI0, MOACTHPYIOLICH ee MEXaHNIECKOE OBSACHHE, HO TAKKE U XapPAaKTEPOM PAaCIIPEACICHUS IEPEMEILICHHIT B TOJIIE CILIOLIHOTO
MaccuBa. TakuM 00pa3oM, pelasi CTaATHYeCKOEe YPaBHEHHE PABHOBECHS MOXKHO HAITH (DYHKIIMIO CIIBUTOBBIX MEPEMEIICHHIT B 3aBUCHMOCTH OT TEKYIIETO Pajlyca paccMaTpHBAaEMOil TOUKH MacCUBa, a
3aTeM B Ka)KJON TOYKE CIUIONIHOTO MAaCCHBA BHIYHCINTH CKOPOCTH PACIIPOCTPAHCHHS BOJIHEI Ae(opMarinii caBura.

KuroueBble cj10Ba: BoHbI gedopmanuii ciBura, Gu3MuecKas 1 reOMETPHYCCKas HETHHEHHOCTh, XapaKTEPHUCTHKH, CKOPOCTh PACIPOCTPAHEHHUS BOJIH.
UDC 534.12. Physically and geometrically nonlinear cylindrical waves of deformations shift. Bakushev S.V., Penza State University of Architecture and Construction, Russia.
Under analysis there is the problem of construction of resolving equations, dimensions and relations within them; and also propagation speed calculation of geometrically and physically nonlinear
cylindrical waves of deformation shift of weak discontinuity in continuous medium, which mechanics is being described by arbitrary cross relations between the first tensor invariants and the second
deviator invariants of generalized strains and nonlinear deformations. It is stated that the system of dynamic equations falls into two differential equations: the first one is static, it describes tangential
displacement pattern in strata at given tangential force on the cylindrical surface; the second equation is dynamic and it describes deformations shift waves propagation. Problem solving analysis shows
that the propagation speed of geometrically and physically nonlinear cylindrical waves of deformations shift is determined by not only mechanical dimensions of continuous medium, introduced by
mathematical model under study, modeling its mechanics, but also by displacement distribution pattern in strata. Therefore, solving static equation of equilibrium we can determine the function of shift
displacement, depending on the reference radius of the point under analysis and then we can calculate the speed of deformations shift wave propagation in every point of strata.
Key words: deformations shift waves, physical and geometrical nonlinearity, dimensions, speed of wave propagation.

C.H. HAPEHKO k.T.H., 1ou. JloHeKHii HANMOHAJILHBII TEeXHHYECKHil yHUBepPCHTeT, I.JloHenk, YKpanHa
JIMHAMHWKA U3T'MBHBIX KOJEBAHUI KOHCTPYKIMI C OCEBOI HEOJHOPOIHOCTHIO TEOMETPUYECKHAX XAPAKTEPUCTHK...48
PaccMoTpeHa 3a/1a4a HONEPEeYHBIX KoIeGaH Uil KOHCTPYKIIHiT CTepKHEBUIHON (hOPMBI IPU THHAMHYECKUX BO3/ICHCTBUSAX. B KauecTBe MOIEIN IPHHUMACTCS YIIPYTHi CTEPXKEHb C OCEBOI
HEOHOPOJHOCTBIO TEOMETPHICCKUX CBOHCTB MOMEPEYHOrO CEUCHMS. Y IUTHIBACTCS IEPEMEHHAs H3THOHAS )KECTKOCTD U JIMHEHHAsI INIOTHOCTB IS CITydasi, KOTAa HX OTHOIICHHE BRIPAXKACTCS
KBaJIPATHYHOI 3aBUCHMOCTBIO OT 6€3pa3MepHOro paJiiyca HHEPIMH HOIEPEYHOro ceueHns. MateMaTndyeckast MOZie/ b JMHAMHYECKOT0 1eOpMHUPOBaHHUS TIPEACTaBICHa U HepeHINATBHBIM
YPaBHEHHEM YETBEPTOrO MOPSI/IKA B YACTHBIX IIPOM3BOAHBIX. Pemrenne ypaBHenus momydeHo MetonoM Dypbe B GyHkImsx beccemst. [t ynpomeHnst perieH s TPaHNYHbIX 3a1a4 BBEACHBI CIICHNAIbHBIC
(yHKIMH, TOCTPOCHHbIC HAa OCHOBE PEKYPPEHTHBIX COOTHOIICHHH Anst GpyHKumil Beccens. YpaBaenus nedopMarinii 1 BHyTPEHHUX CHIOBBIX aKTOPOB NMPEICTABICHBI C HCIIONb30BAHHEM METO/A
HaYaIbHBIX [IapPaMETPOB. B kauecTBe mprMepa pacCMOTPEHBI H3THOHBIC KONCOAHHS M JUHAMUYCCKHIC HATPY3KU B YIPYTHX CTCPIKHSIX, MOACIUPYIOIMINX KOHCTPYKIMi HECYIIUX OIOP B BHAC PEIICTIATHIX
GamieH U IyCTOTENbIX KOHMYECKUX cToeK. Mceie10BaHO BIMSIHAE FEOMETPUYCCKHX TapaMeTPOB MOJIelIeH Ha 3HaUCHHUE IepBOii COOCTBEHHON YaCTOTHI M BHITIOJIHEHO CPABHEHHE C U3BECTHBIMU B
amreparype pe3yabratamMu. [10TydeHb! BBIpaKSHIS AT AUHAMHYECKUX KO3 (HIINECHTOB IS CITydasi BEIHYKACHHBIX KOJICOAHNH OT BHE3AMHOTO IIPHIOMKCHHS CUIIBL, IIPH YIETe HATHYHS JTOKAIBHOI
MHEPIMOHHOM Harpy3KH.

KittoueBble ¢/10Ba: CTEPIKCHb IEPEMEHHOTO CEUCHMSI, M3THOHbIC KoteOanmsi, Metox Oypbe, quHamMndeckuii koddduunent, pyuximn beccemns.
UDC 539.4:534.1. Dynamics of flexural vibrations of structures with axial inh geneity of g tric properties. Tsarenko S.N., Donetsk National Technical University, Ukraine
The problem of the flexural vibrations of structures under dynamic impacts considered. The variable bending stiffness and the distribution mass are taken into account for the case when their ratio is
expressed by a quadratic dependence on the dimensionless radius of inertia the cross-section. The equations of deformation and interior force factors are presented with specific functions constructed on
the basis recurrence dependences for the Bessel functions. For example, the bending vibrations and dynamic loads in the elastic rods modeling the metal structures are considered. Effect of parameters in
the models on the value of the first natural frequency considering the availability of inertial load is investigated. The expression for dynamic coefficients of the sudden load is applied are obtained.
Key words: rod of variable-section, flexural vibrations, Fourier method, dynamic coefficient, Bessel functions.

UnClIeHHbIC METOIBL
E.A. BPUTBUH', kana.pus.mar.uayk, A. IEMCUH?, unsk., M. SUCEHBEPTEP?, 1p.¢unocopun, npod. (T'YB3 IITACA, r.[lnenponerposek, Ykpauna, *M3panibckuii TeXHO10rHYeCKHii
uHeTHTYT «Texnuon», Xaiida, M3panin)
JE®OPMUPYEMBI B CBOEM IVIOCKOCTH YETBHIPEXYTOJIBHBI KOHEYHBIN 3JIEMEHT C BPAIIATEJIbHBIMH CTEITEHSIMA CBOBO/IBI B Y3JIAX YACTD 1.
MPSIMOYTIOJIGHBIN DJIEMEHT...54
Ha 0CHOBE CTaHAAPTHOTO PELICHHS JUISL IPSIMOYTOIBHOTO KOHEYHOTO 2JIEMEHTA TPETHEro MOPSAKA € MOCTYIATEIbHBIME CTCIICHIME CBOOOABI (1edopManiisi B ILIOCKOCTH ), BEIBEACHB! QYHKIMH HOPMEI
YeTBIPEXy3/I0BOTO MPSAMOYTOJIBHOI0 KOHEYHOTO 3JIEMEHTA C BpaIllaTeIbHbIMH CTCHCHIMH CBOOOIBI B y3J1aX (1IBE MOCTYIATENBHbIC IUTIOC IIOBOPOT B TNIOCKOCTH 31eMenTa). ITocTynarenbHbie
MEePEeMEIICHHS Y37I0B Ha CTOPOHAX 0a30BOr0 JJIEMEHTa CTECTBCHHBIM 00Pa30M BBIPaXKCHBI 4epe3 CTEIICHH CBOOOBI y3II0B, PACIIOIOKCHHBIX B BEPIIMHAX MPSIMOYTOIbHAKA. MaTpHIia )KeCTKOCTH
3JIEMEHTA U BEKTOPA IPY30BBIX YICHOB IPEJCTABJICHBI B BHJIE CyMMbI Ta0yJIMPOBAHHBIX YHCIOBBIX MATPHIL ¢ KO3(DOHIMCHTAMH, 3aBUCSIIMMHA OT Pa3MepoB 3ieMeHTa. IIpoIeMOHCTpHPOBaHa XOPOIIast
CXOANUMOCTH PEIICHHS, TTOIyYCHHOTO Ha OCHOBE Pa3pabOTaHHOTO dICMEHTA.

KiioueBble ¢j10Ba: KOHCUHBIH 3JIEMEHT, HPSIMOYTOIbHBIH MEMOPAHHBIH JIEMEHT, YETHIPEXYTOJIbHbIN KOHCUHBIH SJIEMEHT, BpallaTelbHbIe CTCIICHH CBOOOIBI.
UDC 624.044. Quadrilateral membran finite element with drilling degrees of freedom. Part I. Rectangular element. Britvin E.I, GUVZ PGAAS, Dnepropetrovsk, Ukraine; Eisenberger M., Peysin
A., Faculty of Civil and Environmental Engineering, Technion, Haifa, Israel.
Based on the standard solution for a third-order rectangular finite element with translational degrees of freedom (in-plane deformation), the functions of the four-node finite element form with rotational
degrees of freedom in the node are derived (two translational plus a rotation in the plane of the element). The translational movements of the nodes on the sides of the base element are naturally
expressed in terms of the degrees of freedom of the vertices nodes of the rectangle. The stiffness matrix of the element and the load vectors are represented as a sum of tabulated numerical matrices with
coefficients depending on the dimensions of the element. A good convergence of the solution obtained on the basis of the developed element is demonstrated.
Key words: structural finite element, rectangular membrane element, drilling degrees of freedom.

E.B. IO3HSIK, k.T.H., 1ou. (HUY MDMH, r. MockBa)
MPUMEHEHHME OBOBIIEHHOI'O IMHEMHO(CIEKTPAJIBHOIO METO/IA. Yacts 1. HHTET'PAJIBHOE CEICMHUYECKOE BO3JEMCTBHE...63
O6001eHHbIIT IMHEHO-cIIeKTpanbHbIi MeTox (JICM) — pacmmpeHne TpaaunOHHOTO CIIEKTPAIBHOTO MOJX0/1a Ha 3aa4d ¢ HEANATOHATBHEIMI MaTPULAMHI HHEPLUH, C YTIOBBIMH CTEIICHSIMU CBOOOIBL,
C HAJIMYHMEM POTAIMOHHOTO JBUKEHHS IPYHTa. B cTaThe Mpe/ICTaB/ICH aHAIN3 TMHAMUYECKON PEaKIMK ITOCKOI CIBUTOBO-IIOBOPOTHOM MOJICIH JBYXITa)KHOT'O 371aHHMSI, BHINOIHEHHBIH C IPUMEHCHHEM
0606menHoro JICM. IIpu pacderax BEKTOp CEHCMHUYECKOTO BO3ACHCTBHS BKIIOYAT YCKOPEHIS BEPTUKATIBHOTO, TOPH30HTAIBHOTO M POTALMOHHOTO ABIKCHHS [PYHTOBOTO OCHOBAHUS.

KiroueBble ¢/10Ba: JIMHEHHO-CIICKTPANIBHBIH METOI, MOZAJIbHbII aHAIIN3, pPacUeT Ha CeHCMOCTONKOCTb, CEHCMUYECKHE POTAIMH, MOIA)IbHAs THHAMUYCCKAs PeaKIs.
UDC 624.042.7. Application of the generalized Response Spectrum Method. Part I. Integrated seismic effect. Poznyak E.V., Moscow Power Engineering University, Russia.
The generalized Response Spectrum Method (RSM) is an extension of the traditional spectral approach to analyses that considers nondiagonal inertia matrices, rotational degrees of freedom, rotational
ground motion. The paper presents a dynamic analysis of a plane shear-rotary model of two-story building, performed with the use of the generalized RSM. In calculations, the vector of seismic action
included accelerations of vertical, horizontal and rotational ground motions.
Key words: Response spectrum method; modal analysis; structural earthquake engineering; seismic rotations; modal dynamic response.

DKCIEePHMEHTAIbHBIC HCCIICIOBAHMS
B.O. CTOSIHOB, un:k., A.A. IOI'OPEJIBLEB, k.1.H. HTHUUCK um.B.A.Kyuepenko (AO «<HULL «CTpouTesbeTBo»), r. MockBa
HUCCJETOBAHMS BAJIKHA, APMUPOBAHHOM MOJUMEPHBIMY KOMITO3UTAMM HA YYACTKAX C MAKCUMAJIBHBIMA HOPMAJIBHBIMUA M KACATEJTbHBIMU
HANPSI)KEHUSIMU...70
OTeueCTBEHHBIC U 3apyOeKHBIC HCCIICIOBAHNS B 00IACTH apMUPOBAHHS ACPEBSIHHBIX KOHCTPYKIHi MOINMEPHBIME KOMIIO3UTHBIMH MaTepHAIaMH CBUACTEIBCTBYIOT O BEICOKOH 9 (eKTHBHOCTH
JIAHHOTO MeTo/a ycrieHus. OIHAKO, BRICOKAsh CTONMOCTH KOMIIO3MTOB Ha OCHOBE YIJICBOJIOKHA CYIIECCTBEHHO OIPaHMYHBACT HX MPUMECHEHHE B CTPOUTEIIBCTBE, @ B 00JIACTH JICPEBSIHHOIO
CTPOMTEIBCTBA YIIICIUIACTHKA U BOBCE HE HAXOMIT IPUMEHCHHS. B CTaThe MPUBEICHBI PE3yIBTATHI YHCICHHBIX H YKCICPHMEHTAIBHBIX HCCICA0BAHHIT GaIKi, apMHIPOBAHHOI YIIICIUIACTHKOBBIMU
JIaMEJISIMM B 30HaX ¢ MAKCHMaJIbHBIMH HOPMAJIbHBIMH HAIPSKCHHAMH H CTCKIIOIUTACTUKOBBIMU CTEPKHAMH B 30HAX ¢ MAKCHMAaJIbHBIMU KacaTeIbHbIMU. Takoe yCHIICHHE MO3BOJIACT JOOUTHCS
9 ()EeKTUBHOTO HCIOIB30BAHMS APMHPYIOLIET0 MaTepHalia, MOBBICUTh IPOYHOCTH Oanku Ha 32% M CHU3UTh PacXobl HA MaTepHaibl Oonee yeM Ha 40 %.

KittoueBble ¢/10Ba: YrICIIACTHK, CTCKIOIUIACTHK, YCHICHNE, aPMUPOBAHNE, JEPEBSIHHAs 6aka, PeKOHCTPYKIIHIL.



UDC 691.17, 694.143, 69.003.13. Investigations of a beam reinforced with polymeric composites in sections with maximum normal and tangential stresses. Stoianov V.O., Pogoreltsev A.A., JSC
«Research centre «Construction» (TSNIISK named after V.A.Kucherenko), Moscow, Russia.

Domestic and foreign research in the field of reinforcement of wooden structures with FRP materials attest to the high effectiveness of this method of strengthening. The high cost of composites based on
carbon fiber significantly limits their use in construction, and in the field of wood construction, carbon plastics are not used at all. The article presents the results of numerical and experimental studies of
a beam reinforced with carbon fiber lamellas in zones with maximum normal stresses and fiberglass rods in zones with maximal tangents. This reinforcement makes it possible to achieve effective use of
the reinforcing material, to increase the strength of the beam by 32 % and to reduce material costs by more than 40 %.

Key words: CFRP, GFRP, reinforcement, strengthening, wooden beam, reconstruction.

N 43a2018roa
PacuéTbl HA TPOYHOCTH
C.B. BOCAKOB!, 1.1.H., npo¢., C.1. 3UHEBUY?, k.T.1., q011., O.B. KO3YHOBA?, k.T.H., 101, 'PYII «Hucrutyr BeatHUUC», r.MuHck, 2BHTY, r.Munck, *beal’ VT, r.lomes, Benapych
OB OJJHOI MOJEJH YIIPYTOI'O OCHOBAHMS U EE UCITIOJIb30BAHUM JJISI PACUETA MPSIMOYTOJIbHOM ILIMTHI HA YIIPYTOM OCHOBAHUM...2
TIpensoxeHa MOJEIb TPEXCIOWHOTO OCHOBAHMSI ISl pPAcUeTa TOPOJKHBIX U a3POAPOMHBIX IUTHT. BepXHHuil ci10ii SIBIsIeTCs OCHOBaHHEM BHHKIIEpa U PaCIONokKeH Ha ABYXCIOHHOM ocHOBaHuH b.1.
Korana. Pacder miunThl Ha 3TOi MOJIENIH YIPYroro OCHOBaHHMs BBIIONHEH crioco6oMm b.H. JKemouknHa Ha HArpy3Ky OT IEHTPaJIbHO HPUIOKEHHOTO Kojleca MaIuHbL. [IpH 3TOM yunThIBaeTCs
cobcTBeHHEII Bec wnThl. [Ipu onpeaencHun K03 HUICHTOB KAHOHUYECKHX ypaBHeHHi criocoba B.H. YKemoukiHa mporuGb! IINTHI C 3alIeMICHHON HOPMAIbO OT JCHCTBUS ¢IHMHIIHOMN CIIIBI
ompeJiensoTes 10 GopMmyIie, paHee HOTy4eHHOM 0JHUM U3 aBTOpOB. IIpUBOJIATCS rpauyeckue pesyabTaThl pacueTa Il 0CaJ0K MPSAMOYTOIbHOM IIMTHI H PACHPE/IC/ICHUs KOHTAKTHBIX HATIPSKCHHI
O] ITUTOH.

KittoueBble cj10Ba: ynpyroe OCHOBaHHE, KOHTaKTHasI 3a1a4a, ciocob b.H. JKemoukuHa, mpsMoyrosbHast InTa.
UDC 624.13. A model for elastic foundation and its use for the calculation of rectangular plates on elastic base. Bosakov S.V., Institute BeINIIS, Minsk, Zinevich S.I., BNTU, Minsk, Kozunova
0.V, BelGUT, Gomel, Belarus.
The article proposes a model of three-layer foundation for the calculation of road- and airfield slabs. The top layer is the Winkler’s foundation and it is located on a two-layer base of B.I. Kogan. The
calculation of the plate of this model with elastic foundation is made by B.N. Zhemochkin’s method at the load applied from a central wheel of a vehicle under taking into account the own weight of the
plate. While determining the coefficients of the canonical equations of B.N. Zhemochkin’s method the deflections of a plate with clamped normal from the action of a single force are determined by the
formula previously obtained by one of the authors. The graphical results of calculations for upsettings of a rectangular plate and the distribution of contact stresses under the plate are presented.
Key words: elastic foundation, contact problem, B.N. Zhemochkin’s method, rectangular plate.

A.C. JIEXTSPbD, a.1.H., npod. HanuonaiibHasi akaieMusi H300pa3HTeIbHbIX HCKYCCTB H apXUTEKTYpbI, I. KueB, Ykpauna
O MPEJEJIBHOM PABHOBECHH IINIOCKUX U TIPOCTPAHCTBEHHBIX PAM...6
OCHOBO#I HECYIIEH CHCTEMBI MHOTOITaXKHBIX JKHIIBIX, OOIIECTBEHHBIX, IPOMBIILICHHBIX 3aHHI Yallle BCErO €CTh IPOCTPAHCTBEHHBIN PAMHBII KapKac cO B3aHMHO MEPIICHIUKYIIPHBIMU IICMEHTAMHE —
CTOMKaMu U puressimMu. B nocnenue gecaTiieTHs K TpaJIMOHHON 001acTH NPUMEHEHHs PaMHbIX KapKacoB J00aBMIaCh HOBasi — PEKOHCTPYKIMS CYIIECTBYIOIMX 31aHuit [1]. 31ech ycTpoicTBO
HapY’KHOTO KapKaca I03BOJISICT yBEIHYHTD ITAKHOCTh — HHOT/A B 4—5 pa3s U IIomaas Kaxaoro staxa. OcOGEHHOCTh TAKOr0 KOHCTPYKTHBHOTO PELICHUS — B PACIIONIOKECHNN KOJIOHH, OHH
Pa3MEIIAIOTCs TOIBKO 110 HEPUMETPY 3/aHus. IIpoeKTHpOBaHHE TAKMX BHEIIHUX KapKacOB BBHY X HEOOBIYHOCTU HYKIACTCS B HOBBIX IOJXO0/IaX M OICHKaX. PacyeT ynpyrux u Heynpyrux paM Ha
JeHCTBIE CTATHYCCKUX HATPY30K - OJMH W3 Hanbolee pa3paboTaHHbIX Pa3AeIoB CTPOUTEIBHON MEXaHUKH CTEPIKHEBBIX CUCTEM [2]. BMecTe ¢ TeM MpakTHIeCKH OTCYTCTBYIOT HCCIICIOBAHNUS HECYIICH
CIMOCOOHOCTH YNPYTOMIACTHYECKUX M KECTKOIUIACTUYECKHX PaM METOJ[aMH TEOPHH TIPEICIbHOTO paBHOBecHs. TeM BpeMeHeM IIPOCTOTa IPUMEHEHHS] KHHEMAaTHYECKOr0 METO/Ia M BO3BMOKHOCTh
MOJTyYCHHUSI OLCHOK MPEIEIbHON HArpy3KH B 3aMKHYTOH (hOpME IeTar0T TAKOH MOAXOA MPHUBICKATEIBHEIM M yAOOHBIM IS IOCTPOCHS U PEIICHIS ONTUMH3ALMOHHBIX 33/ja4 Ha HAYaJIbHBIX dTAIax
npoekTupoBaHus. Hivke paccMOTPeHBI IPOCTEHINNE 3a/[auH O IPEIeTbHOM PaBHOBECUH POCTPAHCTBEHHBIX paM MPU ACHCTBHH COCPEOTOYCHHBIX HArpy3ok. Habop 5THX 3a/1a4 0XBaThIBACT
3HAYMUTEIIBHYIO YaCTh CUTYALHH, KOTOPBIC MOTYT BOSHUKHYTh B CTPOMTEIBHOM MPOCKTHPOBAHHH. [IpeICTaBICHBI IPUMEPHI PEIICHHS OJHONAPAMETPHICCKUX M ONTHMHU3AIHOHHBIX 3a1ad.

KuioueBble ¢/10Ba: IPOCTPAHCTBEHHbIC PAMBI, HECYIAsi CHOCOOHOCTD, TEOPHS NPEIETLHOTO PABHOBECHS, ONTHMAIBHOE IPOCKTHPOBAHKE.
UDC 624.04:539.376. On limit equilibrium of flat and spatial frames. Dekhtyar’ A.S., National Academy of Fine Arts and Architecture, Kiev, Ukraine
The bearing system of modern civil, public and industrial multistory buildings are spatial frame framework with their orthogonal elements — beams and columns. In the last decades to the traditional
application domain of frame frameworks was added new one — reconstruction of existent buildings. Here to multiply the existing buildings floor number the outward framework may be applied. In such a
way the floor number may be increased — sometimes in 4-5 times — and the area of each floor may be increased too. Feature of such structural decision - location of columns, they arrange on the outer
perimeter only of the building. Computation of flat and spece frames with action of the static loading is one of the most developed sections of structural mechanics for the rod systems. At the same
time investigation of load carrying capacity of ideal rigid — plastic frames are practically absent by the methods of limit equilibrium theory. Meantime the simplicity of kinematics method application and
possibility of obtaining of the limit load estimations of the load carrying capacity in the closed form do such approach attractive and comfortable for construction and solving of optimization tasks on the
initial stages of planning. The simplest tasks about the limit load of spatial frames at action of point loads are below considered. The set of these tasks includes the big part of situations which can arise
up in the build planning. The examples of solutions of one - parametrical and optimization tasks are presented.
Key words: spatial frame, load carrying capacity, limit load theory, optimum planning.

M.H. KHPCAHOB, ap.¢us.mart.Hayk, npod. B.I'. MOCKBHH, k.T1.H., 1ou. (HUY MU, r.Mocksa)
JE®OPMAILIMHA NJIOCKOM ®EPMBI C YCUJIEHHOM PENIETKOM...10
PaccMOTpeHa HOBas CXeMa CTaTHYECKH OMPEACTIMON 0aI09HO GepMBI ¢ apaILIeIbHBIMY [OSICAMH U TOTOIHHTEIBHBIMY CTEP)KHSIMH B PeLICTKe. PaccMaTpuBarOTCs TPU BUA HATPYKCHHS —
PaBHOMEPHOE HATPYKEHHE Y3JI0B HUKHETO U BEPXHETO MOSACOB, U HArPY)KEHHUE COCPETOTOUCHHON CHIIoi B cepette npoieta. CTaBUTCS 3a/1a4a BbIBOJIA aHATHTHYCCKHX 3aBHCUMOCTEH nedopManin
(bepMbI OT 4KCITa TaHe IeH U CPABHCHHUE I10 )KECTKOCTH ¢ (hepMoii 6e3 TOMOMHUTEIBHBIX CTepKHEH. JIIsl OIpeIe/eH s yCUINii B DIeMEHTaX HCIOIb3YeTCs MPOrpaMMa, HallkCaHHast Ha si3bIke Maple,
OCHOBaHHasI Ha METO/IE BBIPE3aHIs y31I0B. Jeopmanuy B CHMBOIBHOI (hopMe BerAHCIICHE 11O (popmyie Makcsemta — Mopa. BeIBoa aHAINTHYECKUX 3aBUCHMOCTEIT Mpornba OT YiCiIa MaHeel
6a3upyercs Ha METO/Ie MHJIYKIUH C TIPHBICYCHUEM OLIEPATOPOB CUMBOJIbHOM MateMaTHk Maple. KosdguimeHTs! 3aBHCHMOCTEH yIOBICTBOPSIOT OJHOPOIHBIM PEKYPPEHTHBIM YPaBHEHHSM, U3
PCLICHHS] KOTOPBIX IIOTYYa0TCsI OOLIIIE WICHBI OCIEA0BATENBHOCTEH. 3aMEUeHO, YTO B 33/1a4ax ¢ PACIPEACICHHO HArPy3KOil pEKYPPEHTHBIC yPAaBHCHHS HMEIOT 00JIee BBICOKUI HOPSIOK.
3aBHCHMOCTb POTrKOa OT YNCIIA AHENCH MPH 3arpy’KCHUN HIXKHETO Mosica 00HAPYKUBACT CKAYKH, YMEHBIIAOMIKECS C YBEINUCHHEM YHCIIa MaHeneid. [ OIEHKH YCTOHYMBOCTH M MPOYHOCTH CHCTEMBI
BBIBOUITCS (JOPMYIIBI ISl yCHUIIHIT B HALOOJIEE CHKATHIX U PACTSHYTHIX CTEPXKHAX (GepMbl. JlaeTcsi aCHMITOTHKA PEIICHHIT B IIPESAIOI0KEHIHN O OCTOSIHCTBE 00IIeil HArPy3KH U JUTHHBI [IPOJIETA.
TToy4eHHbIC peIIeHHs MOTYT OBITh UCIIONIb30BAHBI KAK TECTOBBIC ISl PACYETOB B H3BECTHBIX IPOrPAMMHBIX KOMIUICKCAX, HCIOIB3YIOMUX YHCICHHBIC METOIBI.

Kurouesble ciioBa: Ganounas depma, nporud, Maple, HHIYKIHS, YUCIO TAHETCH.
UDC 624.04. Deformation of flat truss with reinforced lattice. Kirsanov M.N., Moskvin V.G., Moscow Power Engineering Institute.
Describes a new scheme for statically determinate braced girder with parallel chords and additional rods in the lattice. We consider three types of loading — uniform loading of nodes of the lower
and upper belts and the loading of a concentrated force at Midspan. The aim is to derive analytical dependences of the deformation of truss on the number of panels and compare hardness with the truss
without additional rods. For determining the forces in elements is used the program written in the Maple language, based on the method of cutting of knots. Deformation in the symbolic form computed
by the formula of Maxwell - Mohr. Getting the analytical dependencies of the deflection on the number of panels is based on the method of induction with the involvement of operators of symbol
mathematics Maple. The coefficients of the dependences satisfy the homogeneous recurrence equations, solutions of which are obtained the General members of the sequence. It is noted that in problems
with distributed load recurrence equations have a higher order. Dependence of the deflection on the number of panels when loading the lower belt reveals jumps that decrease with increasing number of
panels. To evaluate the stability and strength of the system, formulas are also derived for the forces in the most compressed and stretched rods of the truss. The asymptotics of the solutions are given
under the assumption that the total load and the span length are constant. The obtained solutions can be used as test for calculations in known software using numerical methods.
Key words: girder, deflection, Maple, induction, the number of panels.

B.A. KOMAPOB, k.T.H, 1ou. [leH3eHcKkuii rocy1apcTBeHHbIH YHUBEPCHTET APXUTEKTYPbI H CTPOHTEIbCTBA
MPOYHOCTH BETOHA B C’KATOM CHJIOBOM ITOTOKE KOPOTKOW KOHCOJIM PUTEJISI C IOJIPE3KOM...15
TIpuBeeHBI Pe3yNbTaThI SKCIEPUMEHTAIIBHO)TCOPETHIECKHX UCCIICIOBAHMIT CONPOTHBIICHNS GETOHA B CXKATOM CHUJIOBOM IOTOKE KOPOTKOI KOHCOJIM PHIesIei ¢ moape3Kkoi. Jlana KauecTBeHHAs
¥ KOJIMYCCTBCHHAS OLICHKA BIMSHUS CIICLUATBHON COCPEJOTOUCHHOI MOMEPEYHON apMaTyphl, yCTAHABIMBAEMOIT 3a MOAPE3KOIT Ha XapaKTep 00pa3oBaHMUs TPEIINH U CXEMBI paspyiueHus. PaccmoTpena
CTepIKHEBas aHAJOroBas MOJICIIb, Hanboiee 61IM3K0 oTBeUaomas GU3MIecKoil paboTe, NaHbl PEKOMEH/AINH 10 PACYeTy IIPOYHOCTH OETOHA B CHKATOM CHIOBOM IOTOKE Ha 0cHOBe MeToauk CIT
63.13330.2012 1 mocobust O MPOSKTUPOBAHHIO OETOHHBIX M JKEI€300€ TOHHBIX KOHCTPYKIIMH, U3 TSDKENIBIX M JISTKHX OETOHOB 0e3 Mpe/IBapUTEIbHOTO HAMPSUKeHNS K paHee aeictBytomemy CHull
2.03.01-84*.

KittoueBble ¢j10Ba: KOPOTKasi KOHCOJIb PHIEIS C IIOAPE3KOM, CKATBIH CHIIOBOI MOTOK, COCPEAOTOUCHHAS TTONEPEUHast apMATypa, TPEIIUHBI, CXEMBI Pa3pyLICHHS, CTCPKHEBAsI aHAIOTOBast MOJCIIb.
UDC 624.072.21. Strength of concrete in a compressed power flow short console of rigel with cutting. Komarov V.A., Penza State University of Architecture and Construction.
The results of experimental and theoretical studies of the resistance of concrete in a compressed power flow of a short console of trunnions with undercutting are presented. A qualitative and quantitative
assessment of the effect of a special concentrated lateral reinforcement, mounted behind the trimming on the character of crack formation and the failure scheme, is given. The core analog model most
closely corresponding to physical work is given. Recommendations are given for calculating the strength of concrete in a compressed power stream on the basis of the techniques of SP 63.13330.2012
and manuals for the design of concrete and reinforced concrete structures, from heavy and lightweight concrete without preliminary stress to the previous SNIP 2.03. 01-84*.
Key words: short bolt console (with undercut), compressed power flow, concentrated transverse reinforcement, cracks, destruction schemes, rod analog model.
A.A. TPELIEB, 1.1.1., npod., E.A. )KYPUH, unzk. Tyabckuii rocy1apcTBeHHbIN YHUBEPCHTET
PELIEHME 3AJAYU JE®OPMHUPOBAHUSI ITIPSIMOYTOJIbHOW IJIACTUHBI CPEAHEN TOJILIUAHBI U3 OPTOTPOITHOI'O
PABHOCOIPOTHUBJIAIOIIEI OCSI MATEPHUAJIA ITPA MAJIBIX ITPOI'HBAX...19
PaccMOTpeHO MOCTPOCHNE HETMHEHHOH MoJienH e OpMUPOBAHHS IIPSMOYTOJIbHON IITACTHHEI CPEIHEH TONIIMHBI, HATPYKEHHO HOIEPEYHOI pABHOMEPHO Paclpe/ieIeHHOH Harpy3Koil.
Harpy3ska npunsta Takum 06pa3om, 4T00bI MPoruOel 06bekTa necaeaoBanus obuti MaabiMu (1/10 oT TommuHe). IIpy perieHnu 3a1auu KCIoIb30BaIach HelIMHeHHas Mozenb A.A. Tpeiéna.
3akperUIeHre MIACTHHKY [PEICTABICHO B ABYX BaPUAHTAX: MIAPHUPHOE OMUPAHHE U KECTKOE 3aKPEILICHHE 0 KOHTYpY. Mccexyemast IIIaCTHHA BHIOIHEHA H3 OPTOTPOIIHOTO
Pa3HOCONMPOTHBIIAIONIErOCs MaTepyaia. Takne MaTepualibl 06J1aJal0T SIPKO BEIPAXKEHHOH HETMHEHHOCTBIO, KOTOPasl YUUTHIBACTCS P pacyeTe. Bbil pa3paboTaH M pealin30BaH alrOpPHTM PEIICHHUS
JAHHOTO Kiacca 3ajad. [IpakTHaecKoe peleH e IPOM3BOANIOCH ¢ OMOLIBIO TAKeTa MPUKIAJHBIX mporpamMM MathLAB. J{ist BEIBOAA U PELICHHS] CHCTEMbI Pa3pELIAONnX Ju(depeHInaIbHbIX
ypaBHEHHIT ObII MPUMEHEH METOJI IEPEMEHHBIX IAPAMETPOB YIIPYTOCTH ¢ KOHEYHO-PA3HOCTHOH alPOKCUMAIIUCH.

KittoueBble ¢j10Ba: IPsIMOYToNbHASI IIACTHHA, KECTKOE 3aIEMIICHHE, IIAPHIPHOE OMUPAHNE, OPTOTPOIHBINA MaTepHall, HEIMHCHHBIC XapaKTePUCTUKH, MAJIbIC IIPOTHOBL.
UDC 539.376. Solving the problems of deformation of a rectangular plate of medium thickness from an orthotropic material of different resistance at small deflections. Treshchev A.A., Zhurin
E.A., Tula State University
In this paper, we consider the construction of a nonlinear model of deformation of a straight-coal plate of medium thickness, loaded with a transverse uniform distributed load. The load is taken in such a
way that the deflections of the object of investigation are small (1/10 of the thickness). The nonlinear model of AA was used to solve the problem. Trescheva. Fastening the plate in two versions:
articulated support and rigid fixing along the contour. The test plate is made of orthotropic material of different resistance. Such materials are awarded in the calculation. Algorithms for solving this class



of problems were designed and implemented. The practical solution was made using the MathLAB software package. For the derivation and solution of a system of resolving differential equations, the
variable elasticity method with finite-difference approximation was applied.
Key words: rectangular plate, rigid pinching, hinged support, orthotropic material, nonlinear characteristics, small deflections.

JIMHAMIYECKHE PACUYeThI
I'.T'. BYJIBIYEB, np.¢dus.mart.uayk, npop. (MUPIA, r. Mocksa)
TPEXMEPHASI JMUHAMMUKA ITIOJIY COEPBI...25
Jlnst pacyeTa HANPSKEHHO 1eOPMUPOBAHHOTO COCTOSHMUS MOTyCdephl IPH PA3INYHBIX JUHAMUYECKHX HArPy3KaX MCIOJIb3YeTCs YHCICHHBIH METOJ IPOCTPAHCTBEHHBIX XapaKTepUCTHK. Jls
MOCTPOCHUST KyOHUEeCKOii TPOCTPaHCTBEHHON CETKU MCIOIB3YeTCsl MHOTOTpaHHas (pUrypa, annpoKCHMUPYIOIIas momycdepy u cocrosimas u3 Kyonkos. [Tocneanee mo3BoiseT aJ1s MOCTPOCHHUs
AJITOPUTMOB HCHOJIB30BaTh XapaKTEPHUCTUYECCKUE YPABHEHHS, 3aIIMCaHHbIC B JICKAPTOBOM cucTeMe KoopanHar. Takoi moaxo/ penraet npoOIeMbl, CBA3aHHBIC C MCIONB30BAHHEM KPUBOJIMHEHHOI ceTKH,
HO TpeOyeT pa3pabOoTKM HOBBIX BEIYMCIHTEIBHBIX CXeM Ha rpaHunax. C IOMOIIBIO 9THX U pa3pabOTaHHBIX paHEe CXeM CO3J[aHa MPorpaMMa U IPOBEICHO MOACIUPOBAHNE JHHAMUKI HOTyC(epsl Ipu
JIBYX Pa3HYHBIX BHIAX HArPy30K: BJIOJb U 1onepek ocu nomycdepsl. C HCIOIb30BaHNEM aBTOPCKOIT IpadUKH MOCTPOCHbI H30JIMHHH HAIPSKCHHI B XapaKTEPHOM CEUCHHH TeJa B PasIHuHbIC
MOMEHTBI BpeMeHH. [TomydeHHbIe pe3yabTaThl IPOaHATH3UPOBAHEL. JJaHbl PeKOMEHIALNHN 10 JaIbHEHIIeMy Pa3BUTHIO U IPHUMEHEHHIO MPEIAraeMoii METOXHKH.

KinoueBbie cj10Ba: MaTeMaTHYECKOE MOJICIMPOBAHME, METO/I IPOCTPAHCTBEHHBIX XapaKTEPUCTHK, IMHAMUKA COOPYKEHUH M KOHCTPYKIIMH, alropuTMBl.
UDC 5.393. Three-dimensional dynamics of a hemisphere. Bulychev G.G., Moscow State Technical University.
In the article for calculation of stress condition of a hemisphere at various dynamic loadings the numerical spatial characteristics method is used . For construction of a cubic spatial grid the many-sided body
approximating a hemisphere and consisting of cubes is used. The last allows to use the characteristics for construction of algorithms of equations which have been written down in the Cartesian system of co-ordinates.
Such approach solves problems, connected with use of a curvilinear grid, but it demand to develop a new numerical schemes on borders. By means of these and developed earlier schemes the program is created and
modelling of dynamics of a hemisphere was conducted at two various kinds of loadings: lengthways and across of the hemisphere’s axes. By means of author’s graphics the isolines of pressure in representative section
of a body are constructed at the two various moments of time. The received results are analysed. Recommendations about the further development and application of an offered technique are made.
Key words: mathematical modelling, a method of spatial characteristics, dynamics of buildings and constructions, algorithms.

WM. BEJISIKOB', a.1.1., npod., B.K. BOCTPOB? a.1.1. 'IIHAMCK um. B.A. Kyuepenko, 2000 «Kumpckoe oobennnenne BHATIMMopHedTeras»
ABAPUWHBIE PACYETHBIE CUTYAIIMUA U ABAPUIHBIE BETPOBBIE BO3/IEVICTBUS...31
TIpuBeneH KpaTKuii aHATM3 BETPOBBIX HATPY30K M BO3ACHCTBHIL HA 3MaHUS H COOPY)KSHHS CTPOMTEIBHOTO KOMIUIEKCA H COOTBETCTBYIOIIMX HOPMATUBHBIX JOKYMEHTOB KACAIOIIMXCST aBAPUIHBIX
CHTYAINii OPOXKAaeMBIX BETPOBBIMU BO3AeHCTBUsIMH. [IpeuiokeH onpeieIeHns aBapUitHBIX BETPOBBIX HATPY30K U BO3ICHCTBUI OTCYTCTBYIOIINX B aKTyaIU3HPyeMOil 1 BHOBb BBOAHMOII cHCTEMe
HOPMaTHBHBIX JOKYMEGHTOB B CTPOUTEIILCTBE.

KioueBble ¢j10Ba: aBapHifHbIC CHTYAINH, BETPOBBIC HATPY3KH, aBAPHH, OIHOKM MPOSKTUPOBAHNUSI, 6E30IIaCHOCTD, JHHAMUYECKUE CHCTEMBI, CaMOBO30Y KIAIOMUecs KoaeOaHus,
rnapaMeTpruyecKie KoseOaH s, aBapuitHbie BO3/ICHCTBUS, YCTOHYMBOCTE PABHOBECHS, yCTOHUMBOCTD KOJICOAHMH.
UDC 624.01.42. Emergency design situations and emergency wind effects. Vedyakov LI, Reserch Institute of Building Constructions (TSNIISK) named after V.A. Kucherenko, Vostrov V.K., JSC «Kimry
Association VNIPImorneftegaz», Moscow.
The brief analysis of wind loads and impacts on buildings and structures of the construction complex and the relevant regulations concerning emergency situations generated by wind impacts is given. The definitions of
emergency wind loads and the impacts not included into the actualized and newly introduced system of construction normative documents are proposed.
Key words: emergency situations, wind loads, accidents, design errors, safety, dynamic systems, self-excited oscillations, parametric oscillations, emergency impacts, stability of equilibrium, stability of oscillations.

HU.U. UBAHYEHKO, a.1.1., npod. (PYT MHUHUT, r. Mocksa)

METO/I UCCJIEJTOBAHMSI B3AUMOJIEMICTBHASI CKOPOCTHBIX COCTABOB M JIBYXITY THBIX BAJIOYHBIX MOCTOB ITPH CEUCMUYECKUX BO3JENCTBUSX. Yacts
1. IEMCTBUE HA MOCT CENCMUYECKHX U MTOJABUKHBIX CUTIOBBIX HATPY30K...41

B nepBoit yacTi cTaThU NpeANaraeTcs YNCICHHBI METO HCCIe0BaHHs KOIeOaHMii ABYXITYyTHBIX TIPOJIETHBIX CTPOEHMH MocToB Ha BCM, MOziennpyeMbIX TOHKOCTEHHBIMHI CTEPXKHAMHU C OTKPBITHIMH
WITH 3aMKHYTBIMH (C OTBETBICHUSMH) TPOMHIAMH, IPH ASHCTBHN Ha MOCTOBBIE COOPYIKCHHUS JABIKYIIEICS CHCTEMBI CHII 1 OOKOBBIX CEHCMHUUECKHX BO3ACHCTBHMI, 3aIaHHBIX aKcenaeporpammamu. s
HCCIIE/IOBAHMH HCTIONB3YIOTCS, IPE/IOKEHHbBIC PaHEe aBTOPOM, HIaroBas Ipolelypa Jlsl peleHus 3a1a4 AMHAMUKH M METOJ] yueTa JACHCTBHUS TOJABMKHBIX CUIIOBBIX HArPY30K Ha

CTpOUTEIbHBIC KOHCTPYKIUHU. [IponeTHoe CTpoeHHe paccMaTpUBACTCs KaK CyNepdIeMEeHT IPHU anmnpoKCUMAIHN CMEILIEHHI THHEHHBIMI M TPUTOHOMETPHYECKIMH (DYHKIMSIMH, YUUTBIBACTCS
TOPU30HTAIbHAS W BEPTUKAIbHAs TUHAMHUKH IPOJICTHOTO CTPOCHHS NPH JCHCTBUM HAa MOCT CHIIOBOH HAarpy3ku. CBsA3b MEXJLy KPYTHIBHBIMHI H NONEPEUHBIMH KOJICOAHHSAMH POJICTHOTO CTPOCHHS,
BBI3BAHHAS DKCIICHTPUCUTETOM NPHIIOKEHHS TOABIKHOI HATPY3KH, TOMOIHSICTCS B3aHMOCBSI3aHHOCTBIO YKa3aHHBIX KOJIeOaHMil, BRI3BAHHBIX HECOBIAICHUEM LIEHTPA TSKECTH M LIEHTpa H3ruba
MONIEPEYHOT0 CEUCHNUs MPOJICTHOTO CTPOCHHs. BhIOpaHHas MOCTAHOBKA 3a/[auH SBIACTCS TOArOTOBUTEIBHON CTYHCHBIO JUIS PEIICHHS POOIEMBI IIPH ydeTe AeHCTBHS Ha IIPOJICTHOE CTPOCHHE
MHEPLIHOHHOI HATPY3KH.

KiioueBrbie c10Ba: KojieGanusi MOCTOB, TOHKOCTEHHBIE CTEPIKHH C OTKPBITHIM H 3aMKHYTBIMH ITPOGWIISIMH, IaroBbie MPOLELyPbl, CHIIOBAs MOBHKHAS HATPY3Ka, CHCMIYECKNE BO3JICHCTBHS, aKCEIePOrPAMMBI.
UDC 624.07.534.1. A method of studying the interaction between high-speed trains and double-track girder bridges under seismic loads. Part 1. Impacts of seismic and moving power loads at
a bridge. Ivanchenko L.I., Russian University of Transport, Moscow.

In the first part of the article, a numerical method is proposed to study the oscillations of double-track span structures of bridges on the high-speed rail modeled by thin-walled rods with open or closed (with branches)
profiles under the action of a moving system of forces and side seismic effects on the bridge structures specified by accelerograms. The step procedure for solving the problems of dynamics and the method of taking
into account the action of moving power loads on building structures proposed earlier by the author are used for the research. The superstructure is considered as a superelement at the approximation of displacements of
the linear and trigonometric functions. The horizontal and vertical dynamics of the superstructure under the action of the bridge weight loads are taken into account. The relationship between the torsional and transverse
oscillations of the superstructure caused by the eccentricity of the application of the moving load is supplemented by the interconnection of these oscillations caused by the mismatch of the center of gravity and the
center of bending of the cross section of the superstructure. The chosen formulation of the problem is a preparatory step to solve the problem when taking into account the action on the superstructure of the inertial load.
Key words: bridge oscillations, thin-walled rods with open and closed profiles, step procedures, power moving load, seismic effects, accelerograms.

YucneHHbIC METOJIBI

E.W. BPUTBUH', kanx.gus.mat.nayk, A. IEHCUH?, urk., M. SUCEHBEPTEP?, np.duiocoduu, npod. (‘TYB3 IITACA, r./[HenpomneTpoBek, YKpanua, *M3paniibckuii TeXHOIOrHYeCK il HHCTHTYT

«Texunon», Xaiida, U3panan)

JE®OPMUPYEMBINA B CBOEN IMJIOCKOCTH YETBIPEXYTOJIbHBI KOHEYHBIA 3JIEMEHT C BPAIIATEJIbHBIMU CTEINEHSIMHA CBOBO/IbI B Y3JIAX YACTb 2. IPOU3BOJIbHbBIN

YETBIPEXYI'OJIbHUK...50

Ha ocHOBe cTaHIapTHOTO PElIeHNUs I IPOU3BOIBHOTO YETHIPEXYTOIBHOTO KOHEYHOTO HIIEMEHTA TPETHETo MOPAKa C TOCTYNATeIbHBIMU CTETICHAMH CBOOOIBI (Ae(hopMaIyst B INIOCKOCTH)

BBIBEZICHBI (DYHKIIMH ()OPMBI MPOH3BOIIBHOTO YETHIPEXY3/I0BOI0 KOHEYHOTO HIEMEHTA ¢ BPAIlaTeIbHBIMU CTETICHAMH CBOOO/IBI B y371€ (JIBE MOCTYMATENbHBIC ILTIOC TOBOPOT B IJIOCKOCTH 2JIEMEHTA).

TocTynarenbHble nepeMelieHus y3J0B Ha CTOPOHAX 0a30BOr0 2JIEMEHTa €CTECTBEHHBIM 00Pa30M BBIPAXKEHBI YEPE3 CTENIECHH CBOOO/IBI Y3/I0B, PACTIONI0KEHHBIX B BEPIIMHAX YCTBIPEXYTrOIbHHUKA.

MaTpuna jKecTKOCTH dJIeMeHTa (JOPMUPYIOTCS MOCPEICTBOM CTAHAAPTHOH MPOLEYpPhI YUCISHHOr0 HHTErpiupoBanus. [Toka3aHo, UTO HOBBIIT DJIEMEHT YIOBICTBOPSIET BCEM TPEOOBAHHSM,

TPEBSIBIISIEMBIM K KOHEUHOMY 3JIEMEHTY (IBI)KCHHE TBEPAOro Telna, patch-tect). IIpogeMOHCTpHpOBaHa XOPOIIask CXOAMMOCTh PENICHH S, MOTy4YCHHOTO Ha OCHOBE Pa3paboTaHHOTO JIEMEHTA.
KitioueBble €J10Ba: KOHEUHBII 2IEMEHT, YETHIPEXYTONBHBIA MEMOPAHHBIH JIEMEHT, BPAIlaTeIbHbIE CTETICHH CBOOOIBI.

UDC 539.3. Quadrilateral membran finite element with drilling degrees of freedom. Part 1. Arbitrary quadrilateral. Britvin E.I, GUVZ PGASA, Ukraine, Paysin A., Eisenberger M., Israel

Technological Institute «Techniony, Israel.

Based on the standard solution for an arbitrary quadrangular finite element of the third order with translational degrees of freedom (in-plane deformation), the form functions of an arbitrary four-node finite element with

rotational degrees of freedom at the node (two translational plus rotation in the plane of the element) are derived. The translational movements of the nodes on the sides of the base element are naturally expressed in

terms of the degrees of freedom of the vertices nodes of the quadrilateral. The element stiffness matrix is formed by means of a standard procedure of numerical integration. It is shown that the new element satisfies all

the requirements imposed on the finite element (solid motion, patch test). A good convergence of the solution obtained on the basis of the developed element is demonstrated.

Key words: structural finite element, quadrangular membrane element, drilling degrees of freedom

C.H. HABAPEHKO', k.1.1., jon., H.C. BTIOXUHA?, k.1, tou. 'PYT MUUT, *HUY MI'CY, r. MockBa
KOHEYHBIN 3JIEMEHT JJISI PACUETA CKJIATYATBHIX MIPU3MATHYECKAX TOHKOCTEHHBIX CTEP)KHEM U OBOJIOYEK...55
PazpaboTaH mIockuii IpsIMOYTOIBHBII KOHEYHBIH 3JIEMEHT 000TOYKH C MIECTHI0 CTEIECHIMH CBOOO/IBI B y37I€ [UIS MOACIHPOBAHUS MPU3MATHUECKUX TOHKOCTEHHBIX KOHCTPYKIUIL, IMEIOIIHX
3HAYUTEIBHYIO MPOTSHKEHHOCTD 110 CPABHEHHUIO C pa3MepaMu MONEePeyHOro ceyeHus. [IpuBeieHbI pe3yIbTaThl TECTHPOBAHHS MEMOPaHHOI YacTH pa3paboTaHHOIO HIEMEHTA C TPEMs CTCIICHIMH
cBOOO/IBI B y3JIe, IMEIOIIETO aHATIOTHIO ¢ TeopHeil pacyeTa crepikHel. KonnuecTBO pa3paboTaHHBIX KOHEYHBIX IEMEHTOB, HEOOXOIMMOE IS JOCTHKCHHUSI IPUEMIIEMON TOYHOCTH pacyeTa YATHHEHHBIX
TUIACTHH, MOYKET OBbITh Ha MOPSI0K MEHBIIIE 110 CPABHEHHUIO C OOBIYHBIMU JIEMEHTaMU OalKHU-CTCHKH. JlaHbl areGpanvecKre BRIPAKECHUS IPe/UIaraeMbIX JULsl H3rHOHOM 4acTH KOHEYHOTO dJIeMEeHTa
o6omoukn GyHKIHMI HOpM HMepeMeIIeH i, TAKKE UCTIONB3YOIIMX AaHAIOTHIO ¢ H3rHO0M cTepikHeil. [IpuBeaeHs! pacyeTHbie HOpMyIBI 17t (HOPMHUPOBAHNUSI MATPHIIBI PEAKIIHIA.

KioueBbie ¢JI0Ba: TOHKOCTCHHAS PU3MATHYECKasi 000JI04Ka, TOHKOCTEHHBIN CTEPIKEHB, MPSMOYTOJNBHBIN 2JIEMEHT, COOTHOIICHHE Pa3MepOB, (GOPMbI IIepeMEIICHHUI.
UDC 539.3. Finite element for calculation of fold prismatic thin-walled rods and shells. Nazarenko S.N., Russian University of Transport, Blokhina N.S., Moscow State University of Civil
Engineering
A rectangular shell finite element with six degrees of freedom in the node is developed for modeling prismatic thin-walled structures having a significant length in comparison with the cross-sectional dimensions. This
paper presentsresults of testing the membrane part of the developed elementwith six degrees of freedom in the node, which has an analogy with the theory of calculation of beams. The number of developed finite
elements required to achieve acceptable accuracy in the calculation of elongated plates can be an order of magnitude smaller than conventional beam-wall elements. Algebraic expressions of the functions of
displacement forms are given for the bending part of the shell finite element, also using the analogy with the bending of rods. Calculation formulas for the formation of the reaction matrix are given.
Key words: thin-walled prismatic shell, thin-walled rod, rectangular element, size ratio, displacement forms.

CeiicMHYeCKHE pacyeThbl
E.B. 1IO3HSIK, k.T.H., 1on. (HUY MDMU, r. MockBa)
MPUMEHEHHUE OBOBIIEHHOIO JIMHEMHO-CIEKTPAJIBHOIO METO/IA. Yacts 2. IH®®EPEHIIMPOBAHHOE CEHCMHUYECKOE BO3/ENCTBHUE...61
JubdepeHuupoBaHHast MOAEIb CEHCMUYECKOTO BO3ACHCTBIS IPUMEHSICTCS [IPU PacyeTax KOHCTPYKIMiT Ha JUCKPETHBIX OMOPaX, Ha MOAATINBBIX (yHIAMEHTAX, IPU yCIOBHH, YTO B
CIIEKTPE BO3/ICHCTBHS IPe0OIafaloT BOJIHBI C JUIMHAMH HOPs/IKa pa3MepoB GyHaaMeHTa. IIpesicTaBieHa KpaTKas TeOpHs IMHSHHO-CIIEKTPAIBHOI0 METO/1a, 0000IIEHHOT0 Ha CITy4Jait
udpepeHIPOBaHHOTO BO3CIHCTBNS, IPUBEACH IIPHMEP PacyeTa sl INIOCKOI MOJEIH JBYXITaXKHOTO 3IaHHs.

KitioueBble ¢;10Ba: IMHEHHO-CIICKTPANBHBINA METOX, 1 HEPEHINPOBAHHOE ABHKEHHE TPYHTA, MOJAIBHBII aHAIH3, PACUET Ha CeliCMOCTONKOCTD, CEHCMUYECKHE POTALMH, MOJANbHAS JNHAMUYECKAs PCAKIIHs.
UDC 624.042.7. Application of the generalized Response Spectrum Method. Part 2. Differential seismic effect. Poznyak E.V., Moscow Power Engineering Institute, Moscow
Differential model of seismic ground motion is applied for structural earthquake engineering of structures on discrete supports, on compliant foundations, if waves with about the same lengths as the size
of the Foundation dominate in the seismic waves spectrum. This paper presents a brief theory of the Response Spectrum Method generalized to the case of differential seismic ground motions and shows
an example of seismic analysis of the planar two-story building model.
Key words: response spectrum method, differential ground motion; modal analysis, structural earthquake engineering, seismic rotations, modal dynamic response.



B nomorib mpoeKTHPOBIUKY
M.K. HIIIYK, k.T1.H., 3aB.1a60opaTopueii HHUUCK um.B.A.Kyuyepenko (AO «HHUIL «CtpourenbcTBo»), r. Mockpa
OCOBEHHOCTH PACYETA MHOI'OCJIOMHBIX CTEH C JKECTKHUMMU CBS35IMM...69
paSpaﬁO'l'aH aJ[]‘OpVI']‘M paC'—{C']‘a U BBITIOJTHCHBI paC“IC']‘bl MK3 ]]pOC']‘paHC']‘BCHHbIX (bpa[‘MCH']‘OB JABYX U ']‘pCXCJIOI\/‘IHbIX Hapy)KHbIX CTCH U3 KaMCHHOﬁ KJIaaKu C COCTMHCHUCM CJIOCB KCCTKUMHU CBA3SIMU C
YHETOM 3TAIHOCTH BO3BEICHIS, MOI3YICCTH M CTAPCHMS KIAKH, a TAKXKE HA TCMIIEPaTypHBIC BO3CiiCTBIS. BEIONHCHA OLICHKA BIIMSHUSL Pa3MEpOB KOHEUHBIX d1eMenToB Ha HI[C, mosydeHs!
KOSq)(i)V[lLV[CH']‘b[ KOH[[CHTpalU/IVI KacaTeJIbHbIX Hallpﬂ)l(cHVIVl, ]lCﬁC'I"ByIOIIIMX B CBA3sX B ypOBHC OIIleaHV[ﬂ Ha CTCHBbI ||CpCKph|'|VIl"‘L nOKaSaHO, qTO ]ICﬁC'I'By}O[lIMC B CBA35X MC)K}[y CJIOSIMH KacaTCJIbHBIC
HAIPSDKCHHS] HA MOMCHT OKOHYAHUsI KIIaJKH BEPXHEr0 dTaKa TaM MPAKTHYCCKU OTCYTCTBYIOT. K 9TOMy BpeMeHH HanOOIIbIINe BEINYNHBI KACATEIBHBIX HAIIPSDKCHHI PA3BUBAIOTCS B yPOBHE HIDKHIX
stakeil. C MOMEHTA OKOHYAHHsI CTPOUTEIBCTBA B HIDKHHUX dTaKaX KacaTelbHbIC HATPSHKCHHS 3@ CUET TOJI3YYCeCTH KIaKi Bo3pacTaoT ete 10 17 %. ITomydeHHble pe3yibTaThl XOPOIIO COTIACYIOTCS C
JaHHBIMH HAaTyPHBIX HAOTIOICHUIL.

KiroueBblie ¢J10Ba: MHOTOCIIOHHBIC CTEHBI C )KECTKMMM CBSA3SIMH, JIMLIEBOH CIIONH M3 KMPITMYHOI M KaMeHHOIt kiajku, uccnenosanne MKD HJIC kinanku, 3TanHOCTh BO3BEICHHS, M10JI3y4eCTh U
CTapeHne KIIaaKH, TEMIIePaTypHO-BIaKHOCTHBIC e)OPMALIIHI, METOABI PACYETa MHOTOCIIOHHBIX CTCH.
UDC 69.04. Features of calculation of multilayer walls with rigid ties. Ishchuk M.K. Reserch Institute of Building Constructions (TSNIISK) named after V.A. Kucherenko, Moscow.
An algorithm for calculating and calculating the FEM of fragments of two and three-layer outer walls made of masonry with the connection of layers by rigid ties, taking into account the stage of
erection, creep and aging of the masonry, as well as the temperature effects are developed. The effect of finite element sizes on VAT was assessed, and the tangential stress concentration coefficients
acting in bonds in the level of support on the walls of slabs were obtained. The shear stresses acting in the connections between the layers at the time of the end of the masonry of the upper floor are
practically absent there. By this time the greatest values of shear stresses develop in the level of the lower floors. Since the end of construction in the lower floors of the shear stress due to creep masonry
grow up to 17 %. The results obtained are in good correspondence with the data of field observations
Key words: multilayered walls with rigid ties, face layer of brick and stone masonry, investigation of MKE VAT masonry, stage of erection, creep and aging of masonry, temperature and
humidity deformations.

N 53a2018roxn
PacuéTel Ha MPOYHOCTD
JI.B. KOHUH, k.1.1n. THUUCK um. B.A. Kyuepenko (HUL] «CtpourtenbcTBo»), r. MockBa
®OPMOOBPA30BAHME JBYTABPOB JIUISI KOJTOHH MHOTO3TAXKHBIX U BBICOTHBIX 3JJAHUI B SJTEMEHTOB BOJIBIIENPOJIETHBIX KOHCTPYKIIHIA...2
AHaJT3UPYETCS OTCUECTBEHHBIN 1 3apyOCKHBIH COPTAMEHT rOpsideKaTaHbIX Npoduiei. IIpuBoaATCS OCHOBHBIC MPUHIKIIEI HOPMOOOPA30BAHNS BYTABPOB C NMAPaICIbHBIMU MOJIKAMH JUIS CTATBHBIX
KOHCTPYKIMiA. [I0Ka3aHBI OCHOBHBIC [IOAXOBI, IPUHSTHIC IPH CO3JaHHI HOBBIX IPO(UICH ropsdeKaTaHbIX ABYTABPOB Il KOHCTPYKIUI KOJIOHH U TOSICOB (hepM. PaccMOTpEHBI KOHCTPYKTHBHBIC
MapaMeTphbl ¥ OrpaHUYCHUS, TIPHHATHIC BO BHUMaHKE NPH (HOPMUPOBAHNH HOBBIX cedeHHil. JlokasaHa 3(pEeKTHBHOCTH HOBOTO COPTAMEHTA M IIPHBE/ICHBI JAHHBIC MO (PAKTHYECKOMY OCBOCHUIO HOBBIX
npodueii ¥ cTanell MeTaUTyPrUYeCKIMH IIPCAIPUSTHIMIL.

KittoueBble c;10Ba: (acOHHBIN IPOKAT, ABYTABP, APAJUICIBHEIC TOJIKH, COPTAMEHT, CEYCHHE, THOKOCTh CTCHKHU, TOHKOCTEHHOCTH, KOJIOHHA, O0sIC, ()epMa, BHELICHTPEHHOE CXKATHE, TPaJalys, CBEC
TOJIKH, CTallb, yCTONYUBOCTb.
UDC 624.014. I-beams for columns of multi-storey and high-rise buildings and elements of large-span structures. Konin D.V., Institute of Building Constructions (TSNIISK) named after V.A. Kucherenko,
Moscow.
The domestic and foreign assortment of hot-rolled profiles is analyzed. The basic principles of forming I-beams with parallel flanges for steel structures are given. The main approaches adopted in the
creation of new profiles of hot-rolled I-beams for the structures of columns and truss belts are shown. The design parameters and limitations taken into account in the formation of new sections are
considered. The efficiency of the new assortment is proved and the data on the actual development of new profiles and steels by metallurgical enterprises are presented.
Key words: shaped rolled, I-beam, parallel flanges, assortment, cross section, wall flexibility, thinness, column, belt, truss, eccentric compression, gradation, overhang of the flange, steel, stability.

MLII. COH, K.T.H., 1011, IlepMcKHii HANMOHAJIBHBIIH HCC/I1€10BATEILCKHI NOJUTEXHHYECKHil YHHBEPCHTET
BJMSAHUE TOJIIHWHBI ®JJAHIIA HA HIC U PABOTY ®JAHIEBOI'O COEJJUHEHMUS B Y3JIAX BAJIKA-KOJIOHHA...11
TIpencraBieH MUK SKCHEPHMEHTAIBHBIX HCCIIEJOBAHNH, BBITIOHEHHBIX HA MOJHOMACIITAOHBIX HATYPHBIX MOJICIISX (DIIAHIIEBBIX COCTMHEHNH. VICIIBITAHNS IPOBOMATCS 10 PA3PyIICHHUS MOJICICH.
CoeanHEHNs BBIIOTHCHBI 6¢3 JOMOTHUTEIBHBIX KOHCTPYKTUBHBIX 3JIEMECHTOB TaKHX, KaK peOpa KEeCTKOCTH, BYThI, 0OpaTHbIC (IaHIbI i mp. [IpescTaBIeHb! y3/Ibl ¢ AByCTOPOHHUM MPUMBIKAHHEM 6aIoK
¢ TomuuHamMu ¢annes 16—30 Mm. st XapaKTepHBIX TOUEK MOJICIICH MOKa3aHbI TPaUKU CUJIa IIepeMeIeHNEe U chiIa —1ehopMantys, Mo KOTOPEIM BHIHO, YTO YBEIMYCHHE TONIIUHEI (JIaHIA IPUBOIHT
K YBEJIMUCHHIO IPOYHOCTH, HO CHIDKCHHIO Je(pOPMATHBHOCTH COCAMHCHHS. AHAIM3UPYIOTCS CLICHAPHH Pa3pyIICHUsI MOJENeH, U IPHBOANTCS (HopMyIta st Mog00pa TONMINHBI (IaHIa.

KuroueBble cii0Ba: QuiaHell, METaLIMYECKHIl y3el Oallka-KOIOHHA, 60ITOBBIC COCIMHCHNUS, HATYPHBIC HCIIBITAHMS.
UDC 624.04; 624.014. Influence of the flange thickness for stress-strain state and the behaviour of the flange connection in the units of the beam-to-column. Son M.P., Perm national research
Polytechnic University.
The article describes series of experimental studies performed on full-scale models of flange connections. Tests are conducted until complete destruction of the models. Connections are made without
additional structural elements such as stiffeners, haunches, backing flanges, etc. Knots with two-sided joining of beams with flange thicknesses of 16-30 mm are presented. For the characteristic points of
the models, the force-displacement and force-strain diagrams are given, which show that an increase in the flange thickness leads to an increase in strength and simultaneously leads to a decrease in the
deformation of the joint. The scenarios for the destruction of models are analyzed, and a formula is given for selecting the thickness of the flange.
Key words: flange, beam-to-column steel joint, bolted connections, full-scale tests.

Henuneitnpie pacuérst
C.B. BOCAKOB', 1.1.1., npod., IL.JI. CKAYEK?, k. 'Muctutyt BeatHUHUC, *Benopycckuii HANHOHATLHBIN TeXHHUeCKHii yuusepeuter, Pecny6imnka Benapych
NPUMEHEHUE METO/IA PUTLIA IIPU PACYETAX TPEYTOJIbHBIX IIJIACTHH C PA3JIMYHBIMU YCJIOBUSIMHA 3AKPEIVIEHUS HA JEMCTBUE CTATUYECKOM HATPY3KHU...17
PaccMoTpeHo nprMeHeHne MeTo a PUTIA 11 Onpe/ieNeH s HanpshKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS Pa3IMYHO-ONEPTHIX TOHKUX TPEYTrONBbHbIX IITACTHHOK, HAXOIAIIMXCA MOJ] BO3ACHCTBHEM
CTAaTHYECKOI Harpy3ku. J{ns peanusalniy JaHHOTO METOAA IPUHATHI COOTBETCTBYIONINE (ByHKIIMH IIPOrHO0B, BBIPAXKECHHBIC Yepe3 KOOPAMHATHEIC (DYHKIHHU, KOTOPBIC YOBICTBOPSIIOT TPAHHIHBIM
ycoBusM IuiacTuH. ITokazaH aaropuT™ pelieHus JaHHOH 3a/jauH ¢ OTPaKEHHEM HEOOX0IUMBIX GOPMYIT M 3aBUCHMOCTEH. sl IIIACTHH ¢ IIAPHUPHO-OIEPTHIMU 10 BCEMY KOHTYPY I'PaHSIMH IIONYYCHO
3aMKHYTOE peIlIeHHe, aHAJIOTHYHOE peneHnio HaBbe uist npsaMoyronbHbIX miacTHH. TlomydeHHoe pernenne o6nagaet ObICTPOil CXOAMMOCTBIO 10 MPOTHOaM M He 3aBHCHT 0T KoddduimenTa [Tyaccona
MarepHaa miacTuHbl. IIpuBeIcHbI IPUMEpPBI pacyeTa I KajkJI0ro yCIOBHUs 3aKPEIUICHUS MITACTHH.

KuoueBble ciioBa: MeTon Putia, cratnueckas Harpyska, TpeyroibHas IIacTHHA, pemeHne Habe.
UDC 539.3. Application of Ritz’s method in calculations of triangular plates with various conditions of fixing on static load action. Bosakov S.V., Institute BeINIIS; Skachok P.D., BNTU, Minsk, Belarus.
The application of the Ritz’s method for determining the stress-strain state of variously-supported thin triangular plates under the influence of a static load is considered in the article. To implement this method, the
corresponding deflection functions, expressed through coordinate functions, that satisfy the boundary conditions of the plates are adopted. An algorithm for solving this problem is shown with the reflection of necessary
formulas and dependencies. For plates with hinged edges around the contour, a closed solution is obtained, analogous to the Navier solution for rectangular plates.The solution obtained has fast convergence in the
deflections and does not depend on the Poisson’s ratio of the material of the plate. Examples of calculation for each plate support are given.
Key words: Ritz’s method, triangular plate, static load, Navier solution.

T.A. MYXAMEJHEB, a.1.H. HHUXKB um. A.A. I'ozaesa (HUL{ «CTpouTe/ibCTBO»)
YUYET HEYIIPYTHUX CBOMCTB BETOHA ITPU PACUETE KEJE30BETOHHbIX KOHCTPYKIMMI I10 OBPA3OBAHHUIO TPEIIMH...24
PaccMOTpeHB! BOIPOCH HOPMUPOBAHUS AUarpamMm Ae(hopMUpOBaHIs OETOHA IPH OCEBOM PACTSKEHUH ISl BEICOKOIPOUYHBIX OETOHOB H YIPOIIECHHBII CII0CO0 ONMPEACIICHHS! YIIPYTOILIACTHYECKOTO
MOMEHTA CONPOTUBJICHHUS JUIs PACTAHYTOH IPaHH CEUCHHUS JIEMEHTOB. [IpHBE/ICHBI Pe3y/IbTaThl YUCICHHBIX UCCIICIOBAHUIA 10 OIICHKE KO3 HIIMEHTa, YIUTHIBAIOIETO HEYIPYTHE CBOHCTBA GETOHA
PACTSIHYTO} 30HBI CEUCHNUS HIEMCHTOB M3 OCTOHA PA3INYHEIX K1accoB. [IpecTaBIeHBI IPEII0KCHHUS 10 HOPMUPOBAHUIO OTHOCUTEIIBHBIX Je(opMaruii B 6a30B0ii TOUKE ABYXIMHEHHOI JUarpaMMbl
GeToHa IPU OCEBOM PACTSKEHHUH, UCTIONb3YEMOIl JUIS pacueTa XkeIe300eTOHHBIX 3JIEMEHTOB 110 BTOPO# IPyIIe IPeJeNbHBIX COCTOSHUIH. JIaHbl peKOMEH/IAIMH 110 Ha3HAYCHHIO KO3(hdHIMCHTa,
YUHUTHIBAIOIIETO HEYIIPYTHE CBONCTBA GETOHA PACTSAHYTOM 30HBI CEYCHHS SIEMEHTOB IIPH PacyeTe MOMEHTA 00Pa30BaHHH TPEIIMHBI YIIPOIICHHBIM CIOCOOOM.

KittoueBble cj10Ba: jKee300eTOHHBIC KOHCTPYKIMH, METObI PACUeTa, MOMEHT 00pa30BaHMsI TPEIHH, CBOHCTBA GeTOHA.
UDC 666.972:691.620.192. Account inelastic properties of concrete when calculating concrete structures for cracking. Mukhamediev T.A., NIIZHB named after A.A. Gvozdev, Moscow
Key words: reinforced concrete structures, methods of calculation, the moment of cracking, concrete properties.

CeiicMuueckne pacuérel

A.T'. TAIIUH, a.1.H. AO «ATOM3HEPronpoekT, r. Mockpa

BJIVSIHUE YKPEILIEHUSI CIABOI'O TPYHTA MOJ ®YHIAMEHTOM HA CEUCMHUYECKY IO PEAKIIMIO COOPYIKEHHSL. Yacts IV. BIUSHAE YMEHBIIEHUS

KECTKOCTH I'PYHTOBOM IOV IIKMN...30

TIpu BO3BEICHUH OTBETCTBEHHBIX COOPY/KCHHUI Ha CIA0BIX TPYHTAX MPUXOUTCS IIPUMCHSTH YKPEIJICHHE IPYHTOB C LEJIBI0 KOHTPOJIS 0CaI0K M KpeHOB (yHnaMenToB. Ho co3nanue yKperuieHHO#

«TPYHTOBOM MOTYIIKWY MO QYHAAMEHTOM, KaK BBISICHSCTCS, HHOT/Ia CIIOCOOHO 3aMETHO CHU3HTh CCHCMHYCCKYIO PEaKIHI0 COOpyxkeHus. Panee 3ToT 3deKT ObUT POIEMOHCTPUPOBAH aBTOPOM Ha

KOHKPETHOM IpHMepe U3 MPakTHKH. [103ke Oblia moka3aHa Beaymias pojib KHHEMaTHYeCKOTO B3aUMO/ICHCTBHSI COOPY)KCHHSI C OCHOBAaHHEM B paccMaTpuBaeMoM 3¢ dekre. B HacToseii ctatbe

00CyKIaeTCsl BANSHUE CHIDKCHHS KECTKOCTU MaTepHalia «IPYHTOBOI IOYIIKI) Ha ceificMo3aiuTHbIH 9 dekt. Takoe uccieoBaHue TPeOyeTCsl, YTOObI OLIEHUTH JOIYCTHMbIC MPEICIIbI HEH30€KHOTO

pas3bpoca CBONCTB yKPEIIEHHOTO IpyHTA. [10Ka3aHO, YTO CHIKEHHE KECTKOCTH BE/JIET K YBEIMUYCHHUIO TOPU30HTAIBHON PEaKIIMH HEBECOMOTO JKECTKOTO (pyHAaMEHTa  OJJHOBPEMEHHO K HEKOTOPOMY

YMEHBIICHHIO ero Kadanus. UTo kacaercsi peakiun GyHIaMeHTa [0J[ COOPYKEHUEM, TO JIETKOE COOPY)KCHHE HE CIIOCOOHO CYIIECTBEHHO H3MEHUTH KOJIeOaHus CBOEro (hyHIaMEeHTa MO CPAaBHEHHIO C

KoneOaHUAMH HEBeCOMOTro (hyHIaMEeHTa, Tak 4To 3 (eKT ocTaHeTCst IpeKHUM. TsKenoe ke COOpyKeHHE COCOOHO MOMEHATH (G GEKT OT CMATYEHHS YKPEIUICHHOTO TPYHTA UL KauaHHs Ha

MPOTHBOIOJIOXKHBINH. B 3TOM citydae cMsrdeHune yKperieHHOro IPyHTa MPUBEACT K CHIKCHHIO CEHCMO3aIUTHOTO 3(eKTa U ISl TOPH30HTANBHBIX, M UL Ka4aTeIbHbIX KoJebaHuii GpyHIamMenTa.
KiroueBble cj10Ba: ceificMuueckue BO31CHCTBHS, B3aHMOACHCTBHE COOPYKEHHS C TPYHTOBBIM OCHOBAaHHEM, YKPEILICHHE IPYHTA MO (yHIaMEHTOM.

UDC 539.3. Impact of the soil upgrade on the structural seismic response. Part IV: Effect of decrease in stiffness of the soil pillow. Tyapin A.G., Architecture and Construction Design Bureau, Moscow

In cases of weak soils under the base mat one has to upgrade soils in order to control settlements of the foundation. However, it turns out that the upgraded “soil pillow” under the base mat is sometimes capable of

decreasing seismic response of a structure. Recently this effect has been demonstrated by the author for a practical case. Later the author demonstrated crucial role of the kinematical interaction in the considered effect.

In this paper the effect of the decrease in the material stiffness of the “soil pillow” is discussed. Such a survey helps to estimate the acceptable limits of inevitable deviations in the properties of the upgraded soil. It is

shown that the decrease in the upgraded soil stiffness leads to the increase of the horizontal response of the weightless basement and at the same time to a certain decrease in rocking response of the weightless

basement. As to the response of the basement under the structure, the light structure is not able to change the response of the basement significantly as compared to the response of the weightless basement — so the

effect stays in place. However, heavy structure can change this effect. In this case the reduction of the seismic protection due to the softening of the «soil pillow» will refer both to the horizontal and to the rocking

response of the basement.

Key words: seismic excitation, soil-structure interaction, upgrade of soil under the base mat.



JInHaMUYeCKHe PAcUEThl
WM. BEJSAKOB', a.1.1., npod., B.K. BOCTPOB? a.1.1. 'IIHAMCK um. Kyuepenko (HUIY «CTponteancTBo»), “Kumpekoe oobenunnenne BHUIIMMopHedTeras
OCOBBIE BETPOBBIE BO3JEMCTBHUSA U AKTYAJTUZALIMS HOPMATHUBHBIX JOKYMEHTOB B CTPOUTEJILCTBE...38
TIpuBOUTCS KPATKUI aHAIN3 CHCTEMbl HOPMATHBHBIX JOKYMEHTOB B CTPOMTEIIBCTBE KACAIONINXCS aBAPHIHBIX CUTYAIMI IIOPOKIaEMbIX BETPOBBIMU BO3CHCTBHAMH. TIpenaraiorcs onpeaeneHus
ABapUIHBIX BETPOBBIX HATPY30K M BO3/ACHCTBUI OTCYTCTBYIOIMX B aKTYAIH3UPYEMOil  BHOBb BBOAMMOMN CHCTEME HOPMATHBHBIX JOKYMEHTOB. [T0Ka3bIBACTCSI, YTO MPOU3OIICAIINE 32 HOCICIHHE
JICCATHIICTUS KPYITHBIC aBAPHH U Pa3pyIICHHS MO NPUUMHE OMIMOOYHBIX ITONIOKEHHI M HEOCTATKOB NPH aKTyalIM3alHU M IEPECMOTPE Psijia HOPMATUBHBIX JTOKYMEHTOB B CTPOHMTEIIBCTBE, OCHOBAHHBIX Ha
OTCYTCTBUH B HUX MOJIOKCHUH 1 TpeOOBaHMUIT O y4eTy aBapuifHBIX pacueTHbHIX cuTyauuil Tpebyembix MenepanbHeiM 3akoHOM Ne384-D3.

KiroueBble c/10Ba: aBapHifHbIC CUTYaIlHH, BETPOBbIC HAIPY3KH, aBAPHH, OIIMOKU IPOSKTUPOBAHNs, OE30I1aCHOCTH, JMHAMUYECKHE CHCTEMBI, CAMOBO30Y K 1afoIuecs KojaeOaHus, TapaMeTpuIecKue
KONeOaHMsI, aBapUIHHBIC BO3ACHCTBIS, CTPOMTEIbHBIC HOPMBIL, CTPOUTENIBHBIC HOPMBI, yCTONYHBOCTH PABHOBECHSI, YCTONUMBOCTD KOTCOAHHIL.
UDC 624.01.42. Special wind impacts and updating of regulatory documents in construction. Vedyakov LI, Reserch Institute of Building Constructions (TSNIISK) named after V.A. Kucherenko;
Vostrov V.K., JSC «Kimry Association VNIPImorneftegaz», Moscow
Key words: emergency situations, wind loads, accidents, design errors, safety, dynamic systems, self-excited oscillations, parametric oscillations, emergency actions, building norms, building norms,
stability of equilibrium, stability of oscillations.

E.B. KOPEHEBA, a.T.H. (MockoBckoe BbiciIee 00111eBoiickoBoe KoMaHaHoe opaeHoB JKykosa, JleHnHa u OkTa0pbckoii pesosronuu KpacHo3zHaMeHHOe yUniIHIe)
AHAJUTUYECKUI METO/ JISI PELIEHUSA 3AIAY O KOJIEBAHUSIX AHU30TPOIHBIX YIIPYTHUX TEJL..47
PaccMOTpeH aHAIMTHICCKUH METOJ TS PEIICHHS 3324 O KONeOaHMSIX KPYIIIBIX [NIACTHH, CACTAHHBIX M3 aHU30TPOITHOTO MaTepHrala. PeeHns MOy eHbl B 3aMKHYTOM BH/IE U BEIPAXXCHBI B QYHKIIUSX
Beccens. cnonbayercst Meto KomieHcHpytonux Harpy3ok (MKH). ITpunsiTo, 4To MaTepuan KOHCTPYKIHIL 001a1aeT HIMHIPHYICCKOIl aHH30TPOIIMEH U SBISACTCS OPTOTPOITHBIM. J{yisl peleHus psijia
3a/1a4 00 aHM30TPOIHBIX CPEJax HCMOIb3YETCs HOBBIN HpreM, mo3Bossomuii npumenste MKH. st atoro ucnons3yercst ypaBHenue Hunbcera. [1oapoOHO H3y4ar0TCst BOIPOCH BBIHYKACHHBIX
KoneOaHu aHU30TPOITHBIX KPYTJIBIX ITACTHH.

KittoueBble ¢/10Ba: aHH30TPOINS, INIACTHHEL, KoteOanms, Gpyrkuun beccers.
UDC 624.073. The analytical method for solving of vibration problems of anisotropic elastic solids. Koreneva E.B., Moscow higher military command school
The work covers the problems of analytical approach for solving of vibration problems of circular plates made from anisotropic material. The solutions are obtained in closed form in terms of Bessel
functions. Method of compensating loads (MCL) is applied. It is assumed that the constructions’ material is orthotropic since it possesed of cylindrical anisotropy. New approach allowing MCL
application is used. Nielsen’s equation is taken into consideration. The problems of anisotropic circular plates forced vibration are examined in detail.
Key words: anisotropy, plates, vibration, Bessel functions.

TepmomexaHnuka

M.O. MOUCEEHKO, k.1.H., O.H. IIOIIOB, k.1.H. (TTACY, r. Tomck)

UCCJIEJOBAHUE BO3JEVCTBUSA TEMIIEPATYPHOI'O MOJISI HA U3MEHEHUE HJIC HEPA3PE3HOM I'MBKOM ITACTUHBI C HAYAJIBHBIM ITIPOTHBOM...51

HUccnenyercst usmMenenne HanpsbkeHHO-1edopmuposarntoro cocrosuus (HC) Torkoii Hepa3pesHoit rudkoit miactuael axbxh= 50x100%0,7 cm rudkoctsio a/h = 50/0,7 = 71,4 (oTHOLICHHE MEHbIICH

CTOPOHBI K TOJIIMHE) U3 MaTepuaja — TUTaHOBbIH crutaB BT6. IlnactiHa Mo KOHTYpPY M IO HEHTPaIbHO MONEpeYHOH OCH CHMMETPHUHM MOJIKPEIICHa MAPHUPHO HEMOABHKHBIMU OITOPAMU U HAXOAUTCS

MO BO3ACHCTBUEM HEPABHOMEPHOTO TeMIEpaTypHOro mnous. IIpu pacueTe yunThIBaeTCS HaYaIbHbIH IPOrHO CPAaBHUMBIH C TONIIMHON IUIACTHHBI, TeOMETpHYecKas HeanHelHocTs o T. Kapmany,

YUHUTHIBACTCS M3MCHECHHE MEXaHHYECKUX CBOMCTB MaTepHaia 10 TOJTIO IIACTUHBI B 3aBUCHMOCTH OT BeJIMuHHbI TeMrepatypbl. HJIC B mactuae rudkocThio a/h =71,4 xapakrepusyercs

MHTEHCHBHOCTBIO HANPSDKEHHIT U TIONEPEYHBIMH IepeMelleHnsME (Tporubamu). M3 ananusa moydeHHBIX Pe3yIbTaTOB HCCISIOBAHHS CICTAHBI BBIBOABL: a) IPH YMEHBUICHUH TOJIINHBI IITACTHHBL

YCHIIMBACTCS BIHSHIE MEMOPAHHBIX COCTABIAIOMINX HANpsyKeHHH. OHY CYIECTBEHHO M3MEHSIOT BOSHHKAIONINE H3TNOHBIE COCTABNSIONINE HATIPSDKSHUI M BEIMYMHBI TPOrHOOB; 0) IpH pacuetax

IUIACTUH € THOKOCTBIO Gosbine 70 cieyeT COBMECTHO YUHTHIBATH HAYaIbHBIH MPOrUO, reOMETPUYECKYIO HETMHEHHOCTh, HEOIHOPOJHOCTh (PU3NYECKHX CBOMCTB, CBA3AHHYIO C IEPEMEHHBIM

TeMnepaTypHbIM noieM. [Ipn nuHeltHOM pacueTe MoNyYeHHbIe BETHUNHBI, XapakTepusyomme HIC nMeoT 60IbIyio MOrpenIHocTh; B) rpaduKky 3aBUCHMOCTH HHTEHCHBHOCTH HAaINPSKEHUH U IPOruboB

OT TEeMIIEPaTypbl B ITaCTHHE rHOKOCThIO a/h = 71,4 M3MEHAIOTCA MEHee IUTaBHO, YeM B IUIACTHHE C MEHbIIIeH ru6kocThio a/h = 50; T) mpu BO3pacTaHWK BETMYHHBI TEMIICPATYPbl YMEHBIIACTCS MOJTYTh

YIPYTOCTH; IPH 9TOM B OTAEIBHBIX (PHOPOBBIX BOJIOKHAX IIACTHHBI THOKOCTBIO 71,4 N3MEHsIETCs 3HAK MHHTEGHCHBHOCTH HAIPSDKEHMIT, UTO B CBOIO O4Yepe/b BeJeT K KauecTBeHHOMY u3Menenuto HJIC.
KinioueBble ¢j10Ba: NIaCTHHA, HAYaJIbHBIH IIPOrub, reoMeTpruyecKas HeTMHEHHOCTh, TeMIepaTypHOe BO3IeHCTBHE.

UDC 7.04:535.4.011.22.23. Investigation of the impact of the temperature field for variation of the vat by unexpected flexible platewith initial bend. Moiseenko M.O., Popov O.N., TGASU, Tomsk

Key words: plate, initial deflection, geometric nonlinearity, temperature influence.

M.B. CITACCKASI, unik., A.A. TPEIIEB, 1.1.1., npod. Ty/bckuii rocy1apeTBeHHbIii yHHBEpPCHTET

TEPMOMEXAHHUYECKASI 3AJJAYA JJISI IOJOT O COEPUYECKOM OBOJIOUYKH U3 MATEPHAJIA C YCJIOKHEHHBIMHA CBOMCTBAMM...58

Hccnenyercst HecBsi3aHHAsI 3a/ja4a TEPMOYIIPYTOCTH JUISL TOJIOTOi ceprueckoil 060I09KH U3 OPTOTPOITHOTO Pa3HOCOIPOTUBISIOMIETOCS MaTeprana. B cTaThe mpecTaBIcH BBIBOJ CUCTEMEI
paspemaromux ypapHeHnuil. Ha ocHOBe paccMaTpHBaeMoil MOZICIH pellieHa KOHKpeTHast 3a1aua. IIpuBeensl Hanbosee XapakTepHbie pe3y nbTathl pacuera HIIC 060704KH 1 BBIIONHEH UX aHAIIU3.
JlaHHBIE [0 MPEACTABICHHON MOIEIN CPABHUBAIOTCS C KIIACCHYCCKIM PELICHHEM U C Pe3y/IbTaTaMH [0 HanboJee anpoOHpOBaHHBIM MOACISIM PA3HOCOMPOTHBIIIOLINXCS MATCPHATIOB.

KumioueBble ¢;10Ba: PasHOCONPOTHBIISIEMOCTb, aHU30TPOIIHS, TEPMOYIPYTOCTb, HECBS3aHHAs 3a/1a4a, HoJIoras ceprueckas 060I0UKa, pa3pelIaioNie YPaBHEHH s, HALPSKEHHO-1e()OPMUPOBAHHOE COCTOSIHHE.
UDC 539.384.6:539.377:539.319. Thermo-mechanical problem of shallow spherical shell made of materials with complex properties. Spasskaya M.V., Treschev A.A. Tula state University, Tula.
An uncoupled problem of thermoelasticity for a shallow spherical shell of an orthotropic material of different resistance is investigated. The article presents the derivation of a system of resolving
equations. On the basis of the model under consideration, a specific problem has been solved. The most characteristic results of calculating the shell’s envelope are given and their analysis is performed.
Data on the presented model is compared with the classical solution and with the results for the most tested models of materials of different resistance.

Key words: different resistance, anisotropy, thermo-elasticity, uncoupled problem, shallow spherical shell, resolving equations, stress-strain state.

E.A. BPUTBHH, xana. ¢pus.-mat. nayk (I'YB3 II'ACA, r. Inenp, YkpaunHa)
YETBIPEXY3JIOBOM TETPADAPUYECKUAA KOHEYHBINA 3JIEMEHT C BPAIATEJIbHBIMHU CTENEHSIMHA CBOBO/IbI B Y3JIAX...66
Ha ocnoBe 6a30Boro 20-y3710BOro TeTpaj3ApHIeCKOr0 KOHEYHOTO TEMEHTA C MOCTYMATEIbHBIMHU CTETICHIMH CBOOO/IBI TPETHETO MOPS/IKA, BHIBEACHBI (QYHKIMH (POPMBI YETHIPEXY3I0BOTO
TETPadAPUYECKOr0 KOHEYHOT'O SJICMEHTA C BPAIIATEIbHBIMH CTEIICHIMH CBOOO/IBI B Y3J1aX (TPHU MOCTYHATENIbHbIC IUTIOC TPH MOBOPOTa). IlocTynaTesbHble TIepeMEIeHHUs Y3/I0B Ha CTOPOHAX 6a30BOro
3JIEMEHTA €CTECTBEHHBIM 00pa30M BBIPAXKEHBI Yepe3 CTENEHH CBOOOIBI Y3/I0B, PACHIONIOKEHHBIX B BEPLINHAX MPIMOYTOIbHUKA. MaTpHIa )KeCTKOCTH JIEMEHTA MPEACTABICHBI B BHAE CyMMBI
MPOM3BEACHHUH Ta0yITNPOBAHHBIX YMCIOBBIX MATPHUIL HA alreOpandecKue MaTpHIlbl, KOG HHIMEHTHI KOTOPBIX BBIPAXKEHBI Yepe3 KOOPMHATHI BEPIIHH TeTpasapa. IIpoaeMOHCTpUpOBaHa XOpoLIas
CXOJMMOCTh PEIICHHS, TOITy4EHHOTO Ha OCHOBE Pa3pabOTaHHOTO JIEMEHTA.

KiroueBbie €JI0Ba: KOHEYHBIH 3IEMEHT, TETPadAPHICCKUl KOHEUHBII 3JIEMEHT, TETPAdAPUUCCKUI KOHEUHBII 3JIEMECHT ¢ BPAIlaTe/IbHBIMH CTEIICHSIMH CBOGO/IBI.
UDC 624.044. Four-node tetrahedral finite element with drilling degrees of freedom in nodes. Britvin E.I., GUVZ PGASA, Dnepropetrovsk, Ukraine.
Based on the basic 20-node tetrahedral finite element with translational degrees of freedom of the third order, the functions of the four-node tetrahedral finite element with rotational degrees of freedom in the node are
derived (three translational plus three rotational). The translational movements of the nodes on the sides of the base element are naturally expressed in terms of the degrees of freedom of the vertices nodes of the
tetrahedral. 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.

N 6 3a 2018roa
Pacuérel Ha TpoYHOCTH
A.C. JEXTSPBD, a.1.H., npod. HanuonanbHasi akaieMusi H300pa3uTeIbHBIX HCKYCCTB H apXUTEKTYpHI, I. Kues, Ykpanna
K IPOEKTUPOBAHHUIO ®EPM HAMMEHBIIEI'O BECA...2
B 3aaue 06 OTHICKAHHH ONTHMAJIBHBIX IIPOCKTOB IVIOCKHX CTATHYCCKH OMPEACTUMBIX (hepM MPEUI0KEHO OIICHUBATh MX HECYIYI0 CIOCOOHOCTh KWHEMATHIECKUM METOIOM TEOPHH MPEJIEILHOIO
paBHOBecHs. PaccMOTpeHbI KOHKYPEHTHBIE (JOPMBI HCUEPIAHHSA UX HECYIIEH CIIOCOOHOCTH MpPH ISHCTBUM BEPTHKAIBHON HArpy3KH, IPHIOXKEHHOI B y3/1aX BepXHero nosca. ITomyueHHbIe MPOEKTH (hepm
MHMHHMMAJIbHOTO BECA CPABHUBAIOTCS C H3BECTHBIMH PEHICHHAMH M C TPAJJUIUAMU MPHHATON MPOCKTHOM MPAKTUKH.
Kiouesnle ciioBa: (pepma, Hecymasi cnocod0HOCTh, ONTHMA/IbHOE IPOEKTHPOBAHHE.
UDC 624.04:539.376. The minimum weight design of trusses. Dekhtyar’ A.S., National Academy of Fine Arts and Architecture, Kiev, Ukraine
In a task for optimum projects search of flat statically definable trusses the approach is offered to estimate their load carrying capacity by the kinematical method of the limit load theory . The competition forms
of exhausting of their limit loads under action of the vertical loading attached in the nods of upper belt are considered. The got projects of minimum weight trusses are compaed by the formerly known decisions. and
with traditions of the accepted project practice.
Key words: truss, load, carrying capacity, optimal design.

E.M. 3BEPSIEB, a.1.H., npod. UncTutyT npukiaasoii marematuku um. M.B. Keaasima PAH, r. MockBa
METO/I BBIYMCJIEHUS KOHIEHTPAIIMM HAIIPSI)KEHHUIA B YIJIOBBIX TOUKAX JIJIMHHOM YIIPYTOM ITOJIOCHL...7
Knaccunueckuii noinyo6patHslid Metos; CeH-BeHaHa B COBpeMEHHOM MOHMMAaHUH MOXKET TPAKTOBATBCS KAK METOJ| MPOCTBIX UTepaluil. IHTerpupoBaHue CUCTEMbl ypaBHEHHI POU3BOUTCS
TyTeM MOCIE0BATEIFHOTO HHTETPHUPOBAHHS YPAaBHEHHH MTEPBOTO MOPSIKA C MAIBIM MapaMeTPOM. BeIMOIHEHNE TPaHUYHBIX YCIOBUI Ha [UIHHHBIX KPasX AaeT OTJACTbHbBIC YPAaBHEHHS Ul MEUICHHO U
OBICTPOMEHSFOLMXCS KOMITIOHEHT pellieHus. MeUICHHBIE ONUCBIBAIOT KIIACCHYECKOE PelIeHHe, ObICTPhIe — KOHIIEHTPALMIO HANPSHKEHUI B YIJIOBBIX TOYKAX JUIMHHOM I0JIOCHI, TO3BOJISAS BBIOIHUTD BCE
YCIIOBHS Ha KOHIIAX U YCTPAHHUTh PA3pPBIBBI KIACCHUECKHX pemeHuit mo Opuapuxcy.

KuioueBble cioBa: Mero/ CeH-BeHana, IPHHIIHIT CKATBIX 0TOOPaKCHHUH, KOHIICHTPALUS HANPSDKCHUH, CHHTYJIIPHO BO3MYIICHHOE YPAaBHEHHE.
UDC 539.3. Method of calculation of stress tration in angular points of long elastic strip. Zveryaev E.M., Institute of Applied Mathematics M.V .Keldysh, Moscow.
The classical semi-inverse method of Saint-Venant in the modern sense can be interpreted as a method of simple iterations. The integration of the system of equations is performed by successively integrating the first
order equations with a small parameter. Verification of boundary conditions on long edges gives separate equations for slowly and rapidly changing components of the solution. The slow ones describe the classical
solution, the fast ones give the stresses concentration at the corner points of the strip, allowing fulfilling all the conditions at the ends and eliminating the discontinuities of the classical solutions according to Friedrichs.
Key words: Saint-Venant method, mappings contractions principle, stress concentration, singularly perturbed equation.

B.A. KOMAPOB, K.T.H., 1011. IleH3eHCKHI rocy1apcTBEHHbIH YHHBEPCHTET apXUTEKTYPhI U CTPOUTEILCTBA

MNPOYHOCTH HAKJIOHHBIX CEYEHH B MOJIPE3KAX KOPOTKUX KOHCOJIEA BAJIOK...14

HpI/[BeHCHI)I PE3yNbTaThl KCIIEPUMEHTATIBHO-TCOPETHICCKUX ]/ICCJICI[OBHHI/[ﬁ CONPOTHUBJICHUS HAKJIIOHHBIX CEUYCHUI B ToaApe3Kax JKEIIe300C TOHHBIX DAJIOK. PaCCMOTpCHLI 0COOEHHOCTH HarpsKECHHO-
JeOPMHPOBAHHOTO COCTOSIHUSI OTIOPHOM 30HBI, 00Pa30BAHHOI TOPE3KON. BhIsABICH XapakTep 00pa3oBaHus U CXeMa Pa3pyIICHHUs HAKIOHHBIX CEUCHUH, MPOXOIAININX 110 BHICOTE MOAPEe3KH. JlaHa
KaueCTBEHHAs M KOJIMYECTBEHHAS OLICHKA MPOYHOCTH HAKIIOHHBIX CCUYEHHH B OJPE3KaX KOPOTKHX KOHCOJICH 6anok nmpH JIeHcTBUM nonepeyHbiX cuil. IIpenoxkensl pacyeTHbIE CXeMbl (MOZIEIHN),
Haubosee 0JIU3K0 OTBCYAIOIINE PEATTBHOMY dJI/ISI/I‘[CCKOMy XapaxkTepy pa60TI>I HAKIJIOHHBIX CEUCHHI B paccMaTpUBaCMBbIX NMIPEACIBHBIX COCTOTHUAX. ﬂaHBI PEKOMEHAANN pacu€Ta HAKIIOHHBIX CC‘ICHI/II‘//I,
MPOXOJSIIINX IO BBICOTE MOJPE3KH KOPOTKHX KOHCOJICH kKesie300eTOHHBIX Oanok Ha ocHoBe Metoauk CIT 63.13330.2012 u ITocoGust 110 MpOEKTUPOBAHUIO GETOHHBIX U XKEIE300CTOHHBIX KOHCTPYKIHIA



M3 TSDKEIBIX M JIETKUX OCTOHOB €3 MpeBapuTeIbHOrO HANPsDKEHUs K panee jeiictByromemy CHull 2.03.01-84*.

KiioueBble cj10Ba: mojpeska, KOPOTKask KOHCOIb OaIky, MPOAOIbHAS U COCPEIOTOUCHHAS TIONEPeYHast apMaTypa, TPEIIHHbI, HAKIIOHHBIC CEUSHHS, CXeMbI Pa3pyILICHHs, PACUCTHBIC MOZEIH.
UDC 624.072.21. The strength of the inclined sections of the cut short consoles beams. Comarov V.A., Penza State University of Architecture and Construction
The results of experimental and theoretical studies of the resistance of inclined sections in the undercuts of reinforced concrete beams are presented. The features of the stress-strain state of the support zone formed
by trimming are considered. The character of formation and the scheme of destruction of inclined sections passing along the height of trimming is revealed. The qualitative and quantitative assessment of the strength of
inclined sections in the undercuts of short beam consoles under the action of transverse forces is given. The calculation schemes (models) are proposed that most closely correspond to the real physical nature of the
work of inclined sections in the considered limit States. Recommendations of calculation of the inclined sections passing on height of trimming of short consoles of reinforced concrete beams on the basis of techniques
of SP 63.13330.2012 and the Manual on design of concrete and reinforced concrete designs from heavy and light concrete without preliminary tension to earlier operating SNiP 2.03.01-84*are given.
Key words: cutting short the console beams, longitudinal and transverse concentrated rebar, cracks, inclined section, the scheme of destruction, the estimated models.

A.A. MUHACHH, unx. HHUHUCK um.B.A. Kyuepenko (AO «HUIL «CTpouTtenbcTBo»), r. Mocksa
HECYIIASI CHOCOBHOCTb KOPPO3HOHHO-ITOBPEKIEHHBIX KEJIE30BETOHHBIX ILIUT MEPEKPBITHUSI I1O PE3YJIBTATAM HATYPHBIX UCIIBITAHMIA...19
MHOrOUYHCICHHbBIEC HCCICA0BAHNS [TOKA3a/I1, YTO MPH BO3ACHCTBUH OKPYIKAIOIIEH Cpe/ibl Ha KOHCTPYKIMHU U3 GETOHa U jKeIe300eTOHa YBEIHUNBACTCS HX 1e(OPMATHBHOCTD, CHIKACTCS
HecyIast CocOOHOCTD U T.J. B HATYPHBIX KIMMATHYCCKHX YCIOBHAX POUCXOAUT JICCTPYKTUBHOE pa3pyIICHUE M 00pa30BaHNE TPEIMH, & IPH BIMSHAM HANPSHKCHHOTO COCTOSIHHS 9TOT MPOLECC
YCKOPSIETCSI, BBI3bIBasi CHIKCHHUE TIPOYHOCTH OETOHA 1 KOPPO3uio apMaTypbl. CHIKEHHE TPOYHOCTHBIX XapaKTEPHCTHK OETOHA M YMEHBIICHHE CEYEHHUS apMAaTyphl, IPUBOAUT K CHIKCHHUIO HECyIIeH
CIIOCOOHOCTH JKeNe300eTOHHBIX KOHCTPYKIHIL. [IpeicTaBiIeHbl pe3yIbTaThl HCCIEAOBAHUIT HECyIeil COCOOHOCTH KOPPO3HOHHO-TIOBPEKIACHHBIX JKEJIC300CTOHHBIX IUIUT MEPEKPHITHSA, TTOABEPIIIHXCS
3aMOpPaKMBAHUIO-OTTANBAHHIO B TCUCHHE BpeMEHH (T0/bl). [IpUBOAATCS SKCIIEPUMEHTANIBHBIE JaHHBIE IO HATYPHBIM HCIIBITAHUAM KENIe300€TOHHBIX IIUT ¢ (JaKTHICCKUMH TIPOYHOCTHBIMU
XapaKTepPHCTUKAMH OCTOHA M YaCTUYHO MPOKOPPOIUPOBAHHOI apMaTypoid. IToydeHsl rpauKki 3aBUCHMOCTH: CHIKCHHE IPOYHOCTH GETOHA M pabovero ceYeHus apMaTypHbBIX CTEPKHEH B
3aBUCHMOCTH OT BPEMEHH (TO/IbI) B KIMMAaTHIECKUX YCIOBUAX I.MOCKBBI. [IpOYHOCTHBIC XapaKTEPHCTHKH OETOHA B 30HAX CKATUS U PACTSDKCHUS IIOCIIE CTATUCTHYECKOIT 00pabOTKH Ha BEPOSTHOCTHOM
ocHOBe obecredyeHHOCTHI0 0,95 anmpoKCHMHUPOBAHBI SKCIIOHEHIMATBHOM 3aBUCUMOCTBI0. Ha OCHOBaHNH HCIIBITAaHHN CEPHHU TLUTUT Pa3HOM CXEMbI, ONPEACIICHBI TIOKa3aTelH (HYHKIUN MOBPEIKICHHUS
6eToHa JUIS JAaHHOTO MOMEHTA BPEMEHH.

KirroueBble cj10Ba: Hecyiast CHOCOOHOCTb, KPUTEPHH OTHOCHTEIBFHOTO CHIKCHHUSI IPOYHOCTH OETOHA, KpUTEpHUH OETOHA, 3aBUCSIINN OT HAPSKEHHOTO COCTOSIHHUSL, KOPPO3HOHHOE
TOBPEK/ICHHE, 3aBUCUMOCTH MOMEHT — IIPOTUG, IPOYHOCTh KOPPO3HITHO-IIOBPEKICHHOTO GeTOHA.
UDC 624.072.225. Carrying capacity of corrosive damaged reinforced concrete plates by results of natural tests. Minasyan A.A., Research Centre «Construction» — the Central Scientific Research Institute of
Building Constructions named after V.A. Kucherenko, Moscow.
In recent years, in many regions of Russia, as well as in Moscow, there was a need to complete the construction or reconstruction of buildings and structures, the construction of which was stopped 10—15 years ago,
and many objects were not conserved. When determining the performance of such buildings and structures, it is necessary to accurately assess the residual life of the structural elements. In the absence of conservation
of reinforced concrete slabs are most exposed to atmospheric influences, affecting the strength and deformation characteristics of concrete and the bearing capacity of slab structures. To accurately assess the residual
life of the bearing capacity of the floors in the conditions of long-term cyclic freezing-thawing, it was necessary to perform a series of tests of corrosion-damaged concrete slabs.
Key words: bearing capacity, corrosion damage, dependences of moment-deflection, strength and deformation modulus of corrosion-damaged concrete.

PacueTsl Ha ycTOHUMBOCTH
JI.B. KOHUH, k.T.H., A.P. OJIYPOMBMU, nu:x. HHANUCK nm.B.A. Kyuepenko (AO «HUILL «CtponTteibeTBo»), r. MockBa
O PACYETE MECTHOM U OBHIEN YCTOMYUBOCTHU CTAJIBHBIX TPYE KPYIJIOIO CEYEHUSA ITPM BHEUEHTPEHHOM CKATHUM B YIIPYTOIVIACTUYECKOM MOCTAHOBKE...25
B cOBpeMEHHOM CTaJIbHOM CTPOMTEIBCTBE BCE YAl IIPHMEHSIOTCS IPO(HIN 3aMKHYTOT0 HOIEPEYHOTO CEUCHHS, B YaCTHOCTH TPYObI Kpyrioro cedeHus [1]. B mpuMep MoXHO NPUBECTH PsiT
YHHKaJIbHBIX COOpYKeHHit: cragnon Crnaprak B MockBe, yHHBepcanbHbli-GyTO0abHEI cTagnon B Kazanu, TepMunan A asponopta BHykoBo, KOHCTPYKIMH TTOKPBITH KpbIIaTckoro KOHbKOOEKHOTO
nenTpa. Tpy0a Kak 31eMEHT KOHCTPYKIIMH XOPOIIO pad0oTaeT Ha OCEBBIC HATPY3KH, €€ MPEHMYICCTBCHHO IPUMEHSIOT B KAYeCTBE CXKATOTO MIIM CKATO-M3THOaeMOro 31eMeHTa. Pacyer ¢ yueToM oceBoi
CKHMAIOIIEH CHITBI, KaK MPaBHJIO PUBOAUT HAC K PACUETy YCTOHUMBOCTH cTepKHs. OJJHAKO BO MHOTHX CITy4YasiX MOTEPsi MECTHOH yCTOIYMBOCTU CTEHKH TPYOBI IPOUCXOAUT PaHbIIE (a IOpoit
3HAUMTEIIBHO PaHbIIIE) OTEPH 00IIeH YCTOHUMBOCTH cTepxkHs. JeHcTBYromHMEe HOPMBI IO cTaibHBIM KOHCTPYKIMAM [CIT 16.13330.2017] He periaMeHTHPYIOT BOIPOC MECTHOM YCTOHYHUBOCTH
3aMKHYTBIX npodueid. [To pe3ynprataMm IpoBeJEHHOTO HCCIECAOBAHMS HAarpy3Ka IMPH KOTOPOI IPOUCXOAUT MOTEPs MECTHOH YCTOHUMBOCTH TPYOBI MOXKeET ObITh Ha 15-20% HusKke Harpysku,
MOJTy4CHHOM HPU pacyeTe Ha OONIYI0 YCTOHYHBOCTh. CTaThsl IOCBSIICHA ONPEICICHHIO KDUTHISCKUX CHJI, COOTBETCTBYIOIIUX IOTEPE MECTHOI M 0OIIEH YCTOHYIHBOCTH.

KiioueBble €J10Ba: MECTHAsl YCTOWYHBOCTD, 00t YCTOHYHBOCTD, TPY0Oa KPYIIIOTO CEUEHHs], BHELIGHTPEHHOE CXKATHE, AHATUTHYECKHI pacyer.
UDC 624.075. About global and local buckling calculation of steel pipes with annular section, taking into account the plastic work of the material. Konin D.V., Olurombi A.R., esearch Centre
«Construction» — the Central Scientific Research Institute of Building Constructions named after V.A. Kucherenko, Moscow.
In modern steel construction, profiles of a closed cross section, in particular pipes of circular cross section, are increasingly used.A number of unique structures can be cited as an example: Spartak Stadium in Moscow,
a universal football stadium in Kazan, Terminal A of Vnukovo Airport, roof structures of the Krylatsky Speed Skating Center.The pipe, as a structural element, works well for axial loads, it is mainly used as a
compressed or compressed-bending element. Accounting for compression leads us to global buckling calculation. However, in some cases the local buckling occurs earlier than global buckling. The current standards do
not regulate the issue of local buckling of tubes.According to the results of the study, the critical load of global buckling can be 15—20% less than local critical load. This article about analytical calculation of critical
forces for global and local buckling.
Key words: local buckling, globalbuckling, steel pipes with annular section, eccentric compression, analytical calculation.

JuHaMuyeckre pacuérbt

O.B. EMEJIBSHOB, k.T.H., fo1., I.A. UIBAHOBA, un:k., B.6. TABPUJIOB, K.T.H., MarHHTOropcKuii rocy1apcTBeHHbI TeXHU4ECKHIi YHHBEPCUTET

ONPEJAEJIEHHUE PASMEPOB IISITHA KOHTAKTA HA TIOBEPXHOCTH I'OJIOBKHA KPAHOBOI'O PEJIbCA B MECTE KOHTAKTA C KOJIECOM MOCTOBOI'O KPAHA...30
Pemraercs 3aaua onpe/eneHus pa3MepoB IATHA KOHTAKTa, MAKCMMAaJIbHBIX HOPMAJIbHbIX U MPHBE/ICHHBIX HATPS)KCHUH HA MOBEPXHOCTHU I'OJIOBKH KPAaHOBOTO pPelibca B MECTE KOHTAKTa KoJieca
MOCTOBOTO KpaHa ¢ KPaHOBBIM pesibcoM. COIMOCTABICHBI Pe3y/IbTaThl PACUETOB, BBIIOIHEHHBIX 110 H3BECTHBIM 3aBHCHMOCTSM, C Pe3yIbTaTaMU YUCICHHOTO MOJCTUPOBAHHS. Y CTAHOBICHBI
3aBUCHUMOCTH, CBA3BIBAIOIIME Pa3Mephl MSITHA KOHTAKTa HA TIOBEPXHOCTH I'OJIOBKH KPAHOBOT'O Pelibca, MAKCHMAJIbHbIE HOPMAJIBHBIC Gkmax M TIPUBEICHHBIC (110 MU3ecy) HaNpsHKEHUs B LIEHTPE IATHA ¢
BEJIMYMHOM BEPTUKAIBHOTO JABJICHUS KOJIEeCa MOCTOBOTO KpaHa Ipy30MoAseMHOCThI0 50T. PacueTom mokasaHo, 4TO OJJHON W3 MPUYHH MPEKICBPEMEHHOTO, IO CPABHEHHUIO C IPOTHO30M TIPH
MPOCKTUPOBAHNWH, H3HOCA KPAHOBBIX PEJILCOB B MPOLIECCE IKCIUTYATALMH SBISCTCS MPEBBINICHNE (PAKTHUCCKHX MPUBEICHHBIX HANPSDKCHUI Tpe/iena TeKY4eCTH CTali B MECTe KOHTAaKTa KPaHOBOTO
perbca ¢ KOIeCOM MOCTOBOTO KpaHa.

Ki1roueBble ¢j10Ba: KOJIECO, pPeiibC, BEPTHKAIbHAS HAarpy3Ka, MSATHO KOHTaKTa, KOHTAKTHbIC HAMPSDKEHHUS, KO3(GUIMEHT 3amaca IPOYHOCTH.

UDC 624.014.2. Determining of the contact point size on the overhead crane rail surface of contact wheel and crane rail. Emel’yanov O.V., Ivanova D.A., Gavrilov V.B., Magnitogorsky State Technical
University named after G.1. Nosov, Magnitogorsk.

This paper presents the solution of contact patch size in maximal normal stress on the overhead of travelling crane rail surface of wheel contact patch and crane rail. The results of estimates are compared to the results of
digital modeling carried out according to know dependences.There were defined (found out) of contact patch size) the subjections on the over head travelling crane head surface and maximal normal stress Gypyax

and equivalent (von-Mises) stress in the center of contact patch with the value of the vertical pressure of overhead travelling crane wheel with the loading capacity of 50 tons. The estimates show that one of the reasons
of premature overhead travelling crane wear in operating process is exceeding the actual equivalent (von-Mises) stress steel flow limit in crane rail contact with travelling crane wheel position in comparison

to prognostics in design. Key words: wheel, rail, vertical loading, contact patch, contact stress, reserve factor.

U.A. UBAHYEHKO, a.1.H., npod. (PYT MUUT, r. MockBa)
METO/I PACYETA B3AUMOJENCTBUSA CKOPOCTHBIX COCTABOB U JIBYXITYTHBIX BAJJOYHBIX MOCTOB IIPM CEUICMUYECKHUX BO3JENCTBUSAX Yacts 2. IEUCTBUE HA
MOCT NOJABUKHBIX U CENCMUYECKUX HATPY30K, MOJIEJIMPOBAHUE 3JIEMEHTOB BE3OITACHOCTHU B CUCTEME «MOCT — COCTAB» (k opmuposanuio Hopm aias BCM)...34
TIpeioxeH YNCICHHBII METO JUISl HCCIICIOBAHMS COBMECTHBIX KOJICOAHHMH CKOPOCTHBIX COCTABOB M JIBYXITYTHBIX MPOJICTHBIX CTPOCHHI MOCTOB, MOJICITHPYEMBIX TOHKOCTCHHBIMH CTEP)KHAMH C
OTKPBITHIMHU WITH 3aMKHYTBIMH (C OTBETBICHUSIMHE) MPOGHIAMH, TIPH OOKOBBIX CEHCMHYECKHUX BO3ICHCTBHIX Ha MOCT, 33/1aBAEMbIX aKceleporpaMMami. JIiist peieHus 3aja4n UCTIONB3YOTCS [Iarosast
Tpole/ypa s peleH s 3a1a4 JMHAMUKH M METO/] y3JIOBBIX YCKOPEHUH, NPEJUI0KEHHBIC PaHee aBTOPOM, JUIsl yueTa AeHCTBUS Ha IPOJICTHBIC CTPOCHHS MOCTOB TOJBHKHOI HHEPIIMOHHOM HArpy3KH.
IIposneTHOE CTpOCHHE paccMAaTPHBACTCS KaK CYMEPIIEMEHT MPH AlMPOKCHMALIN CMELICHNH THHEHHBIMH ¥ TPUTOHOMETPHYECKIMH (YHKIMSAMHU, yIUTHIBACTCS TOPU30HTAIbHAS M BEPTHKAIbHAS
JIMHAMHKH MOBMKHOTO cocTaBa. Kaxk/iblit BAroH MOJICTMPYETC MEXaHHYECKOH CHCTEMO ¢ 25 cTeneHs MU CBOOO/IbI, ITyTh Ha MPOJIETHOM CTPOSHHH M BHE MOCTA 3aMEHSETCS YIIPYTro-BA3KHMMH
JMHEHHBIMM M HETHHEWHBIMH dneMeHTamu. [Ipe/araemMast METOANKA, YUUTHIBAET, KaK TOPH30HTAIBHBIC M BEPTHKAIBHBIC HEPOBHOCTH MPH Pa3MEILEHHU PETbCOBOTO MyTH, TaK U MOMEPEYHOE CMELICHHE
KOJIECHOM Mapbl OTHOCHTENIBHO HHEPTHOT'O PENbca C YUYETOM CHJI IICEBIOCKONIBKCHHUS TIPU BHJITHHU KOJICCHBIX Map. PaccMaTpuBaroTCst BOIPOCH! IPUMCHEHHE YCTPOHCTB GE30MIaCHOCTH B CHCTEME «MOCT
— COCTaB MpPU OOKOBBIX CEHCMHYECKHX BO3ACHCTBUSIX.

KiioueBble ciioBa: KoieGaHus ABYXITYTHBIX MOCTOB, OOKOBBIC CEHiCMUYECKUE BO3ICHCTBHU, aKCeJIepOrpaMMaMbl, CKOPOCTHBIE COCTABbI, TOHKOCTCHHBIC CTEPIKHH C OTKPBITBIM M 3aMKHYTHIMH
PO UM, IIATOBBIE MPOLEAYPHI, CHIIBI ICEBIOCKOIBKEHHUSI, MOJICIH IEMEHTOB 0€30MaCHOCTH.
UDC 624.07.534.1. The calculation method of interaction of high-speed trains and double-track girder bridges under seismic loads. Part 2.Action on a bridge of mobile and seismic loads, modelling of
safety elements in the system «bridge-train» (for the standards of high-speed rails). Ivanchenko LI, Russian University of Transport (MIIT), Moscow.
The article proposes a numerical method to study joint oscillations of high-speed trains and double-track span structures of bridges, modelled by thin-walled rods with open or closed (with branches) profiles under
lateral seismic actions on a bridge given by accelerograms. The step procedure for solving the dynamic problems and the method of nodal accelerations, proposed earlier by the author, are used to take into account the
action of mobile inertial load on the span structures of bridges. The superstructure is considered as a superelement in the approximation of displacements by linear and trigonometric functions taking into account
the horizontal and vertical dynamics of rolling stock. Each railcar is modelled by a mechanical system with 25 degrees of freedom, the railway on the superstructure and outside the bridge is replaced by elastic-
viscous linear and nonlinear elements. The proposed method takes into account both horizontal and vertical irregularities in the placement of a rail track and the transverse displacement of the wheel pair in regard to the
inert rail, taking into account the pseudo-slip forces while wagging wheel pairs. The questions of application of safety devices in the system «bridge-train» at lateral seismic actions are considered.
Key words: vibrations of double-track bridges, lateral seismic effects, accelerograms, high-speed trains, thin-walled rods with open and closed profiles, step procedures, pseudo-slip forces, models of safety elements.

YucneHHbIe METOIbI
A.B. EPMAKOBA K.T.H., 1ou. FO:xHO-Y pajibcKuii rocyapcTBeHHBI YHHBepcuTeT, r.Ueass0nnck
JIBA CIIOCOBA IMOCTPOEHUSI UTEPAIITMOHHOT O ITPOLECCA METOJA JONMOJIHUTEJBbHBIX KOHEYHBIX 3JIEMEHTOB...45
MeTox TOMONHATENBHBIX KOHEYHBIX 2neMeHToB (MJIKD) pa3pabaTeiBacTcs Kak BApHAHT METO/Ia KOHEUHBIX 2meMeHTOB (MKD) mmist pacuera KOHCTPYKIHI ¢ HECKOJIBKUMH (DU3MYECKU HEIMHEHHBIMHI
coiictBamu. [Tpu ananu3e paboThl TAaKMX KOHCTPYKIMI OCHOBHOM onepanueit sBiseTcs peleHre CUCTEMbI JIMHEHHBIX anreOpanyecKuX ypaBHEHHH UTEPallMOHHBIMU MeToAaMH. JIJ1st mocTpoeHus:
uTepannoHHoro npouecca M/IKD npeanaraer ncmnons30Bath JOMOTHUTEIBHBIE PACYETHBIE CXEMbI U3 OTMOJTHUTEIBHBIX KOHEUHBIX 31eMeHToB ([IKD) u nneansHbie MOACIH pa3pyIICHHUS.
Maremarnyeckas peajn3alys 3Toro rnpolecca BO3MOXKHa JIBYMS CIOCOOaMH, KOTOPBIE M pACCMaTPUBAIOTCS B JAHHON CTaThe.

Ki1roueBble ¢j10Ba: METO/ JOMOIHUTEIBHBIX KOHEUHBIX JIEMEHTOB, METO/l KOHEUHBIX JIEMEHTOB, UTEPAL[MOHHBIN MPOLECC, TOMOIHNUTENbHASI PACYCTHAS CXeMa, JOMOIHUTEIbHBII KOHEYHBII YJIEMEHT,
HeallbHas MOJICIb Pa3pyLICHHUS.
UDC 624.04+624.07. Two ways for realization of iterative process at additional finite element method. Ermakova A.V., South-Ural State University.
Additional Finite Element Method (AFEM) is the variant of Finite Element Method (FEM) which intends for analysis of structures with several nonlinear properties. Solution of the algebraic system of linear equations
by iterative methods is the main step for analysis of such structures. AFEM suggests the additional finite elements of additional design diagrams and ideal failure models for creation of iterative process. Two ways of
mathematic realization of this process are possible. Both of them are considered in given paper.
Key words: additional finite element method, finite element method, iterative process, additional design diagram, additional finite element, ideal failure model.



0.0. KOHAPATEHKO, un:k. ToMcKuii rocy1apcTBeHHbIH apXHTEKTYPHO-CTPOUTEIBHbINH YHHBEPCUTET
OBLIEE CBOMCTBO ONTUMAJIBHBIX PEBPUCTBIX TOHKUX IIJIACTUH MPU PA3JEJBHOM U OJJHOBPEMEHHOM YIIPABJIEHUM BHICOTOM M IIMPUHON ONEPEYHOIO
CEYEHMUS PEBEP...53
TIpescrapieH aHaIM3 CBOWCTB ONTHMANIBHBIX PEOPUCTBHIX IITACTHH MOCTOSHHOM ToMIMHBL. CBOiicTBa CHOPMYITHPOBAHBI AHATUTHYCCKU M3 YPaBHECHHI MeTo1a MHOXKHTENel Jlarpamka U YUCIICHHO B
pe3yibTaTe ONpe/eIeHNs TPeX XapaKTePHCTHK ONTUMAIBHbIX IACTHH. DTH XapaKTePUCTUKU MPEACTABISIIOT COO0H MPON3BOAHBIEC OT MOJHON SHEPTUH CUCTEMBI IT0 TEOMETPUIECKUM
pa3mepam MOIepeyHoro cedeHus pedep (BbICOTa M LIMPHHA IPSIMOYTOJIBHOTO MOMEPEYHOro ceyeHus ). TpH XapaKTepPUCTUKU COOTBETCTBYIOT TPEM BapUAHTAM YIIPABICHHUS TTapaMeTPaMH ONTHMHU3ALNH:
yIpaBlIeHHE TOJBKO IHPUHOM MONepedHbIX cedeHnit pedep (1); ynpasieHne TOIbKO BEICOTON MOMEPEYHbIX cedeHnit pedep (2); yrpaBieHne MHPHUHOM U BRICOTOI NOMEpeyHbIX cedeHuit pebep (3).
YucneHHbII aHAJIM3 TIOKa3all, YTO TPU BapHaHTa YIPABICHUS ITapaMeTpaMy ONTHMH3AIMU UMEIOT OJIHY OOLIYIO XapaKTePUCTUKY ONTHMAIBbHOCTH, COOTBETCTBYIOLLYIO TpeTheMy BapuaHTy. Ha ocHoBe
3TOTO BBIBOJA CHOPMYIIHPOBAHO 0OIIEe CBOHCTBO ONTUMAIBHOCTH PEOPHUCTHIX IUTACTUH TIPU JIFOOOM TOPSIAKE YIPABICHUSI T€OMETPUIECKUMH MTapaMeTpaMH MOMEPEYHbIX CedeHui pebep.

KiioueBble cii0Ba: IUIaCTHHA, peOpo, 4acTOTa COGCTBEHHBIX KOJIeOaH i, ONTUMAIBLHOCTh, MeTO ] JIarpamika.
UDC 624.045. A general property of optimal ribbed thin plates in the separate and simultaneous control of height and width of the cross section of the ribs. Kondratenko O.0., Tomsk State University of
Architecture and Civil Engineering.
The article presents an analysis of the properties of optimal ribbed plates of constant thickness. Properties are formulated analytically from the equations of the Lagrange multipliers method and the numerical
result from the definition of three characteristics of the optimal plates. These characteristics are derived from the total energy of the system by the geometric dimensions of the cross-section of the ribs (height and width
of the rectangular cross-section). Three characteristics correspond to three variants of control of optimization parameters: control only the width of the cross-sections of the edges; controls only the height of the edge
cross sections; controls the width and height of the edge cross sections. Numerical analysis has shown that three variants of optimization parameters control have one General optimality characteristic corresponding to
the third variant. On the basis of this The article presents an analysis of the properties of optimal ribbed plates of constant thickness. Properties are formulated analytically from the equations of the Lagrange multipliers
method and the numerical result from the definition of three characteristics of the optimal plates. These characteristics are derived from the total energy of the system by the geometric dimensions of the cross-section of
the ribs (height and width of the rectangular cross-section). Three characteristics correspond to three variants of control of optimization parameters: control only the width of the cross-sections of the edges; controls only
the height of the edge cross sections; controls the width and height of the edge cross sections. Numerical analysis has shown that three variants of optimization parameters control have one General optimality
characteristic corresponding to the third variant. On the basis of this conclusion, the General optimality property of ribbed plates is formulated for any order of control of the geometric parameters of the edge cross
sections. Key words: plate edge, the natural frequency, optimality, Lagrange’s method.

Hopmuposanue
E.1I0. JTABBIJOB, a.1.H., npo¢. Bestopycckoro HanuonajibHoro rexunueckoro ynupepeurera (BHTY), r. Munck, Benapycs
AHAJIM3 EBPOIEMCKAX HOPM I10 IPOEKTUPOBAHMIO CTAJIBHBIX KOHCTPYKIIUIA...58
Ha ocHOBaHNH HMEIOIIETOCS ONBITA IPHMEHEHHUSI €BPONEHCKHX HOpM B Pecnybinke Benapycs cienan aHann3 OCHOBHBIX MOJOKEHHH 9THX JOKYMEHTOB 110 TIPOSKTHPOBAHHIO CTANBHBIX KOHCTPYKIIHIL.
AHaJIu3 BBITIOJIHEH B CONOCTABJICHUH C AaHAJIOTMYHBIMHU PACYETHBIMHU TIOJIOKEHUAMM NPUBEICHHBIMUA B HOPMAaTHBHBIX JIOKYMEHTAX JIEHCTBYIOMMX Ha Tepputopun Poccun (PD) u benapycu
(PB). Pe3ynbrathl cIeIaHHOTO aHANIN3a MOTYT ObITh HCIOIB30BAHbI IPH OLEHKE HAIE)KHOCTH M SKOHOMHYHOCTH CTAIBHBIX KOHCTPYKIHUH, 3alPOCKTHPOBAHHBIX 110 €BPONEHCKIM HOPMaM, a TaKKe Mpu
KOPPEKTHPOBKE HOPMATUBHBIX JOKYMEHTOB KaCarOIIMXCs TpeGOBaHMIA K MaTepuaiaM, HCIOIb3YEeMbIM Ha TeppuTopruH Poccun u bermapycu st H3roTOBJICHHS HECYIIMX CTaIbHBIX KOHCTPYKIMHA H K
PacUeTHBIM MOJOKEHHUSAM IO UX MPOSKTUPOBAHUIO.

KiioueBble ciioBa: Harpyska, CTallbHasi KOHCTPYKIUS, IPOYHOCTh, YCTOHYUBOCTD, KOO PUIIHCHT.
UDC 624.072.33.04 (083.75). Analysis of the european standards for designing steel constructions. Davydov E.U., Belarusian National Technical University, Minsk, Belarus.
Based on the experience of applying European norms in the Republic of Belarus, an analysis of the main provisions of these documents on the design of steel structures was made. The analysis is carried out in
comparison with the similar calculation provisions given in the regulatory documents in force in the territory of Russia and Belarus. The results of the analysis can be used in assessing the reliability and economy of
steel structures designed according to European standards, as well as when adjusting regulatory documents concerning the requirements for materials used in the territory of Russia and Belarus for the manufacture of
load-bearing steel structures and to the design provisions for their design.
Key words: loud, steel structure, strength, coefficient.

0.. MTOHOMAPEB!, k.1.H., O.C. YUTPUHA" un:k., P.B. FEPAIJ.[EHKOZ, MHIK. l].IHI/II/ICK uM.B.A.Kyuepenko (AO«HUI«CTpouteabcTso»), r.Mockpa “HaunoHa bHbI
HccaenoBaresibeknii MoCKOBCKHI rocy1apcTBeHHbIH CTPOUTEIbHBINH YHHBEPCHTET
0 PACYETHBIX (HOPMATHUBHBIX) CPOKAX SKCIIIYATAIIMA KAMEHHBIX KOHCTPYKIIUIA...65
TIpoBesieH KpaTKHil aHAIN3 OTEYCCTBEHHO 1 3apy0e)KHOH HOPMATHBHOY0TEXHHYECKON JOKYMCHTAIINH, B COOTBETCTBHU C KOTOPHIMU ONPEACIISCTCS PacUeTHbINH (HOPMATHBHBII) CPOK
JKCIUTyaTallu¥ KUPITUYHBIX, KAMEHHBIX M OJIOYHBIX KOHCTPYKUHU# 31aHU# 1 coopyxeHnit. OTMedaeTcs, 4To B POCCHUCKUX HOPMaxX U CTaHAapTax B OTIAMYHE OT 3apyOeKHBIX MPH pacdeTe Hecyuieit
CIIOCOOHOCTH KAMEHHBIX KOHCTPYKIIHI HEOCTATOYHO YYHTHIBAIOTCS YCIOBHS paboThl KOHCTpYKImii. He pazpaGoraHa Takxe KIacCU(HUKAIHS yCIOBUi KCILUTyaTallUK [Tl KAMEHHBIX KOHCTpYKIwit. [To
pe3yJibTaTaM aHaJi3a B CTAaThe NPHBE/CHA 0COOCHHAs KIacCH(UKALMS YCIOBHI AKCIUTyaTallMH JUTS KJIAJKU CTCH 3J1aHUi, BO3BEICHHBIX B KIMMATHICCKHX YCIOBHAX PD, 1 peKOMEHI0BaH CPOK CIYKObI
KaMEHHBIX KOHCTPYKIHIL.

KiroueBble cjioBa: Ki1ajika, KAMCHHbIC KOHCTPYKIIMH, PACYCTHBIH (HOPMATHBHBIH) CPOK IKCIUTyaTallMH, OCTATOYHBIH pecypc, yCIOBHs SKCIUTyaTal{H.
UDC 693.27. The design (normative) service life of masonry structures. Ponomarev O.1., Chigrina O.S., Gerashchenko R.V., Research Centre «Construction» — the Central Scientific Research Institute of Building
Constructions named after V.A. Kucherenko, Moscow; The National Research Moscow State University of Civil Engineering.
The article presents a brief analysis of domestic and foreign regulatory and technical documentation according to which the calculated (normative) service life of brick, stone and block structures of buildings and
constructions is determined. It is noted that in the Russian standards while calculating bearing capacity of masonry structures the operation conditions of the structures are not properly taken into account. In the foreign
standards the situation is different. There is also no classification of operating conditions for stone constructions. According to the results of the analysis, the article presents a special classification of operating
conditions for masonry walls of buildings erected in the climatic conditions of the Russian Federation and the recommended service life of stone structures.
Key words: masonry, stone structures, design (normative) service life, residual life, operating conditions.

K.II. ISTUKPECTOBCKHM, n.1.1. ITHUHUCK um. B.A. Kydepenko (AO «HUII «CTpouTtenbcTBO»), r. MockBa

K IOArOTOBKE ITPEJJIOKEHUM MO UCITOJIb30BAHUIO KPUTEPUEB IIPOUYHOCTHA KAMEHHOM KJIAJIKH IIPA CJOKHBIX HATIPSI)KEHHBIX COCTOSIHUAX...72
TIpuBOASTCS MCXOIHBIC IPEANOCHUIKH M OCHOBHBIC IPUHIIUITBI pa3pabOTKH KPHTEPHEB MPOYHOCTH KAMEHHO KKK C y4ETOM IIPOIOIKUTEIBHOCTH JEHCTBHS HATPY3KH BO BCEX BO3MOXKHBIX
JIMana3oHax ee BO3JICHCTBHS HauMHAas C COTHIX J10JIei CeKyH/Ibl, KOHYAas JecaTKaMu 1 Oosee cyTok. Mcenenyercst cHauaia NpoYyHOCTh KOHCTPYKTUBHOTO 3JIEMEHTA H30TPOIIHOIO MaTepyaa,
HaXO/IAIIETOCS B YCIOBHSAX OHOPOIHOTO CIIOKHOTO HAMPSHKEHHOTO COCTOsIHUA. PaccMaTprBaeTess MaTeMaTHYecKast MOJIesIb paboTel MaTepHaa, OCHOBHBIC IIOHATHS M 0003HAYCHHS, C KOTOPBIMH HE
BCerja 3HaKOMbI Pa0OTHHKH NMPOCKTHBIX OPraHU3aLMIi WIIH CHICIUATHCTBI, HE HMCIOIIHE TT0KA OTBITA PACYCTOB JIEMEHTOB B CJIOXKHBIX HAMPSUKEHHBIX COCTOSHUAX. B nanbHeiieM npemonaraeres
pazpaboTath MPeUI0KEHHUS VISl BKIIOUCHHS] B HOPMBI IPOCKTUPOBAHUS KAMEHHBIX KOHCTPYKIIHIA.

KiroueBble j10Ba: KaMeHHas! KIIa/jKa, KDHTEPHH IIPOYHOCTH ISl y4eTa JTHTeIbHON IPOYHOCTH, MATEMaTHIECKasl MOJIe/Ib, OCHOBHBIE MIOHSTHS pacueTa i TpeGOBaHMs K SKCIIEPUMEHTAIbHBIM HCCIIEJOBaHHAM.
UDC 539.3 624.04. Proposals for using the strength criteria for masonry under complex stress states. Pyatikrestovsky K.P., Research Centre «Construction» — the Central Scientific Research Institute of
Building Constructions named after V.A. Kucherenko, Moscow.

The initial conditions and the basic principles of working out strength criteria for masonry taking into account action duration of loading at all possible diapasons are given. The diapasons are from of a second up to
dozens days and more. The strength of a structural element of some isotropic material under homogeneous complex stress state is investigated first. The mathematical model of material work, the basic concepts
and designations, which are not always familiar to employees of design organizations or professionals who do not have experience in the calculation of elements in complex stress states are given. In the future, it

is planned to develop proposals for the design standards of stone structures.

Key words: masonry, strength criteria for long-term strength, mathematical model, basic concepts of calculation and requirements for experimental studies.
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N 13a2019rox
Pacuérel Ha mpoyHOCTH
A.I'. AJIEKCEEB, k.1.1., 1on. HHUOCII um. H.M. I'epceBanoBa (AO «HHUII «CtpountebcTBO»), I. MockBa
OIPEJIEJIEHUME JABJIEHHSI MOPO3HOT'O ITYYEHHSI PACTBOPA B ITA3YXE BYPOOITYCKHBIX CBAW, YCTPAUBAEMbBIX B MHOTOJIETHEMEP3JIBIX TPYHTAX...2
TIpencraBneHa METOIMKA ONPE/ICIICHHS aBICHHS MOPO3HOTO ITyYEHHs!, BOSHUKAIOMIETO TIPH 3aMEP3aHNN PACTBOpPA B Ta3yXe CBAH M €¢ BHYTPEHHEH TIOJIOCTH TIPH YCTPOHCTBE OYPOOITyCKHBIX CBait
B MHOTOJICTHEMEP3IIBIX IPyHTaX. OMHUCHIBACTCS MOJENb ISl OLICHKY BETMYHHEI JABICHUS ITyYCHIs] OCHOBAHHAS Ha 3a1a4e JTHHEHHOI TEOPHH YIPYTOCTH AUl OAHOPOAHOTO OCECHMMETPHIHOTO
M30TPOITHOTO IIMIMHApA 1O JaBICHHEM pelIeHHe KoTopoii moydyeno Jlame. IIpesicTaBieHbl ypaBHEHHS 110 OLPEJICICHUIO NaBICHUS ITyYeHHs, paHaIbHON nedOpMAII 1 HANIPSIKEHHIT B CBAE 1OJ
BO3/[CiICTBUEM JaBJICHUS BHYTPH U Ma3yXe CBaH. PacCYNTAaHBI BEIMYMHEI JAB/ICHNUS, BOSHUKAIOIIETO P 3aMEP3aHUH PACTBOPA B [Ia3yXe U B 3aMKHYTOM 00beMe BHYTPEHHEH [OIOCTU CBAH.
TIpencraBineHs! pe3yiibTaThl 17a60PAaTOPHBIX MCCIEOBAHMI 1O TIPOMOPAKUBAHHIO MOJICIICH CBAl C PAa3IMYHBIMU BIAroCOICPKAIINMH PACTBOPAMH.

Kirouesbie ciioBa: J@BJICHUE MOPO3HOTO ITYYCHHS, JaBJICHUE KPUCTAITIN3allUU BOBI, 6yp00nycxﬂaﬂ CBasl, HAIIPSKCHUSI pallaIbHBIC, OKPYKHBIC U IIPOJOJIBHBIC, paluaIbHBIC Hell)OPMaLII/IPI, paaunyc, pacTBOp.
UDC 539.3. Determination of frost heave pressure of solution in the cavity of drill dipping piles arranged in permafrost soils. Alekseev A.G., Gersevanov RIBUS, Moscow.
The article presents the method for determining the additional pressure of frost heave under freezing of solution in a cavity of a pile in permafrost soils. The author describes the model adopted to
estimate the heaving pressure, which is based on the problem of Lame's linear theory of elasticity for axisymmetric homogeneous isotropic cylinder under pressure. The equations for determining the
heave pressure, radial deformation and stresses in the pile under the influence of pressure inside are presented. The pressure values arising during solution freezing in the cavity and in the closed space
of the internal cavity of a pile are calculated. The results of laboratory studies on freezing of pile models with different moisture-containing solutions are given.
Key words: pressure of frost heave, pressure of water crystallization, drill dipping pile, radial, circumferential and longitudinal stress, radial deformation, radius.




C.B. BAKYUIEB, a.1.H., npod¢. Ilen3enckuii rocyiapcTBeHHbI YHHBEPCHTET APXUTEKTYPHI H CTPOUTEIHCTBA
JTADGPEPEHIIUAJIBHBIE YPABHEHHSI PABHOBECHUSI OCECUMMETPAYHOM JE®OPMAILMHA ITPU BUJIMHEMHOM ATIITPOKCUMAIIMH 3AMBIKAIOIINX YPABHEHMIA...8
PaccMaTpuBaroTCs BOIPOCHI TOCTPOCHHUS TH(PHEPEHINANBHBIX yPAaBHCHHH PAaBHOBECHS OCECHMMETPHYHOTO 1e(hOPMUPOBAHNS CIUIONIHBIX CPEJ] HPU OHIMHEHHOMN anmpoKCHMAIlMH 3aMbIKAIOIIIX
YpaBHEHHIT ¢ y4eToM 1 6e3 yueTa reoMeTpHUIecKoil HelMHeitHoCTH. IcX0/1s M3 MPE/ITONIOAKEHNs 0 He3aBUCHMOCTH OMIMHEIHBIX IMarpaMM 00bEMHOTO U CZIBUTOBOTO e OPMHPOBAHHS PACCMOTPEHEI
LICCTh OCHOBHBIX CIIy4acB (pM3NYECKHUX 3aBUCHMOCTEH OT B3aMMHOTO PACIIOIOKCHHS TOUCK Mepernba auarpaMm 00beMHOr0 U CABUroBOro aedopmuposanust. [IocTpoeHHe OHITHHEHHBIX
(u3nYeCKHX 3aBHCHMOCTEH OCHOBAHO Ha BBIYMCICHHH CEKYIIUX MOJyJIei 00beMHOT0 U CABHIOBOro AedopMupoBanus. IIpu 5TOM Ha IIepBOM y4acTKe UArpaMM CeKyIIUi MOIylb H 00bEMHOTO 1
CIBUrOBOrO AehOPMUPOBAHHUS IOCTOSHEH, B TO BPEMsI KaK Ha BTOPOM Y4aCTKE AUArpaMM CEKYIIHil MOLYIb 00BbEeMHOr0 AehOpMUPOBAHHUS SIBISCTCS (yHKIHEH 00beMHOM nedopmarnm, a ceKymmuit
MOJIyJIb CIIBHTa SIBIISICTCS (pyHKIMEH HHTeHCHBHOCTH Aedopmanuii casura. [Toiydensl pasperaromye JuddepeHInanbHple ypaBHEHH PABHOBECHS B IEPEMEIICHUSX Il OCECHMMETPHYHOTO
e OpMIPOBaHHS CILIOIIHOM CPEJIbl, OIUCHIBAEMON KaK C y4eTOM TeOMETPUUIECKO HETMHEHHOCTH, TaK U Oe3 y4era mocuenueit. [loctpoentsie nuddepeHuanbsHpe YpaBHEHNS PABHOBECHS B
NepEeMEIeHHSIX MOI'YT HaliTH IPUMEHEHHE IPH ONPE/IeICHHH HANPSKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS CILIOMIHBIX CPeJl, HAXOJIAIIMXCS B YCIOBUAX OCECHMMETPHYHOTO JIe(pOPMUPOBAHHS, KaK C
Y4eTOM, TaK U 0e3 yd4eTa reOMEeTPUYECKON HeMMHEHHOCTH, (PU3UYECKIE COOTHOIICHNUS Il KOTOPBIX OMHCHIBAIOTCS OMINHEHHBIMU (yHKIMIMIL.

KimioueBbie c1oBa: 1uddepeHinanbHbie ypaBHEHHs pABHOBECHS!, 0CCCHMMETPHYHAs AeopMaris, OUIHHEHHbIC 3aMBIKAIOIIAE YPABHEHHS, TEOMETPHYECKAst IMHEHHOCTh, TCOMETPUYECKask HETMHEHHOCTD.
UDC 519.633. Differential equations of equilibrium an the axially symmetric deformation at bilinear approximation trailing equations. Bakushev S.V., Penza State University of Architecture and Construction.
Under analysis there are questions of construction of differential equations of equilibrium of an axially symmetric deformation of continuum at bilinear approximation of closing equation regarding
and regardless geometrical nonlinearity. Based on assumption of independence from each other of bilinear diagrams of volume and shear deformation, there being analyzed six main cases of physical
mutual interaction, depending on positional relationship of breaking points of volume and shear deformation diagrams. The construction of bilinear physical dependencies is based on calculation of
secant modulus of volume and shear deformation. Therefore, at the first part of the diagrams, the secant modulus of volume and shear deformation is constant, while at the second part of the diagrams
the secant modulus of volume deformation is a function of volume deformation and the shear secant modulus is an intensity shear deformation function. While putting bilinear physical equations into
differential equations of equilibrium, we got resolving differential balance equations at movements for an axially symmetric deformation of continuum, described both regarding geometrical nonlinearity
and regardless. Constructed in the present article differential equations of equilibrium at the movements can be applied while determining strain-stress state of continuum at the condition of an axially
symmetric deformation both regarding and regardless geometrical nonlinearity, physical relations for which are described by bilinear functions.
Key words: differential equations of equilibrium, axially symmetric deformation, bilineartrailing equations, geometrical linearity, geometrical nonlinearity.

C.B. BOCAKOB', i.1.1.,npog., A.H. TYPJIO?, Ben.konctp. 'PYII «Mucruryr BentHUHCy, 20A0 IO MAIIMUJI, r.Munck,Pecny6.amnka Benapycn
K PACUETY CBAMHO-ILJIUTHBIX ®YHJIAMEHTOB...18
PaccmarpuBaeTcs 3aa4a 0 HaPSHKEHHO-Ae)OPMHUPOBAHHOM COCTOSIHHM IPSIMOYTOIBHOI (hyHIAMEHTHO# IUTHTHI, OMUPAIOIIEICST Ha CBAH MO/ ACHCTBHEM BEPTHKAIBHOI HArpy3ku. TouHoe
TEOPETHYECKOE PEHICHHE PACCMATPHBACMON 3a1a4H B IUTEpaType oTcyTcTByeT. IIpearaeTcs pemaTh 3Ty 3ajjady, IpUMeHsst couetanue croco6a b.H. JKemoukuHa 1 BapHalmOHHO-Pa3HOCTHOIO
metoza. [Ipu 9TOM CBaM 3aMEHSIIOTCS PYKUHAME C H3BECTHOI KECTKOCTBIO, 3aBUCSIICH OT Pa3MEPOB M MaTepUalia CBau U (pU3NUCCKHX OCTOSHHBIX IPYHTa. B KOHEYHOM HTOTE 3a/1a4a CBOAUTCS K
PCIICHHIO CHCTEMBI JIMHEHHBIX aJIreOpanyecKiX ypaBHEHHH OTHOCHTEIIBHO HEH3BECTHBIX Y3JIOBBIX IIepeMeNieHn GyHIaMeHTHOI IHThI. TTocie NX onpeieeHns CPaBHUTENBHO IIPOCTO HAXOJIATCS
MPOJONIBHBIC YCHIIUS B CBASIX U BHYTPCHHUE YCUIINS B ILTHTE.

KiroueBble ¢/10Ba: ynpyroe OCHOBaHHE, IUIUTA, CBas, ciocod JKeMoukiHa, BapualioOHHO-Pa3HOCTHBI METO.
UDC 624.13. The calculation of pile-slab foundations. Bosakov S.V., RUE «Institute BeINIIS»; Gurlo A.N., JSC MAPID, Minsk, Belorussia
The article deals with the problem of stress-strain state of a rectangular foundation slab resting on piles under the action of vertical load. There is no exact theoretical solution of the considered problem
in the literature. It is proposed to solve this problem by using a combination of B.N. Zhemochkin's method and the variation-difference method. In this case, piles are replaced by springs with known
stiffness depending on the size and material of a pile and the physical constants of soil. In the end, the problem is reduced to solving a system of linear algebraic equations with respect to unknown nodal
displacements of the foundation slab. Then longitudinal forces in the piles and internal forces in the slab are to be determined.
Key words: elastic foundation, slab, pile, Zhemochkin's method, variation-difference method.

O.B. BOJIABIPEBA, k.T.H. Ilen3eHcknii rocyiapcTBeHHbIH YHUBEPCHTET APXUTEKTYPHI H CTPOUTEIHCTBA
OIPEJEJEHUE NEPEMEIIEHUI )KEJE30BETOHHOM BAJIKA METOJIOM LIU®POBOI OBPABOTKH OBPA30B...23
TIpenoxeH anropuT™ OnpeaeseHUs IePeMEIICHHIT H TPEILMH B 5KeJIe300€TOHHO# Gaike MeToIoM 1HdpoBoii 06paboTk 06pa30B. AIrOPHTM MOCTPOCH HA UCIIOIB30BAHUM JIBYX H300pasKeHUIH
00pa30B YaCTHLI, OTYYCHHBIX B [IBa IOC/ICI0BATEIBHBIX MOMCHTA BPEMCHH C 3aJCPKKOIT MeX/Ly HUMH. VI3MepeHne moseit mepeMeIieHNi B 32 JaHHOI INIOCKOCTH OCHOBAHO Ha H3MEPECHUN IEPEMCIICHIS
OT/ICNBHBIX YAaCTHIL, JUIS 4ero 00paskl STHX YaCTHIL PETHCTPUPYIOT Ha 1udpoByto kamepy. ITprBeieHa METOIMKA IKCIICPHUMEHTA, XapaKTEPUCTHKHU HCClieyeMoil 6anku, ee apMupoanue. C MOMOMIBIO
MeToza 1uppoBoit 00paboTKH 06PA30B BBIIBICHBI MECTA HAMEUAIOIINXCS TPEIIUH HA HAYaIbHON CTaIHU PabOTHI KOHCOIBHON OMOpbI Ganku. ONpeneaeHo 3HauCHHEe HArPY3KH, IPH KOTOPOH 00pa3yroTes
MUKpPOTPEIIHHBI Ha MecTe OyIyIHX BU3yalbHO 3aMETHBIX TpeIliH. MeTooM nudpoBoii 00paboTkH 06pa30B OIpe/IelIeHbI OI0CH ¢/IBUTa. TToTydeHs! Mo HepeMeIieHni, aedopmanuii casura n
00beMa Ha Pa3INYHBIX CTYICHSIX HATPYKCHHS U PasrPy3KH, MOIyYeHA KapTHHA 00pa30BaHMs M PACKPHITUS TPEIINH, HX YHCICHHBIC 3HAYCHNUS. [I0CTPOCHB! KPHBBIC 3aBICUMOCTH IICPEMEILICHHI 1
IIMPHHBI PACKPBITHS TPEIIHH OT HAIPy3KH.

KuoueBble cj10Ba: Metoq uudpoBoii 06paboTKi 06pa3oB, ONPEACICHHE ICPEMELICHHI, [I0JIOCHI CIBUrA, OOHAPYKECHUE MHKPOTPEIIHH.
UDC 624.072.21. Determination of displacements of a reinforced concrete beam method of digital processing of images. Boldyreva O.V. Penza State University of Architecture and Construction.
An algorithm is proposed for determining displacements and cracks in a reinforced concrete beam by the method of digital image processing. Measurement of displacement fields in a given plane is
based on measuring the movement of individual particles, for which images of these particles are recorded on a digital camera. A description of the experimental setup, the results of the method of
digital image processing. Using the method of digital image processing, the places of emerging cracks at the initial stage of the cantilever beam support are revealed. The value of the load at which
microcracks are formed on the site of future, visually noticeable cracks is determined. The shear bands are determined by the method of digital image processing. The fields of displacements, shear
and volume deformations at different stages of loading and unloading are obtained, the pattern of crack formation and opening, the curves of displacements and crack opening width dependence on the
load are obtained.
Key words: method of digital image processing, determination of movements, shear bands, crack detection.

B.A. EPBIIIEB, a.T.H., npod. ToabsTTHHCKHI rOCyAapCTBeHHbIIl YHUBEPCUTET
K PACYETAM INIPOYHOCTHU U3Ir'MBAEMBIX KEJE30BETOHHBIX 3JIEMEHTOB C HCIIOJIb30OBAHUEM JTUATPAMM JE®OPMHUPOBAHUSI MATEPHUAJIOB...28
TIpenaraercst HCIOIB30BATh SHEPTETHYCCKHIE 3aKOHBI MEXaHUKH B PacyeTax MPOYHOCTH HKENe300eTOHHBIX KOHCTPYKIMI. Pa3paboTan alroput™ MOJICIMPOBAHHUS YCIOBHS PABHOBECHS YCHUIIMi B
HOPMAJIbHOM CCYCHHH YHCICHHBIMI MeTogaMu. [Ipenoxkena ynpomeHHas AehOpMaHOHHAs MOJENb PAcueTa IPOYHOCTH CEUCHMUS. BEIIONHEH TOBEPOUHBIN PACUET U YCTAHOBJICHBI COOTHOLICHHS
MEK/Ty apaMeTpaMy B IIPEeTbHOM COCTOSHHH, OTYYCHHBIX IO TPEM METOJUKaM.

KitroueBble ¢j10Ba: IPOYHOCTD, Ae(hOPMALIHIL, SHEPTETUICCKAsI MOAIENb, IUATPAMMBI OCTOHA, apMATYPEL.
UDC 624.012.45. To calculations of the strength of bendable reinforced concrete elements using the diagrams of material deformation. Eryshev V.A., Tolyatti State University.
In the deformation methods for calculating the strength of reinforced concrete structures using strain diagrams of materials of concrete and reinforcement, the author proposes to apply the energy laws of
the mechanics of deformation of solids. The force in the concrete of the compressed zone in the equilibrium equation isdetermined by the potential energy expended on the deformations of the sample of
concrete (prism, cylinder) under load. The amount of energy expended is numerically equal to the area used in the calculation of the normalized diagram. An analytical connection is established between
the parameters of normalized diagrams and the parameters of the section of an element in the limiting state. At conclusions of resolving equilibrium equations, a hypothesis of flat sections is applied. The
verification of the fulfillment of the condition of the equilibrium of forces in the cross section of an element is performed by the method of successive approximation using computer simulation by
summing the stresses in the selected elementary strips. For the calculation of complex engineering systems, the author offers a simplified deformation model, which eliminates the time-
consuming iterative process. In a section of an element, it is not several elementary strips that stand out, but one strip with a voltage level determined from a concrete diagram at the level of its center of
gravity. In the examples of the calibration calculation, the relations between the parameters in the limiting state are obtained using the deformation model using normalized diagrams of concrete and
reinforcement, using a simplified rectangular concrete diagram and using the method of limiting forces.
Key words: strength, deformation, energy model, concrete diagrams, reinforcement.

M.O. MOUCEEHKO, k.T1.H., O.H. IIOIIOB, k.T.H. ToMcKuii rocyiapcTBeHHbIH ApPXHTEKTYPHO-CTPOUTEIbHbIN YHHBEPCHTET
BJMSTHUE T'MBKOCTH U HAYAJIbHOI'O IIPOTUBA HA TEPMOYIIPYTOCTb HEPA3PE3HOM IJTACTHUHBL...34
Hccenenyercst u3MeHeHHE HanpshkeHHO-aedopmuposanHoro coctostaust (HJIC) TOHKHX Hepa3pesHBIX IIACTHH Pa3HOH rHOKOCTH (OTHONICHHE MEHBIIIETO pa3Mepa B IUIaHe K TonmuHe — A a‘h),
BBITIOJIHEHHBIX 13 MaTepuaia BT6. PaccMaTpuBaroTest Hepa3pesHble IByXITaHEIbHBIC IIACTUHBI THOKOCTEIO 71,4; 50; 33,3, Pasmepsr maueneit 50x100xh (h=0,7; 1,0; 1,5 cM). nacTUHBI 3aKpeIICHbI
0 KOHTYPY H I10 IOIEPEYHOH OCH CHMMETPHH C IOMOIIBIO MAPHUPHO HEMOJBIKHBIX OIOp. PacueT mpoBoauTCs ¢ ydeToM HauanbHbIX nporu6os (HIT), cpaBHUMBIX ¢ TONIIMHOMN ITACTHHEI, KOTOPHIC
npuaEMaioTcs paBHbIME: 0; h/2; h. KoHCTpyKImMs HaXouTCs 0 BO3ACHCTBHEM TEMIIEPaTyPHOTO MOJIs HEPABHOMEPHO PACIpe/IeNICHHOro 1o noBepxHocTy. IIpu pacyere yunrsiaetes HIT,
reoMeTpudecKas HeluHeiHocTh mo T. KapMaHy u H3MeHeHNe MEXaHHIECKHX CBOMCTB MaTepHaa 110 MO0 IIACTHHBI B 3aBUCUMOCTH OT Benu4uHbl Temiepatypsl. HIC B miactuue ¢ HIT u pasuoit
THOKOCTBIO XapaKTepU3yeTcsi HHTEHCHBHOCTBIO HANPSHKEHUH 1 Tporubamu. COrNIacHoO IPEICTaBICHHBIM Pe3ylIbTaTaM PAcUETOB CJICNaHbl BRIBOJIBI: ) IIPH YBEINYCHHH THOKOCTH ILTACTHHBI YCHIINBACTCS
BIIHSIHHME MEMOPAHHBIX COCTABIISIOMINX HAPsDKeHUH. OHY BIMSIOT Ha BOSHHUKAIOIHE H3THOHBIC COCTABILSIONINE HAMPSDKCHUN U BEIMYMHBI IIPOrHOOB; 6) IpU pacdeTax INIACTHH ¢ THOKOCTHI0 Goibure 30
clIe/lyeT OJIHOBPEMEHHO yuuThIBaTh HII reoMeTprdecKyto HeIMHEIHOCTh, HEOIHOPOIHOCT (PU3HYECKHX CBOMCTB, CBA3aHHYIO C IEPEMEHHBIM TEMIICPATYPHBIM II0JIEM; B) BCE MOIy4CHHbIC IpaduuecKre
3aBHCHMOCTH HEJIMHEHHBI, 4TO yKa3bIBACT Ha 3HAUNTEIIBHYIO OrPELIHOCTD INHEHBIX PACUCTOB U MOIyYeHHBIX BennunH xapakrepusytomux HIC; r) rpadhuku 3aBHCHMOCTH HALPSDKEHUIT B IPOruboB
OT TeMIIepaTypsbl B ITaCTHHE rHOKoCThIO a/h = 71,4 M3MEHAIOTCA MEHee IUIaBHO, YeM B IUIACTHHE C MeHbIIel rubkoctbio a/h = 33,3; 1) «IpocThIMK» HArpyKeHHs ObIBAIOT HE BCEI/IA, T.K B OT/CIBHBIX
(uOPOBBIX BOIOKHAX MEHSCTCS 3HAK HAnpsikeHHst. OCOOCHHO C YBEIMICHHEM BEIMUMH THOKOCTH U TEMIICPATYPHOTO BO3ACHCTBHSL.

KiroueBble c/10Ba: IIaCTHHA, HAYANIBHBII IPOrH6, THOKOCTh, F€OMETPHYECKas HETMHEHHOCTD, TeMIIEpPaTypHOE BO3ICHCTBHE, N3MEHEHHE MEXaHUYECKHX CBOMCTB.
UDC 7.04:535.4.011.22.23. Influence of flexibility and primary bending for thermal-elasticity of an uncurrent plate. Moiseenko M.O., Popov O.N., Tomsk State University of Architecture and Civil Engineering.
The change in the stress-strain state (NDS) of thin continuous plates of different flexibility (ratio of smaller size in terms of thickness — A = a/h) made of material VT6 is investigated. Continuous two-
pane plates with a flexibility of 71.4; 50; 33.3. The dimensions of the panels are 50x100xh (h =0.7; 1.0; 1.5 cm). The plates are fixed along the contour and along the transverse axis of symmetry with
the help of pivotally fixed supports. The calculation is carried out taking into account the initial deflections (NP), comparable to the thickness of the plate, which are assumed to be: 0; h/2; h. The design
is under the influence of the temperature field unevenly distributed over the surface. When calculating, NP is taken into account, geometric non-linearity according to T. Karman and change in
the mechanical properties of the material across the plate field depending on the temperature value. NDS in the plate with NP and different flexibility is characterized by the intensity of stresses and
deflections. According to the presented calculation results, the conclusions were made: a) with increasing plate flexibility, the effect of membrane components of stress increases. They affect the
resulting bending stress components and deflection values; b) when calculating plates with flexibility greater than 30, the NP, the geometric nonlinearity, the heterogeneity of the physical properties
associated with the variable temperature field should be simultaneously taken into account; c) all obtained graphical dependencies are non-linear, which indicates a significant error in linear calculations
and the obtained values characterizing the NDS d) graphs of stresses and deflections as a function of temperature in a plate with flexibility a/h = 71,4 change less smoothly than in a plate with less
flexibility a/h = 33,3; e) «simple» loads are not always, because the sign of stress changes in individual fiber fibers. Especially with increasing values of flexibility and temperature exposure.
Key words: plate, initial deflection, flexibility, geometric nonlinearity, temperature effects, changes in mechanical properties.



I'.'T. TAPABPUH, a.1.H., npo¢. BoarI'TY, r. Boarorpan
OPTOTPOITHAS ITOJIOT ASI OBOJIOYKA BPAIEHHSI ITOJOKHATEJBHON F'AYCCOBOI KPUBU3HBI, TPAHC®OPMUPYEMAS B KPYTJIVIO IUIACTHHY...41
Vupyro oprorpomHas 060104ka B pOpMe IOJIOroro yceueHHOro KpyroBoro KoHyca ¢ 60KOBOIf TOBEPXHOCTBIO IIOJNIOKUTEIBHON IaycCOBON KPUBU3HBI, 00pa30BaHHOH BPAIICHUEM BBIMTYKIIOH
KPHBO, MOJIBEPraeTCsi OCCCUMMETPHYHOMY CHKATHIO 110 OCH BPAIICHHs aGCOIOTHO KECTKMMH IITaMIIaMH. B pesyibrate 3T0ro 000J104Ka, COXpaHss yIpYrocTs, TPaHCHOPMHUPYETCS B KPYTIYIO
mractuHy. Pemaercst 3aa4a 0 HapsDKCHHO-1e(OPMUPOBAHHOM COCTOSHHH JTOH tacTHHBL. OG0I04Ka PEAIIONAraeTcst JOCTATOYHO MOJIOr0il, YTOOBI FeOMeTpHUIecKas U (u3ndecKast CTOPOHBI 3aJaun
OCTaBaJINCh JIMHCHHBIMH U IIPHHATHI B (popMe cooTHommeHnit Ko 1 3akoHa I'yka. Paspelnaroiiee ypaBHEHHE SBISCTCSA ypaBHCHHEM TIEPEMEIICHHIT 0CECHMMETPUYHOMN 3a1a4l TCOPUN YIIPYTOCTH K
mpezcTaBisieT coboit HeogHopoaHoe audpdepeHmmansHoe ypasHeHne Jitnepa ¢ kodaddurmentamu obimero Buaa. Takoil BUI pa3pellarolero ypaBHeHHs 03Ha4aeT, 4TO OCECHMMETPHYHAs 3aqa4a Jlame
TEOPHH YIPYrOCTH, OITHChIBAEMasi OJJHOPOIHBIM ypaBHEHHEM Diiliepa ¢ KAHOHNYECKMMH K03 GHUIMeHTaMH, SBIISICTCS YACTHBIM CIydaeM pelaeMoii 3aj1aun. I1oydeHo TouHOe pellieHne B KBaJIpaTypax
IUISL 4eTBIPEX BAPUAHTOB FPAHUYHBIX YCI0BUA. Bapuant 1: BHyTph MeHbIIEro 0CHOBaHMs 000I0UKY BCTAaBJICHA U IIAPHIPHO MPHUKPEILICHA [0 BCEMY KOHTYPY YIpyras Kpyriias IacTiHa. bombinee
OCHOBaHHE 00O0JIOUKH IIAPHUPHO MPUKPEILICHO 10 BCEMy KOHTYPY Kpas KPYIJIOro OTBEPCTHs B GECKOHEUHO 60JIbIIOIH ynpyroii mactuae. Bapuant 2: MeHblee OCHOBaHHE 000JI0YKH HMEET IPaHHYHbBIC
yCIOBHs BapuaHTa 1, a Gonblee OCHOBaHIE 000I0YKH CBOOOAHO OT BHEIIHHX BO3AeicTBUI. Bapuant 3: MeHblee 0CHOBaHIE 000IOYKH CBOOOJHO OT BHEIIHUX BO3/ACHCTBHIA, OOIIbIIIee OCHOBAHHE
MMeeT TpaHUYHbIe YCIoBHUs BapuanTa 1. Bapuant 4: 1 MeHblnee, 1 GoJbliiee OCHOBAaHHS 000JI0YKH CBOOOIHBI OT KAKHX-JTMOO BHEIIHUX BO3/IeiicTBUM. JlaHBI IIPHMEphI pacueToB CHEPHISCKUX 1
mapaboIHIecKuX 000I09CeK C PA3HBIMU TPAHUYHBIME YCIOBUSMI, C Pa3HBIMH HAIIPABICHUSIMU aPMUPOBAHIS U C PA3HBIMU 3HAYCHISIMH YIPYTUX MOCTOSHHBIX.

KaroueBble ci10Ba: ynpyrue miacTUHbI H 000JI0UKH.
UDC 539.3. Orthotropic flat shell of positive rotation Gaussian curvature transformable into a round plate. Tarabrin G.T., Volgograd State Technical University/
The elastic orthotropic flat shell of a closed shape in the form of a truncated cone is formed by the rotation of a convex curve. The shell is converted into a circular ring plate by compression absolutely
rigid dies. The edges of the shell are hinged to the plates. Within the framework of physical and geometric linearity, the exact solution of the problem of the stress-strain state of the annular plate and the
plates attached to it is obtained. The components of displacements, deformations and stresses are represented by explicit formulas, which are convenient for analytical studies and numerical calculations.
Key words: elastic plates and shells.

B.II. IAPKOB, k.T.H., 1011. (PTAY — MCXA um. K.A. Tumupssesa, r. Mocksa)
®OPMYJIA JUISI PACYETA TOPU3OHTAJIBHOI' O TIABJIEHUS 3ATTOJTHUTEJISI ITPU BBITPY3KE CHJIOCA JIJISI JTIOBOM IIEPOXOBATOCTH CTEH...49
B pa3BuTHE aHATUTHYECKOH 3aBUCHMOCTH JUISl PacyeTa FOPU30HTAIIBHOTO JaBICHHS B CUIOCAX TP BBITPY3Ke (MM IPOKAYKM) 3aMOTHATEIS, BBIBEICHHOI [T YaCTHOTO Clydas — abCOIOTHO
LICPOXOBATHIX CTCH, MPEANoKeHa GopMyIa 1yt 0OLIEro CiIydast: Ui CTCH JIF000i CTEIICHH MIEPOXOBATOCTH, B TOM YHCIE [MIaKHX, PACIPOCTPAHCHHBIX B CHJIOCaX. B 0CHOBE pabOTHI THIIOTE3a aBTOPA O
Pa3BUTHH y CTCH IPH OCaJIKaX 3all0JIHUTENs, IIPEBBIIAIONIMX PEJICIbHbIC, BEPTUKATbHBIX JABICHHI Y CTCH, BOSHUKAIOIINX 33 CUCT CUJI TPEHHUS JI0 BEJINYNH ITIaBHBIX KACATEIbHBIX HAIPSIKCHHIL.
JIMHAMIYECKOE JaBICHUE Ha CTCHKH aBTOP IIPEIJIAracT MOIyYNTh, CKIaIbIBAs CTATHICCKOS JABICHIE U IPUPALICHIE AABICHNS, UL OLPECICHNs KOTOPBIX IPHBOANTCS 000CHOBAHNE, B TOM YHCIIE C
HCIIONIb30BaHHUEM JHarpaMMbl Mopa. B cooTBeTCTBHE ¢ MOTy4eHHOM (HOpMyII0i JMHAMUYECKOE JIABICHHE 3aBUCHT HE TOJIBKO OT YIJIa KOHTAKTHOI'O TPEHHMS 3aIIONHHUTENs (KaK CTaTHIecKoe B (hopmyrie
Slucena), HO U yria BHyTpeHHero TpeHwust. [Ipoctast o popme dhopmyna yanTsiBaeT GU3HKY SBICHMUI, ITOATBEP/KIACTCS MHOTOYHCIICHHBIMU OIBITHBIMY JaHHBIMH, TTOJIY4YCHHBIMH B MOJCIIBHBIX U B
HATYPHBIX YCIOBHSAX.

Kirouesbie ciioBa: CHIIOC, 3aIlIOJIHUTEIIb, BBIIPY3Ka, JABJICHUE HA CTCHKH 1000 LIEPOXOBATOCTH, clJopMyna JUIS pacdeTa JaBJICHUS IIPH BBITPY3KE, IITABHBIC KaCAaTCIbHBIC HAIIPSIKCHUSA, KPYT MOPH, OIIBITHOC
HOJTBEPKICHHE.
UDC 69.01. Formula for the calculation of the horizontal pressure of the filler when unloading a silo for any roughness of walls. Sharkov V.P., Timiryazev Agrarian University, Moscow.
In the development of his analytical dependence for the calculation of horizontal pressure in silos during unloading (or pumping) of the filler, derived for a particular case — absolutely rough walls,
proposed a formula for the General case — for walls of any degree of roughness, including smooth, common in silos. The work is based on the hypothesis of the author about the development of
the filler precipitates at the walls, exceeding the limit, vertical pressures at the walls, arising due to the friction forces to the values of the main shear stresses. The author proposes to obtain dynamic
pressure on the walls by adding the static pressure and the pressure increment, for which the justification is given, including the use of the Mohr diagram. According to the obtained formula, the
dynamic pressure depends not only on the contact friction angle of the filler (as static in the Jansen formula), but also on the internal friction angle. The formula, simple in form, takes into account the
physics of phenomena and is confirmed by numerous experimental data.
Key words: silo, filler, unloading, pressure on the walls of any roughness, the form for calculating the pressure during unloading, the main shear stresses, the Mohr circle, experimental confirmation.

Teopus onTuMH3aIMU
H.H. CEPIIHUK, a.1.H., npod., H.B. TAPACOBA, ct.npenofasarteb BpsiHcKHii rocy1apcTBeHHbIN HH/KEHEPHO-TEXHOIOTHYeCKHil YHHBEPCHTET
ONTUMU3AIUSA NPEABAPUTEJIBHO HANIPSI)KEHHBIX CTAJIBHBIX ®EPM C UCITIOJIb30OBAHUEM 3BOJIIOLHIUOHHOI'O ITIOUCKA...58
PaspabarbiBacTcs aITOPHTM ONTHMAIBHOTO POSKTHPOBAHMUS MPEABAPHTEIBHO HAIPSDKCHHBIX CTAIBHBIX INIOCKHX (epM ¢ CHCTEMOH 3aTsDKEK U3 BEICOKOMPOUYHBIX KaHATOB. [lomaraercst, 4To
(bepma packperieHa o IepeMEICHIAM U3 CBOCH IIIOCKOCTH O y31aM. JIIs CTep)KHEil IPHHIMAIOTCS BO BHUMaHHe JehOPMAIlHH PACTHKCHUSA-CKATHS U ILIOCKOro u3rnba. CTaBuTCs 3a/1a4a
MHHHMUI3ALHE CTOUMOCTH (epMBI B I€JI€ ¢ YYETOM OIPAHHYCHHUI [0 MPOYHOCTH, KECTKOCTH U yCTONUNBOCTH. BEIOHpaeTest CXeMa yCTAHOBKH 3aTSKEK, CHITBI IIPSABAPHTEILHOTO HAIIPSDKCHHUS, ILUIOMAIH
TIOTIEPEYHBIX CEYCHHIT CTEpXKHEH U 3aTsKeK. BBoauTCs M30BITOUHAS CTPYKTYpa JUIs CHCTEMBI KaHATOB. BapbHpoBaHue 3TOM CTPYKTYpPOii OCYIIECTBIACTCS PACCMOTPEHHEM YCIOBHBIX BADHAHTOB 3aTSHKCK
C IIPEHEOPEKMMO MAJIBIMU IUIONIA/SIMHU IIOIIEPEYHBIX CCUCHNH U CUIIaMH MPE/(BAPUTEILHOTO HANPSOKCHNUS. IIpH 5TOM CTPYKTYpHO-IIapaMeTpHUecKas ONTHMH3AIHs CBOJIUTCS K TAPaMeTPHUCCKO.
Hcnonb3yeTcst 9BOMIOLUOHHAS IPOLELyPa OINTUMAIBHOIO IPOSKTHPOBAHHS I KOHEYHO-3IEMEHTHOE MOACINPOBaHUe. PaG0oTOCIOCOGHOCTS HpeIaraeMoil METOAUKHI IIPOMIIIIOCTPUPOBAHA Ha IpUMeEpe
ONTUMH3AIUHN CTAIBHON (pepMBI aPOYHOTO THIIA C 3ATHKKAMH.

KitioueBble ¢j10Ba: CTanbHbIC (epPMBL, IPEABAPHTEILHOC HALPSKECHHE, KAHATBI, OMTHMU3ALIHS, YBOIOLUOHHBIN [IOKCK, OIEPEIHBIC CCUCHNS.
UDC 624.014.2:624.042. Optimization of pre-stressed steel trusses with using the evolutionary search. Serpik I.N., Tarasova N.V., Bryansk State University of Engineering and Technology.
An evolutionary algorithm for optimal design of prestressed steel trusses with a set of high-strength is being developed. The task in focus is to reduce the cost of the truss while taking into consideration
the strength, rigidness, and stability limitations. The scheme of installing ties, prestressing forces, bar and tie cross sections are chosen. The feasibility of the proposed method is illustrated by the
example of optimizing a steel truss of arch type with ties.
Key words: steel trusses, prestressing, ties, optimization, evolutionary search, cross sections.

YuclieHHbIe METOBL
0.B. EMEJIBAHOB, k.T.H., fo1., I.A. UIBAHOBA, un:k., B.6. TABPUJIOB, K.T.H., MarHHTOropcKuii rocy1apcTBeHHbII TeXHH4ECKHI YHHBEPCHTET
ONPEJEJIEHUE PASMEPOB IISITHA KOHTAKTA HA TIOBEPXHOCTH I'OJIOBKM KPAHOBOT'O PEJIbCA B MECTE KOHTAKTA C KOJIECOM MOCTOBOI'O KPAHA...30
Pemaercs 3a1a4a onpeIeaeHHs pa3MepOB ITHA KOHTAKTa, MAKCHMAJIbHBIX HOPMAJIbHBIX W IPUBEICHHBIX HATIPSKECHHIT HA TIOBEPXHOCTH I'OJIOBKU KPAHOBOTO PEJIbCa B MECTE KOHTAKTa KoJieca
MOCTOBOTO KpaHa ¢ KPaHOBBIM penbcoM. COMOCTABICHBI PE3yIbTaThl PACIECTOB, BEIIIOTHCHHBIX 110 H3BECTHBIM 3aBHCHMOCTSIM, C PE3y/IbTATAMH YHCICHHOTO MOJCIUPOBAHMUS. Y CTAHOBICHBI
3aBHCHMOCTH, CBA3BIBAIOIINE Pa3MepPhl IITHA KOHTAKTA HA IIOBEPXHOCTHU TOJIOBKH KPAHOBOTO Peibca, MAKCHMAaJIbHbIC HOPMAJIbHBIC Gymax M TIPHBEICHHBIC (110 MU3eCy) HAIPsDKCHUS B IGHTPE MATHA C
BEJIMYMHON BEPTUKATIBHOTO AABICHHS KOJIECa MOCTOBOTO KpaHa IPy30M0AeMHOCTEI0 50T. PacueToM moka3aHo, 9T0 OAHOM U3 IPUUNH PEKICBPEMEHHOTO, 10 CPABHEHHUIO C IIPOTHO30M HPH
HPOCKTUPOBAHNH, H3HOCA KPAHOBBIX PEIIBCOB B IIPOLECCE IKCILUTYaTAIlMH SBIACTCS IPEBbIICHNAE HAKTHUCCKUX IPHBEICHHBIX HATIPSIKCHHIT Ipeieria TeKy4eCTH CTall B MECTE KOHTAKTa KPAaHOBOT'O
pelbea ¢ KOJIECOM MOCTOBOTO KpaHa.

KiroueBble ¢/10Ba: KOJIECO, PENbC, BEPTUKAIbHAS HATPY3Ka, ATHO KOHTAKTa, KOHTAKTHBIC HANPKEHNUS, KO3 (QUIMEHT 3araca IIPOYHOCTH.
UDC 624.014.2. Determining of the contact point size on the overhead crane rail surface of contact wheel and crane rail. Emel’yanov O.V., Ivanova D.A., Gavrilov V.B., Magnitogorsky State Technical
University named after G.1. Nosov, Magnitogorsk.
This paper presents the solution of contact patch size in maximal normal stress on the overhead of travelling crane rail surface of wheel contact patch and crane rail. The results of estimates are compared
to the results of digital modeling carried out according to know dependences.There were defined (found out) of contact patch size) the subjections on the over head travelling crane head surface and
maximal normal stress oxmax and equivalent (von-Mises) stress in the center of contact patch with the value of the vertical pressure of overhead travelling crane wheel with the loading capacity of 50 tons.
The estimates show that one of the reasons of premature overhead travelling crane wear in operating process is exceeding the actual equivalent (von-Mises) stress steel flow limit in crane rail contact
with travelling crane wheel position in comparison to prognostics in design.
Key words: wheel, rail, vertical loading, contact patch, contact stress, reserve factor.

A.A. KBACHUKOB, nu:x. IHUUCK um.B.A.Kyuepenko (AO«HUI«CTpouTebcTBOo»), r.MocKkBa
METOJHMKA PACUETA B3AUMOJAENCTBUS BETOHA U APMATYPbI )KEJIE30BETOHHBIX KOHCTPYKI[UI B IPOTPAMMHOM KOMILIEKCE ABAQUS...65
BbIMOIHEHBI MOZCIMPOBAHIE U YHCIICHHBIN aHAIN3 B3aHMOACHCTBHS GETOHA M aPMATYpPBI C OMOIIBI0 00BEMHBIX KOHEUHBIX ICMEHTOB C YUETOM HETHHEHHOCTH PabOThl MATEPUAIIOB.
TIpuBopsITCS OMUCAHKE TAPAMETPOB, BIHSIOMINX HA MOJCTHPOBAHHE JKele300eToHa. [l MOACINPOBAHKS XKeIe300€TOHA IPU BBIIIOJTHECHHH PACUYCTOB UCIIONB30BANICS IPOrPAMMHBIN KoMIuieke Abaqus ¢
MOJIEIIBIO IITACTUYHON IIOBPEKICHHOCTH OETOHa, Hallle el Hanboee MoJHOe OTPaXKCHHE B TOM KOMIUIEKce. IIpuBeieHbI 3aBUCUMOCTH HAIPSDKEHHH U e opMarinii 6eToOHa IPH PaCTSKCHUH U
CXKATHH, a TAKXKE KPUBBIC IAPAMETPOB MOBPEKACHHOCTH OETOHA ISl HCIOIB30BaHus B Abaqus. KOppeKTHOCTE HPeIIoXKEeHHBIX MOEIET IPOBEPEHA B CPABHEHUH C PE3yIbTATAMU KCICPUMEHTAIBHBIX
UcCIIe/I0BaHNUH.

KitioueBble ¢/10Ba: Kene300eTOH, HEIMHEHHBIN YHCICHHBIN aHanu3, Abaqus, CLEIUICHHE apMaTyphI U OSTOHA.
UDC 69.04. Method for analysis the interaction of concrete and reinforcement of reinforced concrete structures in the Abaqus. Kvasnikov A.A., Kucherenko TSNIISK.
Simulation and numerical analysis of the interaction of concrete and reinforcement using three-dimensional finite elements; taking into account the nonlinear of materials. The description of the
parameters affecting the modeling of reinforced concrete. To simulate reinforced concrete, when performing calculations, the Abaqus software package was used with a concrete damaged plasticity
model, which was most fully reflected in this software. The dependences of the stress and strain of concrete under tension and compression, as well as curves of parameters of concrete damage for use
in Abaqus are given. The consistency of the proposed constructive and destructive models has been tested in comparison with the results of experimental studies.
Key words: reinforced concrete, nonlinear numerical analysis, Abaqus, bond of reinforcement in concrete.

10.M.CTPEJIKOB! ,unik., O.B.PAZ[AFIKI/IHZ,K.T.H., JI.C.CABUTOB' ’,k.1.1., I.JLKY3HELIOB2,1.T.H. 'Kazancknii denepanbHbIii yHHBEpCHTET, ZKazaHcKuii rocy/iapcTBeHHbIi
APXHTEKTYPHO-CTPOUTEIbHBI YHHBEPCHTET., “Ka3aHCKuii rocy1apcTBeHHbIIl JHepreTHUecKHil yHHBEPCHTET

CPABHUTEJIbHBIA AHAJIN3 CTATUHYECKOM PABOTHI PA3JIMYHBIX TUIIOB CTAJILHBIX ONOP JINHUI SJIEKTPOIIEPEJJAY HA OCHOBE KOMITBIOTEPHOT'O
MOJIEJIMPOBAHUS CUCTEMbBI OIIOPA-OYHJIAMEHT I'PYHT OCHOBAHMSI...71

Ilenbro paboTHI CTABHIIOCH MMPOBECTH CPABHUTEIIBHBIN aHATN3 CTATHYECKOi pabOTHI ABYX KOHCTPYKTUBHBIX THUIIOB CTAJIbHBIX ONOp JIMHMUI snekTponepenad (BJIDII): B Bune crepikHeii-

000J104eK 3aMKHYTOTO IPO(HIS ¢ IEPEMEHHOI IO BLICOTE TOIIIMHOM CTEHKH M B BUE PELIETYATOH TPEXTPaHHOH KOHCTPYKIHH, U3TOTOBIsIeMOl 1o maTenty [1]. IIpu sTom 06a Tuma omop
paccMaTpUBAJIUCh JUIS TPEX Pa3HbIX BBICOT — IO JIMHUHM 3nekTporepenad Ha 10 kB — Beicoroit 9—11 M, 35 kB — BbicoToit 20,6 M 1 110 kB — BbIcoTO#t 22,5 M cOOTBeTCTBEHHO. OCHOBHAs YacTh
uccnenosanuii nposeneHa B ITIK «<ANSYS», rae paccmarpuBaach coBMeCTHast paboTa KOHCTPYKTUBHOM CHCTEMBI «CTaIbHAs OIIOPA BO3MYIIHOI JIMHUH 3JIEKTponepesadn — cOOpHO-pa30opHbIi
KeJIe300eTOHHBIH (YHIaMEHT HOBOIO THIIA [2] — IPYHT OCHOBaHMs». JIJIs 3TOro aBTOPaMy IPe/IoKeHa METOIMKA KOMITBIOTEPHOTIO MOJICTMPOBAHHMS, KOTOPAsk yYHTHIBACT IPOCTPAHCTBEHHYIO PaboTy
9JIEMEHTOB KOHCTPYKTHBHOH CHCTEMBI H (PU3HUECKYIO HETMHEHHOCTh MaTEPHAIIOB, U3 KOTOPBIX OHH M3rOTOBJIEHSBI. IIpu 3TOM [ cTanu OblIa CTIONIb30BaHA TeOpHUs IpouHOCTH Museca, st OeToHa —
Bunbsivca — Baphake, 1 rpyHTa ocHoBaHusA — JIpykkepa — Ilparepa. Kpome Toro, Bce He00X01MMBbIe I'€OMETPHIECKHE, CUIIOBBIC H (pU3HIECKHE XapaKTEPHCTHKN MO OBUIN HOTYYEHBI HA OCHOBE
JIEWCTBYIONIMX CTPOUTENbHBIX HOpM MpoeKTHpoBaHus 00BEKTOB YHEPreTHKH. BeroMoraTenbHbe HHKEHepHbIe pacdeTsl ¢ ydeToM 3Tiux Hopm BoimonHens! B [1K «JIMPA"CAIIP 2017» B nuHeiinoi
HOCTAaHOBKE.



KiioueBble c/10Ba: ene300eTOHHbII (yHIaMEHT, MHOTOTPAaHHAs CTaJIbHAS OIOPa, TPEXIPAHHAs PEIIeTYaTas OIopa, BO3LYIIHAS JIMHHS 3JIEKTpoIepe/iad.
UDC 624.012. Comparative analysis of static behavior of various types of power lines steel supports on the basis of computer modeling of the system «Support — Foundation — Ground base» in the cKANSY S» and
«Lira-CAD 2017»
Strelkov Yu.M.!, Radaykin O.V.2, Sabitov L.S."?, Kuznetsov I.L.%; 'Kazan Federal University, 2Kazan State University of Architecture and Civil Engineering, *Kazan State Energy University
The aim of the work was to conduct a comparative analysis of the static behavior of two structural types of power lines steel supports: in the form of rods-shells of a closed profile with a variable wall
thickness in height and in the form of a three-sided lattice structure manufactured under the patent [1]. While both types of supports were considered for three different heights of the lines at 10 kV with
a height of 9—11 m, 35 kV — with a height 0of 20.6 m and 110 kV with a height of 22.5 m, respectively. The main part of the research was carried out in the PC «ANSY S», which considered the joint work
of the structural system «steel support of the overhead power line — collapsible reinforced concrete Foundation of a new type [2] — ground base». For this purpose, the authors propose a method
of computer modeling, which takes into account the spatial work of the structural elements of the system and the physical nonlinearity of the materials from which they are made. At the same time, the
strength theory of Mises was used for steel, for concrete — Williams—Varnak, for the soil of the base — Drucker—Prager. In addition, all the necessary geometric, power and physical characteristics of the
model were obtained on the basis of the current building design Standards of energy facilities. Auxiliary engineering calculations subject to these Rules executed in PC «LIRA-SAPR 2017» in linear
statement.
Key words: reinforced concrete foundation, multi-faceted steel support, trihedral lattice support, overhead power line.
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Henuneiinbie pacuerst
C.B. BAKYUIEB, a.7.H., npod¢. Ilen3enckuii rocyiapcTBeHHbI YHHBEPCHTET APXUTEKTYPHI H CTPOUTEIHCTBA
AIIPOKCUMAILIMA JAATPAMM JE®OPMUPOBAHMS BUJIMHEWHBIMH ® YHKIUSIMM...2
PaccMaTpuBaOTCs BONPOCHI AIIPOKCUMAIINN AMarpaMM o0beMHOr0 6~¢ 1 caBuroporo T ~ I' nedopMUpoBaHKs IPU ITIOMOITN OMIMHEHHBIX (YHKIMI METOIOM HAMMEHBIIHX KBAIPATOB, a TAKKE
BOIPOCH! HAXOXKICHUSI ONTHMAIBHOTO PACIIOIOKCHHS TOUKH epernba Ha GumnHeiHOM rpaduke. [TokaszaHo, 9TO 71 MOITHHOMHUAIBHOTO [IPEICTABICHHS alIPOKCUMHPYeMOit GyHKIrH K03 HIIHEHTEI
ANIPOKCHMHUPYIOIIHX HOJMHOMOB IIEPBOTO TOPSAKA HMEIOT IPOCTYIO JIMHEHHYIO CTPYKTYPY; IIPH 3TOM KO3(GHIMEHTHI aPOKCUMHUPYEeMOil yHKIIMU BBIXOJIAT 33 3HAK CyMMHpOBaHHus. Abciucca
TOYKH Tepernba OUIMHEHHOro rpaduka HaXOAUTCS U3 YCIIOBUS IEPECEUCHNUS ANPOKCHMUPYIOIIUX KPHBBIX C HCIIOIB30BAaHHEM HTEPALIMOHHOrO alrOpPHTMAa. B KadecTBe mprmepa paccMOTPEHEI TpH
MaTeMaTHYECKUX MOJIEIIH, OIUCHIBAIONIMX MEXaHNYECKOE OBEICHHE CILIONIHON CPEJIbl: TCOPHSI MaJIbIX YIPYTOIIACTUYECKHX AedopMaIinid, e opMalMOHHas TCOPHS INIACTHYHOCTH ChIITydeil cpeibl
T.A. T'enneBa, MopubunupoBanHas 1eHOPMALHOHHAS TCOPHS IUTACTHYHOCTH CHIIy4eH CPEJIbl, A/Isl KOTOPBIX 3aMBIKAIOIINE YPABHEHHS IPEICTABISIOTCS B BUE CTCIICHHBIX [IOJHHOMOB COOTBETCTBCHHO
BTOPOTO, YETBEPTOrO U IIECTOr0 HOpsiaKa. YHCICHHBIE pacueThl OKa3aIn OBICTPYIO CXOAUMOCT HTEPALOHHOTO alIrOPHTMA ISl ONPEACIICHHsI a0CLIUCChI TOUKH mepern6a OIInHeHoro rpaduka, Kak
U1 00BEMHOT0, TaK U JUIS CIBUTOBOIO Je(hOPMUPOBAHNUS [T BCEX TPEX MaTeMaTHIECKHX Mozelei. IIpn 3tom OmniHelinble rpadKy MPaKTHYECKH COBIAIM C HCXOHBIMHU aMIPOKCUMHPYEMBIMH
KpuBBIMH. [loTy4eHHbBIC Pe3yIbTaThl MOTYT HANTH IPUMEHCHHE [IPU AMMPOKCHMALNY 3aMBIKAIOIINX YPABHEHHIT 11 00BEMHOTO U CABUTOBOrO Ae(GOpMHUpOBaHHs OHITHHEHHBIME QYHKIMSIMHA 1S
CIUIONIHBIX CPEJI, ONMHMCHIBAEMBIX MATEMATHYECKHIMHU MOJICIIAMH C y4eTOM KaK (PU3MUYECKOM, TaK U TeOMETPHYECKOI HeIMHEHHOCTH.

KiroueBble c/10Ba: OMwInHEHHAs ANIPOKCHMALHS, METO HANMEHBIINX KBAPATOB, MATEMATHIECKAE MOJECIIH, 3aMBIKAIOIINE yPAaBHCHHUSI, CILIOLIHAS CPELa.
UDC 519.633. Approximations of warp diagrams using bilinear functions. Bakushev S.V. Penza State University of Architecture and Construction
Under analysis there are questions of diagram approximation of volumetric ¢ ~¢ and shearing T = I straining with the help of bilinear function by least square method, and also questions of determining
of flex point optimal placement in bilinear diagram. It was shown, that for polynomial presentation of approximated function, polynomial approximant coefficients of the first order have simple linear
structure; whereas coefficients of approximable function are overrun summation sign. Flex point abscissa of bilinear diagram is determined from the condition of approximation curves crossing with the
use of iteration algorithm. As an example under study there have been three mathematical models, describing mechanical behavior of continuum: small elastoplastic strain theory, G.A.Geniev’s
deformation theory of loose medium plasticity, modified deformation theory of loose medium plasticity, where closing equations are presented in the way of exponential polynoms of the second, forth
and sixth order accordingly. Numeric calculations have shown quick convergence of iteration algorithm for determination of flex point abscissa of bilinear diagram, both for volumetric and shearing
straining for all three mathematic models. Whereas, bilinear diagrams are practically the same as original approximation curves. The results of this article can find their implementation at the
approximation of closing equations for volumetric and shearing straining by bilinear functions for continuum, described by mathematical models with the regards to both physical and geometrical
nonlinearity.
Key words: bilinear approximation, least square method, mathematical models, closing equations, continuum.

C.B. EOCAKOBI, I.T.H., ipod., O.B. KO3YHOBAZ, K.T.H., 101 pynn «Hucrutyr BenHUUC», r.Munck, “Beal YT, r.I'omean, Peciy6inka Beaapycs
METO/I HEPEMELIEHHI B PACYETAX CUCTEMBI IIEPEKPECTHBIX BAJIOK HA YIIPYTOM OCHOBAHHUU BUHKJIEPA...12
PazpaGoTana METOIMKA pacyeTa CHCTEMbI IIEPEKPECTHBIX 0aIOK Ha yIPyroM OCHOBaHHH BHHKiIepa 1oz AeficTBieM BHEIIHEH Harpy3ku. MeTo/iMKa OCHOBaHa Ha METOJIe TIePEMEIICHHIA, KOTOPHIil paHee
MOYTH HE HCIOIB30BAICS UL PacieTa KOHCTPYKIHI Ha YIPYroM ocHoBaHMH. Tak Kak OCHOBHAsI CHCTEMa METO/a EPEMEIICHUH PECTABISIET COBOKYITHOCTD OAHOIPOIETHBIX X KOHCONBHBIX OAJIOK, TO
HpeJIaraeTcsi COCTaBUTh TAOJIHIIBI pacueTa TaKUX 6ajloK Ha YIPYroM OCHOBaHMM BHHKIEpa ¢ pa3IMYHBIMU ONIOPHBIMH 3aKPCIUICHHAMH Ha JICHCTBHE CAMHUYHBIX JIMHCHHBIX M YTJIOBBIX CMCIICHHIT OTIOp
¥ BHEIIHEH Harpy3Ku. [l 9TOr0 MCIOMIB3YyeTCsl H3BECTHOE pelieHne Aud(pepeHIHanbHOr0 ypaBHeHNs H3rnba 1 KpydeHus OalIKi Ha yIpyroM ocHOBaHMN. [Ioka3aHa MOCIEA0BATEIBHOCTD ONPEACICHHS
PEAKTHBHBIX YCHIIHII Ha IIpEMepe Oallky ¢ IBYMsI 3allleMJICHHBIMH KOHI[AMH, OJMH M3 KOTOPBIX TOJIydYaeT eAMHUYHOE JTHHEHHOoe nepeMelienne. OTIeNbHO pelleHa 3a1a4a 00 yueTe AeHCTBHE KPYTAINX
MOMEHTOB IIPHU ONpeAeICHH K03 ()HUIINCHTOB KAHOHNYECKUX yPABHCHHIT METOIA IIEPEMEILCHHUI JUTsl CHCTEMBI [IEPEKPECTHBIX 0alloK. PaccMOTpeH mpumep pacdera CHMMETPUYHON CHCTEMBI
HePEKPECTHBIX OAIOK Ha JICHCTBHE CUMMETPUYHO NPHIIOKEHHOH COCPEIOTOUCHHOM CHIIBL.

KitoueBble ¢j10Ba: METO[I IICPEMEIICHHIA, CHCTeMa IEPEKPECTHBIX OaIoK, OCHOBaHHe BuHkiepa.
UDC 624.13. The displacement method in calculations of cross-beam system on Winkler’s elastic foundation. Bosakov S.V., Institute BeINIIS, Minsk; Kozunova O.V., BelGUT, Gomel, Belarus
The method of calculating the system of cross beams on Winkler’s elastic base under external load is developed. The technique is based on the method of displacements, which was previously hardly
ever used for the calculation of structures on an elastic foundation. Since the basic system of the displacement method is a set of single-span and cantilever beams, it is proposed to create a table of
calculation of such beams on the elastic base of Winkler with different support anchorages at the action of single linear and angular displacements of props and external load. For this purpose, the well-
known solution of the differential equation of bending and torsion of a beam on an elastic base is used.The sequence of determination of reactive forces is shown on the example of a beam with two
pinched ends, when one of which gets a single linear displacement. Separately, the problem of taking into account the action of torques in determining the coefficients of the canonical equations of
displacement method for a system of cross beams is solved. An example of calculation of the symmetric system of cross beams on the action of symmetrically applied concentrated force is given.
Key words: method of displacements, system of cross beams.

Ba.H. KOJIYYHOB, a.1.H., npo¢., uHocTpanHublii wien PAACH, A.W. JTEMbSIHOB, k.T.H., 1ou., M.M. MMXAWJIOB, unk. FOro-3anaauprii rocy/apcTBeHHbIi YHHBEpPCHTeT, I. Kypek
PACUYETHBIE MOJEJH CTATUKO-IMHAMHAYECKOI'O JE®OPMUPOBAHMS CUCTEMBI KEJE3OBETOHHBIX KOHCTPYKIIUIL B MOMEHT PA3PYIIIEHMST
C/KATOI'O BETOHA ITPU KPYYEHUHU C U3T'HBOM...17
TIpenaraercst BBECTH CTATHKO-IMHAMUYCCKHIE MOZICIH 1e(OPMUPOBAHKS BTOPOTO YPOBHS IPU CI0KHOM HATIPSIKEHHO-1e(DOPMUPYEMOM COCTOSIHUM KPYUEHHs C U3THOOM B MOMEHT Pas3pyIIeHHs
CXKAaTOro OETOHA € yY4eTOM HMILYJIECHOTO BO3JCICTBHS B BHAC IIPEACTABUTEIBHBIX 00BEMOB OCTOHA, BEIPE3AHHBIX U3 JKEIE300eTOHHON KOHCTPYKIIIH, TOJBEPIKCHHON CIKATHIO CO CIBUTOM B OKPECTHOCTH
CKaTO#i 30HBI GETOHA, NPHUJIETaIONICH K MPOCTPaHCTBEHHOI TperuHe. IIph 3TOM B CeYeHHSX, NPeIHa3HAYCHHBIX JUIS BBIPE3aHHs PEJIaraeMbIX MOJIeIICH BTOPOTo ypOBHs, BIMSHHE BHYTPEHHUX
HAIPSDKCHU} YIUTHIBACTCS Yepe3 CIICHUAIbHO IIOCTPOCHHYIO PACYETHYIO MOZEIB [EPBOTO YPOBHSI, MOACIUPYIOLLYIO IPOCTPAHCTBEHHOE CCYCHHUE C BOSHUKAIOLIMMU B HCM BHYTPCHHUMH YCHIIHSIMH.
Taxum 00pa3oM, 3TO BIMAHHE TIPOSBIISETCS B IPEICTABUTEIBHOM 00beMe Yepe3 TaKHe MapaMeTphl KaK PACCTOSHUE MEK/Y IIPOCTPAHCTBEHHBIMHU TPEIlMHAMH, HAlIPSKECHHE B paboueii apMaType
nepeceKaeMoil IIPOCTPaHCTBEHHON TpeluHoil B cragu 111, a Takke B ompeeneHnn HOPMAIbHBIX M CABUrAOIMX AedopManuii (HanpsDkeHni) 6eTOHA, MOMANAOMINX B IPEACTABUTEIIBHEIT 00BEM.
TToctpoeHsl ocHOBHBIE paboune runoresbl. ITomydeHbl aHATHTHYECKHE 3aBUCHMOCTH JUIs ONpe/elicHus aedopMarnii B GETOHE CHKATOH 30HBI, KOTOPBIC BO3HHKIIM OBl B 3TOH CHCTEME, €Clii Obl epexo)
N-CHCTEMBI B cUCTeMy (1 — 1) OCYIIECTBIISUICS B Pe3yIbTaTe MTHOBEHHOTO Pa3pyLICHHS CXKATON 30HBI IIPEACTABUTEILHOTO 00beMa B CeUeHUN K.

KnroueBble cj10Ba: 5xelie300eTOHHBIC KOHCTPYKIIMH, KPYYEHHE C H3rHOOM, paCUeTHBIC MOJICIIH, CHKATBIH OETOH, IIPEICTABUTENBHEI 00bEM, CTATHKO-IHMHAMHYECKOE 1e(hOPMUPOBAHUE, HMITYIILCHOE
BO3JICHCTBHE, pa3pyIlCHHE.
UDC 624.012.45. The calculation models static and dynamic deformation of a system of reinforced concrete structures during the moment of the ABSTRACTS destruction of the compressed
concrete in torsion with bending. Kolchunov VLI., Demyanov A.I., Mikhailov M.M., South-West State University, Kursk.
The article proposes to introduce static-dynamic models of deformation of the second level in a complex stress-strain state of torsion with bending at the time of destruction of compressed concrete,
taking into account the impulse effect in the form of representative volumes of concrete cut from a reinforced concrete structure subjected to compression with shear, in the vicinity of the compressed
zone of concrete adjacent to the spatial crack. At the same time, in the sections made for cutting out the proposed models of the second level, the influence of internal stresses is taken into account
through a specially constructed computational model of the first level, modeling the spatial cross section with the internal forces arising in it. Thus, this effect is manifested in a representative volume,
through such parameters as the distance between the spatial cracks, the stress in the working reinforcement intersected by the spatial crack in stage 111, as well as in the determination of normal and shear
deformations (stresses) of concrete falling into a representative volume. The main working hypotheses are constructed. Analytical dependences are obtained to determine the deformations in the concrete
of the compressed zone that would occur in this system if the transition of the n-system to the system (n — 1) was carried out as a result of instantaneous destruction of the compressed zone of the
representative volume in the section k.
Key words: reinforced concrete structures, torsion with bending, calculation models, compressed concrete, representative volume, static-dynamic deformation,impulse action, destruction.

B.J1. XAPJIAHOB, n.1.H., C.B. XAPJIAHOBA, k.T.H. UAHC BoarI'TV, r. Boarorpax
MOJIEJTAPOBAHUE U3T'MBA )KEJE30BETOHHOM BAJIKA KOHEYHBIMU JIEMEHTAMM...27
MopnenupoBanue 6eToHa KOHCYHBIMH 3IEMEHTAMH 3aTPYHEHO B CBA3HU C JABYMs (aKTOpaMu: HAJTMYHEM HUCIIAIAMONICH BETBH JUarPaMMbI COCTOSHHS U CYIIIECTBCHHBIM PA3JIMYMEM IIPE/IEIOB IPOYHOCTH
[PH OXHOOCHOM H TPEXOCHOM CXKAaTHH. ABTOPaMH HPEII0XKEH alrOPHTM, HO3BOJSIOLIMI PEaln30BaTh MPEOJOICHIE YTUX TPYAHOCTEH. BEIIOIHEHO MOCTHPOBAHNE Pa3PyLICHHS JKEIe300eTOHHOM
Gasky. B kauecTBe CKeIETHOH narpamMMbl BHIOpaHa JJuarpaMMa COCTOSIHHS C SIBHBIM Pa3/ieIeHHEM IIACTHYCCKHUX U yNPYrHX aedopmarmii. BeissieHs! o6actn paspynieHus 6eToHa Galiku IpH
JOCTIXCHUN TIPeaenbHbIX Aeopmanuit. [IpeaoxeHHas: MOJIe/b SKBUBAICHTHBIX HANPSDKCHNH Hanboiee moaHo orpaxkaeT HIC GeToHa 1 MOXET ObITh IPHUMEHEHA IS YHCICHHOTO aHAIH3a
KEJIe300€TOHHBIX KOHCTPYKIIHII METOJIOM KOHEUHBIX JJICMEHTOB.

KnroueBble cj10Ba: 6STOH, TEOPUs IPOYHOCTH, AUArPaMMa COCTOSHHS, METOJI KOHEUHBIX JJIEMEHTOB, SKBHBAJICHTHbBIC HANPSOHKCHNUS, SHEPrus 1e(pOpMUPOBAHKS, HEIMHEHHbIC yPABHCHNS CTATHKH,
(usndeckast HEMMHEHHOCTb.
UDC 624.012.41:519.3. Simulation of bending of reinforced concrete beams with finite elements. Kharlanov V.L., Kharlanova S.V., Volgograd State Technical University
Modeling of concrete by finite elements is complicated due to two factors: the presence of a descending branch of the state diagram and a significant difference in the strength limits under uniaxial and
triaxial compression. The authors propose an algorithm to implement the overcoming of these difficulties. The modeling of destruction of reinforced concrete beams is performed. A state diagram with
an explicit separation of plastic and elastic deformations was chosen as a skeletal diagram. The areas of destruction of concrete beams when reaching the limit of deformation. The proposed model of
equivalent stress best reflects VAT of concrete and can be applied for numerical analysis-lesopitomnik structures by finite element method.
Key words: concrete, strength theory, state chart, finite element method, equivalent stress, energy, deformation, nonlinear equations of static.



B.I'. XOJIOJIAPD, k.1.H. Bpectcknii rocyaapcTBeHHbIif TEXHHYECKHIl YHHBEPCHTET
OIIMCAHHUE MNPOLUHECCA NOTEPU YCTOMUYMBOCTH NMPSAMOIO YIIPYTOI'O CTEPKHSI...30
PaccmoTpena 3a1aya JHHAMUKH MPOJIOJIBHO-TIONEPEYHOTO H3rHOa CTEPIKHS IPU ACHCTBUH OCCBOI HATPY3KH, IPHIIOKEHHOI C SKCIIEHTPUCHTETOM H BO3PACTAIOLICH MPOIOPIIHOHAIBHO BPEMEHH.
MexaHndeckas CHCTeMa CBe/IeHa K OTHOMAaccoBoit Mozenu. [IpoBejeHO BappHpOBaHKe TapaMeTpaMi CUCTEMBI H YCTIOBHUSAMHU HArPy)KCHHUSL.
KuioueBbie ¢JioBa: OTEpsi yCTOHYMBOCTH, KOJICOAHHs, KPUTHYECCKAs HATPy3Ka, BPEeMs HArPy)KCHHUSL.
UDC 539.3:534.1. Description of the process of stability loss of straight elastic bar. Kholodar B.G., Brest State Technical University.
Considered is a problem of the dynamics of transverse-longitudinal bending of a bar under an axial load. The load is applied with eccentricity and is growing in time linearly. The mechanical system is reduced to an
equivalent single mass model. The system parameters and loading conditions are varied.
Key words: loss of stability, vibrations, critical load, loading time.

JI.C. IIOJISIKOBA, nn:k., B.A. AHJAPEEB, n.1.u. HHY MI'CY, r. MockBa
PACYET TPEXCJOMHOM MAJIMHAPHYECKOM OBOJIOYKH KOHEYHOM JUIMHBI C YYETOM HEJIMHEMHOCTHU M HENNPEPBIBHOM HEOHOPOIHOCTM...36
PaccmoTpena 3anaya onpe/eneH s HapsHKCHHO-1e(pOPMUPOBAHHOTO COCTOSIHHSA TOJICTOCTCHHOMN [IMIIMHIPUYCCKOM 000JI0UKH, IIAPHUPHO 3aKPEIUICHHOM 10 0001y BOIH3H TOPLOB, MOABEP)KCHHOM
TeMIepaTypHOMY BO3aeHcTBHIO. O00I04YKa COCTOUT U3 TPEX CIIOEB: ABA CIIOS M3 KapOCTOMKOro OETOHA M CTaJTbHOM HapyXKHBIH Cl0i. B pacdyere yuuTsiBaeTCs HempephIBHAS. HEOTHOPOHOCTh
MaTepHasoB, BbI3BAaHHAs CTALMOHAPHBIM TEMIICPATYPHBIM MOJIEM, a TAK)XKE HEIMHEHHBIN XapakTep AedopmupoBanus Getona. Henuneiinas 3aadya ¢ nmepeMeHHBIMU apaMeTpamu ynpyroctd E u v
pelanack METOZOM IMOCIIeJOBATEIbHBIX NIPHOIIIKEHHMIT, onncaHHoM B [1].

KiioueBbie ¢JI0Ba: yIpyrocThb, HEJIMHEHHOCT, HEOIHOPOAHOCTD, TPEXCIIOHHAsE 000I04YKa, TEMIIEPaTypHOE TI0JIe.
UDC 539.3. Calculation of the threelayer cylindrical shell of final length with account of nonlinearity and continuous inhomogeneity. Polyakova L.S., Andreev V.I, Moscow State University of Civil Engineering.
The article deals with the problem of determining the stress-strain state of thick-walled cylindrical shell hinged on the rim near the ends, exposed to temperature effects. The shell consists of three layers: two layers of
heat-resistant concrete and steel outer layer. The calculation takes into account the continuous inhomogeneity of materials caused by the stationary temperature field, as well as the nonlinear nature of the deformation of
concrete. The nonlinear problem with variable elastic parameters E and 1 was solved by the method of successive approximations described in [1].
Key words: elasticity, nonlinearity, inhomogeneity, three-layer shell, temperature field.
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HOBEJEHME IOJIOTOl KOMIIO3UTHOMN MAHEJIM C BHYTPEHHAUMHY MMOBPEXKIEHUSIMU IO JEWNCTBUEM HECTAIIMOHAPHOM HATPY3KH...43
PaccmatpuBaeTcs 3aj1a4a YMCICHHOTO MOJICIIMPOBAHMS TTOBEJICHUS Y Pa3pYIICHUS MOJOr0H MaHeIM U3 MOJMMEPHOro KoMrno3uinoHHoro marepuaia (ITKM) npu Hanuuuy BHYTPEHHUX TTOBPEXACHUH
TI0/] BO3ACICTBHEM HECTAI[MOHAPHON HATPY3KH.

KuroueBble cii0Ba: 10JI0Tas MaHENb, KPUTEPHU Pa3pyLICHHU, TIOIMMEPHBIH KOMIIO3UIIMOHHBIM MaTepHa, HECTAl[MOHAPHAs HAarpy3Ka, YMCICHHOE MO/ICTTUPOBAHHE, METO KOHEUHbIX A1eMeHTOB(MKD).
UDC 624.016. Behavior of a shallow composite panel with internal damage under the action of a nonstationary load. Medvedsky A.L., Central Aerohydrodynamic Institute of N.E. Zhukovsky, Martirosov M.I.,
Moscow Aviation Institute, Khomchenko A.V., Irkut Corporation PJSC.

Consider problem of behavior and failure numerical modeling of flat panel from polymer composite material (PCM) with presence internal damage under action of nonstationary load.
Key words: flat panel, failure criteria, polymer composite material, nonstationary load, numerical modeling, finite element method.

BeposITHOCTHBIC pacyeTsl
B.A. TPOMALKHM, k.1.n. [HUUCK uM.Kyuepenko (AO «HUII «CTpoutenbcTBo»), r. MockBa
O JOBEPUTEJIbHOM OLIEHUBAHHUUN MOKA3ATEJENA HAJEXHOCTMN...48
TIpuBeneHBI aHAIMTUYECKUE 3aBUCUMOCTH MKy OMHOMHUHATBHBIMU JOBEPUTEIBHBIMU MPEAEIAMH BEPOITHOCTH OTKA3a M BEPOSITHOCTH O€30TKa3HON pabOTHI DIIEMEHTa, a TakKe (OpMYITbl BEPXHHX
IIYaCCOHOBCKHUX JOBCPUTECIBHBIX MPEACIOB NPUMEHHUTEIBHO K PaCcY€Ty HaJIC)KHOCTH KOHCprKL[Hﬁ. le/lBC}ICHbI TIpUMEPBI.
KiioueBble ¢J10Ba: BEPOATHOCTb OTKA3a, JOBEPHTEIbHBIH HHTEPBAI, JOBEPUTEIIbHbIC PEEIbI, JOBEPUTEIbHAS BEPOSTHOCTS.
UDC 624.012.2.046.69.04. About confidential evaluation of reliability indicators. Gromatsky V.A., Koucherenko TSNIISK, Moscow.
Analytical dependencies between the binomial confidence limits of the failure probability and the probability of the element failure-free operation, as well as the formulas of the upper Poisson confidence limits for the
calculation of the reliability of structures are given. Examples are given.
Key words: probability of failure, confidence interval, confidence limits, confidence level.

A.J0. KOHOBAJIOB, k.1.H., M.A. ITYCTOBAJIOBA, K.T.H., 101. CeBepHblii (ApkTHYecKuii) penepanbHblii yHuBepcuteT uM. M.B. JloMoHOCOBa, I'. ApXaHTrelIbCK
AHAJIM3 PABOTBI 3D MOJIEJIM BUCSTYET'O MOCTA Yacth 3. PABOTA BUCSTYETO MOCTA, OCHAIIIEHHOT'O AKTUBHBIMU T'ACUTEJISIMHA KOJIEBAHHM...53
B kauectBe cpeacTBa ynpaBiaeHUSA KOJeOaHUSIMU BHCSYETO MOCTa aBTOpaMH paCCMOTPEHO NPUMEHECHHUE aKTUBHBIX racuresnei KOHC6aHHﬁ, YCTaHOBJICHHBIX Ha BEPIIMHAX MTHJIOHOB. HccnenoBana miockas
3D Mozenb BUCSYETo MOCTa B mporpaMMHoM komiuiekce ANSYS. CpaBHHBAIOCH HaNPsHKEHHO-Ae(OPMUPOBAHHOE COCTOSIHIE U AMHAMHYECKHE XapaKTePUCTHKH MOZENEH, OCHALICHHBIX U HE
OCHAIIICHHBIX aKTHBHBIMH I'aCUTEIISIMH KOJICOAHHMA.

KiioueBble €J10Ba: BUCIYMI MOCT, aKTUBHbBIE TACUTEIH, MOAANIBHBII aHaIN3, yeuus, nepementenns, ANSYS.
UDC 624.521. Analysis of the work of a flat 3D model of a suspension bridge. Part 3. Work suspension bridge, equipped with active vibration dampers. Konovalov A.Yu., Pustovalova M.A., Northern (Arctic)
Federal University named after M.V. Lomonosov, Arkhangelsk
This paper addresses the use of active dampers installed on the tops of the towers as the means to control vibrations of a suspension bridge. To this end, a planar 3D model of suspension bridge was built using ANSYS
software. The authors compared stress-strain behavior and dynamic properties of the models with and without active vibration dampers.
Key words: suspension bridge, active dampers, modal analysis, stress, deformation, ANSYS.

JIMHAMIYECKHE PAacueThl
B.b. 3bUIEB, a.1.H., npo¢., H.A. TPUT'OPBEB, k.1.H., U.B. AJI®EPOB, k.T.H. (Poccuiicknii ynuBepcurer Tpancnopra (MUUT), r. MockBa)
OB YCKOPEHUSAX TOYEK YIIPYT'UX TEJI IPU COYJAPEHUSX...59
PaccmarpuBaeTcst 3a/1a4a 0 COyIapeHHH YIPYTrux Tei. M3 aHaIMTHYeCKOro PEICHHs JUIs COyIapEHHMst ABYX CTEPIKHEH IIPU UCIIOIb30BAHWH KOHTHHYAIBHON PAacUCTHOM CXEMBI CIeyeT, 4To Ha GpoHTe
BOJIHBI C)KATHS CKOPOCTH TOYEK MEHSFOTCS CKa4KOOOPa3HO, YTO COOTBETCTBYET OECKOHEYHO OONBIIOMY 3HAYCHHIO YCKOPEHHUs. YHCIICHHOE pelieHHe PH HCIOIb30BaHUU IUCKPETHON PacueTHOW CXEMBbI
JIaeT JIMIIb BecbMa OOJIBIIOE 3HAUYCHHE YCKOPEHHs, KOTOPOE PACTET C YBEIMYCHHEM I'YCTOTBI CETKHU. JlenaeTcst BBIBOJ O TOM, YTO PaCCMATPHBAEMBIil TapaioKC CO 3HAYCHUSMH YCKOPEHHIT 110 CYIIECTBY
HE M0JIy4aeT UCYEPIIBIBAIOIICTO PELICHNS HU B KOHTHHYAIbHOW, HU B IUCKPETHON PacueTHON CXeMax.

KiroueBble ¢J10Ba: COyJapeHue ynpyrux Tell, 0eCKOHEUHO 00JIbIIOe YCKOPEHHE, KOHTHHYaJIbHAs pacueTHask CXeMa, IMCKPETHAs pacyeTHas cXeMa.
UDC 624.04:004. About the acceleration of points of elastic bodies in collisions. Zylev V.B., Grigoriev N.A., Alferov L.V., Russian University of Transport (MIIT), Moscow.
The problem of collision of elastic bodies is considered. From the analytical solution for the collision of two rods using a continual computational scheme, it follows that at the compression wave front, the speeds of the
points change abruptly, which corresponds to an infinitely large acceleration value. A numerical solution using a discrete computational scheme gives a very large value of acceleration, which increases with increasing
grid density. It is concluded that the paradox under consideration with the values fof accelerations in essence does not receive an exhaustive solution either in the continual or in the discrete computational schemes.
Key words: collision of elastic bodies, infinitely large acceleration, continuous design scheme, discrete design scheme.

HW.A. UBAHYEHKO, a.1.H., npod. (PYT MUMUT, r. Mockpa)
OB UCCJEJTOBAHUN BEJIMYUHBI JUHAMUYECKOI'O BO3JENCTBUA BBICOKOCKOPOCTHOM MOIBUKHOMN HATPY3KHU C YYETOM PEJIBCOBOI'O IYTH ¥
MOCTOBOM KOHCTPYKIIUH (k dopMupoBanuio Hopm aiast BCM)...62
JUist OLIEHKH BEINYHHBI ANHAMHYECKOT0 BO3/CHCTBHS KOJIECHBIX Map BHICOKOCKOPOCTHBIX COCTABOB HAa MOCTBI PACCMAaTPUBAETCS 33/1a4a O JIBIIKCHHUH TPpy3a 0 KOMOMHUPOBAHHOMU Oanke,
COCTOSIIIICH U3 IBYX CTEPIKHEH, CBA3aHHBIX MEXLY COOOM 10 [UINHE yIPYyro$BsI3KOH IPOCIOHKON. [l peneHns 3a5a4r HCIOIb3yIOTCS IAr0OBas IPOLIEAYPA I METOX Y3IIOBBIX YCKOPCHHIA,
TIPEAJIOKEHHBIE PaHee aBTOPOM ISl ydeTa AeiiCTBHSA Ha IIPOJIETHbIE CTPOSHUS MOCTOB IO/BIDKHON HHEPLIMOHHON HArpy3kH. [IpoBeneHHbIC YUCIIOBBIC SKCIIEPUMEHTBI, YKA3bIBAIOT HA
HEOOXOMMOCTb IIPH JMHAMUYECKOM pacdeTe MOJBIKHOr0 coctaBa Ha BCM BBIOMpATh pacueTHYIO CXEMY JUISl CHCTEMBI «BArOH — PEJIbC — HPOJIETHOE CTPOCHUE» C YUETOM MOIHBIX
BEPTHUKAIBHBIX U TONEPEUHbIX YCKOPEHUI TOYEK KOHTAKTa KOJIECHBIX Tap U PesIbCOB IPH ABIKCHUH BarOHOB.

KuroueBble cjioBa: KoneOaHust CTEpXKHEH U MOCTOB, CKOPOCTHOE [IBI)KEHHE IPY30B, MOJHOE BEPTUKATIFHOE YCKOPEHHE IPY30B, LIIarOBBIC MPOLEAYPbl, BEPXHEE CTPOCHHE MYTH.
UDC 624.07.534. The study of dynamic impact value of high-speed moving load regarding rail way bridge construction (to the Rules for high speed railways). Ivanchenko LI., Russian University of Transport
(MIIT),Moscow.
To estimate the magnitude of the dynamic impact of wheel pairs of high-speed trains on the bridges the article considers the problem of the movement of loads on a beam consisting of two rods interconnected along by
the elastic-viscous layer. To solve the problem, the step procedure and the method of nodal accelerations proposed earlier by the author are used taking into account the action of the mobile inertial load on spans of
bridges. The carried out numerical experiments indicate the need for dynamic calculation of rolling stock on high-speed railway to choose the design scheme for a system "wagon-rail-span structure" taking into account
the full vertical and transverse accelerations of contact points of wheel pairs and rails when moving wagons.
Key words: oscillations of rods and bridges, high-speed movement of loads, full vertical acceleration of loads, step procedures, upper structure of railway.

B oMo 1poeKTHPOBIHKY

A.C. MAPYTSIH, k.1.H., 1ou. ®nsmman Ceepo-KaBka3sckoro ¢enepansnoro ynupepcurera B r. [Iaruropcke

PACYET OITUMAJIbHBIX MAPAMETPOB IOJYIVIOCKOOBAJIBHBIX TPYB JIJISI ®EPMEHHbBIX U BAJTOUHBIX KOHCTPYKIIHIA...68

TlpencrapieHo HOBOE TEXHHYECKOE PEIICHHE MOJTYIIIOCKOOBAIbHOM TPYOBI ¢ OJJHOI MOIYKPYTIIOH IpaHblo, ABYMsI CTEHKAaMH, OJJHOI TOJIKOI ¥ BHYTPEHHUM peOpOM, pacroIoKEHHBIM MO Cepe/IMHE

TOTYKPYTJIOH TPaHM MapauIeNbHO CTeHKaM U ChOPMUPOBAHHBIM CBAPKOH OTOTHYTHIX KPOMOK JIUCTOBOI! 3aroToBKH. TToykpyriioe conpspkeHHe mapauieNbHbIX CTEHOK Ha OJJHOIT CTOPOHE H HX

HPSAMOYTOJIbHBIC COLPSKEHHS C IIOJKOMN Ha APYroi CTOPOHE YBEIHYHBAIOT KOHCTPYKTHBHOSKOMIIOHOBOUHBIC BO3MOKHOCTH TIOJYILIOCKOOBAIBHOTO IIPOQUIIS B CTEPKHEBBIX JJIEMEHTaX QEPMEHHBIX 1

6aJI0uHBIX KOHCTPYKIMiL. [IpuBeieH pacyeT ONTUMAIBHBIX TAPAMETPOB TOHKOCTEHHBIX CEUCHHMI TOTYIIIOCKOOBAIBHOI (JOPMBI ¢ BHYTPEHHIM peOpoM  6e3 Takoro pebpa 1o mpuoImKeHHON METOANKE,

KOPPEKTHOCTH KOTOPOH MOATBEPHKICHA TECTUPOBAHUEM C UCIIONIb30BAHHBIX CTaHAAPTHHIX Hpodmieii. ITo pe3ynbraTaM pacyera B 3IeMEHTE, PABHOYCTOHYMBOM H3 IUIOCKOCTH U B INIOCKOCTH ()epMEHHOI

KOHCTPYKLHH, IPH OTHOIICHHH rabapuTHBIX pazMepoB npodus 1/1 Beicota pebpa paBHa 0,0288 oxHoro u3 rabapuTHBIX pa3MepoB. B aneMenTe 6alouHOiT KOHCTPYKIHN MOMEHT COPOTHBIICHHS €T0

CCUCHHMS B CHIIOBOH TNIOCKOCTH ONITHMH3HMPOBAH 3a CUET TOT'0, YTO OP/MHATA IEHTPA THHKECTH COCTABIIACT IIOTYBBICOTY MPOMHIIS IIPH OTHOLICHUH €ro rabapuTHBIX pasmepos 1/3,064 u BeicoTe pedpa,

paBHoii 0,2468 MeHbIIero u3 rabapuUTHBIX pa3sMepOB. BBINONHEH CPaBHUTEIbHBIN aHAIM3 PACYETHBIX MAPAMETPOB HOIYILIOCKOOBAIbHBIX, KPYTIIBIX, INIOCKOOBATIbHBIX, KBAJAPATHBIX M MPSIMOYTOJIBHBIX

HpoQuiIel, OCHOBHBIC PE3yIIbTaThl KOTOPOI'O NOATBEPKIAIOT IEPCIEKTHBHOCTH IPUMEHEHHMSI TI0JTYIUIOCKOOBAIBHEIX TPYO HOBOI MOAM(UKALMY B HECYIIHX KOHCTPYKIMAX 3aHHI M COOPY/KECHHIA.
KuioueBble c;10Ba: poduibHbIC TPYObI, THYTOCBAapHbIC IIPOQUIHN, MOTYIIIOCKOOBA, ONTHMHU3AIMs CeYCHHH, pacyeT ONTHMAJbHBIX IAPaMeTPOB, (hepPMEHHbBIC KOHCTPYKIIHH, 6aJI0YHbIC KOHCTPYKIHH.

UDC 624.072.2.014. Calculation of optimal parameters of semiplanar pipes for truss and beam structures. Marutyan A.S., Branch of North Caucasus Federal University in Pyatigorsk.

Key words: profile tubes, welded profiles, half-planed, optimization of sections, calculation of optimal parameters, truss structures, beam structures.



Hopmuposanue
0.. TIOHOMAPEB, k.1.H, E.A. [IABJIOBA?, mmc.'AO«HI/I].I«CTponTem,cTBo» IHUUCK um.B.A.Kyuepenko, 2000 «Kpnaak»
O TEPMHUHOJIOTYM B HOPMATUBHBIX JOKYMEHTAX 110 KHPIIMYHBIM U KAMEHHBIM KOHCTPYKIUSIM U OCOBEHHOCTH ITEPEBOJIA HA AHTJIMMCKHM SI3BIK...74
TIpuBeneH aHAN3 IPHMEHEHHS IIUPOKO U3BECTHBIX TEPMUHOB — KMPITHY, KAMEHbB, OJIOK — M OCOOCHHOCTH X MEPEeBO/Ia Ha aHMIIHACKHIT sA3bIK. OTMEYAeTCsl, YTO MPHHATHIC B POCCHICKON TEXHUYECKON
nuTepaType 0000IEHHBII TEPMHH «KaMEHb» HEeyJa4deH, Tak OH 0003Ha4aeT KOHKPETHOE U3/ICNIHE — IPHPOTHBINH KaMEHb U IIPU MEPEeBOJIe Ha aHTIIMHCKUI S3BIK 9TOT TEPMHUH HE COOTBETCTBYET MIPHHITHIM
B 3apy0eKHON TEXHHYECKOM JIMTepaType 0000IIeHHOMY TepMUHY «unit». ITo pe3ysibTaTaM MPOBEICHHOTO aHAJIM3a MPE/UIaracTcs KOPPEKTHPOBKA TEPMHHOJIOIHH, IPHHATON B 00JIACTH KAMEHHBIX H
apPMOKAaMEHHBIX KOHCTPYKIMH apMHPOBAHHON H HEAPMUPOBAHHON KITaJKH.

KuioueBble cjioBa: KiiaJka, KAMCHHbIC KOHCTPYKLIMH, KUPITHY, GJIOK, masonry, unit.
UDC 691. The terminology in the field of brick and masonry structures and the features of English translation. Ponomarev O.1., Koucherenko TSNIISK; Pavlova E.A.,LLC «Krilak».
The article presents the analysis of the use of well-known terms — brick, stone, block and the features of their translation into English. It is noted that the generalized term «stone» accepted in the Russian technical
literature is extremely inconvenient as it denotes the specific product — natural stone and when translated into English this term does not correspond to the generalized term «unit» accepted in the foreign technical
literature. According to the results of the analysis the correction of the terminology adopted in the field of stone and reinforced stone structures of reinforced and nonreinforced masonry is proposed.
Key words: masonry, stone structures, brick, block, unit.
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PacueTsl Ha mpoYHOCTH B
W.M.BEJAKOB', x.1.1., K.ILIATUKPECTOBCKHAM', a.1.1., M.C.UAPEB?, mix. ('LIHUMCK uM.B.A.Kyuepenko (AO«HHUIL «CTpouTeI6CTBOY), ZMHCTMTyT npuponoodycrpoiicrea um.A.H.KocTsikoBa, r.MockBa)

UHXXEHEPHBIIA METOJI PACYETA MOMEHTA UHEPLIUM U PABMEPOB IIOIEPEYHBIX PEBEP )KECTKOCTH JBY TABPOBBIX BAJIOK...2
IIpenoxkeHa HOBast MH)KCHEPHAsi METO/IMKA pacdeTa MOMEHTA MHEPIMH MOMEPeYHBIX pebep Mo BO3AeHCTBHEM KacaTeNbHbIX HanpsukeHuil Ha ocHoBaHuu Teopun C.I1. TumonteHko. YcraHoBIeHa
3aBUCHMOCTD CEUCHHS TTONEPEYHBIX pedep )KECTKOCTH OT TOJIIMHBI CTEHKU U JUTMHBI MaHenu Oanku. [IpeyioxkeHHbIH T0AX0 OIpeAeIeHNUs HPHUHEI pedpa CYIECTBEHHO OTIANYAETCS OT IMIIUPHUECKOTO
PCLICHHUSI 110 JCHCTBYIOMINAM HOPMaM MIPOCKTUPOBAHMUS M OTPAXKACT CBA3b MEXK/Y TCOPHEH U HHKCHEPHBIM PELICHHEM B BOIIPOCE M000pa CEUCHUSI IPOMEXKYTOUHBIX ITONEPEUHBIX pebep KeCTKOCTH.
TIpuBeneHs! GopMyIIbl AT pacdeTa MOMEHTA HHEPLMH U IIHPHHBI IPOMEKYTOYHBIX [TONEPEUHBIX pedep KECTKOCTH MPH YUCTOM CABHTe. B 3aBUCHMOCTH OT CEUCHHUSI CTCHKH, JAJIHHBI TTaHEIN Oalku
BO3MOXKHO CHH)KEHHE MAacChl IONEPEUHbIX pedep NPUMEHUTENIBHO K CYIECTBYIOIIUM HOPMaM IPOCKTHPOBAHUSL.

Ki1ioueBble €J10Ba: METAUINYECKHE KOHCTPYKIHH, ONEPEIHOE PedpO KECTKOCTH, YCTOINYMBOCTD CTCHKH, YHCTHINA CBUT, MINPUHA pedpa, AByTaBpOBas Ganka, HOPMbI IPOSKTHPOBAHHUSL.
Strength calculations
UDC 624.01.25. Engineering calculation method for determination of inertia moment and dimensions of cross stiffeners of Ibeams. Vedyakov LI, Pyatikrestovskiy K.P., Kucherenko TSNIISK; Tsarev M.S., Institute of
Environmental Engineering by A.N. Kostyakov, Moscow.
The article proposes the new engineering method on the basis of S.P. Timoshenko theory for calculating the inertia moment of cross ribs under shearing stresses. The dependence of stiffener’s cross-section on the wall
thickness and length of a beam panel is established. The proposed approach for determining the rib width differs significantly from the empirical solution according to the current design standards and reflects the
relationship between the theory and the engineering solution in respect of selection of cross-sections of intermediate cross ribs. The calculation formulas for the inertia moment and the width of intermediate cross
stiffeners at pure shear are given. Depending on the cross-section and the length of the beam wall panel it is possible to reduce the weight of cross ribs in relation to the existing design standards.
Key words: metal structures, cross stiffener, wall resistance, pure shear, width of rib, design standards.

A.C. IEXTSAPD, a.1.H., npo¢. HannonaapHas akajaeMusi H300pa3suTeIbHBIX HCKYCCTB H APXHTEKTYpbl, I'. Kues, Ykpaunna

MPOEKTHPOBAHHUE BPEMEHU DKCILTYATAIIMA CTPOUTEJIbHBIX KOHCTPYKIIUMA...8

IIpencraBieHa METOUKA IPOSKTUPOBAHKS 3aJaHHOTO CPOKA IKCILUTyaTAIllnH KOHCTPYKIIMIT WM COOpYKeHHUi. VIX CBOMCTBA yXyALIAIOTCS C TEYEHHEM BPEMEHH BCIIEACTBHE KOPPO3UH CTAlH K

skene300eToHa. Cpok CiTyKObl CUUTACTCS HCUEPIIAHHBIM, €CJIU HECYIasi CIOCOOHOCTh OKa3bIBACTCSl HIKE 3aJaHHOTO ypOBHsL. J{JIs OLlEHKH HecyIeil cClocOOHOCTH NPUMEHEH KHHEMAaTHYEeCKUI METO/T

TEOPHH MPEISIBHOT0 paBHOBeCHs. Jlerpaaarys HECYIHX CBOMCTB OMMCHIBAeTCS CTENIeHHON (yHKImel. PaccMOTpeH npumep — MpoeKTHPOBAHHUE 3aJaHHOTO CPOKa CIIyKObI KOpoOUaToil xeye300e TOHHON

BOJIOIIPOITYCKHOI TPYObI B HACKIIIN aBTOMOOMIBHOMN Topory. Bo3MoskHa KOPPO3Hs TOJIBKO HAPYKHOM, TOJBKO BHYTPEHHEH HJIM OJJHOBPEMEHHO 00eHX MoBepXHOCTEH TpyObI. IIpoekTupoBanne

3aJJaHHOTO CPOKa CITY)KOBI IIPEACTABICHO ITOCIEI0BATEIBHOCTHIO PEIICHHH 3a/1a4 II0OBEPOYHOTrO pacyera. JJaHbl peKOMEHIAINHE OTHOCHTEIBHO ITOCTPOCHHUH TAKOH METOANKH HPOCKTHPOBAHMSI.
Ki1roueBble ¢j10Ba: CPOK CIIy)KObl COOPYKEHHUS, AETPajaliis HECYLINX CBOMCTB, IPOSKTUPOBAHUE CPOKA CIIYKOBI.

UDC 624.04:539.376. On planning of exploitation time duration of building structures. Dekhtyar’ A.S., National Academy of Fine Arts and Architecture, Kiev, Ukraine.

The method of planning of the set term of exploitation for structures or buildings is presented. Their properties in time get worse because of corrosion of steel and reinforced concrete. The term of service is considered

exhausted, if load carrying capacity turns out the below set level. The kinematical method of limit equilibrium theory for estimation of bearing capacity applied. Degradation of bearing properties is described by a

sedate function. Example — planning of the set service term of of box-shape reinforced concrete culvert in the embankment of highway is considered. Corrosion only outward, only internal or simultaneously both

surfaces of pipe is possible. Planning of the set service term is presented as a sequence of tasks solutions of test computations Recommendations relatiove to create of such planning method of are given.

Key words: service time duration, worsening of building structures, corrosion Exploitation time planning.

B.B.JIABY/IUH, a.1.H., npod., B.C.MOPO3O0B, a.1.H., npod., E.B.IIONOB, k.1.1., T A HUKUTHHA, nuik., A.O.OPJIOB, nu:x. CeBepHblii peepanbHblii yuusepcurer uM. M.B. JlomonocoBa, r. ApxaHre/ibck
COITPOTHUBJEHUE KJIEEHOM IPEBECHHBI PACTSIDKEHUIO MOJI PA3JTMYHBIMU YTJIAMHA K HATIPABJTEHHUIO BOJIOKOH..12
TIpuBeieHBI pe3ynbTaThl HCCIEI0BAaHHH KIICCHOMH APEBECHHBI HAa PACTSHKEHHE MO/l Pa3IMYHBIMHU yIJIaMH K BoJIOKHaM. OnpejiesieHue pacyeTHBIX XapaKTePUCTHK KIIECHOH IPEBECHHBI IPOU3BOMIOCH
MyTeM MPOBEICHHS UCTIBITAHNH CTAaHAAPTHBIX 0OPA3IIOB C MOCIEAYIOMIM BBIYHCICHAEM PACUCTHOTO CONPOTHBIICHHUS. Y CTAHOBIICHO, UTO YTOJI MEX/y HAIPABICHHEM BOJIOKOH M BEKTOPOM
NPUKJIA/IbIBAEMOr0 YCHIIUS 0L B 3HAYNTEIBHONR MEpe BIIMACT Ha CONPOTUBIICHUE PACTXKEHHIO, TAK )K€ 3HAUCHHE HMEET COPT JIPEBECHHBI, HO €ro BIMAHHE yMEHBIIAETCSA [0 MEpe yBEIHUYCHHUs yriia o ot 0
110 90°. BBIMOIHEHO COMOCTABICHHUE IKCIIEPUMEHTAIBHBIX 3HAYCHUI C TEOPETHYCCKUMH, IIPUBEICHHBIME B eficTBytonmx Hopmax — CIT 64.13330.2017 «/lepeBsiHHble KOHCTpYKUum». [IpencraBieHbt
6oJ1ee TOUHBIE ANMPOKCUMHPYIOIIHE BHIPAKEHUS SKCIIEPUMEHTOB, KOTOPBIE MOTYT OBITh HCIIONB30BAHbI HA TIPAKTHKE.

KiioueBble c/10Ba: IpeBECHHA, KIICCHbIE JIEPEBIHHbIC KOHCTPYKIINH, AHU30TPOIIHS, IKCIIEPHMEHT, PACTAKEHHE, CTAaHIaPTHBIE 00PA3IIbl, IPeIell POYHOCTH, PACYETHOE CONPOTHBICHHE.
UDC 624.078.4; 624.011.2. The resistance of laminated wood to tension at different angles of the orientation of the fibers. Labudin B.V., Morozov V.S., Popov E.V., Nikitina T.A., Orlov A.O. Northern (Arctic)
Federal University M.V. Lomonosov, Arkhangelsk.
The results of studies of laminated wood tensile at different angles to the orientation of the fibers are given. The results of calculations are determined with testing of standard samples for design strength according to
the method of EM. Znamensky. It is established that the angle between fiber orientation and vector of the applied force 6 is influenced a lot by the tensile strength and depends on the sort of wood. The value of tensile
strength is decreased when the angle vary from 0 to 90°. Experimental values are compared with theoretical results which are given in current standards — Set of Rules 64.13330.2017 «Wooden structures». The
difference between theoretical and standard results is 4—236 %. More accurate approximating expressions of experiments are presented, which can be used in practice instead of formula (6) from Set of Rules.
Key words: wood, glued wooden structures, anisotropy, experiment, stretching, standard samples, tensile strength.

A.A. MUHACHH, unx. HHUUCK um. B.A. Kyuepenko (AO «HULL «CtpouteibcTBo»), r. MockBa
KO3®®UIUEHTbI HEPABHOMEPHOCTHU JE®OPMALUU APMATYPbI H BETOHA KOPPO3MOHHO-IIOBPEX/JIEHHBIX )KEJIE3OBETOHHBIX IVIUT NEPEKPBITUS B CTAJIMA
TPEIIUHOOBPA3OBAHMUSL...18
JUi1st BBITIOJIHEHUSI PACYETOB T10 ONMPEICIICHHIO HECYIIeH CIIOCOOHOCTH JKeJIe300E€TOHHBIX IUTHT B CTAJANH TPEIIMHOOOPAa30BaHUs YUHTHIBACTCS paboTa GeTOHA MEX/Ly TPEIMHAMH B PAacTAHYTOi 30He. B
JTaHHOM paboTe MPUBEICHBI Pe3yIbTaThl HATYPHBIX HCTIBITAHUI COOPHBIX JKeIe300€TOHHBIX TUTHT MIEPEKPHITHI ULt onpeaeaeHus kodhduunentor B.1. Myparesa — HepaBHOMepHOCTH fedopmartuii
apMaTyphl S ¥ B 30HE PaCTsDKCHHS M GeToHa b \y B 30He CKaTHA 1l KOPPO3HOHHO-TIOBPEKICHHBIX [UINT B CTaJUH TPEIIHHOOOPA30BaHHUL.

KiroueBble cj10Ba: HepaBHOMEPHOCTH Aedopmaliuii apMaTypsl u 6eToHa, Ko UIHEeHT ynpyroctu 6eToHa, KOPPO3UOHHO-TIOBPEKACHHBIE XKENIe300€ TOHHBIE TUIUTHL.
UDC 624.042.12. Coefficients of the irregularity of the deformation of the reinforcement and the concrete of corroded-damaged reinforced concrete slabs of the intersection. Minasyan A.A., Kucherenko TSNIISK, Moscow.
To perform calculations to determine the load-bearing capacity of reinforced concrete slabs in the cracking stages, it is necessary to take into account the work of concrete between cracks in the stretched zone. In this
paper, we show the results of full-scale tests of prefabricated reinforced concrete slabs to determine the Murashev coefficients — the unevenness of the deformations of the reinforcement ys in the stretching zone and
the concrete yb in the compression zone for corrosion-damaged plates in the cracking stage.
Key words: Unevenness of deformations of reinforcement and concrete, coefficient of elasticity of concrete, corrosion-damaged reinforced concrete slabs.

M.O. MOUCEEHKO, k.T1.H., O.H. IIOIIOB, k.T.H. TTACY, r. Tomck
BJUASIHAE HAYAJIBHOT'O ITIPOTABA HA HJIC HEPA3PE3HOM IT'MBKOM IJIACTUHBIL, IMTOJIKPEIIVIEHHOM OIIOPHBIMHU PEBPAMM TP HATPEBE...23
PaccmarpuBaetcst HanpsHKEHHO-Ae(hOPMHPOBAHHOE COCTOSTHUE THOKHX HEPa3PE3HbIX MIACTHH (OTHOLICHHE MEHBILETro pa3Mepa B IUTaHe K TommuHe — A = a/h = 50), BBIMOIHEHHBIX U3 )KapOIPOYHOTO
matepuaina BT6. Pasmeps! muactun: axsxh = 50x100%1 cMm. I'paHH4HbIC YCIOBUS IUIACTHH: MPOIOJIBHBIC KPOMKH LIAPHHUPHO 3aKPEIUICHBI, TONEPEYHbIC KPOMKH OIUPAIOTCS HA pebpa jKeCTKOCTH 2X4 CM.
TInacTHHBI pa3aeNeHbl Ha MaHEI! B MONEPEYHOM HATPABICHUH IIAPHUPHO HEMOABIKHBIM 3aKperuieHneM. HauanbHble mporu0sl 3a1aHbl B BUAE CHHYCOMBI. MaKkcHMabHbIN Ha4aabHbI Iporut
PACIIONOXKEH B IIEHTPE IUIACTHHBI M CPABHUM C ee TonmmHoi: 0; h/2; h. ITnactiHa Haxoautes 10 Bo3jeiicTBreM Harpesa. TemiepaTypa pacpe/ielicHa B IIPOI0JIbHOM HAIPABJICHUM O JIMHEHHOM
3aBUCUMOCTH. YUNTBIBAETCS BO3HUKAIOIAS HEOJHOPOAHOCTh OT U3MEHEHNUs MEXaHUUECKHUX CBOHCTB TEPMOYIPYTrOro CILIaBa OT BEIMYMHBI TeMmepaTypsl. HampsbkeHHoe cocTosiHue B paboTe
XapaKTepH3yeTCsl MHTCHCHBHOCTBIO HAIPSKEHHUI, a 1edopMupoBaHHOE cocTostHUE — Tporubamu. ITo pesyapTaTaM pacuera, IPHBEICHBI BHIBOJIBL.

KiioueBble €j10Ba: IUIACTHHA, HAYaIbHBII IPOru6, reoMeTpUIecKask HETHHEIHOCT, HarpeB, 3aBUCHMOCTb MEXaHHUYECKUX CBOMCTB OT BETMYHHBI TEMIEPATYPbl, HEOAHOPOIHOCTb.
UDC 7.04:535.4.011.22.23. Effect of primary bending on vat undi d flexible plate strengthened by supported ribs when heating. Moiseenko M.O., Popov O.N., TSUAB, Tomsk.
The stress-strain state of flexible continuous plates (the ratio of smaller in plan to thickness A = a / h = 50) made of heat-resistant material VT6 is considered. Plate sizes: axpxh = 50x100x1 cm. The boundary
conditions of the plates: the longitudinal edges are hinged, the transverse edges rest on stiffening ribs 2x4 cm. The plates are divided into panels in the transverse direction by pivotally fixed fastening. The 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 to its thickness: 0; h / 2; h. The plate is under the influence of heat. The temperature
is distributed in the longitudinal direction in a linear relationship. The resulting inhomogeneity from the change in the mechanical properties of the thermoelastic alloy against the temperature value is taken into account.
The stress state at work is characterized by stress intensity, and the deformed state — by deflections. According to the results of the calculation, conclusions are given.
Key words: plate, initial deflection, geometric nonlinearity, heating, dependence of mechanical properties on temperature, inhomogeneity.

YncrieHHbIe pacyeThl
E.N. BPUTBHH, kana. pus.mar. Hayk (I'YB3 II'ACA, r. /Inenp, YKkpauna)
K BOITPOCY Ob ONNPEAEJEHUHU PACYETHBIX JUIMH CTEP)KHEBBIX 3JIEMEHTOB PAMHBIX TIPOCTPAHCTBEHHBIX CHUCTEM...31
TToctpoen 3¢ (eKTHBHBIH BEIMHCIHTENbHBIH aIrOPUTM, HO3BONISIONINIT HAXOAUTh PACUECTHBIC JUTHHBI CTEPIKHEBBIX YJIEMEHTOB PAMHBIX KOHCTPYKIMif. J{s Kaska0ro d1eMeHTa GOpMUPYETCs MaTpHIIa
peaKIuii co CTOPOHbI 0TOPACKIBAEMO# YaCTU CUCTEMBI H, C Y4ETOM 3TUX PEaKIUi, PENIacTCs 3a/jaua O COOCTBCHHbIX 3HAUCHUAX yPaBHEHHUS MPOJIOTBHOIO H3ruba crepskHs. IIpH moncke co6CTBEHHbIX
3HAYCHHUI HANPSHKEHHOE COCTOSTHHE CHCTeMBbI (pukcupyercs. Pemenue Tounoe. [IpogeMOHCTPUPOBAHO BEICOKOE OBICTPOACHCTBUE aIrOPUTMA.

KiioueBble ¢j10Ba: yCTONYMBOCTD, yCTOHYMBOCTL CTEPHKHEBBIX CHCTEM, pacyeTHas IJIMHA, CBOOOHAs JUIMHA, IPOBEPKa JIOKAJIbHON yCTOHYHBOCTH.
Numerical calculations
UDC 624.044. To the question on the determination of the buckling lengths of the rod elements of the frame space systems. Britvin E.I., GUVZ PGASA, Dnepr, Ukraine.
An efficient computational algorithm was constructed, which allows to find the buckling lengths of the rod elements of frame structures. A matrix of reaction from the side of the dropped part of the system is formed
for each element and the problem of the eigenvalues of longitudinalbending equation of the rod is solved. When searching for eigenvalues, the stress state of the system is fixed. The solution is exact. High speed of
algorithm is demonstrated.
Key words: buckling, buckling of the rod systems, buckling length, effective length, check local buckling.



0.B. EMEJIBSIHOB', k.T.1., 1011, A.H. IIYBAJIOB’, K.T.1., 101., T.FO. ITA®PAHOBCKAS', nmz., SI.B. KOCTIOUEHKO', unsk. '"MI'TY um.[.M.Hocosa, r.Maruurtoropck, "HUY MI'CY, r.MockBa
BJIMSITHUE KOHCTPYKTUBHBIX TAPAMETPOB CBAPUBAEMBIX 3JIEMEHTOB HA YPOBEHb KOHLIEHTPALIUHA HAIIPSIKEHHIA...39
Ha ocHoBaHHN HCCIIeI0BaHUS HAMPSKEHHO-AE()OPMUPOBAHHOTO COCTOSHUS METOAOM KOHEUHBIX DJIEMEHTOB CTEP;KHEH TABPOBOTO CEUEHHS M3 MAPHBIX PABHOMOIOYHBIX YTOJIKOB MPEICTABICHBI
Ppe3ysIbTaThl U3MEHEHNS KO3 (HUIIMEHTOB KOHIICHTPAIINK YIPYTHX HANPSKEHHIT 110 00YIIKY U TIepy B 30HaX 00pbIBa (aCOHKH U C TOPIA YIOJIKOB B 3aBUCHMOCTH OT HX KOHCTPYKTUBHBIX [TapaMEeTPOB
(LIMPUHBI U TOJIIMHBI MOJIKH YrOJIKa, TONIIUHEL ()aCOHKH, JUTHHBI H KaTeTa CBapHBIX IIBOB). B pe3yinbTaTe pacueToB yCTAHOBICHO, YTO MAKCHMANIbHASI KOHLCHTPALUs YIPYTHX HAPSKCHUH B 30HE
00pbIBa (PACOHKM U C TOPIA YTOJIKOB 3JICMEHTOB TABPOBOTO CCUCHHUS M3 ITAPHBIX YIOJIKOB HMEET MECTO CO CTOPOHBI 00YIIIKA, @ TAKKE BEIMYMHA KOI(Q(DUIMEHTa KOHICHTPAIlMH YIPYIUX HANPHKCHUH B
30He 00pbIBa (JaCOHKH M C TOPLIA YTOJIKOB CO CTOPOHBI OOYIIKA U II€pa IEMEHTOB TABPOBOTO CEUCHMS M3 TIAPHBIX PABHOIIONIOYHBIX YTOJIKOB ONpEJesAeTcs JIMHOH M KaTeTOM CBapHBIX IIBOB, IIHPUHOIT
TMOJIKH YTOJIKOB M HE 3aBUCHT OT TOJIIINH HOJKH YTOJKOB H GaCOHKH.

KinoueBble ¢j10Ba: penieTyaThie META/LTHYECKHE KOHCTPYKIHH, HANPHKEHHO-Ie)OPMUPOBAHHOE COCTOSHME, KOID(HUIMEHT KOHLEHTPAIIMH YIPYTHX HANPSOKEHUH, METOl KOHEUHOTO 3JIEMEHTA.
UDC 624.014.25. The influence of constructional parameters of weldable elements on the stress concentration level. Yemelyanov O.V., Shafranovskaya T.Yu., Kostyuchenko Ya.B., Magnitogorsk State Technical
University G.I. Nosova, Magnitogorsk; Shuvalov A.N., Moscow State University of Civil Engineering, Moscow.
Here are presented the results of the coefficient variations of the elastic stresses concentration on the back edge and point in the plate breakage ares and in the edge of angels depending on the width and the thickness of
the flange, tne thickness of the gusset, on the length and on the welding leg of the welding seams. The above-mentioned results have been based on the research of the stress-strain behavior by the finite-element method
of starred bars made out of double equal angles. As a result of the calculations, it was established that the maximum concentration of elastic stresses in the zone of the plate breakage and from one end of angle of T-
section elements from double angles is located angles around the heel. As well as the value of the concentration coefficient of elastic stresses in the zone of the gusset plate breakage and at one end of angle around the
heel and toe the elements of the T-section from double equal-angle are determined by the length and the welding chord, flange length and does not depend on the flange and the gusset plate.
Key words: laced steel construction, stress-strain behavior, coefficient of elastic stress concentration, welding seams, finite element method.

M.H. KHPCAHOB, 1-p ¢us.mar. Hayk, npod. (HUY MIU, r. Mocksa)
®OPMY.JIA 3ABUCUMOCTH HU3IIEN YACTOTHI KOJJEBAHUAS BAJJIOYHOM ®EPMbI OT YHACJIA IIAHEJIEN...45
VHepUHOHHBIC CBOMCTBA CTATHYECKHU OIPEACIUMONl IIIOCKON (hepMbI C TPEYTOIbHON PEIICTKOM MOJCIHPYIOTCS OJJHHAKOBBIMU MAaCCaMH, COCPEJOTOUCHHBIMH B y3JIaX HUJKHETO Iosica. [ opu3oHTAIbHBIC
Konebanus Mace He yanTeiBaroTcs. OIeHKa HU3MIeH 4acTOThl KonebaHuii GpepMbl ocyiecTBIseTcss MeTooM JloHKepIies B CHCTeMe KOMIBIOTepHO# MatemaTuku Maple. {ns onpepenenus
kod¢hduimenTa moaaTauBocTU hepmal ucnonb3yercs Gopmyna Makcsemna — Mopa. Ycuiust B CTEPKHSIX BBIYUCIISIOTCS B CHMBOJIBHOM (hopMe U3 peLIeHNs CHCTEMbl YPaBHECHUH PaBHOBECHS ILIAPHUPOB,
3aIMCaHHOI B MaTpU4HOil popme. OGOOIICHHE PEIICHUS HA IPOU3BOJIBHOEC YUCIIO MTAHEIICH BBIITOJIHEHO METOIOM HHJIYKIIHH B JBa Talia — [0 HOMEPY COCPEIOTOYCHHON MACChI U 0 YHCITy MaHelei B
tdepme. KoadduipeHTsr neckoMoit GopMyIisl OpeesFoTes U3 PELICHUS JTHHEHHBIX 0OTHOPOAHBIX PEKYPPEHTHBIX yPaBHEHHUI PA3IHYHOTO HOPsIKA, MOTYYCHHBIX OllepaTopaMy makeTa genfunc cucremsr
Maple o pe3ynbraTam pacdera GepM ¢ MOCIeI0BaTEeIbHO YBEIHMYUBAIOIIMMCS YUCIIOM Taneseil. KoHeuHast (110 4ucily cTereHeil cBOOObI CHCTEMbI) CyMMa KBaJPATOB BEJIMYHH YacCTOT, 0OPaTHBIX K
4acTOTaM KojeOaHHUi OTACNBHBIX MAcC, BEIYUCIIAETCS onepaTtopoM sum. CpaBHEHHE ¢ EPBO YaCTOTOl, MMOTYYSHHON U3 YHCICHHOTO PELICHHS 3a1a4i O KOIeOaHUH CHCTEMBI IPY30B, OKA3bIBAET, 4TO C
YBEJIMYESHUEM YHCIIa TTaHeJIeH MOTyYeHHOEe NPUOIMKEHHOE aHAJIUTHYECKOE PellIeHHe NPHOIIMKAETCS K TOUHOMY YUCIEHHOMY. MaKcuMallbHast OrpeIHOCTh cocTaBiisieT 6%. Mcnonb3oBaHHbIi
QJIITOPUTM BBIBOA (hOPMYIIBI AT HU3IIEH YaCTOTHI MOXKET OBITh IPUMEHEH U I APYTHX KOHCTPYKIHUIA, B TOM YHCIIE U IPOCTPAHCTBEHHBIX.

KinoueBnle coBa: epma, HU3LIAsE YacTOTa, COOCTBEHHBIE Koslebanwust, Metos JloHkepiest, Maple, HHIYKIMsI, 9UCIIO0 MaHEeNeH.
UDC 624.04:531.391.3. Formula of dependence of the lowest frequency of the oscillations of a beam truss. Kirsanov M.N., Moscow Power Engineering Institute The inertial properties of a statically determinable
flat truss with a triangular lattice are modeled by the equal masses concentrated in the nodes of the lower chord. Horizontal mass oscillations are not taken into account. The estimation of the lowest oscillation frequency
of the truss is carried out by the Donkerley’s method in the Maple computer mathematics system. To determine the coefficient of compliance of the truss, the Maxwell — Mohr formula is used. The forces in the rods are
calculated in symbolic form from the solution of the system of equilibrium equations of the hinges, written in the matrix form. The solution was generalized to an arbitrary number of panels by induction in two stages
— by the number of concentrated mass and by the number of panels in the truss. The coefficients of the required formula are determined from the solution of linear homogeneous recurrent equations of various order,
obtained by the operators of the genfunc package of the Maple system according to the results of calculating trusses with a successively increasing number of panels. The finite (by the number of degrees of freedom of
the system) sum of squares of the frequencies inverse to the oscillation frequencies of individual masses is calculated by the operator sum. Comparison with the first frequency obtained from the numerical solution of
the problem of oscillation of the system of loads shows that with an increase in the number of panels the approximate analytical solution obtained approaches the exact numerical one. The maximum error is 6%. The
algorithm used to derive the formula for the lower frequency can be applied to other structures, including spatial ones.
Key words: truss, lower frequency, natural oscillations, Donkerley method, Maple, induction, number of panels.

PacyeThl Ha ycTOHYMBOCTH
M.C. HAPEB, unx. (MuctutyT npupogoodycrpoiicrea umenu A.H. Kocrsikoa, r. Mocksa)
YCTOMYHUBOCTH JJIUHHOMN IVIACTUHKH, MOAKPEIUVIEHHOW MONEPEYHBIMUA PEBPAMM KECTKOCTH ITIPM YUCTOM CJIBUTE...50
HccnenoBaHo 3HaUYCHHE OTHOILICHHUS M3THOHOM JKECTKOCTH POMEKYTOYHOTO MOMNEPEIHOro pebpa K HUIMHIPUYECKON KECTKOCTH MAHEIH Y B JUIMHHOM TIACTUHKE MPH YHCTOM ciBure. st IpoBeeHUs
JKCIIEPUMEHTA UCTIONB30BaH MPOrpaMMHBIi BeruucautenbHelit kommieke SCAD Office. MccnenoBanne mo3Boauio NOATBEpANTS aHanuTudeckoe yreepxkacaue C.I1. TumormreHko 00 yBeTudeHUH
MOMEHTa MHEPIMH MONEPeyHoro pedpa B 3aBUCUMOCTH KOJIMUYECTBA NaHeJIeH B JUIMHHOM IUIACTUHKE MPH YUCTOM ciBure. [losrydeHo 3HaYeHue y Juisl JUIMHHOMN TUIACTHHKH TOJIKPEIUICHHOH
TIPOMEKYTOYHBIMH MTONIEPEYHBIMH PEOPAMHU JKECTKOCTH, COCTOSIIEH U3 LIECTH MaHeeil, 4To Hanboee XapakTepHO JUIs OTIOPHBIX YYaCTKOB AJIMHHBIX COCTABHBIX 0aoK. KOppekTHOCTD HCCIea0BaHUs
TPOBEPEHa CPABHEHHEM TEOPUH C YUCIIEHHBIM pacyetoM B MKD, noiydeHo xopouiee coBnajieHue. B 3aBUCHMOCTH OT HHTEHCUBHOCTH C/IBUI'OBBIX HANPSIKEHUH M KOJIMYECTBA MaHesel Mo JUIMHE CTeHKE
13ru6aeMoro »JIeMeHTa BO3MOXXKHO CHIKEHHE MACChI TTOMEPEYHbIX pedep KeCTKOCTH.

KitioueBble ¢;10Ba: METAIHYSCKHE KOHCTPYKIMH, MOMEHT HHEPLIUH TTOTIEPEYHOro pedpa, YHCTHIN CABHUT.
Stability calculations
UDC 624.01.25. Resistance of long plates reinforced by cross stiffeners under pure shear. Tsarev M.S., Institute of Environmental Engineering by A.N. Kostyakov, Moscow
The value of the ratio of the bending stiffness of the intermediate cross rib to the cylindrical stiffness of a panel in a long plate at pure shear has been studied. To conduct the experiment the software complex SCAD
Office was used. The study has confirmed the analytical statement of S.P. Timoshenko about the increase in the inertia moment of a cross rib depending on number of panels in a long plate at pure shift. The value is
obtained for a long plate consisting of six panels and supported by intermediate cross stiffeners, which is most typical for the support sections of long composite beams. The propriety of the study was tested by
comparing the theory with experimental calculations in FEM, and a good match was obtained. Depending on intensity of shear stresses and number of panels along the length of a bending element wall, it is possible to
reduce the mass of cross stiffeners.
Key words: metal structures, inertia moment of cross stiffener, pure shear.

JIMHAMUYECKHE PAacUeThl
B.A. KOPOBKO, a.1.H., npo¢., C.B. HIUISIXOB, un:k. OpJoBckuii rocyaapcrBeHHblii yausepcutet um. U.C. TypreneBa
METOJ MACIITABUPOBAHUSI ITPU OLEHKE )KECTKOCTH U OCHOBHOM YACTOTHI KOJTEBAHUM YIIPYTUX U30TPOITHBIX ILIACTHHOK...56
C noMOIIBI0 METO/Ia HHTEPIOALIMY 1O K03 PUIHEeHTY (HOPMBI HCCIEAYIOTCS ABE 3a/1aUH: OLICHKA KECTKOCTH YIPYTHX H30TPOMHBIX MIIACTUHOK MPH HONEPEYHOM H3rHOe PAaBHOMEPHO PAaCIpEaCICHHO
Harpy3Koil ¥ OIleHKa OCHOBHOM 4acTOThI HX Kojiebanuii. Ha mpumepe TpeyroibHbIX IIACTUHOK YCTAHOBIIEHO, YTO rpadukn QYHKIMI «oOpaTHast BenmunHa Kodddurmenta popMpl IIIACTHHOK — yroJ
TIPU OCHOBAaHHMH PaBHOOCIPEHHOTO TPEYTOIBHUKAY, MTOJOOHBI rpadikaM 3aBUCHMOCTEH MaKCHMAIbHOTO MPOrHba 1 OCHOBHOM 4acTOTHI KosieGaHHH OT 3TOro e napamerpa. C y4eToM 3TOro MpeioKeH
METOJ] MacIITaOUPOBaHHs, TI03BOJISIFOLIMIT IOCTATOYHO MPOCTO PellaTh yKa3aHHbIC 3a/[a4M C HCIOJIb30BaHHeM Kodddurmenta Gpopmbl 1 ko duimenta MacitabupoBatus. DHGEeKTHBHOCTh METOAA
WIUTIOCTPUPYETCSI Ha TIPUMEPE pacyeTa CErMEHTHBIX [UIACTHHOK C JKECTKO 3aLIEMICHHBIM KOHTYPOM.

KitioueBble ¢j10Ba: ynpyrie H30TPOIHEIC IUIACTHHKH B BHJIE YacTeH Kpyra, MAaKCUMAJIbHBIN IIPOrud IIACTHHOK, OCHOBHAsE 4acTOTa KOJeGaHHil, MeTo/ MacIITabHpOBaHHUs.
Dynamic calculations
UDC 624.012.45. Scaling method in evaluating the stiffness and the basic vibration frequency of elastic isotropic plates. Korobko V.I., Shlyakhov S.V., Orel State University named after L.S. Turgenev, Orel
The article investigates two problems by the interpolation method on the shape coefficient: 1) the estimation of the stiffness of elastic isotropic plates at cross bending by uniformly distributed load and 2) the estimation
of the basic frequency of their oscillations. Using the example of triangular plates it was stated that graphics functions «the reciprocal value of shape coefficient of plates — the base angle of isosceles triangle» are
similar to charts of the dependency of maximum deflection and main frequency of the oscillations from this parameter. Taking it into account the scaling method is proposed to simply solve these problems using the
shape factor and the scaling factor. The efficiency of the method is illustrated by the example of calculation of segment plates with rigidly clamped contour.
Key words: elastic isotropic plates in the shape of circle parts, maximum deflection of plates, basic frequency of oscillations, scaling method.

TeoMerpryecKue pacyerst
0.0. AJIEIIAHA, un:k. Poccuiickuii ynusepcuTer Apy:Kk6bI HapoxoB, r. MockBa
HUCCIIEJOBAHUA MO TEOMETPUA U PACYHETY TOPCOBBIX OBOJIOYEK OJJMHAKOBOI'O CKATA...63
Jlnst oneHKH HanpsikeHHO-1edopmupoBanHoro coctostHust (HJIC) 1 BbIABICHHS 0COOCHHOCTEH KOHCTPYHPOBAHHS TOPCOBO 000I0UKH OJMHAKOBOI'O CKaTa C HANPABIAIOIIMM 3JUIMIICOM B OCHOBAHHH
HCIIONB30BaHbI METOABI Anepenunanboii reomerpu, cuctema Mathcad u Berancnurensuslii kommnexe SCAD Office. ITonydeHsl KOOPANHATEI OCHOBHBIX TOUYEK IMPH MOCTPOCHUH TOPCOBBIX
000J104EK OIMHAKOBOI'O CKaTa C HANPABIIAIOIIMM 3JUIAIICOM B OCHOBaHHH. ITpe/IIoKeH KO3bIPEK HaJl BXOJOM B 3[[aHHE B (pOpME IIOBEPXHOCTH OJJMHAKOBOTO CKATa, YUCICHHO MCCIIE[0BAHO HALPSIKECHHO-
1e(hOpMHPOBAHHOE COCTOSTHUE JAHHOH KOHCTPYKIIHH.

KiroueBble ¢/10Ba: TeOpUs TOHKUX 000JI049eK, TOPCOBast 060JI04Ka, TOBEPXHOCTh OJIMHAKOBOI'O CKATa,réOMETPHUECKOE MOJICIMPOBaHKe, BEIurCIHTeNbHbIH Komiuieke SCAD Office
Geometric calculations
UDC 69:624.074:624.012.4. Studies of geometry and calculation of torso shells of an equal slope. Aleshina O.0., Peoples® friendship University of Russia, Moscow
Thin-walled shell-type structures make up an extensive class in architecture, civil and industrial construction, engineering and instrumentation, shipbuilding, etc. Each surface has certain advantages over others.
Nowadays the study of stress-strain state of shells of the same slope with the guide ellipse at the base is too shortly presented. The purpose of the article is to obtain new data in studying of construction and calculation
of torso shells of the same slope with a guide ellipse at the base. To assess the stress-strain state and to identify the design features of torso shell of equal slope with a guide ellipse the differential geometry methods and
Mathcad system and SCAD Office computer system representing an integrated system of strength analysis and design of structures based on the finite element method are used. The coordinates of the main points in the
construction of torso shells of the same slope with a guide ellipse at the base are obtained. The stress-strain state of this structure is numerically investigated.
Key words: theory of thin shells, torso shell, the surface of the same slope, geometric modeling, SCAD Office.

3KCI’I€EMMCHT3J’II)HI)I€ HCCIe, !osamm
JI.B. KOHHUH, k.1.H. THUUCK nm.B.A.Kyuepenko (AO «HUIL «CtpouTteabcTBo»), r.Mockpa
ONPEAEJEHUE COPTAMEHTA JIBYTABPOBBIX MPO®UJIEN MO PE3YJIBTATAM U3MEPEHMI ITPU OBCJIEJOBAHUU CTAJIBHBIX KOHCTPYK].ll/Ifl 3ILAHI/H71 n
COOPYIKEHMIA...71
JUi1st TOCTOBEPHOTO BOCCTAHOBJICHHS CXEM KapKaca 3/1aHus IpH 00CIIeJOBAaHHHU 31aHHH, COOPY)KEeHHBIX Oosee 40—50 set Hazaj, TpeGyeTcs! IPUBJICUCHHE arapaTa MaTeMaTHIECKOM CTaTHCTHKH JUTS
00paboTKK pe3yabpTaToB U3MepeHuit npoduieit. Yacto Ha 00bEKTaxX OTCYTCTBYET IOIHBII KOMIUIEKT paboueii JOKyMEHTAINH, & CTaJIbHbIC KOHCTPYKINH YaCTHYHO CKPBITHI OTACIOYHBIMH CIIOSIMH,
CTCHAMH H IIEPErOPOKAMH M Ul M3MEPEHHMIT IOCTYITHBI HE BCe XapaKTepHbIe pa3Mepbl npoduiieil. IIpuBeieHa cTaTHCTHYECKas METOIMKA ONPE/ICICHHs COPTAMEHTa Ha MPHMEPE PeallbHbIX
O6CJ’ICI[OB&HI/[]>1 CTaJIbHBIX KapKacoB SHaHI/Iﬁ ]_[CHTP& MC)KI[yHapOI[HOﬁ TOPTOBJIH B Mockse. ITokaszan croco6 y4€Ta BO3MOKHBIX OTKJIOHCHHI OT IIapaMeTpPOB 3aJaHHOI'O COPTAMEHTA ITYTEM Ha3HAYCHUSA
JIOTIOJTHUTEIIBHOTO K03 duiienTa ycnoBuii pabotel, paBHoro 1,05. YcTaHOBICHB MHHUMAJIBHO HEOOXOIMMBIC JaHHBIC H3MEPEHHI ISl IOCTOBEPHOT'O ONPEIECIICHNS] COPTAMEHTA HCIIOJIb30BAHHBIX
npodueii. s kaxa0ro npoduias HeoOX0JUMO H3MEPITh MUHHEMYM: OOIIYIO BHICOTY + CBEC MOJIKM + TOJIIMHY MOJIKH; IUPUHY TOJIKH + CBEC MOJIKK + TONIMMHY MoNKH. OHH U3 YKa3aHHBIX
napaMeTpoB (IIMPHHA HIIM CBEC MOJIKH, 00IIast BHICOTA) 0053aTeNIbHO T0JDKEH ObITh ONpPE/IeNICH HEOCPEICTBCHHBIMHI H3MEPEHHAMH.

Kiiouessle ciioBa: OGCJ'ICZ[OBB.HI/IC, COpPTaMEHT, UBMEPEHHUE, IIPOKAT, ABYTaBpP, HeCyHlI/[ﬁ Kapkac, THCTOrpaMMa, CTaTUCTUYIECKas 06pa60T}<a I/BMCPCHI/Iﬁ.



Experimental studies

UDC 624.014. Definition of the range of beam profiles by statistical methods on the results of actual measurements in the survey of steel structures of buildings and constructions. Konin D.V., Kucherenko TSNIISK, Moscow

For reliable restoration of schemes of a building frame at inspection of buildings constructed more than 40—350 years ago, it is required to involve the mathematical statistic for processing of results of measurements of
profiles. Often there is no complete set of working documentation on the objects, and steel constructions are partially hidden by finishing layers, walls and partitions and not all characteristic sizes of profiles are
available for measurements. The statistical method of determining the range on the example of real surveys of steel frames of buildings of the World Trade Center in Moscow is given. A method of taking into account
possible deviations from the parameters of a given range by assigning an additional specific-conditions-of-use factor equal 1,05 is shown. The minimum required measurement data for reliable determination of the
range of used profiles are established. For each profile to measure overall height + cantilever flange + thickness of the flange; a flange width + cantilever flange + thickness of the flange. One of the parameters ( flange
width or cantilever flange, total height) must be determined by direct measurements.

Key words: survey, range, measurement, hot-rolled, I-beam, bearing frame, histogram, statistical processing of measurements.

N 432 2019roa
Pacuersl Ha IPOYHOCTH
C.B. BAKYUIEB, a.1.H., npod. Ilen3eHcKHii rocy 1apcTBeHHbIH YHUBEPCUTET APXUTEKTYPHI H CTPOUTEIBCTBA
NEPEMEINEHUS BHEHEHTPEHHO HAI'PYKEHHOTI'O YIIPYI'OI'O CTEPKHS C YYETOM ET'O COBCTBEHHOI'O BECA...2
PaccMaTpuBaOTCs BOIIPOCHI ONPEICICHHS TIEPEMEIICHHIT TOUEK YIIPYTOro CTEPKHS, HAXOISIIEToCsl B YCIOBUAX BHEIICHTPEHHOI'O HAIPYKEHHUS C Y4ETOM ero coOCTBeHHOro Beca. HinkHuit KoHeI
CTEpIKHS IMEET JKECTKOE 3allleMJICHHE, BEPXHHUI KOHEI — cBOOOeH oT onop. IlepeMelenns Touek ynpyroro BHELIEHTPEHHO HATrPYKEHHOTO CTEP)KHS B HAIIPABICHUH TJIABHBIX LICHTPATbHBIX OCeH
MHEPIIHH TONIEPEYHOr0 CCYCHHMS ONPECIAIOTCS METOAAMU TEOPUHN YIIPYTOCTH. AHAIIM3 MOTY4YCHHBIX PACUCTHBIX OPMYII IIOKA3BIBACT, YTO EPEMEIICHUS TOYEK BHEILICHTPEHHO HArPY)KEHHOI'O YIPYroro
CTEP’KHS B HAIIPABJICHUH IJIaBHBIX OCEH, IIEPICHIUKYIAPHBIX €ro HPOIOIBHON OCH SIBISIOTCS KBaAPATHYHBIMH QYHKIHMSAMH HPOIOIBHON KOOPANHATSI, IIPHYEM JUIS PACCMATPHBAEMOIO CEUCHHS
nepeMelIeHHs BCeX €ro TOUeK OJMHAKOBBI H PABHBI EPEMEIICHHIO OCH CTEPIKHS B HAIPABICHUN COOTBETCTBYIOLIEH KOOpAUHATHOMN ocH. IlepeMeleHns ToueK BHELIEHTPEHHO HArPYKEHHOTO CTEPIKHS B
HaIIPaBJICHHH €TI0 MPOJIOJIBHON OCH SIBIISIOTCS JIMHEHHBIMH QYHKIMSAMU JCKapPTOBBIX KOOPAHHAT PACCMATPHBAEMOI TOUKH B IIOIIEPEYHOM HAIPABICHUH, ¥ KBAJPATHIHBIMU — B IPOIOIBHOM
HAIpaBJIeHUH. DTO 03HAYAET, YTO MONEPEUHbIE CEUCHHs CTEPIKHS, TNIOCKHE IO NPUIIOKEHUs Harpy3KH, nociie aedopMaiy HCKPUBIAIOTCA M TOBOPAUYHBAIOTCS BOKPYT OCH, HE COBMANAIOIIel ¢
HeifrpanbHOii ockro. PaccMoTpen uncnoBoii nmpumep. YucaeHHble Hecie10BaHuMs TI0Ka3hIBAIOT, YTO IEPEMEILECHHUS BEPXHETo KOHIA OCH CTEPIKHSI, IOJIyYEHHbIE METOIAMH CONIPOTHUBIICHHS MaTEpHAJIOB,
3aHIDKEHBI, 110 CPABHEHUIO C NIEPEMELICHUAMH, ONpPeIeIeHHBIMU METOAAMHU TEOPHH YNPYrocTH. [lomyueHHbIe pe3ynbTaThl MOTYT HAiiTH IPHMEHEHHE KaK IPH OLEHKE KECTKOCTH BHELIEHTPEHHO
Harpy>XeHHBIX YIPYTHX CTEP)KHEH, TaK U MPHU ONpeieIeHUH GOPMBbI CTEPIKHS U ITOJI0XKEHHS €ro MOMNepeyHOro CeueH s rnocie aedopmarun.

KitioueBble c10Ba: ynpyruii crepkeHb, BHSLIEHTPEHHOE CIKAaTHE, epeMelleHus 1 aedopManun.
Strength calculations
UDC 624.044.2. DISPLACEMENTS OF NONCENTRAL LOADED ELASTIC ROD CONSIDERING ITS WEIGHT. S.V. Bakushev, Penza State University of Architecture and Construction,
Penza, Russia.
Abstract. The present work studies questions of determination of displacements of the points of elastic rods at noncentral load conditions considering its weight. Rod bottom end has rigid fixing; the upper end is
subtraction-free. The displacements of the points of noncentral loaded elastic rod at the direction of the main lines of inertia of cross sectional view are determined by elasticity theory methods. Received calculation
formulae analysis shows that the displacements of points of noncentral loaded rod at the direction of its main axis, perpendicular to its longitudinal axis, are quadratic functions of longitudinal coordinate, whereas for
analyzed cross section the displacements of all its points are the same and equal to the displacements of rod central line at the direction of corresponding coordinate axis. The displacements of points of noncentral
loaded rod at the its longitudinal axis are linear functions of Descartes’s coordinates of the point under study at transversal direction and quadratic functions at longitudinal direction. The means rod cross sections, flat
before loaded, became deflected after deformation and turn around axis that runs counter to zero axis. Numerical illustration has been analyzed. Numerical studies demonstrate that displacements of rod upper end,
received by structural resistance methods, are under-reported if compared with displacements, determined by elasticity theory methods. Received in the present article results can be applied both while rigidity
evaluation of noncentral loaded elastic rods and at the determination of rod form and its cross section position after deformation.
Key words: elastic rod, noncentral load, displacements and deformations.

C.B. BOCAKOB, 1.1.1., npog., I1.JT. CKAYEK, un.(Besopycckuii HAMOHAILHBIH TeXHUYECKUii yHUBePCHTET, I. MuHCK, Pecny6auka Benapycs
PEINEHUE IMTPOCTPAHCTBEHHOM KOHTAKTHOM 3AJTAYH JJISI ITAPHUPHOI'O V3JIA OIIMPAHUSA OJTHOIPOJIETHOM BAJIKH...10
PaccmatpuBaercs penieHne KOHTAKTHOM 3a/1auu JUls IIAPHUPHOTO Y3J1a OITMPAHUs OJTHONPOJIeTHOM 6anku. OCHOBHAs 11e/1b PAa0OTHI 3aKIIFOUACTCS B ONPEACICHUH HANPSKEHHOTO COCTOSHUS 001acTh
onupanus 6anKy Ha cTeHbL. [Ipy 9TOM pelaroTes 3aa4u MOCTPOSHUS OBEPXHOCTEH M N30IMHUN PEaKTUBHBIX IABICHHI B 001aCTH HEMOCPEACTBEHHOTO KOHTAKTa OajIKi U CTEH, ONpEeICHUST
pacyeTHOro MpoJjeTa GAJIKH, BIMAHHUS pa3Mepa 30HbI KOHTAKTA Ha BEJIMYMHY MaKCUMAaJIbHOTO H3rHOAIOIIEro MOMEHTA B CEpeIHHE MpoJieTa GalKH, ONpe/esIeHUs 001acTH KOHTAKTa PH Pa3IHIHbIX
TOKa3aTessIX THOKOCTH, a TAKXKE MOCTPOCHMS H30IMHUH BEPTHKAIBHBIX TTepeMenieHnii cTeH. Pacuer Benercs metonom b.H. XKemoukuna, peanusarys KOTOporo Ui TaHHOH 3a1auil COOTBETCTBYET
CMEIIaHHOMY METOJly CTPOUTENIbHOI MEXaHUKH. B kauecTBe npuMepa pacyeT BBINOIHACTCS Ha COCPEIOTOUCHHYIO HAarpy3Ky, NPUIIOKEHHYIO B cepejiiHe nposieta Oayku. TlomydyeHsl permenus
KOHTAKTHOM 3a1a4y IPH PA3IMYHBIX TOKA3ATENsIX THOKOCTH A ¥ YCTAHOBJICHO, YTO C YBEIHYCHHEM AaHHOTO MoKasaTesns (akTuyeckas 0071acTh KOHTAKTa ONMPAEMbIX KOHCTPYKIMI yMEHBIIACTCSL.
TlocTpoeHbl H30JIMHUH BEPTHKAIBHBIX IIEPEMEIIECHHIT TOUEK TIOBEPXHOCTH YIPYTOro Y€TBEPTHIPOCTPAHCTBA. Y CTAHOBIICHO, YTO B IIPEJIEIBHOM cilydae pH A = 0 pelieHre COOTBETCTBYET BJIABIHBAHHIO
JKECTKOTO LITAMIIA B YIIPYTO€ YETBEPTHIIPOCTPAHCTRO.

Ki1roueBble ¢j10Ba: KOHTaKTHAs 3a1a4a, yIPyroe 4eTBepThupocTpancTBo, Meto b.H. XKemoukuna.nokasarens rubKoCTH, KOHTAKTHBIE HANPSDKEHHsI, 00JIACTh KOHTAKTA.
UDC 624.044.2. SOLUTION OF A THREE-DIMENSIONAL CONTACT PROBLEM FOR A HINGED UNIT OF A SINGLE SPAN BEAM. S.V. Bosakov, P.D. Skachyok, Belarusian National
Technical University, Minsk, Republic of Belarus.
Abstract. The article discusses the solution of the contact problem for the hinge assembly of the single-span beam. The main goal is to determine the stress state of the beam bearing area on the walls. This solves the
problem of constructing surfaces and isolines of reactive pressures in the area of direct contact of the beam and walls, determining the design span of the beam, the influence of the size of the contact zone on the
maximum bending moment in the middle of the span of the beam, determining the contact area at various flexibilities, and building vertical isolines wall movements. The calculation is carried out by theB.N.
Zhemochkin method, the implementation of which for this problem corresponds to the mixed method of structural mechanics. As an example, the calculation is performed on a concentrated load applied in the middle of
the span of the beam.
Key words: contact problem, elastic quarter space, B.N. Zhemochkin method, flexibility indicator, contact stresses, contact area.

A.N. JEMBSIHOB, k.T.H., 1011., B.1. KOJIYYHOB, xa.T.H., npo¢., H.B. HAYMOB, un:x. FOro-3anaanplii rocyiapcTBeHHbIii yHuBepeutert, r.Kypcek
BTOPASI CTAJIASI HATIPSIAKEHHO-JIE®OPMUPOBAHHOI'O COCTOSIHUSI )KEJE30BETOHHBIX KOHCTPYKIUIA ITPA KPYYEHUAM C U3TUBOM (Caywaii 1)...20
Pa3paboTka pacyeTHON MOJICIIN COPOTUBIICHHUS JKEJIC300CTOHHBIX KOHCTPYKIIMIA IIPH KPYUYCHHH ¢ U3TUOOM JIFOOBIX MONEPEYHBIX CEUCHNH, HanboIee MOTHO OTPaKarolIeii 0COOEHHOCTH UX
neficTBUTeNBbHOM paboThL. [IpeaoxkeHa pacueTHast MOJENb CIIOKHOTO COMPOTHBIICHHS JKEIC300€TOHHBIX KOHCTPYKIHIT B 3JaHISIX H COOPYKCHHSIX IPH KPYUCHUN C H3THOOM, COCTOSIIIAS H3
HPHUOIIOpHOTo 6110Ka (06pa30BaHHOIO IIPOCTPAHCTBEHHON TPEIIMHON 1 3aMBIKACMOii Ha Hee CXKaTol 30HOH GETOHa, - IIPOCTPAaHCTBEHHOE cedeHHe K) 1 BToporo 6J10ka, 06pa3yeMoro BepTHKAIbHBIM
cedenreM [-I, IPOXOIAIINM HEPIEHANKYISIPHO K IIPOJOIBHOM OCH XKeIe300€TOHHOTO HIIEMEHTA [0 KPA0 CKATOH 30HBI, 3aMBIKAOLICH IPOCTPAHCTBCHHYIO CIIHPaIeco0pasHyto TpemuHy [Ipu 9Tom B
Ka4yeCTBE PACUCTHBIX YCUJINH B IPOCTPAHCTBEHHOM CCUCHHH YUHTHIBAIOTCS: HOPMAJIBHBIC H KacaTelbHbIC YCHINs B GETOHE CXKATON 30HBI; COCTABIISIONINE OCEBBIX M HAICIBHBIX YCHIIUI B paboueit
apMmatype, IepecekaeMoii criupancoOpasHoil IPOCTPaHCTBEHHON TpelrHOit. [I0CTPOCHBI pa3pelnarolye ypaBHeHHs1, 00pasyoIie 3aMKHY TyI0 CHCTeMy U 3amucaHa ¢yHkius Jlarpamka ux
00beauHsomast. cnomns3yst 4acTHbIC IPOM3BOAHBIC IIOCTPOCHHOM (QYHKIMH [0 BCEM BXOSIINM B Hee IEPEMCHHBIM M IPUPABHUBAS HX HYIIIO, COCTABICHA HOMOIHUTEIbHAS CHCTEMA YPABHEHHUI, U3
KOTOPOIA IOCIIe COOTBETCTBYIONINX alrebpandyeckye peodpa3oBaHuii, HOTy4eHa 3aBHCHMOCT, O3BOJISIONIAs OTBICKHBATh IIPOCKIIMIO OIIACHOH MPOCTPAHCTBEHHOMN TPEIIMHBI Cin.

KitioueBble ¢j10Ba: METOAMKA pacdeTa, KPyueHHE, HAPSHKCHHO-Ae()OPMHUPOBAHHOE COCTOSIHHE, XKEIe300CTOHHBIC KOHCTPYKIIIH, IPOCTPAHCTBEHHAsS TPEIIUHA, QyHKIHs Jlarpamka.
UDC 624.012.45. SECOND STAGE OF STRESS-STRAINED STATE OF REINFORCED CONCRETE STRUCTURES UNDER THE ACTION OF TORSION WITH BENDING (CASE
1).A.L. Demyanov, VLI. Kolchunov, N.V. Naumov, Southwestern State University, Kursk, Russia
Abstract. Development of a calculation model for reinforced concrete structures under the action of torsion with bending of an arbitrary cross-section that most fully reflects the characteristics of their
actual work. It is proposed a complex resistance computational model of reinforced concrete constructions in buildings and structures under the action torsion with bending. It consists of from the block
near the support (formed by a spatial crack and a compressed concrete zone closed by it — a spatial section k) and a second block, which is formed by a vertical cross section I-I passing perpendicularly
to the longitudinal axis of the reinforced concrete element along the edge of the compressed zone, which closes the spatial spiral-shaped crack. In this case, as the calculated forces are taken into account
in the spatial section: normal and tangential forces in the concrete of the compressed zone; components of axial and «dowel» efforts in the working reinforcement, intersected by a spiral spatial crack.
The resolving equations are constructed that form a closed system and the Lagrange function is unified. Using the partial derivatives of the constructed function with respect to all the variables entering
into it and equating them to zero, an additional system of equations is constructed. The dependence is obtained after the corresponding algebraic transformations, that allows us to search for the
projection of a dangerous spatial crack cinc.
Key words: calculation methodics, torsion, stress-strain state, reinforced concrete constructions, spatial crack, Lagrange function.

M.H. KHPCAHOB, ap.¢us.mart.Hayk, npop. HUY MU, r.MockBa
@®OPMY.JIbI JIJISI IPOT'UBA IIAPHUPHO-CTEPKHEBOI PAMBI C IPOU3BOJIbHBIM YU CJIOM IAHEJIEA B PUTEJIE U OIIOPAX...31
TIpenaraercst cxeMa CTATHYECKH OIPEJEITHMOiT paMbI-(epMBI ¢ HCKPUBICHHBIMI OMOPHBIMA YaCTSIMHU-(QEpMaMi M IPSIMOIMHCHHBIM pHUreieM. Pemerka pamsl TpeyronbHas. Pama HMeeT JBe OIOpBI 1
Harpy>eHa 110 BEpXHEMy H0sICy PaBHOMEPHO# Harpys3koii. BeiBoantes hopmysia JUisi FOpU30HTAIBHOTO CMEIICHHUS TIOJIBIDKHOI OTIOPHI M IPOruOa B 3aBUCHMOCTH OT YKCJIa [TAHEJICH B PUIese H ONMOPHBIX
¢bepmax. Jli1st ompeaeNe s yCUINiA COCTABISIETCS] CHCTEMa yPaBHCHHH PAaBHOBECHSI BCEX y3II0B (hepMBI B IpOrpaMMe CHMBOJIBHBIX BeIYHCICHHT Maple. [Iporué ompenemnsiercs ¢ HOMOIIbI0 HHTErpaia
Mopa. BbiziesIeHbI TpH IPYIIIBI CTEPIKHEN ¢ 0JJMHAKOBOI jKeCTKOCTBI0. OT/IeNbHBIC PEIICHH S, OTyYCHHbIC IS PaM C Pa3HBIM (II0C/ICI0BATEILHO YBEIHYHBAIOIIMMCS) YACIIOM MaHeleH, 0600maTes
METOZOM JBOMHOI HHIYKI[HH Ha IPOU3BOJIBHOE YHCIO MaHenei. [l COCTaBICHNUS U PEIICHNUS PEKyPPEHTHBIX YPABHEHHIA, KOTOPBIM YIOBIETBOPSIOT KOY(DMHUIICHTBI HCKOMO# (OPMYIIBL,
HCIIONB3YIOTCS OlepaTopbl cucTeMsl Maple. Pelenue B cirydae pacipe/ielIeHHON Harpy3KH MOJTy4aeTcsi HOJTHHOMHUAIBHBIM YETBEPTOIO HOPSJIKA U TPETHETO MOPS/IKa IPU HATPYKEHUH PaMbl OJTHON
CHIIOH B cepeauHe mposteta. I paduku moay4eHHbIX 3aBUCHMOCTEl 0OHAPYKUBAIOT HEKOTOPBIC OCOOCHHOCTH PELICHHS: 9KCTPEMAIbHBIC TOUKH, H3MEHCHHE 3HAKa KPHBHU3HBI 3aBUCHMOCTEH JUISL Pa3HBIX
3HAYEHHI ITapaMeTPOB KOHCTPYKIMHU. HalileHbl aCHMITOTHYECKUE XapaKTEPHCTUKN PEIICHHUS.

KioueBble ci10Ba: Gpepma-pama, nporud, cmemenne, Maple, HHAYKIWs, 9UCI0 NaHene, aCHMITOTHKA.
UDC 624.04.FORMULAS FOR THE BENDING OF A HINGE-TEM FRAME WITH AN ARBITRARY NUMBER OF PANELS IN THE CROSSBAR AND SUPPORT. M.N. Kirsanov,
National Research University Moscow Power Engineering Institute, Moscow, Russia
Abstract. A scheme of a statically determinable frame-trusses with curved supporting parts-trusses and a straight crossbar is proposed. The frame lattice is triangular. The frame has two supports and is
loaded on the upper belt with a uniform load. A formula is derived for the horizontal displacement of the movable support and deflection, depending on the number of panels in the crossbar and support
trusses. To determine the forces in the rods, a system of equilibrium equations of all the truss nodes in the Maple symbolic computation program is compiled. The deflection is determined using the
Mohr’s integral. Three groups of rods with the same rigidity were identified. The individual solutions obtained for frames with different (successively increasing) number of panels are generalized by the
method of double induction to an arbitrary number of panels. To compose and solve recurrent equations that are satisfied by the coefficients of the desired formula, the operators of the Maple system are
used. The solution in the case of a distributed load is obtained by polynomial of fourth order and third order when the frame is loaded with one force in the middle of the span. The graphs of the obtained
dependencies reveal some features of the solution: extreme points, a change in the sign of the curvature of dependencies for different values of the construction parameters. The asymptotic characteristics
of the solution are found.
Key words: frame truss, deflection, displacement, Maple, induction, number of panels, asymptotics.



M.IO. TIPOKYPOB, k.T.H., 1ou. Bpsinckuii rocyjapcTBeHHbIIi HHKEHEPHO-TEXHOJ0rH4ecKHii yHUBepcHuTeT, I. Bpsinck
MMPOI'PAMMA PACYETA MAKCHUMAJIBHOTI'O ITPOI'MBA TOHKHX IIJIACTUHOK HA YIIPYTOM OCHOBAHUHW METOJOM MHTEPIIOJIAIIAHA ITO KO ®OPUIUEHTY
®OPMBI...37
Ilens nccenoBanus - pa3paboTka MaTEMaTHYCCKOH MOJICNIM U aBTOMAaTH3AIMU PacyeTa MaKCHMAaJIbHOTO POrn6a TOHKMX IUIACTHHOK Ha yIIPYyroM OCHOBaHHH, HAIIEIIHUX IIHPOKOE IIPUMEHCHHE IIPH
MOJICIIMPOBAHUU PAGOTHI YIEMEHTOB CIOKHBIX TEXHHYECKUX cUCcTeM. Pelenne 3a1aun OCHOBBIBAETCS HA UCIOIB30BAHUH METO/[a HHTEPIOALMH 110 KoddduuneHty hopmsl, pa3paboTaHHOrO
npodeccopom A.B. Kopo6ko. Kosddurment Gpopmsl siBisiercst 6e3pa3sMepHOil FeOMETPHYESCKOI XapaKTePUCTHKOM IITIOCKOH BBITYKIIONH OJHOCBSI3HOMN 00JIACTH M MMEET IPUMEHEHHE B PsijIe 3a1a4
MareMaTu4yeckoi ¢pu3uku. JlaHHas XapaKTepUCTHKA U3BeCTHA 1o paboTam yuensix I'. ITonua u I'. Cere. BriepBbie k pacueTy rmacTHHOK Kod(bdumuent Gpopmel npumeneH npodeccopom B.H. Kopobko.
Vka3aHHBII METO]I IIPE/IIOJIAraeT HCIOIb30BaHNE PA3INYHBIX CIIOCOOOB HHTEPIIOIAILNN HCKOMBIX pereHni. PesymbraTsl: 1) PazpaboTana MeToMKa pacueTa 3HaYCHH MaKCHMAJIbHOTO IIPOrH0a TOHKHX
TUIACTHHOK HA YIPYTOM OCHOBAaHHH B BHJE IIPOM3BOJIBHBIX TPEYTOIBHHKOB, IPSMOYTOILHHKOB, POMOOB, MapasIeIorpaMMOB H PAaBHOOOUYHBIX TPAIELHH ¢ Pa3IHYHBIMU KOMOHHALMAMU IPAHUYHBIX
YCIIOBHI{, HArpy>KEHHBIX PABHOMEPHO paclpe/ie/ieHHON Harpy3Koii. B kauecTBe rpaHUUYHBIX YCIOBUI HA KOHTYpE IUIACTHHOK PACCMAaTPUBAIOTCS Pa3IMUHbIe KOMOMHALMHU IIAPHUPHOIO ONIMPAHHUS 1
JKECTKOTO 3aLIEMIICHHS [0 HX OTAENBHBIM CTOpoHaM. 2) PazpaboTaHo crieluaan3upoBaHHOE IPOrpaMMHOe obecnedeHne 1e)OpMalOHHOTO pacyeTa yKa3aHHbIX BUIOB IUTACTHHOK JUISl BUHKIEPOBCKOH
MOJIEJIM MX YIIPYrOoro OCHOBaHHs M JByxnapamerpuueckoii mosenu I1JI. TlacTepnaka, HCIIONB3yeMBIX IPH PEIIEHUH 3a/1a4 CTPOMTENBCTBA M MAIIMHOCTPOCHHS. 3) AHAIN3 PA/la TECTOBBIX PEICHMI
MOKa3ajl JOCTATOYHYIO TOYHOCTh PacyeTa 3HAYeHHI MAaKCUMAaJIbHOTO NPoruba MIacTHHOK Ha YIPYroM OCHOBAHUH, PEAIH3yeMOT0 ¢ MOMOILBIO Pa3pad0TaHHOrO IPOrPAMMHOTO 00ecIeueHus,
HIOCTPOGHHOT'O Ha OCHOBE METO/1a MHTEPIIONSINK 110 K03 uImeHTy GopMBI.

KiioueBble €J10Ba: TOHKHE IUTACTHHKY, YIIPYroe OCHOBaHUE, PABHOMEPHO paclpezieNieHHast Harpy3Kka, MaKCHMallbHbIi nporu6, koo duiment Gopmel, nporpamMmma.
UDC 624.044.2:62-41:510.67. CALCULATION PROGRAMME FOR MAXIMUM DEFLECTION OF THIN ELASTIC PLATES ON ELASTIC FOUNDATION USING INTERPOLATION
METHOD BASED ON SHAPE FACTOR. M.Yu. Prokurov, Bryansk State Engineering and Technological University, Bryansk, Republic of Belarus.
Abstract. The purpose of the research is to develop a mathematical model and automation the calculation of the maximum deflection of thin plates on an elastic base, which are widely used in the modeling of elements
of complex technical systems. The solution of the problem is based on the use of the method of interpolation by factor of shape, developed by professor A.V. Korobko. The shape factor is a dimensionless geometric
characteristic of a flat convex simply connected domain and has applications in a number of mathematical physics problems. This characteristic is known from the works of scientists G. Pylya and G. Szog3. Professor
V. 1. Korobko for the first time applied the shape factor to the calculation of plates. This method involves the use of different ways of interpolation of the desired solutions. Results: 1) The method of calculating the
maximum deflection of thin plates on an elastic base in the form of arbitrary triangles, rectangles, rhombs, parallelograms and isosceles trapezoids with different combinations of boundary conditions loaded with
uniformly distributed load is developed. The boundary conditions on thecontour of the plates cover the various combinations of hinge and rigid supports according to their individual parties. 2) The specialized software
of deformation calculation of the specified types of plates for the Winkler model of elastic base and two-parameter model of P. L. Pasternak used in solving problems of construction and mechanical engineering is
developed. 3) Analysis of a number of test solutions showed sufficient accuracy in calculating the values of the maximum deflection of the plates on an elastic base, implemented using the developed software, built on
the basis of the method of interpolation by the factor of shape.
Key words: thin plates, elastic foundation, evenly distributed loading, maximum deflection, shape factor, programme.

K.IL IISITUKPECTOBCKHUMI', a.1.1., npod., 5.C. COKOJIOB?, k.1.1u.'ITHUUCK um.B.A.Kyuepenko (AO«HHI«CTpouTeancTso»), " HUUKB um.A.A.I'Bo3ea
(AO«HUI«CTpouTeabcTBo»), . MockBa

CJIO)KHOE HANIPSIZKEHHOE COCTOSIHHUE IINIOCKHUX SJIEMEHTOB KYIIOJIOB, PABOTAIOIIIUX COBMECTHO C PEBPAMM...47

CTaThst OCBAIICHA MCCIICTOBAHUAM CIIOXKHBIX HAIPSKEHHBIX COCTOSIHHIT aHM30TPOITHBIX MATEPHAIIOB TIPH JTHTEIBHBIX BO3ACHCTBUSX HArpy30K. PaccMaTpuBaeTcs mocTpoeHHE KPUTEPHUEB
KPaTKOBPEMEHHOM M JUINTEIbHON NPOYHOCTH, NpeioxkenHoe I'.A. T'eHHeBbIM, B CBA3M C pacyeTOM OOJIBLICIIPOJICTHBIX KOHCTPYKIMI KyII0JIOB U3 KJICCHOH U IEJIbHON IPEBECHHBI, B KOTOPBIX 2JIEMEHTBI
OrpakACHHs BKIIIOYAIOTCS B COBMECTHYIO PabOTy C CHIIOBBIM HAGOPOM B BHZIC MEPHANOHATBHBIX U KOJIBLEBBIX pedep. [Ipu 3TOM 31eMEeHTBI OrpaXkACHHS — IUIHTHI — OKA3bIBAIOTCS B CIIOKHOM
HAIPSKEHHOM COCTOSIHMH M PabOoTalOT NPH CKAaTHH cO cBuroM. CoBMeCTHas paboTa TAKHX CHCTEM H3y4aach TEOPETHUCCKH H SKCIICPUMEHTATBHO Ha KPYITHOMACIITAOHBIX MOJICIISAX H OLBITHOM
CTPOUTEIBCTBE. BHIABICHB! OOMBIINE PE3ePBBI CUIIOBOIO CONPOTUBICHNA. B yacTHOCTH, B 1985 T. HOCTPOEGH YKCIIEPHMEHTANIBHBIH 0OBEKT: KPBITHIIl KATOK Ha cTaguoHe «JIOKOMOTHBY, Ha KOTOPOM
peaan30BaHbl yKa3aHHbIC MPEANOCHUIKH, U OH YCIEIIHO KCILTyaTHPYETCsl MHOTO jieT. OZIHAKO OCTaIMCh HEKOTOPhIEC HEPELICHHBIE BOIIPOCH] ¢ YTOUHEHUEM JIeHCTBUTEILHON PabOThl KOHCTPYKIMH 1
MOCTPOECHUEM AJrOpUTMa pacyeTa. MccnenyoTes 101aTo-reo3/A€Bble IIIMTHI Pa3IMYHOM TOIIMHEI IIPH JUIMTEILHOM BO3JCHCTBHM CIBUTAIONIMX YCHIIMH. JlaloTcss HEKOTOpble 0000IEH S HCCIIENyEMBbIX
TO/IXOI0B.

KiroueBble ¢/10Ba: OOJIBIICIIPONICTHBIC KOHCTPYKIIMH, KIIeeHas IPEBECHHA, MEXaHNYECKHE MOJICIIH aHU30TPOITHOIO MaTepualia, KpUTEPUH IIPOYHOCTH, JUTUTENIbHAS IIPOYHOCTD, C/IBUTAIOIINE YCHIIMS.
UDC 624.04.012. THE STUDY OF COMPLEX STRESS STATES OF ELEMENTS FILLING THE CELLS BETWEEN THE RIBS OF WOODEN LARGE-SPAN DOMES. K.P.
Pyatikrestovskyl, B.S. Sokolov?, Research Centre «Construction», 'Koucherenko TSNIISK, >Gvozdev NIIZHB,Moscow,Russia.

Abstract. The article is devoted to the research of complex stress states of anisotropic materials under long-term loads. The article considers the design of criteria for short-term and long-term strengths proposed by
G.A. Geniev in connection with the calculation of large-span structures of domes of laminated and solid wood, where the enclosure elements are included in the joint work with the power set in the form of meridional
and circular ribs. In this case, the elements of an enclosure-plate are at a complex stress state and they work under compression with a shift. Joint work of such systems was studied by experiments on large-scale models
and experimental construction. Large reserves of strength resistance are revealed. In particular, in 1985, the indoor skating rink at the stadium «Lokomotiv» was built as an experimental facility which implemented
these conditions and it has been successfully operated for many years. However, there are some unsolved issues with the refinement of the actual operation of the structures and the development of the calculation
algorithm. Some generalizations of the studied approaches are given.

Key words: long-span structures, glued wood, mechanical models of anisotropic material, strength criteria, long-term strength, shifting forces.

C.A1.POUINHA pa.1.H.,nipod., M.B.JIYKHH, k.1.H,0011., A.C.TPUBAHOB, k.1.H., A, A. KOIEEB, un:x. Bragumupckuii rocynapcreenssiii yausepcureT uMenn A.I'. u H.I'.CrosieToBbIX
UCCJEJIOBAHUE MIOKA3ATEJIEN NPOYHOCTH BKJIEEHHBIX B IPEBECUHY CTEPKHEN U3 PA3JIAYHBIX MATEPHAJIOB...57
VBennueHne crnpoca Ha KapKaCHBIE TEXHOIOTHH MaT0ITAKHOTO CTPOUTEIBCTBA aKTyaIn3HPYET BOIPOC IKOHOMHH JIeCOMATEepHata B CTPOUTENIBHBIX KOHCTPYKIHUAX. [IepCIIeKTHBHBIM HANPaBICHUEM
UCCIIC/I0BAaHMI B 061aCTH 00SCIeUCHHS IPUPOCTA MPOYHOCTH SIBJISACTCS METOJ] apMHPOBAHMSI JACPEBSIHHBIX OAJIOK CTATBHOM apMaTypoil. TpaJUIHOHHBIMU PEIICHUSMH Ha CETOIHAIIHUI JACHb SBISACTCS
HCIIOJIb30BAaHUE CTATIBHOI apMaTyphl epruoandeckoro npoduisi. Ha ceroqusiHmii 1eHp Ha PhIHKE IPUCYTCTBYIOT MaTePUaIbl, CHOCOOHBIC YIyUIINTh IPOYHOCTHBIC TOKA3aTEeIN MOTOOHBIX
KoHCTpyKIwmit. K Takum MatepuazaM MOKHO OTHECTH CTalIbHBIC OLMHKOBAHHBIC TPOCA PA3IHYHOro mpoduist. OnHAKO, HX MPUMCHEHUE SBISETCS MAIOH3yYCHHBIM U PUCKOBAHHBIM H3-32 OTHOCHTEIIBHON
HornepeyHoi AedopManuy Tpoca Mpu ero pacTsHKeHUH. [ peeHHs BOIIPOCca MPHUMEHEHHs CTAIIBHBIX TPOCOB B LEJIbHOM apeBeckHe B 2017 T. K M3y4eHHI0 ObUT IPEIOKEH HOBBII BUJ apMUPOBAHUS
JIepeBSHHBIX 0aJI0K — CTAIbHOI TPOCOBOW apMaTypoil [0 OPUIMHAIBEHON KPHBOJIMHEHHON TpaekTopuu. JlaHHas HaydHas CTAaThs MMOCBSILICHA IEPBOMY LIUKITY YKCIEPUMEHTAIbHBIX HCTIBITAHUIT IO
JTAHHOMY HAIPaBJICHHUIO: H3yYCHHIO BOIPOCA BIMSHHSA IPOYHOCTHBIX U Ae(OPMALIMOHHBIX XapaKTEPUCTUK CTAIBHOTO TPOCA Ha TIOBEICHUE KIICEBOi IIPOCIOWKH U3 STIIOKCUIHOTO COCTaBa MpU
HCIIBITAHUSIX Ha BBIIEPTHBAaHUE IPSIMOTO CTEPXKHS M3 MAaCCHBA LIE/IBHOM APEeBECHHBI. B cTaThe moapoOHO OMUCHIBACTCS MPOLECC U3TOTOBICHHS 00PA3LI0B, YCIOBUS M METOIMKA IIPOBEACHUS
9KCIEpHMEHTa. B pe3yibraTe MpoBeIeHHBIX HCCIIEA0BAHMIT OBUIH MOJIyYSHHBIE JAHHBIE O XapaKTepe Pa3pyLIeHUs KJIEEBOr0 COSIHHEHHsI, TOCTPOCHBI IPapUKK 3aBUCHMOCTH IIPOYHOCTHBIX
XapaKTEPUCTHK OT IPHIaraeMoil Harpy3KH, ONPEACIICHBI PeIebl IPOYHOCTH COeAnHEHHIT. Ha OCHOBE MOTy4eHHBIX JaHHBIX C/ACNIAHBI BEIBOIBI O IPUMEHUMOCTH TPOCOBOI'O apPMHPOBAHHUS B
KOHCTPYKIMAX U3 1IeJIbHON JIPEBECHHBI M OlIpe/ieIeHbl OCHOBHbIE HAIPaBIICHHs JAJIbHEHIINX UCCIIeIOBAHUH.

KiroueBble ¢j10Ba: apMUPOBAHUE AEPEBSHHBIX GAJOK, CTAIBHOM TPOC, apMaTypa, LelbHas APEBECHHA, APEBECHHA HU3KUX COPTOB, IPOYHOCTD, Ae(OPMALIOHHBIE XapPaKTEPHCTHKH, SIOKCHIHBIE KIIEEBbIe
KOMIIO3ULIH, COEPEeEHHE JiecomMaTepuana.
UDC 691.112. INVESTIGATION OF STRENGTH INDICATORS OF RODS OF VARIOUS MATERIALS GLUED INTO WOOD. S.I.Roschina, M.V.Lukin, A.S.Gribanov, A.A.Koscheev,
Vladimir State University named after A.G. and N.G.Stoletovs, Vladimir, Russia.
Abstract. The increase in demand for low-rise frame technology of construction actualizes the issue of saving timber in building structures. a promising direction of research in the field of ensuring the increase in
strength is the method of reinforcing wooden beams with steel reinforcement. The traditional solutions today are the use of steel reinforcement of a periodic section. Today, there are materials on the market that can
improve the strength characteristics of such structures. These materials include galvanized steel cables of various profiles. However, their use is poorly understood and risky due to the relative lateral deformation of the
cable when it is stretched. To solve the issue of using steel cables in solid wood in 2017, a new type of reinforcement of wooden beams was proposed for study-steel cable reinforcement along an original curvilinear
trajectory. This scientific article is devoted to the first cycle of experimental tests in this area: the study of the influence of the strength and deformation characteristics of a steel cable on the behavior of the adhesive
layer of epoxy composition when testing for removing a straight rod from solid wood. The article describes in detail the process of making samples, the conditions and methodology of the experiment. As a result of the
research, the obtained data on the nature of the destruction of the adhesive joint were made, the graphs of the strength characteristics versus the applied load were plotted, and the strengths of the joints were determined.
On the basis of the data obtained, conclusions were drawn about the applicability of cable reinforcement in solid wood constructions and the main directions for further research were determined.
Key words: wooden beams reinforcement, steel wire rope, reinforcement, solid wood, low-grade wood, strength, deformation characteristics, epoxy adhesive compositions, saving of wood.

JMHAMIYECKHEe PACUYeThI
3.P. TAJIAYTAUHOB, k.t1.H.,001., O.I'. KYMIISIK, a.T.H.,ipod. ToMcKuii rocyiapcTBeHHbIi AapXUTEKTYPHO-CTPOHTEIbHbINH YHHBEPCUTET
PACYET KEJIE3OBETOHHBIX BAJIOK HA IOJATJIMBBIX OIIOPAX ITPU KPATKOBPEMEHHOM JJMHAMHWYECKOM HATPY)KEHHMU...63
KoncTpykiuu 31anmii 1 coopyKeHHit MOTyT OBITh MOJIBEPKEHBI ISHCTBUIO KPATKOBPEMEHHBIX IMHAMMYECKHMX HArpy30K aBapuitHoro xapakrepa. IIppMeHeHne oAaTIIMBBIX OMOP MO3BOJISAET CHU3UTh
HMHTEHCHBHOCTb IMHAMHMYECKOTO BO3/ICHCTBHS, B PE3y/IbTaTe CHIKACTCS MAaTEPUATIOEMKOCTb M TPYI0EMKOCTh BOCCTAHOBIICHHS COOpYXKEHHH. B paboTe paccMOTpeH 0MH U3 CIOCOO0B aKTUBHOI 3aIUTHI
KOHCTPYKIIMH, OCHOBAHHBIH Ha IPUMCHEHHH T10JIATIMBBIX ONOP B BUJIC CMHHACMBIX BCTABOK KOJIBIICBOTO CEUCHHS. PacCMOTPEHO BIMSHUE HOJIATIMBOCTH OMOPHBIX COCIMHEHHIT Ha KO3 HIMEHT
JIMHAMHYHOCTH KOHCTPYKIHMIL, a, CIIEI0BATENIbHO, HA IIEPEMEILCHNUS, YCHIINS U HAIPSHKEHHs. BInsHUe OAAaTINBOCTH OMOp Ha paboTy KOHCTPYKI[HII IPU KPATKOBPEMEHHOM IMHAMHYECKOM HArpY:KEHUH
H3y4aJIoCh YUCICHHO-TEOPETUYCCKMM MeTo oM. Ha OCHOBaHMHM TEOPETHYESCKUX MCCIICI0BaHMH Pa3paboTaH alrOPUTM JJUHAMHYECKOTO PacyeTa jKeJie300eTOHHBIX 0alloK ¢ TPEIHHAMHE, C IIPUMEHEHUEM
KOTOPOTO BBINOJIHEH PacyeT KOHCTPYKIHUH MPH Pa3IH4HbIX YCIOBHAX Ae(hOPMHPOBAHHS MOJATINBEIX ONOp. PacueTaMu noka3aHo, YTO IPUMEHEHHE MOJATIUBBIX ONOP, Ae()OPMUPYIOUHXCS TOIBKO B
YHPYToii CTaJiuK, He BO BCEX CIyYasX HPUBOIHUT K CHIKEHHIO K03 dHIMeHTa TMHAMIYHOCTH. B TaHHOM cirydae MOI'yT BO3HHKATh 00JIACTH 3HaYCHHIT 00, B KOTOPBIX HAONIONACTCS OTPHUIATEILHOE
BIIMSIHUE HOJATIIMBEIX Ool0p Ha K03 durmenT quHamuanocTd. Hanbonbinas 3¢ GeKTHBHOCTh IPUMEHEHHUS TOJJATIIMBBIX ONOP JOCTUIAeTCs NPH UX PabOTe IIACTHYECKOI cTa/iuK 6e3 Iepexo/ia B CTaIHI0
OTBEpACHHUSL.

KiroueBble ¢/10Ba: KPaTKOBPEMEHHAs IMHAMUYECKAs HArpy3Ka, ypaBHEHUE JBIKCHHUS, KOO(QGUIMEHT TMHAMHYHOCTH, TI0/IaT/IHBast ON0pa, (GyHKIUs TMHAMAYHOCTH, Kele300eTOHHas 0ajka, 4acToTa
COOCTBEHHBIX KOJIEOaHUIA.
Dynamic calculations
UDC 624.012.539. CALCULATION OF REINFORCED CONCRETE BEAMS ON YIELDING SUPPORT UNDER SHORT-TERM DYNAMIC LOADING. Z.R. Galyautdinov, O.G.
Kumpyak, Tomsk State University of Architecture and Building, Tomsk, Russia.
Abstract. Constructions of buildings and structures can be exposed to short-term dynamic loads of emergency nature. Applying of yielding supports allow to reduce the intensity of dynamic effects, resulting in reduced
material consumption and labor contentthe complexity of the restoration of structures.In the work considered one way to active protection of building structures based on the yielding supports in the form of wrinkle
inserts the ring section. The influence of ductility of connections is described by the structures coefficient of dynamic and, consequently, on the displacements, strains and stresses. The influence of ductility of supports
on the designs behavior under short-term dynamic loading has been studied numerically-theoretical method. Based on theoretical research of the algorithm of dynamic calculation of reinforced concrete beams with
cracks, using the calculation of structures under various conditions of deformation of the yielding supports. Results of the calculation shows that the use of yielding supports, deformable only in elastic stage, not in all
cases leads to a decrease in the coefficient of dynamic. In this case, the values may arise where ®® there isa negative effect of yielding supports on the coefficient of dynamic. The highest effectiveness of the using of
yielding supports can be in plastic stages without going to the stage of hardening.
Key words: short-term dynamic load, equation of motion, the coefficient of dynamic, yielding supports, dynamic function, reinforced concrete beam, free frequency.



CelicMUYECKHE PAcUEThI
B.M. OBO30B!, i.1.1.,1pod., M.A. TOJICTBIX?, unsk. 'AO HUI«Crpouteibcteo», IHUUCK um.B.A.Kyuepenko, 2AO«ICK-1»
UCCJEJOBAHUS BJAUSIHUSA )KECTKOCTH IIPOCAJJOYHOI'O OCHOBAHUSI HA KOJIEBAHUSI ITPY CEMCMUYECKHUX BO3JIENCTBHUSIX...71
Ilens paboThl — OLECHUTH BIMSHHE H3MEHEHNUs KECTKOCTH OCHOBAHHS IO/ YaCThIO IUIOMaaN (pyHIaMEHTa, XapaKTepPHOE JUIS POCAT0YHBIX TPYHTOB IIPH UX 3aMaunBaHuH. [IpHBEICHbI pe3yIbTaThI
HCIBITAHNH Ha CefiCMUYECKIE BO3ACHCTBHS IPOCTPAHCTBCHHON CTAIBHON PaMBbl, YCTAHOBJICHHOM 10 YIIaM Ha 9eThIPE YIPYTHe OMOPbI, HIMUTHPYIOIINE OCHOBaHHe. Takke Ha CTaIbHON pame ObLIH
YCTaHOBIICHBI IaTYNKH-AKCEICPOMETPHI ISl (PUKCAIIMH BEIMYNH YCKOPCHUH U TIePEeMEICHHI CTalIbHOI paMbl. CellcMIYecKoe BO3CHCTBHIE TeHEPUPOBAIOCh IPHU IIOMOIIHN CHICIHAIbHOI
BuOpomtatdopmbl. MCIIBITAaHHS HMEIH LeIb OLCHUTD BIMSHUE H3MECHCHHS )KECTKOCTH OCHOBAHMSI TI0J] YACTBIO IUIONIAH QYHIAMEHTA, YTO XapAKTePHO UL IPOCALOYHBIX TPYHTOB IIPH UX 3aMaYNBaHHH.
TIpoBezieHO JiBe CepHH UCIBITAHUI. B 0/1HOM cepHy MCIIBITAHNS IPOBOIMIMCEH IIPH OJMHAKOBOM KECTKOCTH BCEX YETHIPEX OMOP — CUTYAIs B OOIIEM ClIydae COOTBETCTBYET COCTOSHHIO IIPOCAJJOYHOIO
OCHOBAHMSI 10 3aMauMBaHKs TPYHTOB. BO BTOpOIi cepru HCIBITAHHS IPOBOAIIIICH IPH YMEHBIICHHOMN )KECTKOCTH [BYX OIIOP, YTO COOTBETCTBYET CIIydar0 3aMavyMBaHMUs IPOCAT0YHOTO OCHOBAHUS MO
yacThio mromanyu Gpynnamenta. CornocTapieHHe pe3y IbTaToOB UCIIBITAHNI B STHX JBYX BapHaHTAX MO3BOJIMIO KAUYECTBCHHO OLICHUTH BIMSHUE HA KOJNCOAHNsS YMEHBIICHHE KECTKOCTU OCHOBAHHS Ha
YaCTH IUIOMIAIHN.

KaroueBble cioBa: Koje6anus, ceiicMUUECKUe BO3ICHCTBYS, CTalbHAs paMa, KoIeOaH s, POCaI0YHbIe IPYHTHI, 3aMayiBaHUE IPYHTOB, )KECTKOCTh OCHOBAHHSL.
UDC 69.059. INVESTIGATION OF THE INFLUENCE OF THE SUBSIDENCE BASE STIFFNESS ON THE OSCILLATIONS UNDER SEISMIC EFFECTS. V.1.Obozov', M.A.Tolstyihz,
'Koucherenko TSNIISK, *JSC«DSK-1.
The article presents the results of tests on the seismic effects of a spatial steel frame installed at the corners on four elastic supports, imitating the base. Also, accelerometer sensors were installed on the
steel frame for fixing the values of accelerations and displacements of the steel frame. Seismic impact was generated using a special vibroplatform. The tests were designed to assess the impact of
changes in the rigidity of the base under a part of the basement area, which is typical of subsiding soils when soaked. Two series tests were performed. In one series, the tests were carried out with the
same rigidity of all four pillars - the situation generally corresponds to the condition of the subsiding base before soaking. In the second series, the tests were carried out with a reduced rigidity of the two
supports, which corresponds to the case of soaking the subsiding base under a part of the basement area. Comparison of the test results in these two variants made it possible to qualitatively assess the
effect on the oscillations of the decrease in the rigidity of the base over part of the area.
Key words: vibrations, seismic effects, steel frame, soil soaking, soil subsidence, soil stiffness.

B nomorib mpoeKTHPOBIIHKY
A.C. MAPYTSH, k.1.1.,001. ®uinan Cesepo-Kapkasckoro genepanbnoro ynusepcurera B r.IIsturopeke.
TPANENUEBU/HBIE TIPO®UJIBHBIE TPYBbI U PACUET UX OIITUMAJIbBHBIX IIAPAMETPOB...76
TIpencraBneHo HOBOE TEXHUYECKOE PEIICHHE TPAIICLUCBIAHEIX TPYO ¢ BepXHEl (MEHbIIeiT) i HIDKHEH (O0oubIeit) TOIKaMi, ABYMsI PABHOHAKIOHHBIMU CTCHKAMU M BHYTPCHHIM PeOpOM,
PACIIONOKEHHBIM IO CEPEe/IMHE BEPXHEH MOJIKH NMEePICHIUKYIAPHO MOIKaM M CHOPMHUPOBAHHBIM CBAPKOH OTOIHYTHIX KPOMOK JIHCTOBOI 3arOTOBKH. TyIIOYTOJBHBIC CONPSDKCHHS HAKIOHHBIX CTCHOK C
MEHBLICH IIOJIKON M X OCTPOYTOJIBHBIC COIPSKEHHS ¢ GOIBIIICH MOJIKOH yBEIHYHBAIOT KOHCTPYKTHBHO-KOMIIOHOBOYHBIC BO3MOXKHOCTH TPANELUEBUIHOTO IPOQIIIS B CTEPKHEBBIX HIEMCHTAX
(epMeHHBIX 1 6anI0YHBIX KOHCTPYKIHil. [IpHBefcH pacyeT ONTHMAaIbHBIX IAPAMETPOB TOHKOCTCHHBIX CCYCHHIT TPAIICLUCBIAHOM (OPMBI C BHYTPEHHIM peOpoM U Oe3 Takoro pedpa 1o IpuOImKeHHON
METOJIMKE, aPOOHPOBAHHOI IIPH ONTHMH3AIMH PEIICTYATHIX KOHCTPYKIIHI C HCIIOIb30BAHHEM POMOMYECKUX M KBaJPaTHBIX (CTaHAApTHEIX) npoduueii. ITo pe3yapraTtaM pacuera B SIEMEHTE,
PaBHOYCTOHYMBOM U3 IUIOCKOCTH U B IIOCKOCTH (hepPMEHHOT KOHCTPYKIIMH, TIPU OTHOIICHHHU rabapuTHBIX pa3mepos npoduis 1/1 u otHoeHnu pasmepos ero nouok 0,6/1 Beicota pebpa pasua 0,0751
OJIHOT0 M3 rabapUTHBIX pa3MepoB. B sneMenTe 6anoyHoi KOHCTPYKIIMM MOMEHT CONMPOTHBIICHHS €I0 CEYSHHs B CHIIOBOM INIOCKOCTH ONITUMH3HPOBAH 3a CYET TOTO, YTO OPAMHATA IIEHTPA TAKECTH
COCTABIISIET [OJTYBBICOTY IPOQUIIS PH OTHOLICHHUH ero rabapuTHbIX pa3mepoB 1/1, oTHomeHnn pasmepos ook 0,6/1 u Beicote pebpa, paBroii 0,2768 ogHOTO U3 rabapuTHBIX pa3mMepoB. BeimonHeH
CPaBHHTEJIBHBIN aHAIM3 PACYCTHBIX [IAPAMETPOB TPATICIIUEBHIHBIX, OTYIIOCKOOBATBHBIX, KPYTIIBIX U KBAJIPATHBIX IIPO(UICH, OCHOBHBIE PE3yIIbTaThl KOTOPOIO MOITBEPKIAIOT IEPCIEKTHBHOCT
MPUMEHEHHS TPANCHICBUIHBIX TPYO HOBOI MOAMGUKALMY B HECYIIMX KOHCTPYKIUUSX 30aHUH U COOPY/KCHHIL.

KiroueBble ¢/10Ba: TpanenyeBUIHbIC TPYObl, THYTOCBapHbIC PO, IPOGUIBHBIEC TPYObI, ONTHMU3AIMS CEUCHHI, pacUeT ONTHMAIIbHBIX TapaMeTPOB, GepMEHHbIC KOHCTPYKIIUH, GalouHbIe
KOHCTPYKIIHH.
UDC 624.072.2.014. TRAPEZOIDAL PROFILE TUBES AND CALCULATION OF THEIR OPTIMAL PARAMETERS. A.S. Marutyan, Branch of the North Caucasus Federal University in
Pyatigorsk, Russia.
Abstract. The article presents a new technical solution of trapezoidal tubes with upper (smaller) and lower (larger) flanges, two equally inclined walls and an inner rib located in the middle of the upper
flange perpendicular to the flanges and made by welding the bent edges of the sheet metal. Obtuse conjugations of sloping walls with a lower flange and acute angled conjugations with larger flange
increase design-layout possibilities for trapezoidal profile in truss elements and beam structures. The calculation of the optimal parameters of thin-walled trapezoidal sections with an inner edge and
without such an edge is given by an approximate method, tested in the optimization of lattice structures using rhombic and square (standard) profiles. According to the results of the calculation in the
element equidistant from the plane and in the plane of a truss with the ratio of the overall dimensions of the profile 1/1 and the ratio of the dimensions of its flanges 0.6/1 the height of the edge is 0.0751
of one of the dimensions. In the element of the beam structure the moment of resistance of its section in the force plane is optimized due to the fact that the ordinate of the gravity center is half the height
of the profile with respect to its overall dimensions 1/1 when the ratio of the dimensions of the flanges is 0.6/1 and the height of the edge is equal to 0.2768 of one of the overall dimensions. A
comparative analysis of the design parameters of trapezoidal, semi-oval, round and square profiles is performed. The main results of the analysis confirm the actuality of the use of trapezoidal pipes of a
new modification in the load-bearing structures of buildings.
Key words: trapezoidal pipes, bent welded profiles, profile pipes, optimization of cross-sections, calculation of optimal parameters, trusses, beam structures.
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PacueTsl Ha IPOYHOCTH

A.C. JEXTSPD, a.1.1., HanuonanpHas akaaeMusi H300pa3suTeIbHBIX HCKYCCTB M apXHTeKTYphI, I'. Knes, Ykpanna

O ®OPME OBOJIOYKHU BPAIIEHUS ITPU THAPOCTATUYECKOM HAI'PY)XXEHUMU...2

ToJuHa CTCHKH 3aMKHYTON 000I0YKH BPAIICHNUSI, 3a[I0JTHCHHO KIIKOCTHIO, OTBICKHBACTCS KHHEMATHISCKIM METOIOM TCOPUH HPEEIBHOr0 paBHOBecHst. PaccMoTpena Bo3MoxHas popma

paspylIeHHs TaKO! 000JI0YKH ¢ 00Pa30BAHUEM TPEX KOJBIEBBIX JIMHUI TeKy4ecTH. OTBICKMBACTCS TAKOE PACIIONOKEHHE STUX JIMHHUM, KOTOPOE IPHBOAUT K HAHOOJbIIEH ToNmuHe 0600uky. J{s

YaCTHOTO CIIydast — UIIMHAPUYECKOH 000I0UKN — HPUBEICHBI Pe3yIbTAThl KOHTPOIBHBIX BEIYUCIICHHI U JaHO CPABHEHHE C PaHEe OIyOINKOBAHHBIMU Pe3ylIbTaTaMu. PelleHa ONTHMH3aLHOHHAS

3aJ1a4a — OTBICKMBACTCS TaKas popMa MepuInaHa 000JI04KH, KOTOpas Ul KOHCTPYKIUH C 33JJaHHBIM BHYTPEHHIM 00BEMOM I103BOJISICT MOTY4HTh 000I0UKY ¢ HAHMEHBIIMMH 3aTpaTaMHi MaTepuana.
KittoueBble c;10Ba: 0607104Ka BPAIICHIS, TONIINHA CTCHKH, THAPOCTATHYECKOE HATPYKCHHE.

Strength calculations

UDC 624.04:539.376. ON FORM OF REVOLUTION SHELL UNDER HYDRO-STATICAL LOADING. A.S. Dekhtyar, National Academy of Fine Arts and Architecture, Kiev, Ukraine.

Abstract. The wall thickness of the closed shell of revolution was found for the filled liquid. The kinematical method of limit load theory is applied. The possible smash form for such shell with

formation of three circular plastic lines of is considered. Such location of these lines, which results in the most thickness of shell is found. For the special case — for a cylindrical shell — the results of

check computations are resulted and comparison is given with the before published results. An optimization task is solved — such form of meridian of shell which for structure with the set internal

volume allows to get a shell with the least expenditures of material is found.

Key words: shell of revolution, wall thickness, optrimal design.

A.A. MUHACSIH, unz., K.II. IATAKPECTOBCKHUM, n.1.1. IHAMCK um.B.A.Kyuepenxo (AO «HUILL «CTpouTteibeTBo»), r. MockBsa; e-mail: stroymex@list.ru
JUAATPAMMBI JTE®@OPMHUPOBAHUSI BETOHA U APMATYPbI KOPPO3HOHHO-IIOBPEKJIEHHBIX )KEJE3OBETOHHBIX IIVIMT NEPEKPBITHAL...7
Ilens paboTel — omnpeenenne GakTHIECKOH 3aBHCHMOCTH «HANPsKEHHE — AedopMarius» GeToHa U apMaTyphl JUIs COBEPIICHCTBOBAHNS PACUETOB MPU OLIEHKE OCTATOYHOIO pecypca Hecyeit
CIIOCOOHOCTH KOPPO3HOHHO-TIOBPEKACHHBIX JKEJIC300STOHHBIX [LUIUT HEPEKPHITHsL. [IpoBeIeHBI 1a00paTOPHBIC HCIBITAHUST 00PA3LOB GETOHA M aPMATYPbI, OTOOPAHHBIX U3 KEIC300CTOHHBIX ITHT
MEPEKPBITHSL 110 Pa3HBIM CXEMaM IIOBPEKICHIS, IOJBEPraBIINXCS BO3ACHCTBHIO HATYPHBIX KIMMATHICCKUX ycIoBui I. Mockssl. [TomydeHs! auarpamMmel 1eopMUpOBaHus OSTOHA IPU CKATUH U
PACTSKCHHH, a TAKKe JIMarpaMMbl PACTSIKCHHS TOBPEKICHHBIX apMaTYPHBIX CTEpKHEH. [l ynpoleHus pacyeTos (GpakTudeckas auarpamMma aehopMUpOBaHHUs MPEICTABISCTCS TPAaHCHOPMAIOHHBIMI
Y4aCTKaMH, KOTOPBIE HOTy4eHBI COaNIaHCHPOBAaHUEM YHEPrUU AehOPMALIIH C SHEPTHSAMH TPAHCHOPMALMOHHBIX YIACTKOB KaK B YIPYTOH, TAK U YIPYro-IUIACTHISCKOM CTaquH PabOThl MATEPHATIOB.
Hecymias criocoGHOCTh MCCIIelyeMbIX ILTMT H3MEHANACh B 3aBHCUMOCTH OT CXEMBI (y4acTKa) MoBpexaeHns. Ha OCHOBaHNM 3KCIIEPHMEHTANIBHBIX HAarpamMM aehopMUpOBaHUs GETOHA H apMaTypbl MOTYT
OBITh BBIIIOJIHEHBI PACYETHI U OLICHEHBI OCTATOYHBIE PECYPCHI HECYILEH CIOCOOHOCTH ILIHT IO Pa3HBIM CXEMaM KOPPO3HOHHOTO MOBPEKIACHHUSL.

KiroueBble ¢/10Ba: KOPPO3HOHHOE HOBPEXKJICHUE XKeIe300STOHHBIX [LINT, HarpaMMbl 1ehOpMUPOBAHUs GETOHA H apPMATYpPBl, CXEMBbI IIOBPEKICHHS TLUIHT.
UDC 624.072.225.THE STRAIN DIAGRAM OF CONCRETE AND REINFORCEMENT TEAMS OF CORROSION-DAMAGED REINFORCED CONCRETE SLABS AT NATURAL
CLIMATIC CONDITIONS. A.A. Minasyan, K.P. Pyatikrestovsky, V.A. Kucherenko Central Research Institute of Building Constructions, Moscow; email: stroymex@list.ru.
Abstract. The article presents diagrams of concrete and reinforcement deformation of corrosion-damaged floor slabs. The considered floor slabs were subjected to intensive influence of climatic
conditions of Moscow, as a result of which they were dam- aged by different schemes. The bearing capacity of these plates varied depending on the scheme (site) of damage. At the same time, concrete
and reinforcing bars were tested according to different schemes of corrosion-damaged plates. The diagrams of concrete deformation of undamaged and damaged areas and the diagrams of stretching of
damaged reinforcing bars are obtained. On the basis of experimental diagrams of concrete and reinforcement deformation, calculations can be made and residual resources of the bearing capacity of
plates damaged by corrosion can be estimated.
Key words: diagram method corrosion damage of reinforced concrete slabs, bearing capacity.

JL.C. CABUTOB'"?, k.1.1., O.B. PATAUKUH?, k.T.1.., I.JL. KY3HELIOB?, a.1.1., 'Kasauncknii denepanbublii ynusepcuter, 2Kazanckuii rocy1apcTBeHHbIi apXHTEKTyPHO-CTPOUTEbHBII
yuusepcuret, *KazaHckuii rocy1apcTBeHHbIIi JHepreTHUecKUii yHHBepcHTeT; e-mail: Lsabitov@bk.ru

TEOPETUYECKHUE OCHOBBI OIIPEJEJEHUS HANIPSIDKEHHO-IE®OPMHUPOBAHHOI'O COCTOSSHHUSI TOHKOCTEHHBIX CTEP)KHEM-OBOJIOYEK...14

PaCCMOTpCHLI HOBBIC TCOPETUICCKHUEC OCHOBEI ONIPEICIICHUSA HﬁHpﬂ)KCHHO-I[CdJOpMI/IpOBaHHOFO COCTOSIHUS TOHKOCTCHHBIX CTCP)KHC]‘;I-O6OHO‘ICK 3aKpBITOTO HpOdJ]/IJ'[)I, TIO3BOJIMBIINE aBTOPaM MOJIYIUTH
YaCTHBIC METOJMKH PAacyeTa MPOYHOCTH BBICOTHBIX COOPY/KEHHII H HX CTHIKOBOYHBIX y3JIOB — Ha IIPHMEPE OIOp BO3AYIIHBIX JIMHHUH 31ekTponepenay (BJI). TIpeuiaraeMblie TeOPETHISCKUE MOTOKCHNUS
NpEeACTaBIAOT coboit COBOKYITHOCTb I'MIIOTE3, MATEMAaTHYCCKUX MOHeHCﬁ H aHAJIUTHYCCKOI'O dJOpMyJ'IBHOFO arrapara. H]JI/I OTOM JJIs1 pacyeTa HENOCPEACTBEHHO CTep)KHH-O6OJ'IO‘1KI/I, MOJCIINPYIOUIETO
CTBOJI BBICOTHOT'O COOPY)KEHHS, IIPUMEHEHO J[Ba Pa3IMYHBIX 10/1X0/1a: | — Gasupyromuiicsi Ha OOIIMX NPUHIUIIAX MEXaHUKH TOHKOCTCHHBIX CTEPHKHEH, 2 — CTPOSIIHIICS Ha OCHOBE BapHALIMOHHOTO
npuHImna KacTuiiesHo; B 060MX 110/1X0/1aX B OTIMYHE OT CYIIECTBYIOIUX TEOPHil YUTCHBI CJIBUTOBBIC Je(hOPMAIH, BHI3BAHHBIC JICTUIAHALNCH CCUCHNUs IPU CTCCHEHHOM KPYYCHHH, HATHYHEe
KOHYCHOCTH CTE€PKHS, & TAKKE U3MCHCHHUE TOJIIHUHBI €0 CTEHKH I10 BBICOTE. OHOPHLIﬁ CTBIKOBOYHBIH y3en CTCp)KHﬂ-OGOHO‘{KI/I PaCcCMOTPEH B IBYX BapUaHTaX UCIOJHEHUA: B BUIC d)na}lua HuCco



CIIeIHANBHON KOHMYECKOl BCTABKON KPUBOJIMHEHHOI GOPMBI, KOTOpast ONpe/elseT HOBU3HY KOHCTPYKIIMH CThIKa. B mepBoM BapHaHTe JIs OLICHKH yCTOWYMBOCTH OMOPHEIX pebep (iaHIa NpUMeHEeH
3HepreTH'{CCKP[]>i nmoaxom ﬂ)i( Epai[ox{a, TIOCTPOCHO COOTBETCTBYIONIICE HHquJCpCHL[HaHBHOC YpaBHCHHUC B YaCTHBIX IIPOU3BOAHBIX, a €TI0 PCUICHUEC NIPEAIAaracTcs HaX0AUTh YUCICHHO C IIPUMEHCHUEM
METO/1a KOHCUHBIX JIEMEHTOB. B CBSA3M ¢ 3THM JieTalIbHO MPOPaboTaHa METOMKA CO3IaHHs KOHEUHO-3JIEMEHTHON MOJIEIIH OIIOPHOTO pedpa Ha OCHOBE CPABHEHHS TPeX Hanboiee MpaBIonog00HbIX
pacueTHbIX cXeM. JIJIs BTOpOro BapHaHTa MOJy4eHO PACYETHOE BBIPAXKCHNUE, TIO3BOJISIONIEE OIUCHIBATE ONTHMAIbHYIO (HOPMY KOHMUECKOH BCTaBKU. Takke PacCMOTPEH BTOPOI CTHIKOBOYHBIN y3€lI,
YCIIOBHO Ha3BaHHBIN «TCJICCKOMMUYCCKUM», KOTOpLIﬁ COCIUHACT MEXKIY coboit JABa CTCp)KH}l-OGOHO‘IKI/I pasHoOro auamerpa. ﬂl’[ﬂ HETO TCOPETUUCCKH IOJTYyUCHA OIITUMAJIbHAS l'J'Iy6I/[H3. 3aJCJIKH OJHOTO
CTEepsKHS B JIpyroil. TpeTnii 3 pacCMOTPEHHBIX Y3JI0B — CTBIK TOKOBEIYIIEro IIpoBojia onopsl BJI ¢ H3018TOpOM B BHJIe KOHCONIH KPYIJIOTO CEYEHHS C )KECTKO 3aKPEIUICHHBIM KOHI[OM OOJIBIIEro
CEUYCHHUS; NJIs1 OTOTO CTHIKA IMOJYUYCHO PaCUY€THOE BBIPAXKCHUE, ITO3BOJIAIONIEE IT01YyYaTh ONITUMAIBHYIO d)OpMy nepexoaa ot 3aKuMa U30J1AToOpa K IpOBOAY. Ha ocHoBe IIPEACTaBICHHBIX B pa60Te
TEOPETUYECKHX OCHOB MOJy4EHBI YETHIPE YACTHBIC pacueTHbIe MeTOANKH oneHKH HJIC mpeinoskeHHbIX KOHCTPYKIHI{ M UX Y37IOBBIX COCAMHEHHII: @) TOHKOCTEHHBIX CTEPXKHEH-000JI09eK 3aMKHYTOTO
cedyeHHs co caaboi KOHYCHOCTBIO, 0) TEIeCKONMNYECKUX COSTMHEHUN TPyOUYaThIX CTEPIKHEH Pa3HOro AUAMETpa, B) COCANHEHHUS TPYOUATHIX CTEPIKHEH ¢ MOMOILIBI0 KOHHYECKOil BCTABKH, T') COSIHHECHHS
TOKOBEYIIHMX IIPOBOJOB U H30siTopa oropsl BJI. IIpu 3TOM Bce METOIMKH Peani30BaHbl Kaaas B CBOGM IPOrpaMMHOM KOMIUIEKCE aBTOPCKOM pa3padoTku — ITK «AutoRSS.01», ITK «AutoRSS.02»,
TIK «AutoRSS.03» u I1K «AutoRSS.04».

KiroueBble c10Ba: BHICOTHBIC COOPYKEHHs, TOHKOCTEHHBII CTepXKeHb, 000JI09Ka 3aMKHYTOI0 IIPOQUIIs, TEOPETHUECKHE OCHOBBI, METOIHKA pacyeTa.
UDC 624.012, 539.3. THEORETICAL BASIS OF DETERMINING THE STRESS-STRAIN STATE OF THIN-WALLED RODS-SHELLS. L.S. Sabitov1.3, O.V. Radaikin2, I.L. Kuznetsov2, 1
Kazan (Volga) Federal University, 2 Kazan State University of Architecture and Civil Engineering, 3 Kazan State Power Engineering University; e-mail: l.sabitov@bk.ru
Abstract. The paper deals with the new theoretical basis for determining the stress-strain state of thin-walled rods-shells of the closed section, which allowed the authors to obtain private methods for
calculating the strength of high-rise structures and their docking assemblies — for example, the supports of overhead power lines (overhead). The proposed theoretical provisions are a set of hypotheses,
mathematical models and analytical formulaic apparatus. At the same time, two different approaches were applied to the calculation of the shell rod directly modeling the trunk of a high-rise structure: 1
— based on the General principles of the mechanics of thin-walled rods, 2 — based on the castigliano variational principle; in both approaches, in contrast to the existing theories, the shear deformations
caused by the deflation of the section with constrained torsion, the presence of the taper of the rod, as well as the change in the thickness of its wall in height are taken into account. The support docking
Assembly of the shell rod is considered in two versions: in the form of a flange and with a special conical insert of a curvilinear form, which determines the novelty of the joint design. In the first
embodiment, to assess the stability of the flange support ribs applied energy approach j. The corresponding partial differential equation is constructed, and its solution is proposed to find numerically
using the finite element method. In this regard, the method of creating a finite element model of the support edge based on a comparison of the three most plausible design schemes is elaborated in detail.
For the second variant, a calculated expression is obtained that allows describing the optimal form of the conical insert. Also considered the second docking Assembly, conventionally called
«telescopic», which connects two rods-shells of different diameters. For it, the optimal depth of embedding of one rod into another is theoretically obtained. The third of the considered nodes is the joint
of the current-carrying wire of the overhead line support with the insulator in the form of a round section console with a rigidly fixed end of a larger section; for this joint, a calculated expression is
obtained that allows to obtain an optimal form of transition from the insulator clamp to the wire. On the basis of the theoretical bases presented in the work, four particular calculation methods for
estimating the VAT of the proposed structures and their nodal connections are obtained: a) thin-walled rodsshells of a closed section with a weak taper, b) telescopic connections of tubular rods of
different diameters, ¢) connections of tubular rods with a conical insert, d) connections of current-carrying wires and an insulator of the support of the overhead line. All methods are implemented each in
their software authoring — PC «AutoRSS.01», PC «AutoRSS.02», PC «AutoRSS.03» and PC «AutoRSS.04».
Key words: high-rise structures, thin-walled rod, closed section shell, theoretical basis, calculation method.
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BHEIEHTPEHHBIN YIIPYTHUIM YIAP...26
Ilenbto JaHHO PaOOTHI ABJISAETCS UCCIICOBAHNE BOIIPOCOB BHEIICHTPEHHOTO YIapHOTO HAIPYKCHHUS YIPYToif CTOMKH B paMKaXx 3JIeMEHTapHO# Teopuu. IIpu 5TOM OmpeensioTcs: AMHAMHYECKUe
HOPMAJIbHBIC HAIIPSDKCHHS B IIOIICPEYHOM CEUCHNH CTOWKH, MOI0XKCHNE HEHTPAIBHOI INHHUH IIPH yAAPHOM BO3ACHCTBHIL, SIIPO CEUCHHS. B OCHOBY 97I€MEHTAapHOI TEOPHH BHELICHTPEHHOTO yAAPHOTO
BO3JICICTBHUS MOJI0XKEH IIPHHIINI HE3aBUCUMOCTH JICHCTBHS CHII. Y JapHOE BHELICHTPEHHOE HArPY/KEHHE CTEPIKHS PACCMATPHBACTCS KaK COBOKYITHOCTb TPEX JJMHAMUYCCKHX BO3JICHCTBHUI: yiapHOe
HArpy»KEeHHE IPOJOIBHOM CHIIOH, IPHIIOKEHHO B LICHTPE TSHKECTH HOIEPEYHOr0 CEUCHNUST; yAapPHOE HArPYXKCHNE N3rHOAIOIMMHI MOMCHTAMH OTHOCHTENIBHO TJIABHBIX LEHTPAIBHBIX OCEH HHEPLHI
CEUCHMSI, TAKXKE IPHIOKCHHBIME B LIEHTPE TSHKECTHU IIOIEPEUHOro cedeHus. OCcTaBasich B paMKax dJIEMEHTAPHOM TCOPHH yaapa, HOKa3aHo, YTO HeHTPAIbHBIC INHHUH IPH CTATHYECKOM U JHHAMHYECKOM
(ynapHOM) BO3/IEHCTBHAX HA BHEIICHTPEHHO CXKATYIO YIPYTYIO CTOHKY He COBIIAIAI0T; MOJ0XKEHNE HEHTPaIbHOM JIMHUH IPU THHAMHYECKOM BO3IEHCTBHH ONPEIEIISAETCS He TOIbKO KOOPIHHATAMHI TOUKH
MPUIOKCHUSI YIAPHOTO BO3ACHCTBIS, HO TAKXKE M BEIMIMHON AeicTByomei crbl. KoaduiueHT tuHaMIaHOCTH CTONKY ABISIETCS QYHKIMEH KOOPAMHAT, TO €CTh H3MEHSETCS] OT TOUKU K TOUKe
MONIEPEYHOT0 CEUCHNs, IIPHYEM B 3HAYUTENBHBIX Hpejienax. Jlis HeliTpaabHBIX JIMHUI, epeceKarolnX II0IepeyHoe ceueHne, KOG QUIMEHT JMHAMHYHOCTH MOXET OBITh KaK IOJIOKHUTEIBHOM, TaK
OTPHULATENbHOI BeanunHOM. Ha HeliTpanbHOI IMHHUK, COOTBETCTBYIOIICH CTATHYECKOMY HATPYKEHHIO, KOO(Q(GUIUCHT AMHAMIYHOCTH TEPSIET CMBICI, Ha HEITPAIbHOI JINHUH, COOTBETCTBYIOLICH
JIMHAMUYECKOMY HarpyeHuIo0, Ko3QQUIMEeHT JMHAMHYHOCTH CTAHOBUTCS PaBHBIM HyJII0. BeludmHa si/ipa ceueHns Py TMHAMHYECKUX (yIapHbIX) BO3JCHCTBUAX 3aBHCUT OT BEIMYHMHBI ICHCTBYIOIICH
cubl. [ToydeHHbIEe B CTAaThe PE3yIBTATHI MOTYT OBITh HCIOIB30BaHbI IPH OLICHKE BEINYNHBI HOPMAIIBHBIX HAMPSDKCHHI B IONEPEUYHbIX CEUCHUSX BHCLIGHTPEHHO HATPYKCHHBIX CTOMKAX IIPH YAAPHOM
BO3JICHCTBHH.

KitioueBble ¢j10Ba: ynpyras CTONKa, BHELEHTPEHHOE CKAaTUE, YAAPHOE HAarpy:KeHue, Kod(HUINEHT JUHAMAYHOCTH.
Dynamic calculations
UDC 624.042.8. ECCENTRIC ELASTIC COLLISION. S.V. Bakushev, Penza State University of Architecture and Construction; email: bakuchsv@mail.ru.
Abstract. The aim of the present investigation is to examine the issue of eccentric shock loading of a spring beam within elementary theory. Whereas dynamic normal stresses at beam cross section,
neutral line position at shock impact, core of cross section are being determined. The basis of elementary theory of eccentric shock impact is formed by principal of forces action independence. Eccentric
shock loading of a bar is considered as a combination of three dynamic actions: shock loading by axial force, applied in the centre of gravity of cross section; shock loading by moments of flections
regarding main central axis of inertia of cross section, also applied in the centre of gravity of cross section. Within the elementary theory of collision, it was shown that neutral lines at static and dynamic
(shock) impact at eccentric compressed spring beam are inconsistent; the position of neutral line at dynamic impact is determined not only by point coordinates of shock impact application, but also by
acting force magnitude. Beam dynamic coefficient is a function of coordinates, that means, it changes from point to point of cross section, moreover, changes considerably. For neutral lines, crossing
cross section, dynamic coefficient may be of both positive and negative magnitude. On neutral line, corresponding static loading, dynamic coefficient loses its meaning, on neutral line that corresponds to
dynamic loading, dynamic coefficient becomes equal to zero. Cross section core magnitude at dynamic (shock) impacts depends on acting force magnitude. Received in the present article results can be
applied at evaluation of normal stresses in cross sections of eccentric loaded beams at shock impact.
Key words: bouncy rack, eccentric compression, shock loading, dynamic coefficient.
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OBECHEYEHUE JUHAMUYECKOM )KUBYYECTH 3JAHUNA U COOPYKEHUW ITPU CEICMUYECKHUX BO3JENCTBUSIX...34
Llens paGoThI — HCCICAOBAHHE JUHAMUYCCKOI KUBYUCCTH 3aHAN U COOPYKEHHIT, OCHAIICHHBIX KOMOMHHPOBAHHBIMH YIIPYTO-IUIACTUYECKHMH H XPYIIKO-CKa9KOOOPA3HBIMH BBIKITFOYAIOMIMHUCS
JNeMeHTaMu. JIMHaMHYecKas KUBYYECTh — MHOTOKPAaTHOE HACTPOCHHE KECTKOCTH, TIEPHOIOB H JIUCCUIIAINN KoJeOaHnii cpabaThIBAHMEM U BBIKIIOYCHHEM KOMILICKCA 3JIEMEHTOB IPH CeHCMUYECKHX
Bo3eiicTBUsAX. [IPOBEICHBI TCOPETHUCCKIE HCCIICIOBAHIS CEHCMOCTORKOCTH 30aHMIl H COOPYKCHII OCHAIIICHHEM B KOHCTPYKTHBHBIX CXeMaX KOMILIEKC JJIEMEHTOB, B KOTOPBIX IIPH OHPEICICHHOM
YPOBHE CEHICMHYECKUX YIapOB — HAPACTAHHE CKOPOCTH JBHKCHHS, BBHIKIIFOUAIOTCS XPYIKUE IIEMEHThI )KUBYYCCTH. A )KHBYUHE SJIEMEHTHI BTOPOT'0 THIIA YIPYro-IUIACTHYECKHE, BBIKIIIOYAIOTCS IPU
HApaCTaHUU YCKOPEHUS OIPEICICHHOrO (II0POroBOro) 3HadeHMsl. MeTojaMi OCHAIICHHUS KUBYIECTH MOTYT OBITh PA3HBIC CUCTEMBI YIPABICHHUS JKECTKOCTH, JUCCUITALNNI U APYTUX IapaMETPOB,
KOTOPbIC H3MEHSIOTCS TIPH CEHCMHYECKUX BO3/ICHCTBHSX, CHIKASl HAIPY3KH, IPHXOJIAIINECS Ha coopykeHue. IIpu CUIBbHBIX M Pa3pyIINTEIbHBIX 3¢MICTPACCHUSX CpadaThiBAHNE U BBIKIIOUCHHE
KOMIUICKCHBIX CHCTEM IIPOUCXOJUT H3MEHEHHS )KECTKOCTH, BBIXOJ 3aHNUs U3 PE30HAHCHOM 30HBI U CHIKCHHS CeHCMUYECKHX HArPY30K. B 3MaHMsAX ¢ METAIINYECKUM KapKacoM 00pasyroTCst yIpyro-
IUTACTHYECKHE U IUIACTHYECKUE TeopMaIii, B 3/[aHUAX C JKeJIe300eTOHHBIM KapKacoM U KepaM3UTOOCTOHHBIMH CTEHOBBIMH 3aIOJHEHUAMH 00Pa3yloTCsl MHOTOUHCIICHHBIE YYaCTKH XPYIKHX
PpaspyILICHHUH ¢ HE3HAUUTEIBHBIMA Ae(HOPMALMIMI HECYIHUX IeMEHTOB. UaCTHYHbIC TOBPEKACHNUSI, CKOJIBI, MUKPOIIOPBI, TPEIINHBI, XPYIIKOE CKAaYKOOOPa3HOE Pa3pyLICHHE U ILTACTHICCKUE
JeopMaIuy OTICIbHBIX 3IEMEHTOB B 3HAUNTENIBHON CTETICHH HOITIONIAI0T SHEPIUI0 CeiiCMUYECKHX BO3ICHCTBIMN, IPUXOJIAILYI0 Ha coopyKeHHe. TakuM o6pa3oM, OCHAIIAs COOPYKEHNUs
CIIeNUAbHBIMH XPYIKO-Pa3pyIIAOIIMMHCS U YIIPYTO-IUIACTHYECKHMU 3JIEMEHTAMH, MOXKHO JOCTUYb HOBBIIICHNS KUBYYECTH 3JaHHIl IPH CeIICMUYECKUX U TMHAMHYECKUX BO3ICHCTBHSAX B YCIOBHAX
Upe3BBIYAHON CHTYyaIiH.

KuroueBble ci10Ba: JMHAMHYECKas )KUBYYECTh, CCHCMHYECKUE BO3JEHCTBHS, CIIEKTP PEAKLUH, CeHCMO3AIINTHBIE JJIEMEHTbI, THOKHE CBSI3H, KHHEMATHIECKHE OIOPBI, AHAIa30H KHBYIECTH.
Seismic calculations
UDC 624.042.7. ENSURING THE DYNAMIC VIVACY OF BUILDINGS AND CONSTRUCTIONS WITH SEISMIC IMPACT. A.V. Minasyan, V.A. Kucherenko Central Research Institute of
Building Constructions, Moscow; e-mail:1747210@mail.ru.
Abstract. Analysis of the devastating earthquakes that occurred in the last 20-25 years: in Mexico - Mexico-1985, in Armenia - Spitak-1988, in the US - California 1989, in Russia - Neftegorsk-1995, in
Japan - Kobe-1995, In China - Sichuan-2008, in Italy - L’ Aquille-2009, show that in structures that have undergone strong earthquakes, zones of plastic currents and brittle discontinuous fractures are
formed. In buildings with a metal frame, elastic-plastic and plastic deformations are formed, in buildings with a reinforced concrete frame and claydite-concrete wall fillings, numerous patches of brittle
fractures are formed with minor deformations of the bearing elements. Partial damage, chips, micropores, cracks, brittle sudden fracture and plastic deformation of individual elements to a large extent
absorb the energy of seismic effects coming to the structure. Thus, equipping the structures with special brittle-breaking and elastic-plastic elements, it is possible to achieve an increase in the
survivability of buildings under seismic and dynamic effects in emergency situations.
Key words: dynamic survivability, seismic effects, reaction spectrum, seismic protection elements, flexible connections, kinematic supports, survivability range.
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METO/JIMKA MOCTPOEHMS KPUBOU HECYIIEN CITIOCOBHOCTH 3JAHUSI...44
Kpusas Hecymieit cmoco6HOCTH 0TOOpakaeT paboTy KOHKPETHOTO 3AaHUS MO/ ISHCTBHEM MOHOTOHHO YBEIMYHBAIOLICHCS HArPY3KH B TEUCHHE BCETO MpoLecca HarpyKEeHHs BIUIOTH 10 paspymenus. C
TOMOIIBIO KPHBOI HECYIIEH CIOCOOHOCTH B 3apyOe)KHOH MPAKTHKE MPOCKTHPOBAHMS OIICHUBACTCS CEHCMOCTOMKOCTh 3/1aHMI C y4eTOM MX BO3MOKHBIX OBPEXKICHUH, BBI3BIBAEMBIX 00JICE CHIIbHBIM
3EMIICTPSICEHUEM YE€EM TO, HA KOTOPOE 13TO 3JaHUEC OBLIO 3aIlIpOCKTHUPOBAHO. HOCTPOCHI/IC TaKoM KpI/IEOf;[ OCYLIECTBJIACTCA, KaK IIPAaBUJIO, C UCIIOJIB30BAHUEM ITAKETOB KOHCYHO-3JIEMEHTHOI'O aHAJIN3a,
KOTOpBIC O3BOJISAIOT IIPOM3BOANTE PACUET IIPOCTPAHCTBEHHON MOJIEIN 3/1aHus B QH3HYCCKU HEIMHEHHO nocTaHoBKe. OJTHAKO aJIeKO He BO BCEX TAKHX IIAKETaX MMEETCs OJHO3HAYHBI KPUTEPHIi,
or[peuenmomnﬁ SIBHBIM 06p8.30M MOMCHT IIPEBPALICHUS KOHCTPYKIIUA B MEXAHU3M U €€ NOCIICAYIOLICE Pa3pyIICHUEC. KpOMC TOTO, B YUCJIE Hanbosee LIMPOKO UCIHOJIB3YEMBIX I IIOCTPOCHUS KpHBOﬁ
HeCyIIei CIIOCOOHOCTH POTrPAMMHBIX IIPOJIYKTOB, JAIOIIHX TAKKE BO3MOXKHOCTh IIPOBOAUTH (DM3MUCCKH HETMHEHHBIC PAcUeThl, IIPE/IIIONIAraeTCs, YTO HHKEHEP JIOJDKCH 3apaHee ONpe/ieinTh B
3JIEMEHTaX PAcUeTHON CXEMbI 30HbI, B KOTOPHIX B IIPOIECCE HAIPYKEHUs KOHCTPYKIIMH OYTyT 00pa30BbIBAThCS IUIACTUYECKHE ITAPHUPEI, T.€. CAMOCTOATEILHO HA3HAYNTh CXEMY Pa3pyLICHUs
KOHCTPYKIIAH. Hp]/I 9TOM B HEKOTOPBIX CilIydasX HeﬁCTBHTeJ’ILHaﬂ CXeMa pa3pymeHnus MOKET CYIIECTBEHHO OTIINYATLCA OT OHpCHCHﬂCMOﬁ TI0JIB30BATEIIEM, YTO MOXKET IPUBECTH K HETOYHOMY IIPOTHO3Y
MOBEJICHHS! CUCTEMBI. B IaHHOI cTaThe IpeJUIokeHa METOIUKA IOCTPOCHUS KPUBOH HeCylIel ClloCOOHOCTH 3/1aHHsI, OCHOBAHHAs HA CTPOTOii OLIEHKE IPeIeIbHOM FOPH30HTANIBHOI HArpy3KH, ONpe/eieH
KpUTEpHUI pa3pyIIeH:ss KOHCTPYKIHH.

KiroueBble c/10Ba: KpuBas HeCyIleil ClIOCOOHOCTH, MOHOTOHHO BO3PACTaIoIIas Harpy3Ka, pe/ielibHas FOPU30HTAlbHAs HAIPy3Ka, COCTOSHHE TIPEIeIbHOIO PABHOBECHS, METOJ IICEBI0KECTKOCTEH,
30Ha O6pa3OBaHI/I${ IUIACTUYCCKUX I[CqJOpMﬂLl]/Iﬁ, NPEeACIbHOE TOPU30HTAIIBHOC NEPEMEIICHNUE BEpXaA 30aHUA.



Nonlinear calculations

UDC 624.04. BUILDING’S CAPACITY CURVE DEVELOPING METHOD. A.Yu. Ivanov, Saint-Petersburg State University of Architecture and Civil Engineering; e-mail: andreyivanov4@gmail.com.
Abstract. Capacity curve represent the behavior of a certain building under monotone load increment due the whole process of itsaction till collapse.With a help of capacity curve in foreign engineering
practice a building seismic performance can be evaluated considering any possible damage, which is inflicted to the building by a stronger seismic excitation then the design one. The capacity curve
developing in modern engineering practice, as a rule, is performed using the finite-element analysis software suites, which are able to provide the inelastic structural analysis of a 3D model of building.
However, by far not every analysis software can provide a clear criteria which indicates explicitly the moment ofturning theconstructioninto a mechanism and its subsequent collapse. In addition, among
the most popular software for capacity curve developing, which also allow to provide physically-nonlinear computations, it is assumed that the structural engineer priori has to allocatein elements of the
analytic model plastic hinges formation zones, h. e. independently assign a failure scheme of the structure. However, in some cases the actual failure scheme may differ from that specified by the user
that may lead to an erroneous prediction of inelastic behavior of structure. In this article the capacity curve developing method is suggested which is based on the accurate estimation of the ultimate
lateral load, and the structure collapse criteria is proposed.

Key words: capacity curve, monotone increase of load, ultimate lateral load, state of limit equilibrium, pseudostiffness method, plastic hinges formation zone, ultimate lateral top displacement of
building.
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HEJWHEWHBIA PACYET CTATUYECKH HEOIPEJEJIUMBIX JEPEBSIHHBIX KOHCTPYKIHMI U ONITUMU3ALMSA PASMEPOB CEYEHU PEBEP KYITIOJIOB...48
AHanu3 paboThl HATYPHBIX KOHCTPYKIHI KYIIOJIOB U3 KICCHOI JPEBECHHBI X MHOTOYHCICHHBIC [IPEIBAPUTEIIBHBIC PACICTHI TOKA3AIH BOBMOKHOCTS SJKOHOMHUH MaTEPHAIOB 3a CYCT YMCHBIIICHHS
BBICOThI CEUCHHS MEPUINOHANBHBIX pebep. Oco6eHHO 3T0 3D(EKTHBHO MPH BKIIOYCHUH IIPH IPOCKTHPOBAHHH OOIIMBOK, BBIIOIHAIOIIMX POJIb OIPaX<IafONINX KOHCTPYKIIHii, B COBMECTHYIO paboTy ¢
9IIEMEHTaMH KapKaca (KOJIbLEBBIMH U MEPUINOHAIBHEIME pebpami). MHOrOKpaTHast CTAaTHYECKask HEONPEASINMOCTb TaKOil KOHCTPYKIMH JOIyCKAeT HEMHHEHHYIO0 e¢ paboTy U IIepepacipeIe/cHIe
YCHIIMii TP HepaBHOMEPHBIX Harpy3kax. IIpy 5ToM OOIIMBKH BOCHPUHMMAIOT 3HAYMTEIIBHYIO YacTh YCHIINH, BOSHHKAIOMIMX B 000JI04Ke, a pedpa OKa3hIBAIOTCS HEJIOTPYKCHHBIMU. BBIIOTHEHBI
YUCIICHHBIC PACYCTHI 000IOYKH B PEXKUME PEAIbHOIO BPEMEHH [PU CTYICHYATO H3MEHSIOMICHCS OJHOCTOPOHHEH (Ha [OJIOBHHE IIOKPHITHS) HATPY3KE C yU4eTOM CE30HHBIX ee KoneOaHuil B TeueHne 5,4
net. Uccnenosano HJIC Bcex anemenToB. Jlist aHaym3a paboThl KapKaca pacueT BBIIOJIHACTCS METOAOM HHTEIPAJIbHOTO MOIYIIS, O3BOJIAIOIIET0 KOHTPOJIMPOBAThH CHIIOBOE COPOTUBIICHHE
KOHCTPYKIIUH B JTI000if MOMEHT €€ 9KCILTyaTaruy. Pa3paboTaHbl peKOMEHIALNH 110 HA3HAYCHUIO PAa3MEPOB CEUCHHI 000I0UKHU IPHU IIPOCKTHPOBAHUN.

KiroueBble ci10Ba: KyIoja U3 KIEeHOH IPEeBECHHBI, IIIACTUYECKHE Je(hOPMAIHH, CI0KHOE HAIPSIKEHHOE COCTOSHIE, YNCIICHHbIC PACYeThl, METO]] HHTEIPAILHOIO MOJIYJIs, PAllMOHAIBHBIC pa3MepPhI
CEUCHHUH HICMEHTOB.
UDC 624.042. NONLINEAR ANALYSIS OF STATICALLY INDETERMINATE WOODEN STRUCTURES AND OPTIMIZATION OF CROSS SECTIONS SIZES OF DOME RIBS. K.P.
Pyatikrestovskyl, B.S. Sokolov?, Research Centre «Construction», 'Koucherenko TSNIISK, 2Gvozdev NIIZHB, Moscow, Russia; e-mail: stroymex@list.ru.
Abstract. The analysis of the work of natural structures of the domes from laminated wood and numerous preliminary calculations have showed the possibility of saving materials by reducing a height of
a cross section of meridional ribs. It is especially effective while designing the cladding as enclosing structures in collaboration with the elements of the frame (ring and meridional edges). Multiple static
indetermination of such structure allows its non-linear work, and the redistribution of efforts under uneven loads. In this case, the sheetings take a significant part of efforts that occur in the shell, and the
edges are underloaded. Numerical computer calculations in real time mode at a step-changing unilateral load are carried out taking into account its seasonal variations during 5.4 years. The VAT of all
elements is investigated. For the analysis of the frame the calculation is performed by the method of integral module, which allows to control the strength resistance of the structure at any time of its
operation.
Key words: laminated wood domes, plastic deformation, complex stress state, numerical calculations, integral module method, rational dimensions of cross sections of elements.

PacdeTsl Ha ycTOHYNBOCTD
A.P. OJIYPOMBM, unx. THUUCK um.B.A.Kyuepenko (AO «<HULL «CTpontesibeTBO»), I. MockBa; e-mail: alexolrich@gmail.com

BJMSHUE COCTOSIHUSI IOCTABKHM CTAJIBHBIX TPYB HA HECYIIYIO CIHIOCOBHOCTbD ITPH CXKATHH C U3THBOM...57
Ilens paboThI — ONPEETUTH BIHAHHE COCTOSHHS OCTABKU HA HECYIIYIO CIIOCOOHOCTh JIEKTPOCBAPHBIX TPYO. JIIst 3TOr0 MPOBOAATCS MCCIICA0BAHHS MATEPHAIOB TPYO, 110 Pe3y/IbTaTaM KOTOPBIX
BBISIBIIIOTCS 3HAYMTEIbHBIC OTANYMs B hopMax auarpamm «o—e» [1]. B 4acTHOCTH HMEIOT MECTO KIACCHYECKHE JUArPAMMBI C MPOTKCHHOMN IUTOIAIKOM TeKyIeCTH U AHATPAMMBI C HeBBIPAIKCHHOIM
IUTOIIA/IKOM TeKy4ecTH. MaTepualibl TAKKe HMEIOT Pa3IMYHbIe OTHOLICHHUS IpeJieia IIPONOPIHOHAIFHOCTHU K HPe/ely TeKydecTH. [IpHBe/IcHHbIC B CTaThe HCCICIOBAHNS HAIICICHBI YCTAHOBHTD CTCIICHb
BIIHSIHESE TIOZOOHBIX OTIIMYMIT Ha HECYIIYIO CIIOCOGHOCTB CTANBHEIX TPYO. PaccMaTpiBaroTCst BOIPOCH! OOMICH 1 MECTHON yCTONYMBOCTH CHKATO-U3rHOAEMOro TpyO4aToro sneMenTa. B kauectse
MHCTPYMEHTA HCCIICIOBAHMUS HCTIONIB3YETCs IIAKET IPOrpaMM JUlsi KOHEUHO-3J1eMeHTHOro aHanu3a Femap with NX Nastran. ITepsas rpyria Mozesneil CoIepXUT TOJICTOCTCHHbIC TPYObI ceueHneM 530%24
MM U Pa3IH9HO} yCIOBHOI rHOKOCTBIO (A = 0,5+5,5). PaccmaTpuBaetcst cirydail yCIOBHOTO LEHTPAIBHOTO CHKATHS (€ yUeTOM CIIydaifHBIX 9KCLIEHTPUCHTETOB). Pe3ynbTaThl pacdyera B pasIndHbIX
BapUaLMAX JAHarpaMMm JiehopMHPOBAHMS B 9TOI TpyIIie cpaBHUBatOTCs ¢ pacyeroM 1o CIT 16.13330.2017 u Mexny co0oid, onpejiensiercsi BIHSHHE COCTOSHUS IIOCTAaBKH Ha OOLILYI0 yCTOIHYHBOCTb.
Bropas rpynmna cocTOMT U3 TOHKOCTEHHBIX TpYO cedenueM 530x5 MM u ycnoBHOMU ruOkocThio A = 0,5. 3agarorcst BapuaHThl SkcHeHTpucuTeToB ot 10 10 300 MM. PesynbraTs! pacuera mo pasHsiM
JIHarpaMMaM «G—e» TaKKe CPaBHUBAIOTCSA C HOPMaMHU M MEXJLy COOOI, yCTaHABIIMBACTCS BIMSHHE COCTOSHHUS OCTABKH TPYO HA MECTHYIO YCTOHUHMBOCTB. Olpe/ieNieHa CTEIICHb BIIMSHHS COCTOSHHUS
MOCTaBKH Ha HECYIIYIO CIOCOOHOCTH 3JIEKTPOCBAPHBIX TPYO. I10/IydeHbI 3HAUCHUS PACXOXKICHUIN YHCICHHBIX PACIeTOB 10 (haKTHUSCKUX Juarpamma «o—e» ¢ pacderamu o CII «CranbHbie
KOHCTPYKIUn». [Ipn poBepKe MECTHO! yCTONYMBOCTH HOPMBI JAIOT 3aI1aC HECYIIEeH CIOCOOHOCTH, HPH IIPOBEPKE 0OIIIeH HAIPOTHB — 3aBIMIAIOT. JJaHHbIH s dexT yernuBaercs as craneii 6e3
00BEMHOI TepMHUYECKOif 06pabOTKN.

KiroueBble ci10Ba: 2JIeKTpoCcBapHasi TpyOa, 001ast yCTOIYMBOCT, MECTHASI yCTONYUBOCTD, COCTOSIHAE [IOCTABKH, JUarpaMma e OpMHPOBAHHS CTAIIH.
Stability calculations
UDC 624.075.2. NFLUENCE THE STATE OF SUPPLY STEEL TUBES ON THE BEARING ABILITY IN COMPRESSION WITH BENDING. A.R. Olurombi, V.A. Kucherenko Central
Research Institute of Building Constructions, Moscow; e-mail: alexolrich@gmail.com
Abstract. Objective — to determine the effect of the delivery condition on the carrying capacity of electric-welded pipes. For this, studies of pipe materials are carried out, the results of which reveal
significant differences in the shapes of the «o—¢» diagrams [1]. In particular, there are classical diagrams with an extended yield point and diagrams with an unexpressed yield area. Materials also have
different proportional to yield strength ratios. The studies cited in the article aim to establish the degree of influence of such differences on the carrying capacity of steel pipes. The issues of general and
local stability of a compressible-bending tubular element are considered. As a research tool, the software package for the finite element analysis Femap with NX Nastran is used. The first group of
models contains thick-walled pipes with a section of 530%24 mm and various conventional flexibility (A =0,5+5,5). The case of conditional central compression (taking into account random
eccentricities) is considered. The results of the calculation in different variations of the deformation diagrams in this group are compared with the calculation by SP 16.13330.2017 and among
themselves, the effect of the state of supply on the overall stability is determined. The second group consists of thin-walled pipes with a section of 530x5 mm and conditional flexibility A ~0,5.
Eccentricity options from 10 to 300 mm are set. The results of the calculation according to different diagrams «o—e» are also compared with the norms and between themselves, the influence of the state
of the supply of pipes on local stability is established. The degree of influence of the delivery condition on the carrying capacity of electric welded pipes was determined. The obtained values of the
discrepancies of numerical calculations for the actual chart «o—¢» with calculations for the joint venture «Steel structures». When checking the local stability of the norm give a margin of carrying
capacity, when checking the general opposite - overstate. This effect is enhanced for steels without bulk heat treatment.
Key words: electric welded pipe, general stability, local stability, the state of supply, steel deformation diagram.

YucIIeHHbIC METOJIbI
A.B. EPMAKOBA, K.T.H., 1o1. PABOY BO «lO:kH0-Ypaibckuii rocyaapcrsennblii yausepceureT (HHY)», r. Yeasounck; e-mail: annaolgall@gmail.com
IMPUMEP HOCTEIIEHHOI'O IPEOBPA3OBAHHUSI CHCTEMbI YPABHEHUI METOJIA JONOJHUATEJIBHBIX KOHEYHBIX JIEMEHTOB...64
PaccmarpuBaeTcs IpUMep HOCTEIEHHOT0 NPeoOpa3oBaHUs CHCTEMbI yPAaBHEHNH METO/1a JIOMOIHATEIBHBIX KOHEUHBIX 311eMeHToB (M/IKD) B COOTBETCTBUM C HACAIBHOM MOJICIIBIO Pa3pYLICHUS
KOHCTPYKImH. Jltst BBIIOMHEHHS 3T0i oneparuu MJIKD HCIonb3yeT JOMOIHATEIBHBIC PACYCTHBIC CXEMBI H3 JOMOTHUTEIBHBIX KOHEUHBIX dieMeHToB (JIKD). [l IIIIoCTpamiy 3TOro mporecca
PAcCMOTPEHO U3MEHECHUE PACUCTHON CXeMbl H3rHbaeMoii GETOHHOM KOHCOJIH OT Hayajla HarpyKeHHs 10 paspymeHus. IJocKoIbKy 3Ta KOHCTPYKIHS HPOSBISCT YeThIPe (PU3NYCCKH HETHHEHHBIX
CBOJCTBA K MOMEHTY [JOCTIDKCHHUSI €€ IPEACIBHOTO COCTOSHIS, TO CHCTEMa YPAaBHEHHIT MCHSICTCS IIPH MOSIBICHHH KA)KI0TO U3 3THX CBOHCTB.

KiroueBble ¢/10Ba: METO/ JONONHUTEIBHBIX KOHEUHBIX 3JIEMEHTOB, METOJI KOHEUHBIX JJICMEHTOB, CHCTEMa ypaBHEHHMI1, OIIONHUTEIIbHAS PACUCTHAS CXEMa, JIOMOIHNUTEIIbHBIN KOHEUHBIH SIIEMEHT,
neatbHas MOAEIb Pa3pyLICHHS.
Numerical methods
UDC 624.04 + 624.07. EXAMPLE OF GRADUAL TRANSFORMATUION OF THE SET OF EQUATIONS AT ADDITIONAL FINITE ELEMENT METHOD. A.E. Ermakova, South Ural
State University (NRU), Chelyabinsk; email: annaolgal 1 @gmail.com.
Abstract. The paper considers the example of gradual transformation of the set of equations of Additional Finite Element Method (AFEM) according to ideal failure model of structure. AFEM uses the
additional design diagrams and additional finite elements (AFE) for fulfillment of this operation. The transformation of design diagram of bended concrete console from the beginning of loading to
collapse is illustrated of this process. The structure reveals four physical nonlinear properties before its limit state and set of equations changes under influence of each nonlinear property.
Key words: additional finite element method, finite element method, set of equations, additional design diagram, additional finite element, ideal failure model.

B nomorib mpoeKTHPOBIIHKY

K.A. HABAPOBA, unxk. (Cankr-IleTrepdyprckuii rocyapcTBeHHbI apXHTEKTYPHO-CTPOHTEILHBIN YHUBepcHTeT; e-mail: nazarovaks@bk.ru)

CPABHUTEJIbHBIA AHAJIA3 PACYETOB IIIUPUHBI PACKPBITHS TPEIIUH I1I0 HOPMAM CII 52810182003, CHHII 2.03.01884* 1 KOJEKCS8OBPA3ELl EKB/®MUIL...72

[[InprHa pacKPBITHS TPSLIUH SIBISICTCS BayKHEHIIEH XapaKTePUCTHKOM pabOThI 3KeIe300eTOHHBIX KOHCTPYKIHI IS 00CCIICUCHIS HaI)KHOCTH M JOITOBEYHOCTH. Y HCCICAOBATENCH HE CIOXKHIIOCH

€/IMHOTO MHEHHS O BIIMSAHHH PA3INYHBIX IAPAMETPOB Ha IIPOLECC PAa3BHTHUS TPEIIUH B XKeI€300CTOHHBIX KOHCTPYKIMAX. DKCIIEPHMEHTAIbHbIC UCCIICIOBAHNS JAI0T MPOTHBOPEUNBYIO KAPTHHY —

BIIMSIHHE OJHHX U TEX K€ [apaMETPOB OLICHUBACTCS I0-Pa3HOMY. DTO HAXOAHUT CBOE OTPAXKCHIE B HOPMATHBHOM JIUTEPAType MPOBEJCH PACUCT IINPUHBI PACKPBITHS HOPMAIIBHBIX TPEILINH [EHTPATbHO

PACTSHYTBIX KeJIe300€TOHHBIX 3eMeHTOB 110 poccuiickuM (CIT 52-101-2003 u CHuII 2.03.01-84*) u 3apy6exHbiM HOpMaMm (kozekc-o0paser; EKB/@UIL. Pe3ysbTaTsl CBECHBI B TAOINUILY, BBHIIOIHEH

CpPaBHUTCIIBHBIN QHAIIN3 U COIOCTABICHHE C ONBITHBIMU JaHHBIMU. [I0CTPOCHBI AHArpaMMBI Ha OCHOBE MOy 4CHHBIX PE3YIbTATOB IS PA3INYHbIX IPOLCHTOB aPMUPOBAHNUS U CCIAHBI BHIBObL.
KitroueBble ¢/10Ba: INMUPUHA PACKPHITHS TPEIIHMH, PACCTOSHAC MEXJTy TPEIIMHAMH, HALPSIKCHHE.

To help the designer

UDC 624.012.4-183.2.COMPARATIVE ANALYSIS OF CALCULATIONS OF THE CRACKLING DISTRIBUTION WIDTH ACCORDING TO STANDARDS SP 52810182003, SNiP

2.03.01884 * AND CODES8SAMPLE ECB/FIP. K.A. Nazarova, SaintPetersburg state university of architecture and civil engineering; email: nazarovaks@bk.ru

Abstract: Crack opening width is the most important characteristic of the operation of reinforced concrete structures to ensure reliability and durability. The researchers did not have a consensus on the

effect of various parameters on the process of the development of cracks in reinforced concrete structures. Experimental studies provide a contradictory picture - the effect of the same parameters is

evaluated differently. This is reflected in the regulatory literature. The calculation of the width of the opening of normal cracks of centrally stretched reinforced concrete elements according to Russian

(SP 52-101-2003 and SNiP 2.03.01-84 *) and foreign standards (ECB/FIP sample code. Results are tabulated, comparative analysis and comparison with experimental data were carried out, charts were

constructed on the basis of the results obtained for different percentages of reinforcement, and conclusions were drawn.

Key words: cracks, crack opening width, distance between cracks, stress.
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Vedyakov 1., Pyatikrestovsky K.P. Theory of calculation of structures in the service of the construction industry.

Pacyersl Ha IPOYHOCTD
Strength calculations
AMN. MOPZ[I/I‘-[', K.T.H., AeiicTB. nH.wieH PAACH, C.B. BOCAKOB?, i.T.H., npod. 1000 «BICTHHKUHUPHHT, BHTY, PYII «HuctutyT BeTHUUC», 1. MuHCK, Pecniydsinka Benapych; e-
mail: Sevibo@yahoo.com
V]IK 539.3. OCECHMMETPUYHASI KOHTAKTHAS 3AJTAYA JJISI KPYTJIOM IJIACTUHKH, PACIIOJIOKEHHOM HA TOPIE KPYTOBOTI'O UWJIMH/IPA...8
TIpuBeeHO YHCICHHOE PEIICHHE 0CECHMMETPHYHOM KOHTAKTHOH 3a/[auu JUIs KPYTJIOH IIACTHHKH, JIexalleif 6e3 TpeHHs Ha TOpIie KPyroBOro IMIMHAPA OrPaHUYCHHOI JUIMHBI 1101 ICHCTBHEM
BEPTUKAIBHOI BHENIHEH Harpy3ku. LIMInHAp onupaeTcs Ha xecTKoe Hegehopmupyemoe ocHoBarne. O630p 3amad 06 0ceCHMMETPUYHON Aed)OpMaNiH YIPYTHX Tel BBIIONHEH B [1]. 3agada pemraercs B
J1Ba sTana. Ha nepBom srare ¢ HCIIONb30BaHHEM BAPHALIMOHHO-PAa3HOCTHOTO METO/1a ONPE/IEIISAIOTCS BEPTHKAIbHBIC IEPEMEIICHUS TOYEK TOpIia IHIMHIPA OT PABHOMEPHO PaCIpeIeIeHHOM Mo
KOJIBLIEBOI 00J1acT! TOpLa WIIHHAPA Harpy3ku. Ha Bropom stamne ciocodom B.H. XKemoukuta onpenensercs pacipeeneHne KOHTAKTHBIX HAIPSDKEHHI IO/ MOIOIMIBOI KPYIIIOi INIACTUHKH.
Koadduuuents ypasuenuii cioco6a b.H. JKemoukrHa onpenessroTcs Ha OCHOBAaHHH Pe3yJIbTaToB NEPBOro dTama. IIpuBesieH npuMep pacyera Kpyriiod METaLIMYeCKOi IICHTPUPYIONICH NPOKIAIKH,
PACIIONOKEHHOI Ha CTBIKE JBYX JKeJIe300eTOHHBIX KOJIOHH KPYTJIOro TIOIIepeyHoro ceyeHus. IokasaHo pacnpe/ieieHne BepTUKAIBHBIX HOPMaIbHBIX HAIPSKEHHIT 110 HECKOJIBKMM FOPH30HTAJIBHBIM
CEeUCHUSIM KOJIOHHEL. OGHAPYKEHO 3HAUYMTEILHOE YBEINUCHIE B KOHTAKTHBIX HAMPSDKCHUSIX O/ LICHTPOM ILIACTHHKH 110 CPABHEHHIO C aHAIOTUYHO HAIPY)XCHHOM IUIACTHHKOI Ha YIPYroM
THOJIYTIPOCTPAHCTBE.

KitoueBble ¢/10Ba: KOHTAaKTHAs 3a/a4a, crocob JKeMoukyHa, BAPHALMOHHO-PA3HOCTHBIH METOJ, KPYrOBO! LIINH/P, [EHTPUPYIOLIask IPOKIIAKA.
UDC 539.3. AXISYMMETRIC CONTACT PROBLEM FOR A CIRCULAR PLATE LOCATED AT THE END OF A CIRCULAR CYLINDER. A 1. Mordich, full foreign member of the
RAASN, S.V. Bosakov, BNTU, Minsk; e-mail: Sevibo@yahoo.com.
Abstract. The paper presents a numerical solution of the axisymmetric contact problem for a circular plate lying frictionless on the end of a circular cylinder of limited length under the action of a
vertical external load. The cylinder rests on a rigid non-deformable base. An overview of the problems of axisymmetric deformation is performed in [1]. The problem is solved in two stages. At the first
stage, the vertical displacements of the cylinder end points from the load uniformly distributed over the annular region of the cylinder end are determined using the variational-difference method. At the
second stage, B. N. Semochkin’ metod is determined by the distribution of contact stresses under the foot of a circular plate. The coefficients of the equations of B. N. Zhemochkin’s method are
determined on the basis of the results of the first stage. An example of calculation of a round metal centering gasket located at the junction of two reinforced concrete columns of circular cross-section is
given. The distribution of vertical normal stresses over several horizontal sections of the column is shown. A significant increase in the contact stresses under the center of the plate was found in
comparison with a similarly loaded plate on the elastic half-space.
Key words: contact problem, Semochkin’s method, variational — difference method, circular cylinder, the centering strip.

M.C. HAPEB', un., K.IL IISITUKPECTOBCKHIA, a.1.1u.' MncTutyT npuponoodycrpoiicrea umenn A.H. Koctskosa, 2IIHAMCK um. B.A. Kyuepenko (AO «HHUIL «CTPOHTEILCTBOY), T.
Mocksa; e-mail: m1906@yandex.ru.
YK 624.01.25. OGOBIIEHUE PACUETA HIUPUHBI IPOMEKYTOYHBIX PEBEP )KECTKOCTU METAJIVIMYECKHUX /IBYTABPOBBIX BAJIOK...12
TIpeacTaBieHo PELICHHE 110 OIPEICICHHUIO IUPHHBI IIOIEPEIHOrO pedpa KECTKOCTH A JTHHHOM IIIACTHHBI, MOAKPCIUICHHOI PSIOM MOMEPEYHBIX PeOep KECTKOCTH, IPH OTHOLICHUH CTOPOH IAHEIH
a/h,<1 nox jieiicTBUEM YUCTOTO CIBHTa. B COOTBETCTBHY C MOMYYEHHBIM PEIICHAEM Pa3MEphI IIONEPEYHOro pedpa 3aBUCAT OT JIUHbI TAHEIHN, OTHONICHHS CTOPOH NAHEeIN U TONIINHBI CTCHKH
nsrubaemoro snemenTa. [Ipeanoxeno 0600IIaroNIee PEIICHHE 110 PAacueTy MIHPHHEL YIPYroro MOMEePedHOro pedpa s JUIMHHOI IUIACTHHBI, OAKPEILICHHOM PSIOM MOMEPEYHBIX pedep B AUaa3oHe
OTHOIIECHUS CTOPOH nanesu a’hy, = 0,33...2,5. BbInonHeH cpaBHUTEIbHbIN aHAIN3 3HAYCHHI MOMEHTA HHEPIUH MOTICPEYHOro pedpa KECTKOCTH U 00SCIIeUCHHsI MECTHOH YCTOHYMBOCTH CXKATOM
IUIACTUHKH peOpa ¢ y4eTOM OTCUECTBCHHBIX M 3apyOeKHBIX HOPM MPOCKTHPOBAHS. PelleHne Mo OmpeeICHIIO CeUCHNUS TOMEPEYHbIX PeOep KECTKOCTH PA3BUTO UL 00CCICUCHHS MECTHOI
YCTONYMBOCTH CTCHOK JBYTaBPOBBIX OanoK. B nanbHeiieM, mosydeHHbIe pe3yIbTaThl OyayT CpaBHHBATBCS € SKcriepuMenTamu, nosydeHusiMu B [IHUUCK umenn B.A. KydepeHko 1o pyKoBOICTBOM
.1. BeasikoBa # MOT'YT OBITh HCIIOJIB30BAHBI [IPU OYEPEAHOM YTOUHCHUH HOPM.

KitoueBble ¢/10Ba: METAUINYCCKHE KOHCTPYKIHUH, [OLEPEIHOE PEOPO XKECTKOCTH, IIUPUHA pedpa, HOPMBI IIPOCKTHPOBAHHUS, YCTOHNUMBOCTD CTCHKH, YHCTBIH C/(BUT.
UDC 624.01.25.Generalization of width calculation ofintermediate transverse stiffener of metal I-beams. M.S. Tsarev, Institute of Nature Management named after A.N.Kostyakov, Moscow K.P.
Pyatikrestovsky, Koucherenko TSNIISK, Moscow; e-mail: m1906@yandex.ru.
Abstract. The article presents a solution to determine width of a transverse stiffener for a long plate supported by a number of transverse stiffeners under the action of net shear when a/h,<1 ratio of
panel sides. According to the obtained solution the dimensions of the transverse rib depend on the length of the panel, the ratio of the panel sides and the wall thickness of the bent element. A
generalizing solution is proposed to calculate the width of an elastic transverse rib for a long plate supported by a number of transverse ribs in the range of the ratio of the panel sides a/h,, = 0,33...2,5.The
article givesthe comparative analysis of the values of the inertia moment of the transverse stiffener and the solutions for ensuring local stability of the compressed plate of the rib, taking into account
domestic and foreign design standards The solution for determining the cross-section of the transverse stiffeners is developed to ensure local stability of the walls of I-beams. In the future, the results
will be compared with the experiments obtained at the Central Research Institute named after V.A. Kucherenko under the governance of I.I. Vedyakov and will be used for the next improvement of the
standards.
Key words: metal structures, transverse stiffener, width of a rib, design standards, sustainability of walls, net shift.

J.K. APJIEHUHOB, a.1.H., npog., T.B. IOTAIIOBA, unzk., A.B. POrTOJKWHA, un:x. Hannonanbnblii ucesieaoBaresibckuii MocKOBCKHIi rocy1apcTBeHHbIN CTPOUTEbHBIH yHHBEPCHTET
YK 624.046. O METOJJUKE PACUETA C)KATO-U3I'MBAEMBIX JTEPEBSIHHBIX 3JIEMEHTOB...19
HopmatuBHas MeTO/IMKa pacyeTa CKaTo-M3ruOaeMbIX JIePEBIHHBIX JI€MEHTOB ObLIa paspaborana mouty 100 et Haza. 3a 5To BpeMs OHa HpeTepIiesa HeGoIblINe H3MEHEHHUS, B CTOPOHY PACIIMPEHHUs
001aCTH IPUMEHEHHsI, KOTOPBbIe Bouuty B mocneaHown pegaxiuio CHull I1-25-80. C nosiBneHneM COBPEMEHHBIX BHIYUCINTEIBHBIX KOMILIEKCOB B HA4aJIe BEKAa BHOBb BO3HHK HAYYHO-TIPAKTHICCKUH
MHTEpEC K COBEPIICHCTBOBAHMIO METOIMK PacyeTa JIEPEBSIHHBIX KOHCTPYKIMI U, B YACTHOCTH K METOJMKE PAacueTa CKaTo-H3rHOaeMbIX 3JIEMEHTOB. B cTaThe aHAIM3UPYIOTCS OTACIbHbIE HETOUHOCTH
HOPMATHBHOW METOHMKH, KOTOPBIE BIMSIIOT HA KOPPEKTHOCTH PE3YIbTATOB PACUCTa.

KioueBble ¢j10Ba: METO/IMKA pacyeTa, epeBSHHbIC KOHCTPYKIINH, CKATO-U3rNOACMBIii S]IEMEHT, IPOrud, KpUTHYECKas CHIIa.
UDC 624.046. ON THE METHOD OF CALCULATION OF COMPRESSED-BENT WOODEN ELEMENTS. D.K. Arleninov, T.V. Potapova, A.V. Rogozhina, Moscow State University of Civil
Engineering; e-mail: dkarleninov@mail.ru.
The standard method of calculation of the compressed-bent wooden elements was developed almost 100 years ago. During this time, it has undergone minor changes in the direction of expanding the
scope, which were included in the latest version of SNiP II-25-80. With the advent of modern computing systems at the beginning of the century, scientific and practical interest in improving the
methods of calculation of wooden structures and, in particular, to the method of calculation of the compressed-bent elements arose again. The article analyzes some inaccuracies of the regulatory
methodology that affect the correctness of the calculation results.
Key words: calculation method, wooden structures, compressed-bent element, deflection, critical force.

Henuneiinple pacuerst
Nonlinear calculations

C.B. BAKYUIEB, a.1.H., npod. Ilen3eHcKuii rocy1apcTBeHHbINH YHHBEPCUTET apXUTEKTYPBI M CTPOUTENLCTBA; e-mail: office@pguas.ru

V]IK 519.633. IA®OEPEHIIAAJIBHBIE YPABHEHHS PABHOBECHS IEHTPAJIbHO-CUMMETPUYHOM JIE®OPMALMH 111 HAEAJIBHO YIIPYTOIUIACTHYECKOW
CILIOIIHOM CPEJBI ITPU CJIOKHOM HAIIPSIKEHHOM COCTOSIHUU...22

Tlomy4ens! auddepeHnnaIbHbIe ypaBHCHHS PABHOBECHS B IIEPEMEICHISIX IS LICHTPAIBHO-CHMMETPHYHOTO OHOMEPHOTO HACAIBHO YIPYTOILIACTHIECKOro 1e(hOPMUPOBAHNS CILTOMIHBIX CPE] IIPH
OWIIMHEHHOI aNIPOKCHMAIlMH 3aMBIKAIOIINX YPABHCHUH C y4eTOM M 6€3 ydeTa reOMeTpHYCCKOil HeTMHEHHOCTH B JIeKapTOBOIi cHcTeMe KOOPANHAT. [IpHHSB THIIOTE3Y O HE3aBUCHMOCTH, BOOOIIE FOBOPS,
Opyr OT Apyra JUarpaMM HeINHEHHOro 00bEeMHOTO U HACAIBHO yIPYTrO-IUTACTHIECKOrO CABUIOBOrO Ae(OPMUPOBAHHS, PACCMOTPEHBI IISITh OCHOBHBIX CIy4acB (PU3NUECKHX 3aBUCHMOCTCH, 3aBUCSIIIX
OT B3aMMHOTI'0 PACIIOJIOKEHHS TOUCK H3JI0Ma OMIMHEHHBIX AMarpaMM 0ObEMHOTO U CBUTOBOTO AedopMupoBanus. OU3HYECKHE 3aBUCHMOCTH OCHOBAHbI HA BBIYMCIICHUN CEKYIIHX MOJyJIel 00BbEMHOro
¥ cOBUrOBoro geopmupoBanus. Ha mepBoM ydacTke AuarpaMm CEKyLIHil MOLYIIb X 0OBEMHOTO, U CABHTOBOTO Ae(OPMUPOBAHHS [IOCTOSHEH, HA BTOPOM Y4ACTKE — CEKYIIHH MOIY/Ib 00BEMHOTO
nedopMupoBaHus ABIsSeTCS ByHKIMEH 00beMHOIT IepopMalyH, a CeKyIIMiA MOTYIIb CABUTa ABIseTCS QyHKIMEH HHTEHCUBHOCTH Jie(popMalmii ciBura. Moylib yIPOYHEHHs P CABHIE HICATbHO
YHPYrO-IIIACTUIECKON CPe/Ibl IPHHIMACTCS PaBHBIM HyIH0. [loacTaBimsist cooTBeTCTBYOMNE OninHeiiHble Gu3mdeckue ypaBHeHus B AuddepeHIuanbHble YPaBHEHIS PABHOBECHUS CIUTOLIHOM CPE/IBI C
y4eTOM U 6e3 yueTa FeOMEeTPUIECKON HeIMHSHHOCTH, OTyYeHb! paspemaromue aupdepeHnuanbHble ypaBHEHNs PABHOBECHS B IEPEMEILICHISX I LEHTPAIbHO-CUMMETPUYHON OXHOMEPHON HACAIBHO
YHPYTOIUIACTHYECKOM AeopMaliy B ICKapTOBOH cucTeMe KoopuHart. IIpuBesieHHbIe B cTaThe AU(depeHInanbHble ypaBHEHH PABHOBECHS B IEPEMELICHUSX MOT'YT HCIIOJIb30BaThCs IPU ONPEIeICHII
HAIPSDKEHHO-1e()OPMUPOBAHHOTO COCTOSHUS CILIOLIHBIX CPEJ], HAXOISAIIMUXCS B YCIOBUSIX HEHTPATbHO-CUMMETPUIHOIO OJHOMEPHOTO NACAIBHO YIPYTOILIACTUYECKOrO AeHOPMHUPOBAHMUS C YICTOM U
6e3 ydyera reOMeTpUYECKOH HETMHEHHOCTH, PU3MYECKUE COOTHOLICHHUS ISl KOTOPBIX alllPOKCHMUPOBAHbI OMIMHEHHBIMH (yHKIMSIMH.

KutioueBble c10Ba: cruiomnas cpesa, aAnddepeHnuanbHbie ypaBHEHUs PABHOBECHS, LICHTPAIbHO-CHMMETPHYHAs Ae(opMarLis, HaealbHask INIACTUYHOCTD, ONINHEHHbIC 3aMBIKAIOIINE YPABHEHHSL.
UDC 519.633.DIFFERENTIAL EQUATIONS OF EQUILIBRIUM OF CENTRALLY SYMMETRIC DEFORMATION FOR ELASTIC-PERFECTLY-PLASTIC CONTINUUM AT
COMBINED STRESS STATE. S.V. Bakushev, Penza State University of Architecture and Construction; e-mail: office@pguas.ru.

Abstract. There have been received displacement differential equations of equilibrium for centrally symmetric one-dimensional elastic-perfectly-plastic deformation of continuum at bilinear
approximation of closing equations regarding and regardless geometrical nonlinearity in Cartesian reference system. Bearing in mind the hypothesis about independence of nonlinear volume deformation
diagram and elastic-perfectly-plastic shearingdeformation diagram, there have been analyzed five main cases of physical dependences, depending on mutual arrangement of breaking points of bilinear
diagrams of volume and shearing deformation. Physical dependences are based on calculation of secant modulus of volume and shearing deformation. At the first part of the diagram the secant module
of both volume and shearing deformation is constant; at the second part the secant module of volume deformation is a function of volume deformation, whereas the secant module of shearing is a
function of shearing deformations intensity. Hardening module at shearing of elastic-perfectly-plastic continuum is considered to be equal to zero. Putting corresponding bilinear physical equations into
differential equations of equilibrium of continuum regarding and regardless geometrical nonlinearity, resolving differential equations of equilibrium in displacements for centrally symmetrical one-
dimensional elasticperfectly-plastic deformation at Cartesian reference system were received. Provided in the present article differential equations of equilibrium in displacements can be used at
determination of strain-stress state of continuum at centrally symmetrical one-dimensional elastic-perfectly-plastic deformation regarding and regardless geometrical nonlinearity, physical relations of
which are approximated by bilinear functions.

Key words: continuum, differential equations of equilibrium, centrally symmetrical deformation, perfect plasticity, bilinear closing equations.

A.JO. UBAHOB, unz. Cankr-IlerepOyprekuii rocy1apcTBeHHblii apXHTEKTYPHO-CTPOMTE/ILHbIN YHUBepcHTeT; e-mail: andreyivanov4@gmail.com.
V]IK 624.04. TOCTPOEHUE KPMBOM HECYIIEN CIIOCOBHOCTHU OJJHOITAKHOI'O KAPKACHOI'O 3JJAHUSI...32



B npenpinylieii cTaTbe, HOCBANICHHON METOMMKE IOCTPOCHUS KPHBOH HECylIei ClloCOOHOCTH 31aHMs, IPUBEICHA TEOPETUYECKasi OCHOBA JUIs e¢ Moy4eHns. Onpe/e/icHbl OCHOBHBIC TapaMETpBhI,
HEOOXOANUMBIE ISl TOCTPOCHHUSI KPUBOIT HECIeil CIIOCOOHOCTH, IIPEATIOXKEHBI [OCIC0BATEIBHBIC IATH, TO3BOJIIOLIIE BEIIUCINTD ITH MapaMeTpsl. OQHaKo 63 KOHKPETHOrO MpHMepa pacdyera
OIMCAHNE JAHHOI METONMKH NPEICTABIACTCS HEOTHBIM. B CBA3M ¢ 9THM B JJAHHO# CTaThe IIPHBOJUTCS HPUMED HOCTPOCHHS KPHBON HECYIIIEH CIIOCOOHOCTH ISl OJJHOTaXKHOTO KapKaCHOTO 3/1aHus,
OIMCHIBAONIHIA IIPOM3BOIUMBIC HA KaXJIOM 3TaIle PaCUeThl.

KitoueBble ¢j10Ba: KpuBasi HECYIIEi CIIOCOOHOCTH, OJHOITAXHOE KapKAaCHOE 3aHNe, MOHOTOHHO BO3PACTAIOLIAs HATPYy3Ka, IIPeAeIbHast TOPH30HTAIbHAs HATPY3Ka, COCTOSHHE MPEACTBHOTO
PaBHOBECHSI, 30HA 00Pa30BAHMS IUIACTHYECKHUX IeOpMaIlnii, IIpeiebHOE TOPU30HTAIIBHOE IIepEeMEIICHIE BepXa 3aHH .
UDC 624.04. CAPACITY CURVE DEVELOPING FOR THE CASE OF ONE-STORY FRAMED BUILDING. A.Yu. Ivanov, St. Petersburg State University of Architecture and Civil
Engineering; e-mail: andreyivanov4@gmail.com
Abstract. In the article devoted to capacity curve developing method the theoretical base is presented. Basic parameters, which are necessary for capacity curve creation, are determined, and consistent
steps, which allow to compute these parameters, are proposed. However, without any specific example the presentation of the method under consideration is deemed to be incomplete. Therefore, in
present article the example of capacity curve construction for the case of one-story framed building, is given, with providing descriptions of computations for each step.
Key words: capacity curve, one-story framed building, monotone increase of load, ultimate lateral load, state of limit equilibrium, plastic hinges formation zone, ultimate lateral top displacement of
building.

JIuHAMAYECKHE PACcUeTh
O.IL. HECTEPOBA" k.T.H., g01., H.A. TIOJIOPOTOBA?, um:k., A.M. Y3IAH a.1.1., npod. (TACY, IIT'YIIC, r. Cankr-Iletep6ypr; e-mail: neona@mail.ru)
YK 649.042.7. 3AJAHUE JEMIIOUPYIOIUX XAPAKTEPUCTUK JUHAMUYECKUX CUCTEM U IOCTPOEHUE MATPUIlbI JEMII®UPOBAHMUSI...40
PaccMOTpEHBI IPUUYNHBI TOTEPh SHEPTHH MPH KONEOAHHSIX YIPYTUX CHCTEM H CIIOCOOBI HX OMUCAHUS B YPABHEHHSIX KOJIeOaHMI. BblIeneHbI BHEIIHEE 3aTyXaHNE, KOHCTPYKIHOHHOE AeMII(QHPOBAHHE,
BHYTPCHHEE TPEHHUE B MaTepHalle U Iiepe/iaua SHEPrUU B OKPYXKAIONIyIo cpeiy. JIeTaabHO PaCCMOTPEHBI TUIOTE3bI, HCIIONb3yeMble IIPH ONMCAHWH BHYTPEHHETO TPEHHUS B MaTepualie, B TOM YHCIIe,
runote3a E.C. CopoxnHa, npeacrasinenue Paest u pacnpeeneHue moTeps sHeprun mo popmam kosebaHuii IPOIOPUHOHAIBEHO dHeprun Gpopm. [ToKka3aHo, 9TO Pe3yIbTaThl PACICTOB C HCIOIBE30BAHHEM
YKa3aHHBIX THIIOTE3 MOTYT Pa3inyaThes. Pasnnune oco6EHHO CYIIECTBEHHO IIPH 3aTyXaHHHU B MaTepuaie 6oiee, yeM 15% oT kputndeckoro 3HayeHus. [IpUBeICHBI KPUTEPUHU OLICHKH BO3MOXHOCTH
3aMEHBI IPOU3BOIBHOTO AEMII(GUPOBAHKS IPOIOPLINOHAIBHEIM, T.C. BO3MOXKHOCTH Pa3jIOKCHHsS yPaBHCHHI IBIDKCHHUS 110 popmaM KosebaHnii HereMihHpOBaHHOM cucTeMbl. Takoe ympouieHue
BO3MOXHO, €CJIM BO BCEX JIEMEHTAX CHCTEMBI 3aTyXaHHE He MPEBOCXOAUT 15% OT KPUTHYECKOTO, a TAKXKe B Cllydasx (IIpH 1000M aeMI(HpOBaHHH B SJIEMEHTaX) KOra K03 GUIMEHThI KOPPEAIHH
bopm konebanuit MHOro Mensiue 1. [IpuBenen npumep pacuera.

Knrouesble cioBa: iemMidupoBanue KoieGaHuil, IPUUNHEL, CIOCOOBI ydeTa, MaTpHIa AeMI(QHPOBAHHS.
Dynamic calculations
UDC 649.042.7.SETTING DAMPING CHARACTERISTICS OF DYNAMIC SYSTEMS AND CONSTRUCTING DAMPING MATRIXES. O.P.Nesterova, St.Petersburg State University of
Architecture and Civil Engineering, N.A.Polorotova, A.M.Uzdin, St.Petersburg University of Railways; e-mail:neona@mail.ru.
Abstract. The causes of energy losses for elastic system vibrations and methods of describing damping in oscillation equations are considered. External attenuation, structural damping, internal friction
in the material and the energy transfer to the environment are highlighted. The hypotheses used in the description of internal friction in the material are examined in detail, including the hypothesis of
E.S.Sorokin, Rayleigh’s presentation of damping and those of distribution of modal energy losses in proportion to the mode energy. It is shown that the results of calculations using these hypotheses may
vary. The difference is especially significant when attenuation in the material exceed 15% of the critical value. Criteria for assessing the possibility of replacing arbitrary damping by proportional one,
i.e., the possibility of expanding the motion equations in the oscillation modes of a non-damped system are given. Such a simplification is possible if damping in system members does not exceed 15% of
the critical value, as well as in cases (with any damping in the elements) when the correlation coefficients of the vibration modes are much less than 1. An example of calculations is given.
Key words: vibration damping, causes, accounting methods, damping matrix.

Teomerprueckue pacdeTst
E.A. TPUHBKO, unzk. (Poccuiickuii yausepcuteT Apy:x0b1 HapoaoB, I. MockBa; e-mail: grinechka@mail.ru)
YK 539.3. KAINIEBUJTHBIE OBOJIOYKM...50
B noHsATHE KaIIeBUIHON OBEPXHOCTU BKJIA/bIBACTCS HECKOIBKO HOPM MOBEpXHOCTEH Bpamenus. Kamesnaas 060/1049ka — 3T0 TOHKOCTEHHas 000JI04Ka, UMEroIIas (popMy KaIlld Ha TOPH30HTaTbHOM
IUIOCKOCTH M OIHMPAOMIASCS Ha OCHOBaHME IUIOCKUM JHHUIIEM. KamieBnasslil pesepByap — 9T0 KaIUICBHAHAS METAILINYECKAst 060I09Ka, KOTOPOH MBITAIOTCS IPUAATh (opMy 000TI0UKH PABHOTO
CONPOTHBICHHS U 3aCTABUTH ¢¢ PadOTaTh B 6E3MOMEHTHOM COCTOSIHUX. PacCMOTPEHBI pa3IndHbIe IIPHMEHEHHUS KAILICBUIHOM 000I0UKH, PUBEICH 0030p METOLOB CTATHIECKOTO PacueTa KaIllIeBUIHbIX
00607104€K, JIaHbl PEKOMEH/IAIINH 110 YIIPOIICHHOMY BBIOOPY ONTHMAIbHOI KaILIeBHIHOH 060I0UKH.

KitoueBble ¢j10Ba: KamuieBHHAs 000I0UKA, KAILICBUIHASI IOBEPXHOCTD, KAIUICBHAHBIH pe3epByap, 000I049Ka PaBHOTO COIPOTUBICHNSI, BOLOHAIOPHAS OaLIHs.
Geometric calculations
UDC 539.3.DROP-SHAPED SHELLS. E.A. Grinko, Peoples' Friendship University of Russia, Moscow; e-mail: grinechka@mail.ru.
Abstract. Several shapes of surfaces of revolution are called drop-shaped shells. Drop-shaped shell is a thin-walled shell with plane bottom having the form of a drop lying on horizontal plane. Drop-
shaped reservoir is a drop-shaped metal shell for which they try to give the form of equal resistance shell and to force it to work in momentless condition. In a paper, different applications of drop-shaped
shells are discussed, a review of the methods of static analysis of them is presented, and recommendations on simplified choice of optimal drop-shaped shell are given.
Key words: drop-shaped shell, drop-shaped surface, drop-shaped reservoir, equal resistance shell, water tower.

OcHoBaHue u HyHIAMCHTEL
Foundation and foundations
A.I'. AJIEKCEEB, k.T.H., 1ou. (HUMOCII um.H.M.I'epceBanoBa (AO «HHUIL «CtpouTteancto»), MI'CY, r.MockBa; e-mail:adr-alekseev@yandex.ru)
V]IK 624.15. BO3JAEMCTBUE MOPO3HOI'O IIYYEHUS TPYHTA HA CBAH ITPA PABOTE TEPMOCTABUJIM3ATOPOB...57
CTaths MOCBSIIECHA HCCIIC0BAHHIO B3ANMO/ICHCTBUS OJJMHOYHBIX CBali C IPOMEP3aloNIUM IPH PaboTe TePMOCTA0MIM3aTOPOB IPYHTOM CJIOSI CE30HHOT'O IIPOMEp3aHus — oTTauBaHus. IIpeacTaBieH pacuer
JaBJICHHSI MOPO3HOTO ITyYEHUs, ASHCTBYIOMICTO Ha CBAIO B PE3y/IbTaTe IPOMEP3aHHs TPYHTOBOIO LIIMHIPA BOKPYT TePMOCTAOMIN3AaTOPOB. B cTaThe ommcaH MOAX0/ K PacueTy OANHOYHBIX KOHCOJIBHBIX
CBail C BRICOKMM M HU3KHM POCTBEPKOM C Y4ETOM PACUETHOrO OTIIOPA IPYHTA, UCIONb3Ys runote3y Bunkinepa. IIpuBeieHbI 3aBUCHMOCTH JaBJICHHS ITydeHHs OT Ae(hOPMAIOHHBIX CBOICTB TPYHTa 1
OTHOCHTEIBHOI Je(hopMaLMi MOPO3HOTO IIyYCHHS, 4 TAKKE 3aBHCHMOCTH MOMEHTA U IIEPEMEILCHIS TOJIOBBI CBAX OT BEINUYUHBI Ae(hOPMALIHI MOPO3HOTO IIydCHHS TPYHTA.

KiroueBble cj10Ba: cBas, JaBICHHE MOPO3HOTO ITYYEHHs, CE30HHO OXJIAXIaeMOe YCTPOHCTBO, TEPMOCTAOMIN3aTOP.
UDC 624.15.INFLUENCE OF FROZEN GROUND LEARNING ON PILES WHEN OPERATING THERMAL STABILIZERS. A.G. Alekseev, Gersevanov NIIOSP, Moscow State University
of Civil Engineering; e-mail: adr-alekseev@yandex.ru.
Abstract. The article is devoted to the study of the interaction of single piles with the freezing soil of the seasonal freezing-thawing layer during the operation of soil thermo-stabilizers. The calculation
of the pressure of frost heave acting on the pile as a result of the freezing of the ground cylinder around the soil thermo-stabilizers is presented. The article describes an approach to the calculation of
single cantilever piles with high and low grillage, taking into account the calculated resistance of the soil, using the Winkler hypothesis. The dependences of the heave pressure on the stress-strain
behaviour of the soil and the relative deformation of the frost heave, as well as the dependence of the moment and movement of the head of the pile on the deformation of the frost heave of the soil.
Key words: pile, pressure of frost heave, seasonal cooling device, thermo-stabilizers.

A.A. KOSIHKUH', k.1.1., A.T'. WIIM3APOB?, k.1.1. 'Cubunpcxkuii penepanbuplii yunsepeutet, r. Kpacnosipek, e-mail: KoyankinA A@mail.ru; 2HosocuGupckuii rocyaapcTBeHHbII
APXHTEKTYPHO-CTPOMTEIbHBIN yHHBepcuTeT, T. HoBocnoupek
YK 69.04. METOAUKA PACUYETA BAJIKH C JIOKAJIBHBIM U3BMEHEHUEM JKXECTKOCTH, BBINIOJHSIEMOTI'O C UCIIOJIb30OBAHUEM MIHOBEHHOTI'O ITPEPBIBATEJISA
TEPCEBAHOBA...65
Bajku MOCTOSHHOTO CeYEHHs, B KOTOPBIX IIPUCYTCTBYIOT MECTA JIOKAJIbHOTO H3MEHEHHS KECTKOCTH (BBIPE3, OTBEPCTHE, COOPHO-MOHOIHUTHBIC TIEPEKPBITHS BBIIOIHACMOE TIOCPEICTBOM ILTHTONATYO0K U
T.A1.), B IIPAKTHKE COBPEMEHHOTO CTPOHTEIBCTBA JOCTATOYHO PACIPOCTPAHEHBL. B TO 3Ke BpeMst OTCYTCTBHE MPOCTBHIX METOLOB PAcieTa He O3BOJIICT IPOBECTH PACUeT TAKUX OAIOK 0€3 IPHMCHEHHUS
COOTBETCTBYIOIIUX ITPOrPAMMHBIX KOMIIICKCOB. FIMEHHO 10 3TOi NPUYMHE aBTOPHI JAHHOH CTaThH Pa3paboTaiy METOAUKY pacueTa OalKH C JIOKaJIbHBIM H3MCHEHHEM )KECTKOCTH, OCHOBAHHOMN Ha
MPUMEHEHHI MTHOBEHHOTO HpepbiBaTelst ['epceBaHoBa, BBOAUMOTO B AubdepeHIranbHOe ypaBHEHHE OCH H30THYTOM OajiKu, 9TO MPUBOAHT K KYCOYHO-THHEHHOMY IPEICTABICHUIO QYHKIHH
JKECTKOCTH TI0 JUTMHE 3JIeMEHTa (IIOCTOSIHHAS 10 JUIMHE H3THOHAs KECTKOCTh JIOKAJTbHO MEHACTCS Ha MaJIOM y4acTKe).

KitoueBble cj10Ba: 6ajka ¢ JTOKaIbHEIM H3MEHEHHEM JKECTKOCTH, MTHOBEHHBIN HpepbiBaTeis [epceBanoBa, audGepeHnnaIbHoe ypaBHeHHE H3rHoa.
UDC 69.04. THE METHOD OF CALCULATING BEAMS WITH A LOCAL CHANGE IN STIFFNESS, PERFORMED USING AN INSTANTANEOUS GERSEVANOV BREAKER. A A.
Koyankin, Siberian Federal University, Krasnoyarsk; e-mail: KoyankinAA@mail.ru.A.G. Ilizarov, Novosibirsk State University of Architecture and Civil Engineering, Novosibirsk.
Abstract. Beams of constant cross-section, in which there are places of local changes in stiffness (cutout, hole, etc.), in the practice of modern construction are quite common. At the same time, the lack
of simple methods of calculation does not allow the calculation of such beams without the use of appropriate software packages. It is for this reason that the authors of this article have developed a
method for calculating the beam with a local change in stiffness, based on the use of instantaneous interrupter Gersevanov introduced into the differential equation of the axis of the curved beam, which
leads to a piecewise linear representation of the stiffness function along the length of the element (constant length Flexural stiffness varies locally on a small area).
Key words: beam with a local change in the stiffness, nstantaneous breaker Gersevanov, differential equation of bending.
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YK 624.15. PACYET HIEJIEBBIX ®YHJIAMEHTOB I''1YBOKOI'O 3AJIOKEHUS 1O OCAJIKE...69
[peanoxeHa HOBasi pacyeTHasi cXxeMa paboThl pyHIaMEHTa B TPYHTE OCHOBAHHUS U Ha ee OCHOBe ChopMynupoBaHa Teopus pacuera (yHaameHTa 1o ocajke. Ha mepBoii ctaauu nccnenoBanus
PaccMOTPEH pacyeT 0CaaKH (yHIaMEHTa TONBKO 3a cueT JeopMarmy (yKopodeHus) GpyHIaMeHTa Mo ero BeicoTe. Takoil BHI OCaJKH HMEET MECTO B TEX CIydasiX, B KOTOPBIX BCS MpUIlaraeMasi K Teiry
(hyHIaMeHTa SKCIUTyaTallMOHHAS HArPy3Ka BOCIPHHUMAETCS M YPAaBHOBEUINBACTCS CHIIAMH TPEHUS-CLETUICHUS 110 OOKOBO MOBEPXHOCTH (DyHIAMEHTA M PEaKIMH OT IPYHTA MO/ MOAOLIBOH (yHIaMeHTa
OTCYTCTBYIOT. B paboTe paccMOTpeH MeToJ pacyeTa TakuX (DyHIaMEHTOB Ha OCaJIKy, PEJICTABJICHa pacueTHas cxeMa paboTsl GyHIaMEHTa, IPUBE/ICH BBIBOJ] PACUCTHBIX (hOPMYII M YHCIIOBON IIpUMEp
pacuera pyHIaMEHTA Ha OCAJKY 3a cUeT Je(hOopMAIMH €ro MaTepHaa.

KitioueBble cj10Ba: 1IeICBOI (yHIaMEHT, ITy0OKOE 3aI0KCHUE, OTPAaHHYCHHAs 0Ca/IKa, PacueTHast CXeMa, TPCHHE-CLCILICHHE, pacueTHas (popMyIia, IpUMep pacdera.
UDC 624.15.CALCULATION OF DEEP SLOTTED FOUNDATIONS BY SEDIMENT. V.S. Utkin, I.A. Korepina, Vologda State University; e-mail:utkinvogtu@mail.ru.
Abstract. The article proposes a new design scheme of the foundation in the ground base and on its basis formulated the theory of calculation of the foundation of the sediment. At the first stage of the
study, the calculation of the foundation precipitation is considered only due to deformation (shortening) of the foundation by its height. This type of precipitation occurs in those cases in which all the
applied to the foundation body operating load is perceived and balanced by friction-adhesion on the side surface of the foundation and the reaction from the ground under the sole of the foundation are
absent. The work is potentially useful in the development of normative documents for the calculation of slotted foundations with a new explanation of the occurrence of friction-adhesion forces on the
side surfaces of the foundation for the design of buildings and structures with deep foundations with a maximum limitation of the value of its precipitation.
Key words: slotted foundation, deep foundation, limited sediment, design scheme, friction-adhesion, calculation formula, example of calculation.



