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AM. TUSICOB?, C.M. MUP30EB?
1®re0Y BO «HanmoHanbHbIH MCCIen0BaTeNbckuil MOCKOBCKHI TOCYIapCTBEHHBIN CTPOUTENBHBIA YHUBEPCHTET
(HY MI'CY), r. Mocksa, Poccust

MOJEJIb TEIIJIO-BETPOBOI'O PEXXUMA HAPYKHBIX CTEH 3JAHUI
C ’KAJIIO3UHUHBIM COJIHIE3AIIUTHBIM YCTPOMCTBOM

Annomayusn. B cmamve paccmampusaemcs SHepeemuueckas 3¢pgexmusnocmv cmeH ¢
AHCAMOZUTHBIM — CONHYE3aWUmMHbIM  yempoucmgeom. Ommeueno, 4mo I@hdekmusuvim  cpeocmeom
3auuUmsl OM COIHEYHOU paoUayUY 6 IeMHULl NepuUoo, AGIAIOMCS JHCAMO3ULIHbIE PACaOHble CUCIEMbL C
BEHMUAUPYEMOU NPOCIOKOU. B pezynvmame nposedenHbix dKCnepUMEHMANTbHbIX UCCIe008AHUL HA
MOOeNsX 30anUll OmMeyeH psi0 CYWEeCBEHHbIX MenI0PUIUYECKUX 3AKOHOMEPHOCTEL, ONPeOesiouux
MeNnio-8empo8ble NPOYEccyl 8 NPUCMEHHOM Cl0e (PACAOHBIX CUCTEM, KOMOPble C NOTHbIM OCHOBAHUEM
MOJICHO NPUMEHUMb 8 DPeAnbHOM HPOEeKMUPOBAHUL, CMPOUMENbCMEe U IKCIIYAmayuu 0ObeKmos.
Co30anbl  npednocvliku U ycioeus Ol paspabomKu YHUBEPCANbHOU MeMOOUKU OYEHKU MEnio-
6EMPOBLIX  NPOYECCOB8,  ONPEOCTSIOUUXCS  2COMEMPUYECKUM U (u3udeckum nodobuem  npu
MOOEUPOBAHUU  NPOYECCO8  NPUCMEHHOU  BO30VUHOU  Cpedbl 6  PeueHuu  apXumexmypHo-
KOHCMPYKMUGHbIX 34044, Ppa3HooOpasnvlx no cocmaegy. Ycmanoeieno, 4mo dpgexmusnocmo
NPOGEMPUBAHUSL NPUCHIEHHO20 CNI0SL 6030YXAd U NEPB020 He3ACMpPAuBaemMoz0 KOJIOHHO20 IMadica
docmuzaemcst npu NpUMEHEHUU QACAOHBIX JHCATIOZULHBIX COTHYE3AUWUMHBIX YCMPOUCME ¢ Y2loM
Hakiona ux aamenei 45° - 60° k niockocmu gacada npu ux unconsyuu. Bulsignena snepeemuueckas
ahpexmusnocmv cmen 30anuil nymem HPUMEHEHUs COTHYE3AWUMHBIX JHCATIO3ULIHBIX YCIMPOUCMS.
Onpedenenvl nPeonocwIKU Oiist ApXUMEKNYPHO-CIPOUMENbHO20 NPOEKIMUPOBAHUSL HAPYICHBIX CIMEH C
HCATIOZUTHBIMU COTHYE3AUWUMHBIMU YCIMPOUCMEAMU CROCOOCmEyloujue hopMuposams KOHEeKMUGHbLE
NOMOKU 8 NPUCIMEHHOM Cl0e 8030yXa KOMOpble 68 NOCIedCmEue MOo2ym UCHOIb3068akbl 01 0bozpesa
nomewjenul, a maxoice OJisi U3GNedeHuss OMmpabdoOmanHoO20 6030yYXa U3 NOMEWEHUL NYmMem onpeoeieHus.
MeCcmopacnoioONceHUs eCmeCmeeHHbIX NPUMOYHO-BLIMANCHBIX OMBEPCMULL U PeXCUMAd IKCHIYamayuu
OKOHHbIX CMBOPOK, pamye, popmouex.

Kniouesvie cnosa: 30anue, ¢pacaonvie cucmemvl, HCANO3U, BEHMUTAYUA, KOHBEKYU,
NPUCMEHHDBIIL CTIOT, MOOeUPO8anUe, MENI0-6eMmpPosoL PeXCUM, IHeP20IPPEKMUBHOCTD.

A.l. GIYASOV?, S.M. MIRZOEV*
!National Research Moscow State University of Civil Engineering (NRU MGSU), Moscow, Russia

MODEL OF HEAT-WIND REGIME OF BUILDING WALLS WITH LOUT
SUN PROTECTION DEVICE

Abstract. The article discusses the energy efficiency of walls with louvered sun shading
devices. It has been noted that louvered fagade systems with a ventilated layer are an effective means of
protection from solar radiation in summer. As a result of the experimental studies carried out on
building models, a number of significant thermophysical regularities were noted that determine heat
and wind processes in the near-wall layer of facade systems, which can rightfully be applied in the
actual design, construction and operation of objects. Prerequisites and conditions have been created for
the development of a universal methodology for assessing heat and wind processes, determined by
geometric and physical similarity when modeling processes in the near-wall air environment in solving
architectural and structural problems of various compositions. It has been established that the
effectiveness of ventilation of the wall layer of air and the first unbuilt column floor is achieved by using
facade louvered sun-protection devices with an angle of inclination of their lamellas of 45° - 60° to the
plane of the facade during their insolation. The energy efficiency of building walls was revealed
through the use of sun-protection louver devices. Prerequisites for the architectural and construction

© lusicos A.U., Mupzoes C.M., 2024
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design of external walls with louvered sun-protection devices have been determined that contribute to
the formation of convective flows in the wall layer of air, which can subsequently be used for heating
premises, as well as for extracting exhaust air from premises by determining the location of natural
supply and exhaust openings and the operating mode of windows sashes, transoms, vents.

Keywords: building, facade systems, blinds, ventilation, convection, wall layer, modeling, heat
and wind regime, energy efficiency.
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INPOBJIEMA PACKPBITHUSA TPEHIUH B ) KEJE3OBETOHE

Aunnomauyusn. B cmamve paccmompeHvl pasiuiHvle ACnekmol npooiemMvl OYeHKU PACKPbIMUsL
mpewun 8 Jcene300emone, Onupasch Ha IKCHePUMEHMATbHbIE OAHHbLE, NOJYYEHHbIE 8 UCCIe008aHUSAX
nocieonux iem. Aemopom npeoyodNceHa KiacCupurkayusi munoe mpewjut, 66e0eH psi0 HOBbIX SUNOMmes,
VCMAHOBIEHHBIX IKCNEPUMEHMANbHO 3Phexmos Oepopmuposanus dicese300emona 6 30He Mpewjun.
Cohopmynuposannvle Ha 3moil 0OCHO8e NPUHYUNDBL GKIIOUAION CXEMbl PACAPEOCIeHUe CULOBbIX NOMOKO8
MedACOy MpewunHamu, NOHImMue 0 NPOocPecCUPyiouux MaucmpaibHblX MpewuHax u 0eqhopmMayuoHHOM
aghghexme 6 dicenezobemone - CREYUAaIbHOM OBYXKOHCOJIbHOM JJieMeHme 8 MeCmHOU obnacmu 0KoJo
bepe206 mpewuivl, Hogble 060OUeHHbLE 2UNOMe3bl, MeoPeMbl U (PYHKYUOHANbL O JUHEUHbIX U Y2/L08bIX
dehopmayusx coxcamoi u pacmsaHymou 30H CeHeHUll Hcene300emMOHHbIX INEMEHMO8 HA 6CEX YPOGHSX
ynpyzo-niacmuyecko2o oegopmuposanus. [Ipeonoscennas mModeib COCMABHLIX CMEPJICHEU 6 Bude
COUHUYHBIX NOJOCOK OJI ONPeOeNeHUsl HCeCMKOCMU YUYACMKA Hcele300emoHa ¢ NnepeceKkarouumucs
mMpewurHam N03601UNA HA NOPAOOK COKPAmumos Oupdepenyuaivrble YPaeHeHUs Meopuu COCMAGHbIX
cmepoichell. Yemanosnena cés3b U npuéedenvbl AHAIUMUYecKue 3a8UCUMOCmu Ol NepemeujeHull 8
mpewune C packpvlmuem U CO8USOM ee bepe2os, onpeoeiien 2ASHbIU GeKMOp NepeMeweHull u y2oi
pasnodelicmeylowjell  ycunuil 6 apmamype, nepecekaiowei mpewuny. Ilocmpoenvl pacuemmvle
3A6UCUMOCTUL OI51 ONPEOEICHUSI YPOBHEBbIX PACCMOSIHUL MENCOY MPEUWUHAMU U WUPUHBL PACKPbIMUS
mpewun. B pamkax obueti mMemooonocuu paccmMampuéaemol npooiemvl pPAcKpblmus Mpeujun 6
Jicesie3obemone ¢ UCNOAb306AHUEM  CQOPMYIUPOBAHHBIX — NPUHYUNOS  NOCMPOeHA — obwas
KOMOUHUPOBAHHASI YUCTICHHO — AHAIUMUYECKAST MOOEIb CIMPOUMENIbHOU MeXAHUKU Jcene300emona
(MPMC), yuumvisaiowas oegopmayuonnvlii d¢pgpexm 6 mpeujune, Mooeaupyemulii 08YXKOHCONbHbIM
onemenmom (AKD), munvr mpewun, npocmpancmeeHnyto nosepxHocms pacnpeoenenus oepopmayuti 6
CeueHuu ¢ MmMpewuHol U Opyeue YCMAHOGNIEHHbIE IKCHEPUMEHMANILHO OCOOEHHOCHU MEXAHUKU
Jicenie30bemona.

Kniouesvie cnosa: s¢hpexm  owcenezobemomna,  2unomesvi,  pacyemmHvie  MOOEU,
Odehopmayuonnviii. 3¢hghexm, wupuna packpvlmusi mpewut, O08YXKOHCOIbHBIL NEMEHNM, YUCTEHHO-
AHATUMUYECKUL MemoO.

VL.I. KOLCHUNOWV!
'Moscow State University of Civil Engineering (NIU MGSU), Moscow, Russia
2Research Institute of Construction Physics of the Russian Academy of Architecture and Construction Sciences,
Moscow, Russia

THE PROBLEM OF CRACK OPENING IN REINFORCED CONCRETE

Abstract. The article discusses various aspects of the problem of assessing crack opening in
reinforced concrete based on experimental data obtained in recent studies. The author proposed a
classification of crack types, introduced a number of new hypotheses, established experimentally the
effects of deformation of reinforced concrete in the crack zone. The principles formulated on their basis
include schemes for the distribution of force flows between cracks, the concept of progressing main
cracks and the deformation effect in reinforced concrete - a special two-console element in the local
region near the crack banks, new generalized hypotheses, theorems and functionals about linear and
angular deformations of the compressed and tensile zones of reinforced concrete element sections at all
levels of elastic-plastic deformation. The proposed model of composite rods in the form of single strips
for determining the stiffness of a section of reinforced concrete with intersecting cracks has made it
possible to reduce the differential equations of the theory of composite rods by an order of magnitude
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when solving such problems. The connection is established and analytical dependences for
displacements in the crack with opening and shear of the crack banks are given. The main vector of
displacements and the angle of equidirectional forces in the reinforcement crossing the crack are
determined. Calculated dependences for determining the level distances between cracks and crack
opening widths are constructed. Within the framework of the general methodology of the considered
problem of crack opening in reinforced concrete, using the formulated principles, a general combined
numerical-analytical model of the structural mechanics of reinforced concrete is constructed, which
takes into account the deformation effect in the crack modeled by a double cantilever element, the types
of cracks, the spatial surface of strain distribution in the cross section with the crack and other
experimentally determined features of the mechanics of reinforced concrete, cracks types, spatial
surface of strain distribution in the cross-section with a crack and other experimentally determined
features of reinforced concrete mechanics.

Keywords: reinforced concrete effect, hypotheses, computational models, deformation effect,
crack opening width, two-concole element, numerical-analytical method.
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AIIIMIPOKCUMALIMA ITPOI'NBOB IIVIACTHHOK,
JIEZAKAIIIUX HA BUHKJIEPOBOM OCHOBAHUNH

Annomauyus. Llenv Hayunoeo uccied08anus COCMoUm 6 paseumun Memooa UHMepnoasyuL no
Koappuyuenmy ¢opmol 0151 pacuéma MaAKCUMAILHO2O0 Npo2UOA MOHKUX WIACMUHOK HA YNPYyeoM
BUHKIIEPOBOM OCHOBAHUU, HAWEOWUX WUPOKOE NPUMEHEHUE NPU MOOIUPOBAHUY PabOmbl dIEMEHNO8
CMPOUMENbHbIX KOHCIMPYKYUU 30aHuil U COOpyJiceHull. Yxazauuvill memoo pacuéma no3eossem
Nnonyuams peuieHuss Ha OCHO8e NPAMbIX AHANUMUYECKUX 3ABUCUMOCMEl, apeyMeHmomM KOMmOopbIX
SA6JIEMCI UHMESPATbHASL XAPAKMEPUCTIUKA NILOCKOU 8bINYKI0U 00OHOCBA3HOU 00aacmu — KO duyuenm
Gopmvl. Dma xapaxmepucmuka umeem npUMeHeHue 6 psde 3a0ay MamemMamuyeckou QU3UKU U
uzeecmua no pabomam yuénvix I Iomua u I. Ce2é. Bnepevie k pacuémy niacmunox kospguyuenm
gopmuvl npumenéu npogheccopom B.HU. Kopobro. Memoo unmepnonsyuu no xosgguyuenmy gopmol
paspaboman  npogeccopom A.B. Kopobro. I[lpu onpedenenuu Maxcumanvbho2o npocuda MOHKUX
NIACTMUHOK HA YNPY2OM OCHOBAHUU OMOEIbHbIE NAPAMEMPbL 3A0aAYU PACCMAMPUBAIOMCIL KAK (YHKYUU
om xoapuyuenma ¢hopmel paccmampueaemol NAACMUHKU U ONPeOessionmcs MUnomM 2SpaHuyHbix
yenosuil na eé kowmype. Ilocmpoenuio annpoxcumupyowux GyHKyull Osi HenpepbleHbIX MHOICECME
NIACTNUHOK XAPAKMEPHbIX OYEPMAHULL U SPAHUYHBIX YCI08ULL NOCBAUEHO Hacmosujee ucciedosanue. B
cmambve nPUBOOSIMCst PyHKYUU 015t pacyéma 3HAYeHUsE MAKCUMATbHO20 NPo2uba Ynpy2ux niadcmuHoK 6
6ude pagHOOEOPEHHbIX MPEY2ONbHUKOS, POMOOS8 U IPAMOY2oNbHUKos. [lpu smom paccmampusaromcs
NIACMUHKU C PA3TUYHBIMU KOMOUHAYUAMYU WAPHUPHO2O ONUPAHUA U HCECMKO20 3AUjeMAeHUs N0 UX
OMOENbHbIM ~ CIMOPOHAM, — HASPYIHCEHHblE CHIAOWHOU PABHOMEPHO  pACHPeOeNéHHOU  HA2py3KOI.
Yemanoenennvie  ynkyuonanvhvlie  3asucumocmu  npeoHasHauveHvl 0Nl HENOCpeOCHEEHHO20
UCNONb308AHUA NPU pACUéme NIACMUHOK YKA3AHHBIX OYEepMAaHull, a maxdce 015 NOJAY4eHUs. ONOPHbIX
pewenutl npu  UHMepnoIAYUY 3HAYEHU MAKCUMATbHLIX Npo2ub08 NIAACMUHOK 0Oo0Nee  CLOJNCHbIX
oyepmaHuil.

Knrouesvie cnosa: ynpyzue niacmuHKku, 6UHKIEPOBCKOE OCHOBAHUE, MAKCUMANbHLIL NPO2uo,
KO3 puyuenm Gopmvl, annpoxcumupyrowas QyHKyus..

A.V. KOROBKO?, M.Yu. PROKUROV?
'Orel State University named after 1.S. Turgenev, Orel, Russia
2Bryansk State Technological University of Engineering, Bryansk, Russia

APPROXIMATION OF DEFLECTIONS OF PLATES
LYING ON WINKLER BASE

Abstract. The purpose of this research is to develop the method of shape factor interpolation
for calculating the maximum deflection of thin plates on an elastic Winkler base, which are widely used
in modeling the operation of elements of building constructions of buildings and structures. The above
calculation method allows to obtain solutions based on direct analytical dependences, the argument of
which is an integral characteristic of a flat convex one-connected area - the shape factor. This
characteristic has applications in a number of problems of mathematical physics and is known from the
works of scientists G. Polia and G. Szegd. The shape factor was first applied to the calculation of plates
by Professor V.I. Korobko. The method of interpolation by shape factor was developed by Professor
A.V. Korobko. When determining the maximum deflection of thin plates on an elastic base, some
parameters of the problem are considered as functions of the shape factor of the plate in consideration
and are determined by the type of boundary conditions on its contour. The present study is devoted to
the construction of approximating functions for continuous sets of plates of characteristic outlines and
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boundary conditions. The paper presents functions for calculating the maximum deflection of elastic
plates in the form of isosceles triangles, rhombuses and rectangles. The plates with various
combinations of hinged support and rigid pinch along their individual sides, loaded with a continuous
uniformly distributed load, are considered. The established functional dependences are intended for
direct use in the calculation of plates of the specified outlines, as well as for obtaining reference
solutions during interpolation of the values of maximum deflections of plates of more complex outlines.

Keywords: elastic plates, Winkler base, maximum deflection, shape factor, approximating
function.
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NPOYHOCTDb U AE®@OPMATHUBHOCTD AEPEBAHHBIX
KOHCTPYKIIMU, APMHUPOBAHHBIX OTPABOTAHHBIMH
MHHOJJOTHAMM JIEHTOYHBIX ITNJI

Annomayusn. B Poccuu e6cé 6onvuie pacuupsemcsi 006véM 6blnYCKAeMOU NULONpoOyKYul,
nonyuaemMol 3a cyém packpos KpPYNHOMepHbIX Opéeen Ha JeHmOYHONUnbHLIX cmanxax. lloromna
Jenmoynwvix nun ompabameisarom om 20 0o 500 uacos, u mexHoI02UsL UX BMOPUYHOSO UCHOIL30BAHUSL 8
Hacmoswee spemsi we npedycmompena. Cozoanue 3¢pghekmusHo2o memooa apmMupo8aHusi OepessIHHbIX
KOHCMPYKYULl 0mpabomanHblMu NOJOMHAMU JTEHMOYHbIX UL NO3GOIUM NOBICUMb UX NOKA3AMenu
Hecywel cnocoOHOCMU, HCECMKOCIMU U IKCIIYAMAyuoHHot Hadéxchocmu. [Ipednonazaemcs, umo no
COUEMAanUuIo NPOYHOCMHBIX NOKA3amenel U MexXHOIOSUYHOCU HOBble APMUPOBAHHbIE OepessHHble
KOHCmpyKyuu  O0yoym CcOOmeemcmeogams — CyWecmsyiomuM —auaioeam, d no IKOHOMUHECKUM
nokazamensim — npesocxooums ux. Hoeusna ucciedosanusi cocmoum 60 8mMoputHOM UCHOIb308AHUU
MEXHO2EHHBIX OMX0008 0epesoodPabamvlealoWux npPoU3BOOCmMs 6 CMpPOUMeIbCmee 30aHUll U
COOpYJICenUll, YmMoO NO360AUM €  OOCMAMOYHOU  CMENeHbl0  00CMOBEPHOCIU — 0O0CHO8AMb
ahpexmusnocmb  NPEONOINCEHHO20 MEMOOA aAPMUPOBAHUST OEPEBSHHbIX KOHCmpyKyull. B cmamove
uccaredyromes. 6aiKu u3 YeibHou opeeecunvl Onunou 6 mempos ceuenuem 100%200 mm, ucnvimarnus
nPoU3BO0SIMcsL Ha u32ud. BulnonHeHo yucienHoe MoOenuposanue ni0CK020 HaNPI#CEHHO20 COCMOSHUS
MEmMOOOM KOHeuHbIX dfemenmos. Hecywasn cnocobnocme 6anku ¢ apmuposanuem ompadomaHHbIMu
NOLOMHAMU IEHMOYHBIX MU YEeIUNULACy 6 1,5 pasa 6 cpagrenuu ¢ HeapmMupo8aHHot 6anKou.

Kniouesvie cnosa: opesecuna, oepegsanmuie KOHCIMPYKyuu, O6AIKU, apMuposanue, NPpOYyHOCHb.
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STRENGTH AND DEFORMABILITY OF WOODEN STRUCTURES
REINFORCED WITH WASTE BAND SAW BLADES

Abstract. In Russia, the volume of sawn products produced by cutting large-sized logs on band
saws is increasingly expanding. The blades of band saws work from 20 to 500 hours and the technology
of their secondary use is currently not provided. The creation of an effective method of reinforcing
wooden structures with spent band saw blades will increase their load-bearing capacity, rigidity and
operational reliability. It is assumed that in terms of the combination of strength indicators and
manufacturability, the new reinforced wooden structures will correspond to existing analogues, and in
terms of economic indicators they will surpass them. The conceptual novelty consists in the secondary
use of man-made waste from woodworking industries in the construction of buildings and structures,
which for the first time will allow to justify the effectiveness of the method of reinforcing wooden
structures with treated band saw blades at a high theoretical level. The article examines beams made of
solid wood with a length of 6 meters with a cross section of 100 x 200 mm, bending tests are
performed. Numerical simulation of the plane stress state by the finite element method is performed.
The load-bearing capacity of a beam reinforced with spent band saw blades increased by 1.5 times in
comparison with an unreinforced beam.

Keywords: wood, wooden structures, beams, reinforcement, strength.
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WCCJEJTOBAHUE MOJ3YYECTH CTAJEXKEJIE3OBETOHHBIX
OBPA3IIOB

Annomayun. B cmamve npusodamcsa pe3yrvmamuvl uccie008aHus NOAZYYeCmu U Ycaoku
cmanesicene306emonnvix 00pasyos. [lna amoeo Oviiu nposedenvl napaieabhvle UCHLIMAHUA 00pa3yos,
BBINOTHEHHBIX U3 0OHO20 Kaacca 6emoHa, HO ¢ pasHvlM apmuposanuem. HMccaedosanucy GemonHvle
06pasyvl, 06paA3Ybl, APMUPOBAHHBIE KAPKACAMU U3 CINEPHCHESOU apMamypbl U cmanexcene3o0emonnsle
006pasybl ¢ BHEWHUM JUCOBLIM apmuposanueM. HMcenvimanusi nposoounuch 6 KIUMAMUYECKUx
NOMeWeHUsAX C UCNOb30BAHUEM NPYHCUHHBIX YCTNAHOBOK 05l NOOOEPIHCAHUA HeUSMEHHOU HAZpy3Ku,
Oeticmeyiowell Ha oOpasyvl 8 meueHuy ONUMeIbHo20 epemenu. Haepyska na obpaszvl nodbupanace us
pacyema pageHcmea HanpaxceHull 8 bemomne 80 6cex cepuax obpasyos. O6pasybl UCNBIMBIBATUCL KAK
2UOPOU3ONUPOBAHHBIE, MAK U He SUOPOUOTUPOBAHHBIE, OYEHUBANOCL GIUAHUE 2UOPOUZOTAYUOHHOO
noKpulmus Ha Oeopmayuu ycadku u noizyyecmu 0N PA3Hblx ceputi obpasyos. [ cHAmMus
ungopmayuu 6vina paspabomana cucmema, NO3BOIAIOUWAA NOMUMO NPOOOTLHBIX Oedopmayuil ycaoxu
U noasyyecmu onpedenums nonepeuHvie oepopmayu, npooovHsie deghopmayuu no epaHam oopasya
01 onpeodeneHus GIUAHUA APMAMYPbL U CMATU BHEUIHe20 TUCMA, OYeHUmyb usMeHeHue nPOoOOTbLHBIX
Odeghopmayusa om yeHmpa oopasya K e2o Kpaam, OmoeabHO oyeHums dedpopmayu 6emoHa u CmaitbHO20
JaUcCma 6 cmanedicene306emonHnbix 00pa3yax.

Ananus pe3ynomamos nO380MUN CPASHUMETbHYIO OYEHKY GIUAHUA OObIYHOU CMEpHCHEegOl
apmamypsl, a Makxice CMAILHOSO JUCIA CIATeHCeNe300emMOHHbIX  00pasyos Ha deghopmayuu
noazyvecmu u ycaoku, maxoice OuLia nPou3seoena OYyenKa IUAHUA 2UOPOUI0TAYUOHHO20 NOKPLIMUS HA
pesyiomamsl  Ucnelmanuii @  pasueix cepusx. Ilo  pesyremamam  nposedennoii  pabomul
COOPMYIUPOBAHDI pacCUUpeHHble MPeDO08aAHUA K IKCHEPUMEHTNATLHO-MEOPemU4ecKum Uccie008aHUAM
cmaneicene300emoHnbIX  00pasyos ¢ GHEWHUM JUCHOBLIM APMUPOBAHUEM NO ONPEOeNeHUIo Ux
PACUEemHbIX HCECHMKOCIEI.
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CREEP BEHAVIOUR OF STEEL-REINFORCED CONCRETE SPECIMENS
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Abstract. The paper presents the results of investigation of creep and shrinkage of steel-
reinforced concrete specimens. For this purpose, parallel tests of specimens made of the same class of
concrete but with different reinforcement were carried out. Concrete specimens, specimens reinforced
with bar reinforcement frames and steel reinforced concrete specimens with external sheet
reinforcement were investigated. The tests were carried out in climatic rooms using spring setups to
maintain a constant load acting on the specimens over time. The load on the specimens was selected
based on the equality of stresses in the concrete in all series of specimens. The specimens were tested
both waterproofed and non-waterproofed, and the effect of waterproofing coating on shrinkage and
creep strains was evaluated for different series of specimens. A system was developed to capture
information. which allows, in addition to longitudinal shrinkage and creep deformations, to determine
transverse deformations, longitudinal deformations along the faces of the specimen to determine the
influence of reinforcement and steel of the outer plate, to evaluate the change in longitudinal
deformations from the center of the specimen to its edges, to evaluate separately the deformations of
concrete and steel plate in steel-reinforced concrete specimens.

The analysis of the results allowed a comparative assessment of the influence of conventional
bar reinforcement as well as steel sheet of steel-reinforced concrete specimens on creep and shrinkage
deformations; the influence of waterproofing coating on the test results in different series was also
assessed. Based on the results of this work, extended requirements for experimental and theoretical
studies of steel-reinforced concrete specimens with external sheet reinforcement to determine their
design stiffnesses were formulated.

Keywords: concrete, reinforced concrete, steel-reinforced concrete, creep, shrinkage
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B.E. JEBUTCKUI?

I®rAOY BO «Poccuiickuii yRHUBEpCHTET TpaHcropTay, T. Mocksa, Poccust

JAE®OPMATHUBHBIE XAPAKTEPUCTUKHU HAI'PY KEHHOI'O BETOHA
NP HECTAIIMOHAPHOM HAI'PEBE

Annomayusn. Teopus Haxonienus nospedcoenuti 6 0Oemone KAk HeOOHOPOOHO-XPYNKOM
mamepuane NPUMEHUMENTbHO K YCI0BUAM  6bICOKOMEMNEPAMYPHO20 PE3KOPENCUMHO20 HA2Pe6d
OONONHEHA  NPeOnOCLUIKOU 00  UHEAPUAHMHOCIU — NPEOeNbHbIX — CIPYKMYPHbIX — HANPANCEHUI,
nosgonsowell NPeoCmagums  pazeumue HeIUHENH020 KOMNOHeHmA OeqopMayuu U CHUdICeHue
nPOUHOCMU KAK eOunblil npoyecc. Xapakmepucmukoi 3mo2o npoyecca sensemcs Kodpguyuenm
ynpyeocmu  (ko3pguyuenm cexyweco Mmooynas) 6Gemoua, npuobpemaowull 8 paccmampuéaemou
NOCMAHOBKe XapaKmep SHMPORUIHO20 napamempa nospexicoénnocmu mamepuana. Cneocmsusi 0aHHOU
NPeOnOCLLIKU  CHOPMYIUPOBAHLL 8 6Ude OA308bIX MEPMOMEXAHUYECKUX COOMHOULeHUl, 01a200aps
KOMOPbIM NOSGISIEICSL 603MONCHOCHb NPEOCMA8UIb Peakyuio 6emona Ha oeticmaue memnepamypsl u
Ha2pysKu Kaxk pe3yibmam Oeticmeus 08yx 0eepadayUoOHHbIX MEXAHU3MOS. UCNAPEHUs 612U U3 2es
YEeMEHIMHO20 KAMH U PA3PYUIeHUSI CIPYKMYPHBIX C6A3€U C POCHMOM MEMRepamypbl, KOmopule
Peanusyiomcs COOMEEemMCmeeHHO 6 Gude JIUHEUH020 U HEeIUHENH020 KOMNOHEHMOS8 CULOBOU
depopmayuu.

Tpeonosicena memoouxa Hopmanusayuy (NPeocmasienss 6 OMHOCUMENIbHOM K HAYAIbHOMY
SHAYEHUIO 8UOe) KPUBLIX PA3GUMUSL CUTIOBbIX Oehopmayuil 6emona, Komopas no360asem 000CHOBAHHO
pazoenunmsv 3mu KOMNOHEHMbl NPU AHATIU3E KPUBLIX 0eDOPMUPOBAHUsL U HAlimU HeoOXooumble O Ux
ONUCAHUS MeMNEPAMYPHbIe NAPAMEMPbL 8 YCI0BUAX HASPe8d 6 HASPYIHCEHHOM COCmosHuU. Boiseneno,
umo npu Mol dce Haspy3Ke U memnepanype nogvluieHue 0ehopMamueHoCmu npu Hazpese bemona 8
HAZPYHCEHHOM COCMOSHUU RO CPABHEHUIO C HASPYHCEHUEM RNOCAe HA2peda NPOUCXOOUm 3a CHém
VBeUuueHUs. IUHEUIH020 KOMNOHEeHMA Npu COXDAHEHUU e20 O0Au 8 cocmage NOHOU Oeghopmayuu,
xapakmepusyemoil Kodghpuyuenmom ynpyeocmu, nocmosannou. Ilokazano, umo oonyuenus, npuHsmole
8 CYUecmeyiomux Mooesix 0eqhropMUPOBAHUsL HASPYHCEHHO20 HeMOoHa NPU HECMAYUOHAPHOM Hazpese,
AGNAIOMCS HACTNHBIMU PEUEHUAMU U ONPeOeielbl YCI08US, NPU KOMOPLIX UX NPUMEHEHUEe CIMAHOBUMCSL
B03MONCHBIM.

Kniouesvie cnosa: Oemown, ozcHecmolkocmb, Hazped MO0  HASPY3KOU,  Ouaspamma
O0ehopmuposanus, Mooyab YRpyeocmu npu Hazpese, pazoeienue KOMHOHEHmMOos dehopmayuu, mMooeis
MepMOCUNOB020 CONPOMUBTIEHUSL.

V.E. LEVITSKY!
'Russian University of Transport, Moscow, Russia

STRAIN PARAMETERS OF LOADED CONCRETE UNDER TRANSIENT
HEATING CONDITIONS

Abstract. The theory of damage accumulation in concrete as a heterogeneous-brittle material,
as applied to conditions of high-temperature, abrupt heating, is supplemented by the premise of the
invariance of ultimate structural stresses, which makes it possible to imagine the development of a
nonlinear component of deformation and a decrease in strength as a single process. A characteristic of
this process is the elasticity coefficient (secant modulus coefficient) of concrete, which in the
formulation under consideration acquires the character of an entropy parameter of material damage.
The consequences of this premise are formulated in the form of basic thermomechanical relationships,
thanks to which it becomes possible to consider the reaction of concrete to the action of temperature
and load as a result of the action of two degradation mechanisms: evaporation of moisture from the gel
of cement stone and destruction of structural bonds with increasing temperature, which are realized
respectively in the form of linear and nonlinear components of force deformation.

© Jlesumckuut B.E., 2024
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A method of normalization (representation in a form relative to the initial value) of the
development curves of force deformations of concrete is proposed, which allows us to reasonably
separate these components when analyzing the deformation curves and find the temperature parameters
necessary for their description under heating conditions in a loaded state. It was revealed that at the
same load and temperature, an increase in deformability when heating concrete in a loaded state
compared to loading after heating occurs due to an increase in the linear component while maintaining
its share in the total deformation, characterized by the elasticity coefficient, constant. It is shown that
the assumptions made in existing models of deformation of loaded concrete during unsteady heating are
partial solutions, and the conditions under which their use becomes possible are determined.

Keywords: concrete, fire, transient thermal strain, thermo-mechanical behavior, explicit and
implicit constitutive model, load induced thermal strain, master curve LITS.
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KOHIENINSI MOJEJHA MOPO3HOI'O BO3JIEVICTBUSI HA BETOH
MOPCKHMX COOPYKEHUU

Annomayus. I[lpedcmagien KOHYenmyamvbuvlii N00X00 K NPOSHOUPOBAHUI) O0JI208EHHOCHIU
OemoHa 8 yCrousx MOPO3HO20 8030€UCMBUs U CUIbHO20 HACHIYEHUS. HA OCHO8E PeallbHOU padomyl
OemoHa 8 KOHCMPYKYUSIX NOPMOBLIX COOPYIHCEHUL Ha MOPCKOM nobepedicve io2a o. Caxanun. Tlokazano,
Umo OmMCymcmeue Memoo08 NPOSHOUPOBAHUS KOPPO3UL BEMOHA 6 YCA0BUSAX MOPO3HO20 6030€liCMEUs,
00yCn061eH0  MHO2000pa3ueM U  CUHepeemuyeckum dQoekmom  Gakmopos,  onpeoensiouux
doneogeunocmy.  MHuocoyukauunoe 6o030eticmeue 3HAKONEPEMEHHbIX meMnepamyp, O00YClO8IeHHOe
MOPCKUMU NPUTUBAMU, HE 6Ce20a AGNAEMCS ONPedesiowuM KPUMUYeCcKum noKazamenem cypoeocmiu
0Nl 30HbI NepeMenHo20 yposhsa. Hesamepszaiowas 6o0a 6 akeamopuu NOPMOE U  MANCENbIE
2UOPOMEmeOpONIocUYecKUe YCaogusi 8 Gude CUIbHO20 BOJIHEeHUs npedonpedeisiom obiedeneHue
KOHCMPYKYUL 6 meueHue 6ce20 3UMHe20 nepuodd. Imom (akmop 8 OnpedeseHHbIX CAYUASIX MONCem
AGNAMBCS Kpumuseckum 01s1 6emona. Ha ocnosanuu pezynomamog ucciedo8anus cCOCMosHus, C80UCMa
U MeMNepPamypHO-GIANCHOCMHO20 PeNcUMa OemoHa 6 KOHCMPYKYUSX 30HbL NEPEMEHHO20 YPOBHSL 600bL
U OOWENPUHAMbBIX MEOPEeMUYECKUX NONONCEHUI MOPO3H020 paspyulenuss 6Gemona NpediodNceHo
NPOCHO3UPOBAMb CPOK CIYHCObL 8 30HE NEPEMEHHO20 YPOSHS NOPMOBLIX COOPYICEHUI HA OCHO8e
KOHYyenyuu 08yxcmaouiHocmu npoyecca MoposHou kopposuu. Tloxkaszana 603MONCHOCMb NPOSHO3A
0oneoeyHocmu  OEemoHa HA OCHO8E CYUCHAPHO20 MOOCIUPOBAHUS NPOYECca pA38Umusi CUCHEMbl
CMPYKmMypbl HOP YEMEHMHOU MAmMpUuybl 6 3A6UCUMOCTIU OM ee Napamempos8 K HAuany MOPO3HO20
6030€liCMEUs U MEXAHUIMA NPOMEP3AHUSL OEMOHA 8 KOHCMPYKYUSIX.

Kniouesvie cnosa: sooonacviwenue 6emona, 001208€4HOCTb, MOPO3OCOUKOCIb, MOPCKUE
COOpYIHCEHUS, CPOK CYIHCObL.

V.V. MALYUK2

!Branch FGBU «TSNIIP Russian Ministry of Construction» DalNIIS, Vladivostok, Russia
2 Sakhalin State University, Yuzhno-Sakhalinsk, Russia

CONCEPT OF THE MODEL OF FROST IMPACT ON CONCRETE OF
OFFSHORE STRUCTURES

Abstract. A conceptual approach is presented to predicting the durability of concrete under
conditions of frost exposure and strong saturation based on the actual work of concrete in the
structures of port facilities on the sea coast of the south of the island. Sakhalin. It is shown that the lack
of methods for predicting concrete corrosion under frost exposure, despite the large amount of
theoretical and experimental work on this topic, is due to the diversity and synergistic effect of factors
that determine durability. It has been established that the multicyclic effect of sign-variable
temperatures due to sea tides is not always the determining critical indicator of severity for the zone of
variable level. Non-freezing water in the port waters and severe hydrometeorological conditions in the
form of strong waves predetermine the icing of structures throughout the winter period. This factor in
certain cases can be critical for concrete. Based on the results of the study of the state, properties and
temperature-humidity regime of concrete in the structures of the zone of variable water level and the
generally accepted theoretical principles of frost destruction of concrete, it is proposed to predict its
service life in the zone of variable level of port facilities based on the concept of a two-stage process of
frost corrosion. The possibility of predicting the durability of concrete based on scenario modeling of
the process of development of the system of pore structure of the cement matrix, depending on its
parameters by the beginning of frost exposure and the mechanism of freezing of concrete in structures,
is shown.

© Manwok B.B., 2024
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Keywords: concrete water saturation, durability, frost resistance, offshore structures, service
life prediction.
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PACUET HAPAMETPA ’KUBYYECTH KEJIE3OBETOHHBIX PAM CO
CJIOKHOHAINIPA’KEHHBIMHA 3JIEMEHTAMUA

Annomayusn. Ha suepeemuueckoli 0cHOGe, ¢ UCHOAb306AHUEM OUASPAMMHO20 Memood
paspaboman aneopumm YUCIEHHO-AHATUMUYECKO20 PeuleHUst 3a0ayil No OnpeoeleHulo napamempa
Jrcugyuecmu JHcene306emonn020 PaAMHO20 Kapkaca MHO203MAINCHO20 30aHus co
COJNCHOHANPANCEHHBIMU INEMEHMAMU NPU CMAMUKO-OUHAMUYECKOM O0eOPMUPOSAHUL, BbI36AHHOM
ocobvim  6030eticmauem. Onpedenenue 3HAYEHUs NAPAMEMPUYECKOU HAZPYy3KU, Npu KOMOpolu 6
Hauboiee HANPIHCEHHOM NPOCMPAHCIMBEHHOM CEYEHUU NPU PACCMAMPUBAEMOM PENCUME HALPYHCEHUSL
Hacmynaem OOuH U3 Kpumepuegd 0cob020 NpedeibHOo20 COCMOSHUSL NOJYYEHO U3  CUCTEMbL
KAHOHUYECKUX YPAGHEHUU HeOPOUHAPHO20 8APUAHMA CMEWAHHO20 Memoodd. B coomeemcmeuu ¢ smum
6APUAHINOM — CMEWAHHO20 Memood, peuieHue 3a0ayu NOCMPOEHO MAaKuM 00pasom, Koz2oa
NePeOHAUANIbHASL UCXOOHASI CUCTNEMA NOOKOHCMPYKYUU PAMbL ONUCLIBACMCS. UAPHUPHO-CIMEPHCHEBOU
MOOebio, 8 KOMOPOU MeCMa 603MONCHO20 GbIKNIIOUCHUS CA3€U 3AMEHSIOM CLONCHLIMU UAPHUPAMU U
COOMBEMCMBEHHO HEU3BECMHBIMU Y2TI0GLIMU U JTUHEUHLIMU CEA3SIMU. NYMEM GbINOTHEHUs YUCLeHHbIX
UCCNIe008AHULL U CPABHEHUEM C IKCNEePUMEHMANIbHLIMU OAHHbIMU OAHA OYeHKA 3(dexmuenocmu u
docmogepnocmu paspabomannoi memoouku. [lokazano, 4mo npu NPUHAMBIX UCXOOHBIX SUNOME3AX
NPEONOJNCEHHASL MEMOOUKA PACYemd JHCUBYYeCU PAM CO  CLONCHOHANPSICEHHbIMU dNIeMEeHmamu
VOO08IEeMEOPUMENLHO ONUCHIBACH NPOYECC UX 0ehOPMUPOBAHUS U PA3PYILEHUS. NPU PACCMAMPUBAEMBIX
8030€liCMBUsIX.

Kniouesvie cnosa: oicene306emonnas  pamd, — CIOMCHOE  HANPANCEHHOE  COCMOsHUe,
IKCNEPUMEHMATLHO-Meopemuyeckue Ucciedosanus, ocoboe osdelicmaue, pacyemuas Mooenb,
napamemp Jcugyuecmu.

V.S. MOSKOVTSEVA!?
!Moscow State University of Civil Engineering, Moscow, Russia
2Scientific Research Institute of Construction Physics of the Russian Academy of Architecture and Construction
Sciences, Moscow, Russia

CALCULATION OF THE SURVIVABILITY PARAMETER OF
REINFORCED CONCRETE FRAMES WITH COMPLEX STRESSED
ELEMENTS

Abstract. On the energy basis, using the diagrammatic method, the solution of the problem of
determining the survivability parameter of the reinforced concrete frame structure of a multistory
building with complex-stressed elements under static-dynamic deformation caused by a special impact
is obtained. Determination of the parametric load value, at which in the most stressed spatial section at
the considered loading mode one of the criteria of the special limit state comes from the system of
canonical equations of the extraordinary version of the mixed method. Comparison of the experimental
and design survivability parameters gives an assessment of the efficiency and reliability of the proposed
design dependencies. It has been shown that with the adopted initial hypotheses, the proposed method
for calculating the survivability of frames with complex stressed elements satisfactorily describes the
process of their deformation and destruction under the considered impacts.

Keywords: reinforced concrete frame, complex stress state, experimental and theoretical
studies, special impact, calculation model, survivability parameter.
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0.A. CUMAKOB!

1®Irb0Y BO «HanmoHanbHbIN UCCIen0BaTeNbCKMH MOCKOBCKUI TOCY1apCTBEHHBIN CTPOHTENBHBIH YHHBEPCUTET,

r. MockBa, Poccus

NPUMEHEHHUE TOPKPET-BETOHA JIJIS1 YCUJIEHUA KAMEHHOI

KJIAJIKHA

Annomauyusn. Texnonozus ycunenus KOHCMPYKYUU MemoOOM MOPKPEMUpOSaHUs U3eecmud

bonee cma aem. Ilepsvie onvimel npumenenusi OaHHO20 Memooa omuocamces npumepro k 1910-1912
2o0am. B mo oice @pems Ha OQHHBLL MOMEHM OCMAIOMCS GONPOCHL KAK C MEmOoOUKou pacuema
VCUNUBACMBIX KOHCMPYKYUL, MAK U C YYemoM HOBbIX CEOUCME MOPKpem-0emona, Komopule
NOSGIIOMCA Y OAHHO20 MAMePUana 6 pe3yibmame CO8ePUICHCMBO8aHUsL 060PYI08AHUs U MaAmMepuad
Ol MOPKPemupo8anusi HenocpedcmeeHHo. B Hacmoswell cmamve pacmomper onvim pacuemd,
nPOeMuUPOBanUs U NPUMEHEHUs. MOPKPem-0emona Ol YCUNEHUSI HECYWUX KOHCMPYKYUL U3 KAMEHHOU
KAAOKU, HAKONAEHHDBI 3a nociiednue 06a 2o0a. Ilpedcmasienvl akmyanbhble MEMOOUKU NPOU3BOOCNEA
pabom, a makdice COOMEEMCMEYIOWUE UM MEMOOUKA PACUemHO20 0OOCHOBAHUS (YHUMBIBAIOUUX
IMANHOCMb NPOBeOeHUst pabom N0 YCUNCHUIO KOHCIPYKYUL) ONIsL CLOJNCHBIX C UHICEHEPHOU MOUKU
00beKmo8. C60006, KUPNUYHBIX CMEH C OONbUUM RPOYCHMOM NOBPDENCOCHUs, & MOM Uucie 6
pe3yibmame MUHHO-63PbIGHLIX 6030eticmeutl. TIokasanvl pe3yibmamsl pearu3ayuu YCuleHusi KAMeHHOU
KIAOKU MemoOOM 0OHOCHOPOHHUX ANNJIUKAYULL U3 MOPKpem-0emona.

Knrwoueswie cnosa: moprem—6em0H, KAMEeHHAaA K/laaKa, ycujleHue, 60CCmMAaHo6IeHUe.

OL.A. SIMAKOV?
!National Research Moscow State University of Civil Engineering, Moscow, Russia

THE USE OF SHOTCRETE TO STRENGTHEN MASONRY

Abstract. The technology of reinforcing structures by the shotcrete method has been known for

more than a hundred years. The first experiments using this method refer to approximately 1910-1912.
At the same time, at this moment there are questions both with the calculation methodology of
reinforced structures, and taking into account the new properties of shotcrete, which appear in this
material as a result of improving equipment and material for shotcrete directly. This article examines
the experience of calculating, projecting and applying shotcrete to strengthen load-bearing masonry
structures accumulated over the past two years. The current methods of work are presented, as well as
the corresponding methods of calculation justification (taking into account the stage of work on
strengthening structures) for objects that are difficult from an engineering point of view: arches, brick
walls with a large percentage of damage, including as a result of mine-explosive impacts. The results of
the implementation of reinforcement of stone masonry by the method of one-sided applications of
shotcrete are shown.

Keywords: shotcrete-concrete, masonry, reinforcement, restoration.
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TEPMOJECTPYKIHUSI CTEBJEN BOPIIEBUKA COCHOBCKOT O,
MOJU®UIIUPOBAHHBIX MOHODITAHOJAMMH (N—B)-
TPUTUJIPOKCUBEOPATOM

Annomayusn. B npedcmasnennoil pabome uccredosan Npoyecc mepmMoOecCmpyKyul He
MOOUPUYUPOBAHHBIX U  MOOUPUYUPOBAHHBIX OOPAZOMHBIM COCOUHEHUEM UBMENbUCHHbIX cmebael
obopwesuxa CocHoscko2o memodom mepmozpasumempuieckozo anamusza (TI'A) u ouggepenyuanvrou
ckanupyrowei karopumempueu ([[CK). Obwas yenv ucciedoeanus - onpeoeiieHue MmMemnepamypl
PA3N0NCEHUsL OCHOBHBIX XUMUYECKUX KOMNOHEHMO8 U GelUYUH NOmepu MAccbl 00pabomaHHuIX U
HeoOpabomannwix uzmenvueHuvix cmebaei oOopwesuxa COCHOBCKO20 Ost YCMAHOBIEHUS YVCI0GULL
nPoOU3B00CMEA MENIOUSOJAYUOHHBIX MAMEPUATIO8 HA OCHOBE 0OPAOOMAHHBIX UIMENbYEHHBIX cebell.
Konyenmpayuss ucnoavsyemozo mooughuxamopa cocmaeusina 10%, 30% u 50% monosmanonamun
(N-B)-mpueuopoxcubopama (MDATI'E). [Tonyuennvie danHbie NO380MUNU COCIAMb BbIGOO O MOM, YMO
ucnomvzoganue 30% u 50% moougpuxamopa MDIATIE ymenvwiaem eeruuuny nomepb Maccvl No
CpasHenulo ¢ KOHMpPOIbHLIMU 00pasyamu. Takum obpazom, ycmano8iena OnNMUMAIbHASL KOHYEHMPAYUs
moouurxamopa paszuas 30% O U320moGieHUsT KOMROZUMOE U3 0OPAOOMAHHBIX UIMENTbYEHHbIX
cmebneti bopwesura COCHOBCKO20 C 803MONCHOCMBIO 0OPAOOMKU UW/UNU CYWIKU NPU meMnepamype
menee 100°C.

Kniouesvie  cnosa:  6opwesux  COCHOBCKO20, — MEPMOZPABUMEMPUYECKULl  AHATU3,
monosmanoramur  (N-B)-mpueudopoxcubopam  (MDATIE), nomepss maccel, memnepamypa
Pa3nodxHcenus

I.V. STEPINA!, M. SODOMON!?, A .A. KRUK! E.S. SOLOVYEVA!
'National Research Moscow State University of Civil Engineering, Moscow, Russia

THERMAL DEGRADATION OF STEMS OF BORSCHTIA SOSNOVSKII
MODIFIED WITH MONOETHANOLAMINE (N—B)-
TRIHYDROXYBORATE

Abstract. In the presented work, the process of thermodegradation of unmodified and
borazote-modified crushed stems of Sosnovsky's Heracleum by thermogravimetric analysis (TGA) and
differential scanning calorimetry (DSC) was investigated. The general purpose of the study is to
determine the decomposition temperature of the main chemical components and the values of mass loss
of unmodified and modified crushed stems of Sosnovsky's heracleum to establish the conditions for the
production of thermal insulation materials based on modified crushed stems. The concentration of the
used modifier was 10%, 30% and 50% of monoethanolamine(N—B)trihydroxyborate (MEATHB). The
data obtained allowed us to conclude that the use of 30% and 50% MEATHB modifier reduced the
magnitude of mass loss compared to the control samples. Thus, the optimal concentration of the
modifier different 30% was established for the manufacture of composites from modified crushed stems
of Sosnovsky's heracleum with the possibility of processing and/or drying at temperatures less than
100°C.

Keywords: Sosnovsky's heracleum, thermogravimetric analysis, monoethanolamine (N—B)
trihydroxyborate (MEATHB), mass loss, decomposition temperature.
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CrpouTebHble MATEPHAJBI M TEXHOJOTHH

V]IK 693.955 DOI: 10.33979/2073-7416-2024-111-1-117-128

0. TWJIMHWH!

160V BO «Cankr-TletepOyprekuii Tocy1apCTBEHHBIA apXMTEKTYPHO-CTPOUTENBHBINA YHHBEPCUTETY,
r. Cankr-IlerepOypr, Poccns

HPEAITIOCBIJIKM PASBUTHUA UHAY CTPUHAJIBHBIX METOAOB
CTPOUTEJ/IbBCTBA B CAHKT-IIETEPBYPI'E

Annomayun. B cmamve paccmompenvl MexHOIO2UU B036€0CHUSL 8 OCHOGHOM 2PANCOAHCKUX
30aHull 8 pasHvle nepuodvl cmpoumenvcmea 6 Canxm-IlemepOypee. I[Ipeomemom uccredosamus
AGNAEMCS CMPOUMETbHBLE CUCMEMbL U MEXHOIOSUU 6036€0eHUsL 30aHUL, KOMOPble PACCMAMPUBAIOMCSL C
Yenvio UCCAeO08aAHUSL PA3GUMUSL MEMO008 UHOYCmpuanbHo2o cmpoumenscmea ¢ Cankm-Ilemepoypee u
NPOCHO3UPOBAHUSL MEHOCHYUI MEXHUYeCK020 npogpecca 8 00aacmu UHOYCMPUATbHbIX Memooos
cmpoumenscmea. IIpeonocwiikamu mexwuueckoeo npogpecca 8 cmpoumenvHom komniexce Cankm-
Tlemepbypea sgnsiemes pazsumue UHOYCMpUU MAmMeEPUaibHO-MeXHULEeCKUX Pecypcog CmpoumensCmed,
a UMEHHO NPOU3600CMEA HOBbIX CHPOUMENbHIX MAMEPUAL08, KOHCMPYKYUL, CIMpPOUMenbHOU
OCHACMKY, NPUCNOCOONCHUTl U CMPOUMETbHLIX MAWUH, A MAKdice MAloi MeXanusayuu u
UHCMPYMEHMOo8. Omo Heu30exiCHO CMAHOBUMCS NPUYUHOLU NOAGNCHUs 6 Cmpoumenvcmee 6oee
COBEPULEHHBIX  CIPOUMENbHBIX  CUCTEM,  603600UMbBIX UHOYCHPUATbHLIMU Memoodamu. B xode
UCCTIEO0BAHUS CIMPOUMETbHBLE CUCTNEMbL OYCHUBATUCH MEeMOOAMU SKCHEPMHO20 ONPOCA CREYUAUCTO8
no 3apamee paspabomManHoU amnkeme, 6 KOMOPOU ObLlU G3AUMHO HECONOCMABUMble KpUmepuu,
ompascaiowue apxumexkmypHle, RPOYHOCMHbIE U IKOHOMUYECKUE XAPAKMEPUCTIUKU CIPOUMENbHbIX
cucmem UHOYCMPUAIbHO20 NPOU3B0dcmea. Pesynbmamot sxcnepmuol oyenKu cmpoumenbHvix cucmem
cmanu  OCHOBOU 8 OonpedeneHuu PayUoOHAIbHOU 00beMo8 CcOOPHO20 U  COOPHO-MOHOAUMHOO
CMPOUMEnbCmea U GbisI6/eHUs. MEeHOCHYUTL U NePCHEeKMUSHBIX HANPAGICHUL PA3GUMUS UHOY CINPUATLHBIX
MEMoo08 CIMpoumesbCmed U Hay4UHbIX UCCIe008anUl 6 2mot obracmu.

Knrouegvle cnoga: npeonocwuixku, pazsumue, CMpoumenscmeo, KUpnuuHoe O0OMOCmpoeHue,
UHOYCIPUATbHBIE MEeMOObL, NAHEbHble 30aHUA, COOPHO-MOHOTUMHBII KAPKAC, PAYUOHATIbHBIE 00bEMbI,
ankema, Oabl, IKCNEPMHASL OYEHKA.

YU.I. TILININ?,
!Saint Petershurg State University of architecture and civil engineering, Saint Petersburg, Russia

PREREQUISITES FOR THE DEVELOPMENT OF INDUSTRIAL
CONSTRUCTION METHODS IN ST. PETERSBURG

Abstract. The article considers the technologies for the construction of mainly civil buildings
in different periods of construction in St. Petersburg. The subject of the study is building systems and
building construction technologies, which are considered in order to study the development of
industrial construction methods in St. Petersburg and predict trends in technical progress in the field of
industrial construction methods. The prerequisites for technological progress in the construction
complex of St. Petersburg is the development of the industry of material and technical resources of
construction, namely the production of new building materials, structures, construction equipment,
fixtures and construction machines, as well as small-scale mechanization and tools. This inevitably
becomes the reason for the appearance in construction of more advanced building systems erected by
industrial methods. In the course of the study, building systems were evaluated by the methods of an
expert survey of specialists according to a previously developed questionnaire, in which there were
mutually incomparable criteria reflecting the architectural, strength and economic characteristics of
building systems of industrial production. The results of an expert assessment of building systems
became the basis for determining the rational scope of prefabricated and precast-monolithic
construction and identifying trends and promising directions for the development of industrial
construction methods and scientific research in this area.
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Keywords: prerequisites, development, construction, brick housing construction, industrial
methods, panel buildings, prefabricated monolithic frame, rational volumes, questionnaire, points,
expert assessment.
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OBPA3OBAHHUE JEPEKTOB B ) KEJIE3OBETOHHBIX KOHCTPYKIUAX
IIPU NEPEBO3KE KEJIE3HOJAOPOKHBIM TPAHCIIOPTOM

Annomauyusn. B cmamve paccmompenvl nOL0ACEHUSL NO 6b100PY MPAHCNOPIHBIX CPedcms Ois
nepegosku  cOOpHuIX  dicene300emonnblx  KoHcmpykyui.  Ilompebnocms 6 npumenenuu
JHCENe3HOOOPOIICHO20 MPAHCHOPMA NPU  OCYWECMBNIeHUU O0CMABKY KOHCMPYKYULL MOdcem Obimb
6bI36AHA CIPOUMENTLCMBOM 8 OmOalennbix pationax Cubupu, a maxaice Cywecmayiomum pasmeueHuem
NpeonpUsmMuLi-noCMAagUiUKo8.

s nepegosku KOHCMPYKYUtl 8 OCHOBHOM UCHOB3YIOMCA NOJYBALOHbI 00Ue20 HA3HAYEHUS, d
makce  yemvlpexocHvie  naam@opmei.  Ilpusedenvl  cnocobvl  3aKpeniienus U - pameuyeHus
JHcene300emoHHbIX KOHCIMPYKYULL.

Paccmompenvl  ocHo8Hble NPUYUHBL  NOBPENCOCHUL  JCENe300eMOHHbIX  KOHCMPYKYULL U
paspabomansl pekoMeHOayuu no Ux yCmpaneHulo npu mpancnopmuposanuy. B 6onvwuncmee ciyuaes
NOBPEICOCHUS KOHCMPYKYULL NPU IHCENE3HOOOPOINCHBIX NEPEBO3KAX NPOUCXOOM 6 MOMEHM COYOapeHUs
8020HO8 NpU HENPAasUNbHOM CHYCKe UX C COPMUPOBOYHLIX 20POK U3-3A CMEWEHUs UIU U3IOMA
KpenjeHuii noo Oelicmseuem CO8ULAIOWe20Csi 2py3a, Koz20d CKOpOCmu Hiam@popm npeeviuaiom
Hopmamuenvle. Ha xonuuecmeo nogpesicOenuti maxoice Guusiem HeKaueCmeeHHo OCYUecmeisiemoe
KpenaieHue.

Hccnedosanvl 603moscHocmu noepy3ku KOHCMPYKYULL MAcco8o20 U320MoeIeHUs. 8 NOTY8Aa20Hbl
U Ha niamg@opmvl, 6 NPEeONONONCEHUU 3A2PY3KU UX OOUHAKOGLIMU NO MdAcce U pazmepam
JHcene300emoHHbIMU KOHCMPYKYUSMU.
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MPAHCNOPMOM, 8 MOM UYUCIE PEKOMEHO0B8AHO K NPUMEHEeHUI0 meXHUuueckoe peuteHue ¢ YCMAaHOB8KOU
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2Kolomna Institute (branch) Moscow Polytechnic University, Kolomna, Russia

FORMATION OF DEFECTS IN REINFORCED CONCRETE STRUCTURES
DURING TRANSPORTATION BY RAIL

Abstract. The article discusses the provisions on the choice of vehicles for the transportation of
prefabricated reinforced concrete structures. The need for the use of railway transport in the delivery of
structures may be caused by construction in remote areas of Siberia, as well as the existing location of
supplier enterprises.

General-purpose gondola cars, as well as four-axle platforms, are mainly used for
transporting structures. The methods of fixing and placing reinforced concrete structures are given.

The main causes of damage to reinforced concrete structures are considered and
recommendations for their elimination during transportation are developed. In most cases, structural
damage during rail transportation occurs at the moment of collision of wagons when they are
improperly lowered from the sorting slides due to displacement or fracture of fasteners under the action
of shifting cargo, when the speeds of the platforms exceed the standard ones. The amount of damage is
also affected by poor-quality fastening.

© Deoopos B.C., Tepexos U.A., Jlunamos A.M., 2024
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The possibilities of loading mass-produced structures into gondola cars and onto platforms are
investigated, assuming that they are loaded with reinforced concrete structures of the same weight and
size.

The proposals for improving the efficiency of rail transport are presented, including a
recommended technical solution with the installation of a frame on a platform for transporting slabs.

Keywords: transportation, rail transport, loading, precast concrete, slab, truss, column, beam,
defect.
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YBaxxaeMble aBTOPbI!
IIpocum Bac 03HAKOMHMTBCH ¢ OCHOBHBIMH TPe0OBAHUSIMHA
K 0)OpMJICHMIO HAYYHBIX CTaTel

e [lpencraBnsieMblii MaTeprana JOMHKEH ObITH OPUTHHAJIBHBIM, He ONMYOJMKOBAHHBIM paHee B JIPYruX
MEYaTHBIX M3IaHHSIX.

e OO0beM MaTepuaia, MpeIaraeMoro K IyOJUKalluh, U3MEPSETCsl YKCIOM 3HAKOB C YYETOM IPOOEIIOB.
Pexomennyemsrii 00bem crateii: ot 15000 10 45000 3HakoB ¢ npodenamu.

o CraThs q0KHa OBITH HaOpaHa Ha juctax Gopmara A4 mpudrtom Times New Roman, pasmep 12 pt ¢
OJIMHAPHBIM MHTEPBAJIOM, TEKCT BBIPABHUBAETCS 1O IMUpUHE; a03amHbid otcTynm — 1,25 oM, mpaBoe mone —
2 cM, JIeBOe ToJie — 2 CM, TIOJISI BHU3Y M BBEPXY — 2 CM; BCE CTPAHUIIBI PYKOMHCH JOJKHBI HIMETh CIUIOIIHYIO
HyMeEpaIuio.

o CraThs MPEAOCTABIISETCS B DJIEKTPOHHOM BHJIE 110 DJIEKTPOHHOM MOYTE WM Yepe3 CUCTEMY JIEKTPOHHOM
pelaKIuH.

e B ogHOM cOOpHHKE MOXKET OBITh ONYOJIMKOBaHAa TONBKO OJHA CTaThsl OJAHOIO aBTOpa, BKIIOYAs
COaBTOPCTBO.

e FEciam craThs BO3Bpamaercs aBTOPY Ha JOpa0OOTKYy, HWCHpaBICHHBIH BapUaHT CIIENyeT NpPUCIATh B
pEelaKkiuio TOBTOPHO, MPUJIOKKUB MUCHMO C OTBETAMU HA 3aMe4YaHHs pelieH3eHTa. JJopaboTaHHbI BapuaHT
CTaTbU PEUEH3UPYETCA W PacCMaTpUBAETCS PENAKIMOHHOM Kojulerued BHOBBL. JlaTod mpeacTtaBieHUs
MaTepHala CYMTAeTCsl aTa MOCTYIUICHHS B PEIAKINI0 OKOHYATEIBHOTO BapHaHTa UCTIPABIICHHOW CTaThU.

e AHHOTanMM BceX NYOJMKYeMbIX MAaTEpUaIOB, KIIOYEBbIC CiIOBa, WMH(oOpMmaims o0 aBTopax, CIIHCKU
JUTEPaTypbl OyIyT HaXOAUTHCS B CBOOOJHOM JIOCTYII€ HA CAalTe COOTBETCTBYIOIIETO XKYpHaja M Ha caiTe
Poccuiickoit Hay4HOI anekTpoHHOM 6ubmmorekn — PYHOb (Poccuiickuii nHAEKC HAy9HOTO IUTHPOBAHUS).

B TekcTe cTaThM HE PEKOMEHIYETCS IIPUMEHSTh:

- 000pOTHI Pa3roBOPHOI PEUH, TEXHUIIU3MBI, TPO(ECCHOHATI3MBI;

- ISl OMHOTO M TOTO JK€ TMOHSTHS Pa3jInYHbIe HAYYHBIC TEPMUHBI, OJM3KHE 1O CMBICTY (CHHOHUMBI), a
TaK)Ke HHOCTPAHHBIE CIIOBA U TEPMHUHBI TIPH HATMYHN PAaBHO3HAYHBIX CJIOB M TEPMUHOB B PYCCKOM SI3BIKE;

- TPOU3BOJILHBIC CJIOBOOOPA30BaHUS,

- COKpaIllcHUSl CIIOB, KPOME YCTaHOBJICHHBIX MpaBWIAMH pYycckoil opdorpaduu, COOTBETCTBYIOIIMMU
CTaHJApTaMHU.

o Cokpamenuss ¥ a00OpeBUATYpHI JOJDKHBI pPacHM(pPOBBIBATHCS O MECTY IIEPBOTO  YIMOMHUHAHHS
(BXOXICHHS) B TEKCTE CTATHH.

Oos3aTe/ibHbIE 31eMeHThI:
- 3arjaBHe (Ha PyCCKOM M aHIJVIMIICKOM sI3bIKe) ITyOJIMKyeMOro Marepuana AO0JDKHO OBbITh TOYHBIM U
eMKHM, CJIOBA, BXOSIIUE B 3arjlaBUe, JODKHBI OBITH SICHBIMHM CaMM IO ce0e, a He TOJIBKO B KOHTEKCTE;
cienyer M30erath CIIOXKHBIX CHHTAKCHYECKMX KOHCTPYKLMH, HOBBIX CJIOBOOOpPA30BAHHMH M TEPMHHOB, a
TAKXe CJIOB Y3KOIPO(ECCHOHATIBHOTO U MECTHOT'O 3HAUCHUS;
- aHHoTauusi (HAa PYCCKOM M aHIJIMIICKOM s3bIKe) KPaTKO OIMCBHIBAET OOBEKT MCCIECIOBAHUS,
MOTHBALMIO K HPOBEICHUIO MCCIENOBAHUS, PE3yJIbTaThl HCCIENOBAaHUS (PEKOMEHIYeTcs YKa3blBaTh
KOHKDETHbIE PE3yJlbTaTbl W 3aBUCHMOCTH, IIOJIyY€HHbIE B HCCIEIOBAaHUM), BBIBOABI (KPaTKo);
pexoMeHryeMblit 06seM — ot 200 mo 250 croB;
- KJII0YeBble CJ10BA (HA PYCCKOM M AHIJIMICKOM fI3bIKe) — 3TO TEKCTOBBIE METKH, IO KOTOPBHIM MOXKHO
HAiTH CTAaThIO NP MOMCKE U ONPEACTUTH MPEAMETHYIO 00JIACTh TEKCTa; OOBIYHO MX BBIOMPAIOT U3 TEKCTa
myOJIMKyeMOoro Matepuana, 10cTaTouHo 5-10 KITF0UeBbIX CIIOB.
- CHHCOK JIMTepPATyphbl, HA KOTOPYIO aBTOP CCHUIAETCS B TEKCTE CTaTbU; PEKOMEHAYEMbI 00beM CIHCKa
JUTEPaTyphl — He MeHee 20 HCTOUHUKOB.

B nn¢opmanuu 06 aBropax pexomennyercs ykaspsiBatb ORCID, Scopus ID u SPIN-koz, nmprcBoeHHbIH B
PUHII.

Penakuusi He B3uMaeT maTty ¢ aBTOPOB 32 IOATOTOBKY, PELEH3HMPOBAHUE M Pa3MELICHHE B OTKPHITOM
JIOCTYIIE CTaTEH.

[IpaBo ucnone30BaHms NPOU3BENCHNH MPEAOCTABICHO aBTOpAaMH Ha OCHOBaHUU 1. 2 cT. 1286 YerBepToii
yactu ['paxxnanckoro Konekca Poccniickoit deneparum.

C nmosHoi1 BepcHeii TpeGoOBaHN K 0()OPMIICHHIO HAYYHBIX CTaTeH
BbI Mo:keTe 03HaKOMUTHCS Ha caiiTe https://construction.elpub.ru/jour/index




Aodpec uzoamens:

(benepanabHOE TOCYAAPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BhICIIET0 00pa3oBanus «OpIoBCKH rocynapcTBeHHbIi ynuBepceuteT umMenu M.C. Typrenesay
302026, OpnoBckas obmacte, T. Opern, yin. Komcomoubsckas 1. 95
+7 (4862) 75-13-18

www.oreluniver.ru
E-mail: info@oreluniver.ru

Aopec peoakyuu
(benepanbHOE rOCyIapCTBEHHOE OIOPKETHOE 00pa30BaTENIbHOE YUPEKICHNE
BbICIIET0 00pa3zoBaHus «OpioBckuii rocynapcrBeHHbli yHuBepcuTeT uMeHu U.C. Typrenesay
302030, Opnosckast o6mactb, T. Open, yi1. Mockosckas, 77.
+79065704999
http://oreluniver.ru/science/journal/sir
E-mail: str_and_rek@mail.ru

Marepuainsl cTaTel Ie4aTaroTCsl B aBTOPCKON PETAKIUU.
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OtnedaTaHo ¢ TOTOBOTO OPUIMHAJI-MAaKeTa
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