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CTPOUTEJIbHBIE KOHCTPYKLINN

VK 69.059 DOI: 10.33979/2073-7416-2023-109-5-3-10

A.H. MAMUH"?, K.B. ABJIEEB!, B.B. BOBPOB'?3, A.B. POVYIIY!
A0 «leHTpalbHBII HayYHO-UCCIEN0BATEILCKUN U IPOEKTHO-IKCIIEPUMEHTAIbHBI HHCTUTYT POMBILIUIEHHBIX
3nanuit u coopyxenuit — {HUUIIpom3nanumii», r. Mocksa, Poccust
2OI'BOY BO «HaruoHansHbIH HCCIeI0BATeIbCKHIT MOCKOBCKHIA roCyJJapCTBEHHBIH CTPOUTEIBHBIN YHUBEPCUTETY,
r. Mocksa, Poccust
$BsiTcKuii TOCY1apCTBEHHbI yHIBepcuTeT, . Kupos, Poccus

PECTABPALIUA APXUTEKTYPHOI'O HACJIEAUA B.I'. ITYXOBA

Annomayusa. Cmamva nocesujena 6onpocy COXPAHEHUs apXUMeKmypHo20 HAC1eOus
svidaroujecocs pycckozeo umndcenepa B.I. Illyxoea. Paccmompenvt mpu 06vekma: MOCKOSCKAA
Paouobawmns na Ilabonoske, «lllyxoeckuii nporem» Jlucmonpoxamuoeo yexa u Booonanopras
bawna, pacnonodcennvie 6 o. Buwikca Huowcecopoockoii obnacmu. Ilpedcmaenenvl 0CHOGHbIE
KOHCMPYKMUGHble Napamempbl  YKA3AHHBIX — COOPYJUCEHUU U  pe3yibmamvl UX MexHU4ecKo2o
06cnedo6anus, nposedeHHvle NPOMUBOABAPUTIHBIE MEPONPUAMUSL 01 ODecneyenus: COXPaHHOCMu
Paouobawnu 6 Mockee u pexomenoayuu no pecmagpayuu 6cex mpex COOPYHCEHUU C NepeHOCcoM
Jlucmonpokamnozo yexa u Bodonanopuou bawnu 6 yenmpanvhyio vacme 2. Buikca. Ilpedycmompeno
60cco30anue UCMOPUHECKO20 O0IUKA COOpYXNCeHull, a makxdice 01a20ycmpolcmeo npunezaioujel
meppumopuu. Ilpeononazaemca 8occmanogienue 2eoMempuieckol Qopmvl  CceueHus a3epHbiM
HanbiaAeHUueM NOPOUKOE020 MEMAd, U MOJIbKO 6 CIyYae HeGO3MOICHOCIU 60CCMAHOGIEHUA deMeHmd
npedycmompena e2o0 3ameHd. i COXpaHeHus UCMOPUYECKO20 OONUKA COeOUHEeHUs CMATbHbIX
KoHcmpyKyui 6y0ym Ha 6OIMax, uMumupylowux 3akiénku. B xode npogedenus 3emaAnvix pabom
3anIAHUPOBANbI APXEON02UYECKUe UCCIe008aAHUs, MAK KAK 6 ZPAHUYAX Meppumopuy Cmpoumenibcmea
(2. Buikca) mocym 3anezamv yyacmku COXPAHUBWUXCA KYJIbIMYPHLIX HANAACMOBAHUL 00beKma
KYIbmypHO20 Hacneous « Ycadebno-npomviutiennviii komnaexc, XVII-XIX 6s.».

Knrwuesvte cnosa: paduobawns, 6o0onanopuas 6awins, Kopposus, o00ciedosanue,
pecmaspayusi.

A.N. MAMIN'? K.V. AVDEEV', V.V. BOBROV"??, A.V. REUTSU"
1JSC «Central Research and Design Experimental Institute of Industrial Buildings and Structures — Tsniipromzdanii»,
Moscow, Russia
“Moscow State University of Civil Engineering (National Research University) (MGSU), Moscow, Russia
%\/yatka State University, Kirov, Russia

RESTORATION OF THE ARCHITECTURAL HERITAGE OF
V.G. SHUKHOV

Abstract. The article is devoted to the issue of preserving the architectural heritage of the
outstanding Russian engineer V.G. Shukhov. Three objects are considered: the Moscow Radio Tower
on Shabolovka, the "Shukhov Span™ of the Sheet-rolling Shop and the Water Tower located in Vyksa,
Nizhny Novgorod region. The main technical parameters of these structures and the results of their
technical inspection are presented, emergency measures taken to ensure the safety of the Radio Tower
in Moscow and recommendations for the restoration of all three structures with the transfer of the Sheet
Rolling Shop and the Water Tower to the central part of the city Vyksa. It is planned to recreate the
historical appearance of the buildings, as well as the improvement of the adjacent territory. It is
supposed to restore the geometric shape of the cross-section by laser spraying of powdered metal, and
only if it is impossible to restore the element, its replacement is provided. In order to preserve the
historical appearance, the joints of steel structures will be on bolts imitating rivets.

© Mamun A.H., Asoees K.B., Bobpos B.B., Payyy A.B., 2023
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CTpouTeNbCTBO U PEKOHCTPYKIUSI

Archaeological investigations are planned during the excavation, as areas of preserved cultural strata
of the cultural heritage object "Manor-industrial complex, XVIII-XIX centuries” may lie within the
boundaries of the construction territory (Vyksa).

Keywords: radio tower, water tower, corrosion, inspection, restoration.
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B.JI. MOHPYCY, LK. CU30BY, U.B. AKUMOBA?
"HUY MI'CY «MockoBckuii rOCYAAapCTBEHHBIM CTPOUTENIBHBII YHUBEPCUTETY, I'. MockBa, Poccus
000 «BI/IEPOCEPICMO3AIHMTA», r. Mocksa, Poccus

OIIPEJIEJIEHUE XAPAKTEPHBIX OCOBEHHOCTEM PABOTHI
HNEP®OPUPOBAHHOI'O PEBUHOMETAJIVIMMECKOI'O
BUBPOU3O0JIATOPA C UCITOJIB3OBAHUEM INTPOI'PAMMHBIX
KOMIUVIEKCOB, PEAJIM3YIOIIUX METOJA KOHEYHOI'O 2JIEMEHTA

Annomayusa. Onucvigaiomcs 0coOEHHOCMU CMAMUYECKO20 U OUHAMUYECKO20 NO8e0eHUs]
PEBUHOMEMANTUYECKUX BUOPOUIONANOPO8, NIAHUPYEMBIX K UCNONb308AHUIO OJiA BUOPOUOTAYUU 30AHUIL
8 COBPEMEHHOM CMPOUMENbHOM Komniekce. IIpugooamcs pe3ynomamsl KOHEYHO-I1eMEHMHO20
MOOenuposanus  8UOPOU3ONAMOPOS €  Yevblo  OnpedeNeHus CMmamuyeckux u  OUHAMUYECKUX
xapaxkmepucmux. Paccmompensl kax 00HOCHOUHbIE UGPOU3OIAMOPLI, MAK U  GUGPOUZ0IAMOPYL,
sKaOUaOWue 6 cebs mpu pesuHosvix cnos. Kax nokazanu pesynbmamvl pacuemos, Hanuyue
nepgopayuil cyujecmeeHHbiM 00pA30M CKA3bIBACMCA HA Hecyweli cnocoOHoCmu 8UOPOU30AMOPOS,
SHAUUMENbHO YMeHbulds e€, 00HAKO, PpexmusHocms pabomvl MAKUX BUOPOUZONAMOPOE MAKHCE
ROBLIUAEMCS N0 CPAGHEHUIO € NOTHOCHIBI) MOHOIUMHbIMU 8UOpousoasmopamu 6e3 omeepcmuil. Imo
00vACHAeMCA YenbiM PAOOM NPUYUH, OOHA U3 KOMOPBIX — MO NPAKMUYECKAS HECHCUMAEMOCMb
pe3unosvix croeg. Daxmuyecku, pe3unogvle mena Mozym no08epeambCs CHCAMUIO MOJbKO 3a cuem
Oepopmuposanus OOK0BOU NOBEPXHOCMU, MAKUM 00OPA30M, PA36UBAs OGOKOBYI0 NOBEPXHOCMb
PE3UHOBLIX — CNI0e8  MONCHO — 00DUMbCA — NPUEMIeMOU  JHCeCMKOCU — BUOPOU3ONAMOpPA  KAK
KOHCIMPYKMUBHO20 DNeMEHmd, 4mo MNO380IUM CHUSUMb JHCECKOCHb  CUCTHEMbL  BUOPOUZOTAYUU.
Cywjecmeenno  8aXCHLIM — AGNIAEMCA U  NPOCMPAHCTNGEHHOE —PACNONOMNdCEeHUe OMEepCmuti, Mmax
pasmewenue omeepcmuil 60aU3U 0m OOKOB0U NOBEPXHOCMU PE3UH08020 CNOSA Odem CYUeCTneHHO
MeHbwull dghpexm, no cpagHenuro ¢ pasmewjeHue omeepcmuil 6 yemmpe. B npoyecce pacuema
BBIACHULOCH, YMO 6 CICAMbIX  PEe3UHOBLIX  CHoAX  Habmodaemcs 3pgexm  0bpazosanus
SAPKOBBIPAICEHHBIX 30H 8CeCMOpOHHe20 cocamus. Hanuuue yewmpanvuvix omeepcmuii npueooum K
Paspywienuro makux 30H 6 DOIbUWUHCTGe 00PA3Y08, YMO No38osAem 6 OOblell CIMeneHu NOHU3UMb
nepeyio  COOCMBEHHYI0  HACMOMmY — 8UOPOU30IUPYEMOT  CUCEMb, MeM  CAMbIM, CHOCOOCMBYIO
nosviuleHur0 d@pexmugHocmu 8ubPoO3AUWUMHBIX Meponpusmuil. Beibop koughueypayuu omeepcmuii
npedcmasisem coooli ONMUMUBAYUOHHYIO 3a0ayy, 20e, ¢ OOHOU CHOPOHbl, He0OX00UMO 0becneyums
npUeMaeMyio ¢ MOYKU 3peHus NPaAKmuKy UOPOUSONAYUU HECYWYIO CROCOOHOCHb BUOPOU30NAMOPOS
npU 3a0aHHBIX pasmepax SuOPOU3ONAMOpA 6 niaue, d, ¢ Opy20l CMOPOHbI, MAKCUMATLHO CHUUMD
HCECMKOCTNL — CUCTNEMbL,  YBeIUyusas, maxum o0paszom, dgexmusnocmv  8UOPO3AUUMHBIX
Meponpusmuil.

Knrouesvie cnosa: pe3uHomemaiudecKkue 6u6pou30ﬂﬂmopbz, 6u6p03au;uma, Memoo
KOHE4YHO020 21emernmada, MHO20CIIOlHbLE 6u6p0u30ﬂﬂm0pbl, MEXHOCEeHHAA 3u6pauuﬂ

V.L. MONDRUS?, D.K. SIZOV*, L.V. AKIMOVA?
'NRU MGSU «Moscow State Construction University», Moscow, Russia
?LLC «VIBROSEISMOZASCHITA», Moscow, Russia

DETERMINATION OF THE CHARACTERISTIC FEATURES OF THE
OPERATION OF A PERFORATED RUBBER-METALLIC VIBRATOR
INSULATOR WITH THE USE OF SOFTWARE PACKAGES
IMPLEMENTING THE FINITE ELEMENT METHOD

Abstract. The features of the static and dynamic behavior of rubber-metal vibration isolators
planned for use for vibration isolation of buildings in a modern building complex are considered.
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The results of finite element modeling of vibration isolators are presented in order to
determine the static and dynamic characteristics. Both single-layer vibration isolators and vibration
isolators, including three rubber layers, are considered. As the calculation results showed, the presence
of perforations significantly affects the bearing capacity of vibration isolators, significantly reducing it,
however, the efficiency of such vibration isolators also increases compared to completely monolithic
vibration isolators without holes. This is due to a number of reasons, one of which is the practical
incompressibility of the rubber layers. In fact, rubber bodies can be subjected to compression only due
to the deformation of the side surface, thus, by developing the side surface of the rubber layers, it is
possible to achieve acceptable rigidity of the vibration isolator as a structural element, which will
reduce the rigidity of the vibration isolation system. The spatial arrangement of the holes is also
essential, since the placement of the holes close to the side surface of the rubber layer gives a
significantly smaller effect compared to the placement of the holes in the center. In the process of
calculation, it turned out that in the compressed rubber layers, the effect of the formation of pronounced
zones of all-round compression is observed. The presence of central holes leads to the destruction of
such zones in most samples, which makes it possible to reduce the first natural frequency of the
vibration-isolated system to a greater extent, thereby contributing to an increase in the effectiveness of
vibration protection measures. The choice of the hole configuration is an optimization problem, where,
on the one hand, it is necessary to ensure the bearing capacity of vibration isolators acceptable from
the point of view of vibration isolation for given dimensions of the vibration isolator in the plan, and, on
the other hand, to minimize the rigidity of the system, thus increasing the effectiveness of vibration
protection measures.

Keywords: rubber-metal vibration isolators, vibration protection, finite element method,
multilayer vibration isolators, industrial vibration.
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Teopusi HHKeHEPHBIX cOOpY:keHnid. CTpouTeIbHbIEe KOHCTPYKIIHA
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'OI'BOY BO «HanuoHansHbIH HCCIeI0BaTebCKHit MOCKOBCKHIA TrOCYAApCTBEHHBIM CTPOUTEIBHBII YHUBEPCUTET
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IKCIIEPUMEHTAJIBHOE NCCJIEAOBAHUE KOO®PUIIMEHTA
HEPEPACHPEAEJEHUA MOMEHTOB B CTATUYECKH
HEOHNPEJAEJINUMBIX KEJIE3OBETOHHBIX BAJIKAX

Aunnomayusn. B oannou cmamve uccnedyemcs kodgpguyuenm nepepacnpeoenenuss MOMEHMOs
6 cmamuyecku HeonpeoenuMvblx — JHcene300emOHHbIX — OANKax —uepe3  IKCNepUMEeHMANbHulll U
ananumuyeckuti nooxoo. bvinu ucnvimanvl Ha useub 08yxmponemuvie CMAMUYECKU Heonpeoerumbie
Jrcenezobemonnbie  Oanku. bBviio nposedeno obcyscOeHue pe3yrbmamos onpeoeneHusi Ccxemul
paspyutenus,  ouaspammvl — Npo2ub-Haspyska,  oepopmayus-Hacpyska U  Kodp@uyuenmos
nepepacnpeoenens — MOMEHMOo8.  DKCHEPUMEHINANbHbIE — De3YIbmambl  Obll  CPAGHEHbl  C
aHanumuyecKuMu paciemamu cyujecmsyoujux mooeneu, skuouas Hopmer ACI 318-19 u CSA A23.3-19,
u Opyeue. Pezynomamul nOKasvleaiom, umo Kodp@uyuenm nepepacnpeoeneHus MOMEHMO8 8
CMamu4ecKy HeonpeoelumMblx JHcene300emoHHbIX DANKAX 3a8ucum om Kodpguyuenma apmuposanus
(Ust) U Modcem Ovimb 0Oonee MOUYHO NPEOCKA3aH KOMNAEKCHbIM — anHanu3oM. Pesyinvmamut
IKCNEPUMEHMO8  TAKJCe NOKA3bIBAIOM, 4mo  Kodguyuenmvl nepepacnpeoenenus MOoMeHmos
UCHBIMAHHBIX OAIOK NPESLIUAIOM 3HAYEHUs, NPEOCKA3AHHbIe OPY2UMU CYLYeCMEYIOWUMU MOOCTAMU.

Kniouesvte  cnosa: cmamuuecky — Heonpeoenumvle  dcene30bemonnvie  6aIKu,
nepepacnpeoenenie MOMEHMOs, IKCNEPUMEHMANbHOEe UCCLe008aHUe, Meopemuieckie Mooenu,
K03 uyuenm apmuposanus.

A.G. TAMRAZYAN', Y.A K. SAYED'
"Moscow State University of Civil Engineering (MGSU) National Research University, Moscow, Russia

EXPERIMENTAL STUDY OF THE COEFFICIENT OF MOMENT
REDISTRIBUTION IN STATICALLY INDETERMINATE RC BEAMS

Abstract. This article investigates the coefficient of moments redistribution in statically
indeterminate RC beams through an experimental and analytical approach. Two-span statically
indeterminate RC beams were tested under bending moment. A discussion of the results of the mode of
failure, load-deformation, load-strain, and the coefficient of the moments redistribution were
conducted. Moreover, the experimental results were compared to the analytical predictions of the
related existing models, including the ACI 318-19 and CSA A23.3-19 codes, and others. The results
show that the coefficient of moment redistribution is affected by the reinforcement ratio (us) and can be
accurately predicted by a recent mathematical analysis. The experimental results also reveal that the
moment redistribution capacity of the beams exceeds the values predicted by the other existing models.

Keywords: statically indeterminate RC beams, moment redistribution, experimental
investigation, theoretical existing models, reinforcement ratio.
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BJAUAHUE HUKINYECKOI'O 3AMOPA’)KUBAHUSA U OTTAUBAHUA
HA JTUATPAMMY JE®OPMUPOBAHUA CKATOI'O BETOHA

Annomayus. Ilpu pacueme dcene300emoHHbLIX KOHCMPYKYUT  WUPOKO  NPUMEHAIOMCS
Oepopmayuonnvie modeau mamepuanog. Ilpu smom ucnonv3ylomes ouazpammsl Oemona npu cocamuu
¢ yuemom Hucxooswei eemeu. Anarumuyeckoe onucamue ouazpammvi pabomel 6emoHa CA3AHO C
onpedenenuemM mMaxKux napamempos OGemoHda, KAaK HAYATbHGIL MOOYIb YNPY2OCMU, NPUSMEHHA
npouHocmy,; npedenvivie depopmayuu cocamus 6 eepuiune Ouaspammvl; 3Havenue degopmayuil Ha
Hucxoosuyen eemeu npu 85% om npusmennon npounocmu. Bosoeiicmeue 3naxkonepemenHbix
memnepamyp Ha dicene300emontbvie KOHCMPYKYUU 30aHULl U COOPYICEHU NPUBOOUM K PAa3eUmuio
0ecmpyKmuGHuIX npoyeccog 6 bemone. [Ipu 3mom mano uccied08anHbiM 0CIMAemcs 60npoc O GIUAHUU
YUKTUYECKO20 3aMOPAICUBAHUA U OMMAUBAHUSA HA NOJHbIE OUASPAMMbL OEMOHA, BKII0YAA NPedelbHble
degpopmayuu cocamus. Onpedensirowum Hakmopom, GIUAWUM HA 0eQOPMAMUBHO-NPOYHOCTHbBLE
ceoticmea Oemona 6 YCI08UAX 3aMOPANCUSAHUA U OMMAUBAHUSA, AGTACTNCA €20 BIANCHOCHY. B céa3u ¢
OMUM  NPOBEOCHbL UCCICO08AHUS NO GAUAHUIO YUKIUHECKUX 3AMOPAICUBAHUN U OMMAUSBAHUU HA
ouazpammuvl COCMOAHUSL OEMOHA PA3IUYHOU BLANCHOCMU, PE3VIbMAmbl KOMOPLIX NPeOCmasieHbl 8
oamnHou pabome.

Knrouesvie cnoea: yuxiuueckoe — 3amopadicusamue U - ommaueaue,  OUASPAMMA
oeghopmuposanust, 61AACHOCHb DemoHa, npedeivbhvie depopmayuu, NPOUHOCHb, MOOYIb YIPY2OCHU.

A.D. ISTOMIN'
'Moscow State University of Civil Engineering, Moscow, Russia

THE EFFECT OF CYCLIC FREEZING AND THAWING ON THE
DEFORMATION DIAGRAM OF COMPRESSED CONCRETE

Abstract. Deformation models of materials are widely used in the calculation of reinforced
concrete structures. At the same time, concrete compression diagrams are used, taking into account the
descending branch. The analytical description of the concrete work diagram is associated with the
determination of such concrete parameters as the initial modulus of elasticity; prismatic strength;
extreme compression deformations at the top of the diagram; the value of deformations on the
descending branch at 85% of the prismatic strength. The influence of alternating temperatures on
reinforced concrete structures of buildings and structures leads to the development of destructive
processes in concrete. At the same time, the question of the effect of cyclic freezing and thawing on the
complete diagrams of concrete, including the ultimate compression deformations, remains poorly
investigated. The determining factor affecting the deformation and strength properties of concrete
under freezing and thawing conditions is its humidity. In this regard, studies have been conducted on
the effect of cyclic freezing and thawing on the diagrams of the state of concrete of various humidity, the
results of which are presented in this paper.

Keywords: cyclic freezing and thawing, deformation diagram, concrete moisture, ultimate
deformations, strength, modulus of elasticity.
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T.A. MALIEEBUYY, U.®. AHJIPEEB?

"HanmonansHerit necnenoBatensckmii MOCKOBCKHA rOCYAApCTBEHHBIM CTPOUTENBHBIN YHUBEPCUTET, I. MockBa, Poccus

®YHKIMSI HAJIEXKHOCTHU ITPEIBAPUTEJIBHO HAIIPSI)KEHHOM
KOPPOJIUPOBAHHOMU KEJIE3OBETOHHOMU BAJIKHU ITPH
HEJIJMHEHHOM PACITIPOCTPAHEHUU KOPPO3UU

Annomauyus. B cmamve paccmampugaemcs YyHKyus. npedeibHO20 COCMOAHUS 8 KOHMEKCmE
AHANU3A HAOEHCHOCTNU KOPPOOUpOoBanuslx 6anok. Qbcyscoaromes memoovl onpedenieHus npeoenbHoll
Hazpysku Oas OanoK, MNO08EPI*CEeHHbIX Kopposuu. Paccmampusaromes pasiuunvle HOO0X00bl K
onpeodenenulo QYHKYuu npedeibHo20 COCMOSIHUL, 6 MOM HUcie 0a3upyiowuecs Ha CMAmuCmu4ecKux
OaHHBIX 0 KOPPO3UU U MOOETUPOBAHUL HANPAd’CEHUI 8 Jicene300emonnoll banke. Obuyas Mooenb oyeHKU
HAOEICHOCU  JICele300€MOHHbIX KOHCMPYKYULL  OOJIJICHA  BKIIOYAMb  PACIPOCMPAHEHUE  KOPPO3UU.
Bonvuwunemso npedvidywux uccaedosanuii  ObLIU COCPEOOMOUCHbL HA NPOOAEMAX OOHOMEPHOU
ougppysuu ¢ npeononazaemoi NOCMOSHHOU CKOpOCMblo Kopposuu. Henuwetinas mooenv ckopocmu
KOppO3uu, 6 Omauyue Om JUHEUHbIX Modeneu, paccmampusaem HNIOMHOCMb MOKA KOppO3uu He
NOCMOAHHOU 8 MeYeHue CpoKa CIydHcObl dicene306emonnol Koncmpykyuu. Paspaboman nooxoo x
aHAnu3y HAOEICHOCU 6éMecme C HeIUHelUHOU MOO0envlo pocma Koppo3uu. B oamnoii cmamve
PACCMOMPENbL OCHOBHbBLE NPOOIEMbL, CEA3AHHBIE C HAOEHCHOCHIbIO NPU HETUHEUHOU MOOelu KOPPO3uU
APEOHANPSICEHHO20 aApMANypHo20 Kanama oiceie3obemonnblx 6anok. Ilpeocmasnena @yHnkyus
VMEHbUIEHUsT OUAMEMPA CIMEPICHsL apmamypul om epemenu. IIposeden ananus yyecmeumenvhocmu O7is
onpeodenenusi GIUSHUL NAPAMEmMPO8 POCMA KOPPO3UU HA UHOEKC HAOEICHOCMU Jicene306emoHHOl
maspoeoti banxu. Henunelinas modens pocma KOppo3uu emecme ¢ OpyeuMu COOMEEmcmeyiouumu
BEPOSIMHOCIMHBIMU  MOOETIMU,  UCNONbIYEMbIMU OISl  ONUCAHUSL  CIYYAUHBIX NePEeMEHHbIX, Oblid
npumenena Olsi  AHAAU3A  HAOEIHCHOCMU  Jicene300emOHHOU  NOOKpanosol banxku. Buipasicenue
NIOMHOCMU MOKA KOPPO3UlU NOKA3bIBAENT, YO CKOPOCHIb KOPPO3UU YEEIUUUBAETNCS IKCNOHEHYUATbHO
npu  yeerudeHuu 3HAYeHusi pacyemnozo napamempa moolenu. Jlns Oanvhetiueli OYEHKU GAUSAHUS
NPeOoNCEHHOU MOOenU pPocma KOppo3uu NO BPeMeHU HA HAOEICHOCMb dicene300emonHou OanKu
paccmampuearomest 06a Kowkpemmuvlx cayuas. Ilepsvii - ¢ QUKCUPOBAHHOU NIOMHOCMbIO MOKA
KOppO3UU, 6MOPOIL - ¢ PUKCUPOBAHHBIM POCTNOM KOPPO3UU 8 3A0AHHOE BPEMSL.

Knioueevie cnosa: ghynxyus nadexcHocmu, niomHOCHb MOKA, HEIUHEUHOe pAcnpoCmpanerue
KOppO3ulU, HA0EHCHOCMb, NpedebHoe COCMOSHUE.

T.A. MATSEEVICH?, I.F. ANDREEV'
'National Research Moscow State University of Civil Engineering, Moscow, Russia

RELIABILITY FUNCTION OF A PRESTRESSED CORRODED
REINFORCED CONCRETE BEAM WITH NONLINEAR CORROSION
PROPAGATION

Abstract. The paper considers the limit state function in the context of reliability analysis of
corroded beams. Methods for determining the ultimate load limit for corroded beams are discussed.
Various approaches to the determination of the limit state function are considered, including those
based on statistical data on corrosion and modelling of stresses in a reinforced concrete beam. A
general reliability assessment model for reinforced concrete structures should include corrosion
propagation. Most previous studies have focused on one-dimensional diffusion problems with an
assumed constant corrosion rate. A nonlinear corrosion rate model, unlike linear models, considers the
corrosion current density not constant over the service life of a reinforced concrete structure. An
approach to reliability analysis together with a nonlinear corrosion growth model is developed. In this
paper, the main problems related to reliability under a nonlinear model of prestressed reinforcement
rope corrosion of reinforced concrete beams are discussed. A function for the reduction of reinforcing
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bar diameter from time is presented. Sensitivity analysis is performed to determine the effect of
corrosion growth parameters on the reliability index of reinforced concrete T-beam. The nonlinear
corrosion growth model, together with other relevant probabilistic models used to describe random
variables, was applied to analyze the reliability of a reinforced concrete crane girder. The expression of
corrosion current density shows that the corrosion rate increases exponentially as the value of the
design parameter of the model increases. To further evaluate the effect of the proposed time corrosion
growth model on the reliability of reinforced concrete beam, two specific cases are considered. The first
one is with fixed corrosion current density, and the second one is with fixed corrosion growth at a given
time.

Keywords: reliability function, current density, non-linear corrosion propagation, reliability,
limit state.

CIIMCOK JIMTEPATYPbI

1. Mepkynos C.11. PazBurne Teopnu KOHCTPYKTHBHOH 0€30IaCHOCTH OOBEKTOB B YCIOBHAX KOPPO3HOHHBIX
Bo3zaeticTeuii // Bectauk BI'TY mm. B.I'. IllyxoBa. 2014. Ne 3. C. 44-46.

2. Tamrazyan A.G., Koroteev D.D. Assessment of the durability of corrosion-damaged prefabricated
reinforced concrete structures // Journal of Physics: Conference Series. 2020. Vol. 1687. Pp. 012009.
https://doi.org/10.1088/1742-6596/1687/1/0120009.

3. Cwmomsaro T.A., HponoB B.U., [lpoHoB A.B., Mepkynos C.M. MH3ydyenue BIHsHUS Je(eKTOB
KeJ1e300€TOHHBIX KOHCTPYKIMI Ha pa3BUTHE KOPPO3HOHHBIX MPOIECCOB apMarypbl // [IpoOMBILITIEHHOE U TPpaXIaHCKOe
ctpoutenbeTBo. 2014, Ne 12, C. 49-51. https://doi.org/10.12737/article_5¢506209065dd6.02007715.

4.  Nogueira K.G., Leonel E.D., Coda H.B. Reliability algorithms for assessing the durability of reinforced
concrete structures // Journal of IBRACON Structures and Materials. 2012. Vol. 5. No. 4. Pp. 440-450.

5. Tampassu A.I'., Maneesuu T.A. AHanu3 HaJAeKHOCTH JKEJIC300CTOHHOW ILIUTHI C KOPPOIUPOBAHHOM
apmatypoii // CtpoutenbctBo u pexoHcTpykius. 2022. Ne 1 (99). C. 89-98. https://doi.org/10.33979/2073-7416-2022-
99-1-89-98.

6. Mepkymos C.U., [IBoprukoB B.M., [TaxomoBa E.I'. PaboTocmocoOHOCTE kelIe300eTOHa B YCIOBHUSIX
BO3ZICHUCTBUS arpecCUBHEIX cpex // CTpouTeIbHBIE MaTepHalsl, 00opynoBaHue U TexHomorud XXI Beka. 2006. Ne 10.
C. 10.

7. Srymo B.A.,, Mwmrame P.E. K Bompocy omeHkn Hecymedl CHOCOOHOCTH DKCIUTyaTHPYEMBIX
KeJ1e300eTOHHBIX KOHCTPYKIIMH, TOBPEXKICHHBIX Koppo3uel // beToH u xenezoberon. 2007. Ne 3. C. 28-30.

8. Tampassu A.I', ITonoe /I.C. HanpsbkeHHO-1€(OPMUPOBaHHOE COCTOSHHE KOPPO3HOHHO-TIOBPEXACHHBIX
KeJIe300€TOHHBIX DJIEMEHTOB MPU JUHAMUYECKOM HarpyxeHud // [IpOMBIIUICHHOE W TPaXIAHCKOE CTPOUTEIBCTBO.
2019. Ne 2. C. 19-26.

9. Ting S.C., Nowak A.S. Effect of reinforcing steel area loss on flexural behavior of reinforced concrete
beams. ACI Structural Journal, 88(3), 1991.

10. Lushnikova V.Y., Tamrazyan A.G. The effect of reinforcement corrosion on the adhesion between
reinforcement and concrete // Magazine of Civil Engineering. 2018. Ne 4(80). Pp. 128-137.
https://doi.org/10.18720/MCE.80.12.

11. Browne R.D. Mechanisms of Corrosion of Steel in Relation to Design, Inspection, and Repair of Offshore
and Coastal Structure. ACISP-65, U.S. Detroit.

12. Andrade C. Calculation of Chloride Diffusion Coefficients in Concrete from lonic Migration
Measurements. Cement and Concrete Research. 1993. Vol. 23. Pp. 724-742. doi:10.1016/0008-8846(93)90023-3.

13. Maneesuu T.A., Auapee N.®. Koneuno-snemenTHas mMoxaeinb audy3un Xjaopuiaa B MPeaBapUTEIbHO
HanpsOKEHHOW KOPPOAUPOBAHHOM apMaTrype Keyne300eTOHHBIX KOHCTpyKiui // Becthuk MI'CVY. 2022. T. 17. Beim. 11.
C. 1462-1470. https://doi.org/10.22227/1997-0935.2022.11.1462-1470.

14. Frangopol D.M., Lin K.Y., Estes A.C. Reliability of Reinforced Concrete Girders Under Corrosion
Attack // Journal of Structural Engineering. 1997. Vol. 123. No. 3. Pp. 286-297.

15. Fu X., Chung D.D.L. Effect of corrosion on the bond between concrete and steel rebar // Cement and
Concrete Research. 1997. Volume 27. Issue 12. Pp. 1811-1815. https://doi.org/10.1016/S0008-8846(97)00172-5.

16. Tuutti K. Service Life of Structures with Regard to Corrosion of Embedded Steel, Quality Control.
Concrete Structures. 1980. Vol. 1. Pp. 293-301.

17. Atkinson A., Hearne J.A. Mechanistic Model for the Durability of Concrete Barriers Exposed to
Sulphate-Bearing  Groundwaters. MRS Online Proceedings Library. 1989. Vol. 176. Artn. 149
https://doi.org/10.1557/PROC-176-149.

18. Stewart M.G., Rosowsky D.V. Time dependent reliability deteriorating reinforced concrete bridge decks
/I Structural Safety. 1998. Vol. 20. Issue 1. Pp. 91-109. https://doi.org/10.1016/S0167-4730(97)00021-0.

N 5 (109) 2023


https://elibrary.ru/item.asp?id=45083326
https://elibrary.ru/item.asp?id=45083326
https://elibrary.ru/item.asp?id=48061113
https://elibrary.ru/item.asp?id=48061113
https://elibrary.ru/contents.asp?id=48061103
file:///E:/Документы%20кафедры%20ГСХ/Документы%20сотрудников/ЖУРНАЛ_с%20работы_12.10.23/СиР/СИР%20№5%202023/№%201%20(99)
https://www.elibrary.ru/item.asp?id=36983493
https://www.elibrary.ru/item.asp?id=36983493
https://www.elibrary.ru/contents.asp?id=36983491
https://www.elibrary.ru/contents.asp?id=36983491&selid=36983493
https://www.elibrary.ru/item.asp?id=35554373
https://www.elibrary.ru/item.asp?id=35554373
https://www.elibrary.ru/contents.asp?id=35554360
file:///E:/Документы%20кафедры%20ГСХ/Документы%20сотрудников/ЖУРНАЛ_с%20работы_12.10.23/СиР/СИР%20№5%202023/№%204(80)

be30macHOCTD 31aHNI H COOPYKEHHH

19. Ting S.-C. The effects of corrosion on the reliability of concrete bridge girders. Dissertation of the
University of Michigan, 1989. https://doi.org/10.1016/0167-4730(89)90007-6.

20. PxannnpiH A.P. Teopus UIMTENBHOW NPOYHOCTH NPHU MPOHM3BOJBHOM OJHOOCHOM H JIByXOCHOM
3arpyxeHnu // CTpouTenbHas MEXaHHKa U pacyeT coopykenuit. 1975. Ne 4. C. 25-29.

21. Tampaszsa A.T. Maneesuy T.A. HapmexHOCTHas ONTUMU3AIMS KOHCTPYKIMA C  y4eTOM
HEONpEeIeICHHOCTEH INPH IPOEKTHPOBAaHUU // AKTyanbHbIe NpPOOJIEMBI CTPOUTENBHOW OTpaciu U oOpa3oBaHUS -
2022. Coopuuk noxnanos Tperbeit HaunonansHoi#t HayuHoH koH(epenun. Mocksa, 2023. C. 50-54.

22, Tampaszsn A.I. Merojonorus aHanu3a U OLEHKM HAJEKHOCTHU COCTOSHHMS W NPOTHO3MPOBAHUE CPOKa
cIy 0Bl xKene300eTOHHBIX KoHCTpyKItHii // XKenezo6eronnsie kouctpykmuu. 2023. T. 1. Ne 1. C. 5-18.

REFERENCES

1. Merkulov S.I. Razvitiye teorii konstruktivnoy bezopasnosti ob"yektov v usloviyakh korrozionnykh
vozdeystviy [Development of the theory of constructive safety of objects in the conditions of corrosion impacts].
Vestnik BGTU im. V.G. Shukhova. 2014. No. 3. Pp. 44-46.

2.  Tamrazyan A.G., Koroteev D.D. Assessment of the durability of corrosion-damaged prefabricated
reinforced concrete structures // Journal of Physics: Conference Series. 2020. Vol. 1687. Pp. 012009.
https://doi.org/10.1088/1742-6596/1687/1/012009.

3. Smolyago G.A., Dronov V.l., Dronov A.V., Merkulov S.I. Investigation Of Influence Of Defects Of
Reinforced Concrete Structures On Corrosion Processes Of Steel Reinforcement. Promyshlennoye i grazhdanskoye
stroitel'stvo. 2014. No. 12. Pp. 49-51. https://doi.org/10.12737/article_5¢506209065dd6.02007715.

4.  Nogueira K.G., Leonel E.D., Coda H.B. Reliability algorithms for assessing the durability of reinforced
concrete structures. Journal of IBRACON Structures and Materials. 2012. Vol. 5. No. 4. Pp. 440-450.

5.  Tamrazyan A.G., Matseevich T.A. Reliability analysis of reinforced concrete slabs with corroded
reinforcements. Building and Reconstruction. 2022. No. 1(99). Pp. 89-98. (in russ.) https://doi.org/10.33979/2073-7416-
2022-99-1-89-98

6. Merkulov S.I., Dvornikov V.M., Pakhomova E.G. Performance of reinforced concrete under the influence of
aggressive media // Construction materials, equipment and technologies of the XXI century. 2006. No. 10. Pp. 10. (in russ.)

7. Yagupov B.A., Migal R.E. On the issue of assessing the bearing capacity of operated reinforced concrete
structures damaged by corrosion // Concrete and reinforced concrete. 2007. No. 3. Pp. 28-30. (in russ.)

8. Tamrazyan A.G., Popov D.S. Stress-strain state of corrosion-damaged reinforced concrete elements under
dynamic loading. Industrial and civil construction. 2019. No. 2. Pp. 19-26. (in russ.)

9. Ting S.C., Nowak A.S. Effect of reinforcing steel area loss on flexural behavior of reinforced concrete
beams. ACI Structural Journal, 88(3), 1991.

10. Lushnikova V.Y., Tamrazyan A.G. The effect of reinforcement corrosion on the adhesion between
reinforcement and concrete // Magazine of Civil Engineering. 2018. No. 4(80). Pp. 128-137.
https://doi.org/10.18720/MCE.80.12.

11. Browne R.D. Mechanisms of Corrosion of Steel in Relation to Design, Inspection, and Repair of Offshore
and Coastal Structure. ACISP-65, U.S. Detroit.

12. Andrade C. Calculation of Chloride Diffusion Coefficients in Concrete from lonic Migration
Measurements. Cement and Concrete Research. 1993. Vol. 23. Pp. 724-742. doi:10.1016/0008-8846(93)90023-3.

13. Matseevich T.A., Andreev I.F. The finite element model of chloride diffusion in pre-stressed corroded
reinforcement bars of reinforced concrete structures. Vestnik MGSU [Monthly Journal on Construction and
Architecture]. 2022. T. 17(11). Pp. 1462-1470. https://doi.org/10.22227/1997-0935.2022.11.1462-1470 (in russ.)

14. Frangopol D.M., Lin K.Y., Estes A.C. Reliability of Reinforced Concrete Girders Under Corrosion
Attack // Journal of Structural Engineering. 1997. Vol. 123. No. 3. Pp. 286-297.

15. Fu X., Chung D.D.L. Effect of corrosion on the bond between concrete and steel rebar // Cement and
Concrete Research. 1997. Volume 27. Issue 12. Pp. 1811-1815. https://doi.org/10.1016/S0008-8846(97)00172-5.

16. Tuutti K. Service Life of Structures with Regard to Corrosion of Embedded Steel, Quality Control.
Concrete Structures. 1980. Vol. 1. Pp. 293-301.

17. Atkinson A., Hearne J.A. Mechanistic Model for the Durability of Concrete Barriers Exposed to
Sulphate-Bearing  Groundwaters. MRS Online Proceedings Library. 1989. Vol. 176. Artn. 149.
https://doi.org/10.1557/PROC-176-149.

18. Stewart M.G., Rosowsky D.V. Time dependent reliability deteriorating reinforced concrete bridge decks.
Structural Safety. 1998. Vol. 20. Issue 1. Pp. 91-109. https://doi.org/10.1016/S0167-4730(97)00021-0.

19. Ting S.-C. The effects of corrosion on the reliability of concrete bridge girders. Dissertation of the
University of Michigan, 1989. https://doi.org/10.1016/0167-4730(89)90007-6

20. Rzhanitsyn A. R. Teoriya dlitel'noy prochnosti pri proizvol'nom odnoosnom i dvukhosnom zagruzhenii
[Theory of long-term strength for arbitrary uniaxial and biaxial loading]. Stroitel'naya mekhanika i raschet sooruzheniy.
1975. No 4. Pp. 25-29.

Ne 5 (109) 2023


https://www.elibrary.ru/item.asp?id=50755056
https://www.elibrary.ru/item.asp?id=50755056
https://www.elibrary.ru/item.asp?id=52456987
https://www.elibrary.ru/item.asp?id=52456987
https://www.elibrary.ru/contents.asp?id=50790925
https://www.elibrary.ru/contents.asp?id=50790925&selid=52456987
https://elibrary.ru/item.asp?id=45083326
https://elibrary.ru/item.asp?id=45083326
https://www.elibrary.ru/item.asp?id=35554373
https://www.elibrary.ru/item.asp?id=35554373
https://www.elibrary.ru/contents.asp?id=35554360
file:///E:/Документы%20кафедры%20ГСХ/Документы%20сотрудников/ЖУРНАЛ_с%20работы_12.10.23/СиР/СИР%20№5%202023/%204(80)

CTpouTeNbCTBO U PEKOHCTPYKIUSI

21. Tamrazyan A.G., Matseyevich T.A. Nadezhnostnaya optimizatsiya konstruktsiy s uchetom
neopredelennostey pri proyektirovanii [Reliability optimization of structures taking into account uncertainties in
design]. Aktual'nyye problemy stroitel'noy otrasli i obrazovaniya - 2022. Shornik dokladov Tret'yey Natsional'noy
nauchnoy konferentsii [Actual problems of the construction industry and education - 2022. Collection of reports of the
Third National Scientific Conference.]. Moscow, 2023. Pp. 50-54.

22. Tamrazyan A.G. Methodology for the Analysis and Assessment of the Reliability of the State and Prediction
the Service Life of Reinforced Concrete Structures. Reinforced concrete structures. 2023. T. 1(1). Pp. 5-18. (in russ.)

HNudopmanus 06 aBTopax:

Maneesnu TaTbsiHa AHATOJILEBHA

OI'bOY BO «HamuoHaneHBIN uccienoBaTedbckuii MOCKOBCKHN TOCYJapCTBEHHBIH CTPOUTENbHBIN YHUBEPCUTET»
(HY MI'CY), r. Mockga, Poccus,

JIOKTOp (PU3UKO-MaTeMaTHYECKUX HAYK, TOLEHT, Ipodeccop Kadeaps! BrICIIeH MaTEMaTHKH.

E-mail: MatseevichTA@mgsu.ru

Angpees Unbsa Penopouy

OI'bOY BO «HarumoHaneHbIH Hccae10BaTeNbcKUi MOCKOBCKHM rOCYJapCTBEHHBIM CTPOUTENBHBIA YHUBEPCUTET»
(HAY MI'CY), r. Mockgsa, Poccus,

acrupaHT Kadeapbl Kene3006TOHHBIX U KAMEHHBIX KOHCTPYKIIMH.

E-mail: yfyf@gmx.com

Information about authors:

Matseevich Tatyana A.

National Research Moscow State University of Civil Engineering (NRU MGSU), Moscow, Russia,

doctor of physical and mathematical sciences, associate professor, professor of the department of Higher Mathematics.
E-mail: MatseevichTA@mgsu.ru

Andreev llya F.
National Research Moscow State University of Civil Engineering (NRU MGSU), Moscow, Russia,
postgraduate student of the department of Reinforced Concrete and Stone Structures.

E-mail: yfyf@gmx.com

N 5 (109) 2023


mailto:MatseevichTA@mgsu.ru
mailto:yfyf@gmx.com
mailto:MatseevichTA@mgsu.ru
mailto:yfyf@gmx.com

be30macHOCTD 31aHNI H COOPYKEHHH

VK 624.04: 519.2 DOI: 10.33979/2073-7416-2023-109-5-53-62

B.I. CEBEIIIEB?, E.K. TYKUH!

'®I'BOY BO «HoBOCHOHMPCKHiT FOCYAaPCTBEHHBIN apXHTEKTYPHO-CTPOUTENBHBIN yHIBepcuTeT (CHOCTPHH),
r. HoBocubupck, Poccus

HAJEKHOCTD U JOJII'OBEYHOCTb TPYBYATBIX 9JIEMEHTOB
CTAJIBHBIX KOHCTPYKIMU ITPU HEPABHOMEPHbBIX
KOPPO3MOHHBLIX ITOBPEKJAEHUAX

Annomayusn. Cospemennvie nooxoovl U mpeOO8AHUS K NPOEKMUPOSAHUIO U IKCNEPMHOU
oyeHKe COCMOSHUSL 30aHull U  COOPYJUCEHUUl NPeOnuchl8arom OnpeoeieHue KoaudecmeeHHbix
nokazameneti ux HaoexiCHocmu. Imum 00YCL08IeHA AKMYAIbHOCIb 80NPOCOE pPA3PAOOMKU MEMOOUK
PAcuemos HaoedCHOCMU CINPOUMENbHBIX CUCTEM C YHEMOM UX CE0LUCME U YCI08Ull pabombi.

Kopposuonnvie nogpescoenus snemenmos Memaiiuieckux KOHCMpYKyuti Mo2ym ¢ medeHuem
8pemenu npusooums K ympame ux pabomocnocobnocmu. Llenv ucciedosanuil, npeocmasieHuvlx 8
cmamve, — GbIAGLEHUE U KONUYECTNBEHHbIE ONUCAHUSL UMEHEHUs 60 GDEMEHU XAPAKMEPUCMUK
HAOEICHOCMU, N0 KPUMEPUIo NPOYHOCMU, NEPEOHAYANIbHO YEHMPALIbHO DACMASUBAEMO20 CMAIbHO20
CMEPIICHE8020 KOHCMPYKMUGHO20 IIEMEHMA KOIbYeB020 CEYEeHUsl C YHUemoM HepaAGHOMEPHO2O0
KOPPO3UOHHO20 U3HOCA, GbI3bIBAIOWE20 BO3HUKHOGEHUE CLOJNCHO20 CONPOMUBTICHUSL CMEPICH —
pacmsicenusi ¢ uzeubom. Ha ocrnoge npednodcennoil npocmpancmeenio-6peMenHol Mooeiu Kopposuu
C UCNONL306ANHUEM MEMOO08 MEOPUU HAOEIHCHOCHU NOCMPOEHbL PACHEMHbIL annapam u ai2opumm
onpeoenenusi HA0eHCHOCMU U 00208€YHOCMU deMeHma. Buinoanenvl pacuemol 2mux Xapaxmepucmux
npu  6apbUPOBAHUU  CHIOXACTUYECKUX CEOUCME NAPAMEMPO8 2e0MempUul Ce4eHus CMepIiCHs, e20
HANPSNCEHHO20 COCMOAHUSL U MOOENU KOPPO3UU NPU PA3TUYHBIX CMENEeHsX acpecCUBHOCMU Cpeobl.
Haepyoicenue cmepoicus  M00enupo6anoce cmayuonaprou  ciayyatnou @yuxyuei. Pezynomamol
pacuemos Haoes’CHOCMU, 6ePOMHOCIU OMKA34d, KOIDPuyueHma Kopposuu u GpeMeHHOU NIOMHOCMU
6EPOSIMHOCIU OMKA3A NPEOCMABIEHbL 2PAGUKAMU 3ABUCUMOCTEL IMUX 6EIUYUH O 6PEMEHU.

Boinoanenvt oyenxu ausnus Ha HA0EICHOCMb U O0JI208EUHOCHb KOHCIPYKMUBHO20 dNeMEHmA
OCHOBHbBIX PACHEMHbIX XAPAKMEPUCIMUK CMEPIICHS U MOOEIU KOPPO3UOHHbIX NOspedicOenull. Boisenen
ahhexm  3HaAUUMENLHO2O YEEIUUEHUS BEPOSIMHOCMU OMKA3Ad U CHUJMCEHUSl O0N208eYHOCMU NpU
KOPPO3UOHHOM U3HOCE, HEPABHOMEPHOM NO KOHMYPY CEYeHUs, 8 CPABHEHUU CO CyYaemM NOCMOSHHOU
MOMUWUHBL CILOSL KOPPO3ULL, NPU CONOCMABUMbIX 3HAYEHUSX KOIDPuyuenmos Kkopposuu.

Ipedcmasnennvie 6 cmamve MemoOuKa u pe3yibmamsvl pAcuemos Mo2ym Obimb UCHOIb306AHbL
011 NOJYYEeHUsl PeUweHUll AHAN0SUYHBbIX 34044 6 UMbIX NOCMAHOBKAX (N0 Qopme ceuenus, Mooenu
KOppO3UU, NpU HECMAYUOHAPHBIX PeXNCUMAX Hazpyscenuss u Op.), a makdce Onsi BbINOIHEHUs.
UMIICEHEPHBIX PACYEN08 HAOEHCHOCIMU NPU NPOEKMUPOBAHUU MEMATIULECKUX KOHCMPYKYULL.

Knrwouegvie cnoga: naedxicnocmos, 001206e4HOCMb, MPYOUAMbIL CMEPIHCEHD, HEPABHOMEPHAS.
KOPpO3Us, ClOJCHOE CONpOmuUGLeHUue, UHOEKC HAOEHCHOCMU, BEPOSAMHOCMb OMKA3d, KOIPpuyuenm
KOppO3UlU.

V.G. SEBESHEV?, E.K. LUKIN!

"Novosibirsk State University of Architecture and Civil Engineering (Sibstrin), Novosibirsk, Russia

RELIABILITY AND DURABILITY OF TUBULAR ELEMENTS OF
STEEL STRUCTURES UNDER UNUNIFORM CORROSION DAMAGE

Abstract. Modern approaches and requirements for the design and expert assessment of the
buildings and structures state require the quantitative determination of their reliability indicators.
This determines the relevance of the development of methods for calculating the reliability of building
systems, taking into account their properties and operating conditions.

Corrosion damage to elements of metal structures can lead to loss of their functionality over time.
The purpose of the research presented in the article is to identify and quantitatively describe changes
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over time in the reliability characteristics, according to the strength criterion, of an initially centrally
tensile steel rod structural element of an annular section, taking into account uneven corrosive wear,
which causes the occurrence of complex resistance of the rod, namely tension with bending. A
calculation apparatus and an algorithm for determining the reliability and durability of an element were
constructed using methods of reliability theory and the proposed spatio-time corrosion model.
Calculations of these characteristics were carried out by varying the stochastic properties of the
parameters of the rod’s cross section geometry, its stress state and the corrosion model at various
degrees of corrosion factor aggressiveness. The loading of the rod was modeled by a stationary random
function. The results of calculations of reliability, failure probability, corrosion coefficient and time
density of failure probability are presented in graphs of the dependences of these values on time.

The influence of the main design characteristics of the rod and the corrosion damage model
on the reliability and durability of the structural element was assessed. The effect of a significant
increase in the probability of failure and a decrease in durability with corrosion wear, uneven along
the contour of the section, was revealed, in comparison with the case of a constant thickness of the
corrosion layer, with comparable values of corrosion coefficients.

The methodology and calculation results presented in the article can be used to obtain
solutions to similar problems in other formulations (by cross-sectional shape, corrosion model, under
non-stationary loading conditions, etc.), as well as to perform engineering reliability calculations
when designing metal structures.

Keywords: reliability, durability, tubular rod, ununiform corrosion, complex resistance,
reliability index, probability of failure, corrosion coefficient.
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H.B. ®EJIOPOBA? 0.B. BYIIIOBA®, B.1. KOJITYYHOB™?

1CDe)IepanLHoe roCyZapcTBEHHOE OI0PKETHOE 00pa30BaTeNbHOE YUpexkIeHHe BhIcIIero oopa3oBanus « HarmoHaabpHbIN
uccienoBarenbckiuii MOCKOBCKHM rocyjapCcTBEHHBIN cTpoutensHbli yHuBepcutet» (HUY MI'CY), r. Mocksa, Poccust
zHay‘IHO-I/ICCJ'IeL[OBaTeJ'ILCKI/Iﬁ HWHCTUTYT CTPOUTENBHON (usnku Poccuiickoil akaeMun apXUTeKTyphl
U CTPOUTEIIbHBIX HayK, I'. MockBa, Poccus

PACYET KOHCTPYKTUBHO HEJIMHEMHBIX KEJIE3OEETOHHBIX
PAM ITPU UX XPYIIKOM PA3ZPYIIEHUMU 110 HAKJIOHHOMY
CEYEHUAIO

Annomayun. [locmpoena npocmpancmeennas paciemuds MOOensb CAOHCHOHANPAICEHHOZO
JHCENe300€MOHHO20 INeMEHMA NpPU COBMECHHOM OeUCmeuU HNONEPeyHOl CUlbl U us2ubaruezo
momenma. Tlonyuenvr ananumuyeckue 3a8ucumMocmu O0Jis paciema nonepeuHo2o apMupo8anus marKozo
9/leMeHma HAKIOHHBIMU  (NONEPEeYHbIMU) CMEPICHAMU NpU  PACCMAMPUBAEMOM  HANPAICEHHOM
cocmosnuy. 1IpamoyeonvHoe ceuenue npusooumcs K IKUGANEHMHOMY KOPOOUAMOMY Ce4eHUuIo ¢ 08YMsl
CYUAsAMU  NONOJICEHUs.  colcamou  30Hbl. Pacuemnas mooenb 00CMAmMoO4YHO HOMHO Ompajicaem
Qusuueckue AGNEHUA CUNOBO20 CONPOMUSTIEHUA pUzenell HCere300emoHHbIX pam 8 NpeoenbHblX U
3anpeodenvHOM COCMOAHUAX YCMAHOBIEHHbIE IKCnepuMenmanvHo. 11poeedensl pesyibmamsyl YUCIeHHbIX
uccnedo8aHulli KOHCMPYKyull pam, nonepeyHoe apMuposanue KOmopbix NPUHAMO 6 Uoe HAKIOHHLIX UIU
NepeKpecmublX HAKIOHHBIX CMEPICHell NpU UCNONb306AHUU NPEONIONCEHHOU U Opyeux Mmooenel
pacuema. CpasHumenvHulil aHAIU3 NOJYYEHHBIX pE3YIbMAmMos Nnoxasan Ip@exmusnocms 6oaee
CMPO2020 Yuema COBMeCMHO20 0eliCUs U3UOAIOWUX MOMEHMO8 U NONEPEUHBIX CUL U BO3MOICHOCHIb
3a cuem 2MmMo20 3AMEMHO20 CHUICCHUS PACHEeMHO20 NONEPEeUHO20 APMUPOBAHUSL Jicese300emOHHbIX
KOHCPYKYUU NpU pACCMAMPUBAEMOM HANPANCEHHOM cocmosnuu. [Ipednooicennvie anarumuieckue
3asucuMocmu Mo2ym O6bimb UCNOAb306AHbL OJiA PACYEmA JHCeNe300eMOHHbIX puzesiell KOHCMPYKMUGHO U
Qusutecky HeTUHENHbIX pam Npu ux XpYnKOM paspyuieHuu no HAKIOHHOMY Ce4eHUl0 6 3anpedenbHbix
COCMOSHUAX.

Knwoueevie cnoea: owcene3obemonnas pama, NpOCMPAHCINEEHHAS PACYEMHAs — CXeMd,
NONnepeyHas Ccund, HAKIOHHOe ceyeHue, Oeopmuposanue, o0coboe 6o30elicmsue, 3anpedeibHoe
cocmosiHue.

N.V. FEDOROVA?, 0.B. BUSHOVA!, V.I. KOLCHUNOV?
'Federal State Budgetary Educational Institution of Higher Education «National Research Moscow State
University of Civil Engineering» (MGSU), Moscow, Russia
’Research Institute of Construction Physics of the Russian Academy of Architecture and Construction Sciences,
Moscow, Russia

CALCULATION OF STRUCTURALLY NONLINEAR REINFORCED
CONCRETE FRAMES DURING THEIR DESTRUCTION ALONG AN
INCLINED SECTION

Abstract. A spatial calculation model of a complexly stressed reinforced concrete element is
constructed under the combined action of a transverse force and a bending moment. Analytical
dependences are obtained for calculating the transverse reinforcement of such an element with inclined
(transverse) rods under the stress state under consideration. The rectangular section is reduced to an
equivalent box section with two cases of the compressed zone position. The computational model
sufficiently fully reflects the physical phenomena of the force resistance of the crossbars of reinforced
concrete frames in the limiting and exorbitant states established experimentally. The results of
numerical studies of frame structures, the transverse reinforcement of which is accepted in the form of
inclined or cross inclined rods when using the proposed and other calculation models, are carried out.
A comparative analysis of the results obtained showed the effectiveness of a stricter account of the
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combined action of bending moments and transverse forces and the possibility of a noticeable reduction
in the calculated transverse reinforcement of reinforced concrete structures under the stress state under
consideration due to this. The proposed analytical dependences can be used to calculate reinforced
concrete crossbars of structurally and physically nonlinear frames with their brittle destruction along
an inclined section in exorbitant states.

Keywords: reinforced concrete frame, spatial design scheme, transverse force, inclined
section, deformation, special impact, beyond condition.
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JLA. AJIBOPOBA', U.A. MAMUEBA®
Y lenTpaneHblil HaYYHO-HCCIIEI0BATEIBCKHIL H IPOEKTHO-3KCIEPUMEHTATBHbIH HHCTHTYT MPOMBIILICHHBIX 3IAHHIA 1
coopyxenwuii (LTHUUIIpom3aanuii), r. Mocksa, Poccus
2Poccnitcknit YHHUBEpCHTET ApyX0bI HapoaoB uM. [1. JlymymOs1, . Mocksa, Poccus

KPUBOJMUHEWHBIE ®OPMbI B APXUTEKTYPE 3JIAHUI 1
COOPYKEHUH B HAYAJIE XXI-ro BEKA

Annomayun.  Jlo  Hacmosweco  6peMeHU  CUCMEMAMU3UPOBAHBI  CYWecmayiowue
apxXumexkmypHvle CMUIU CO CEOUMU MOOUPUKAYUAMU, NOOBUOAMU U CHULEEbIMU MEeYeHUSMU
APUMEHUMENbHO K MOHKUM 000N0YKaM U  00010YeYHbIM CmpyKmypam. Hmeromesi HecKonbko
XPOHONO2ULL PA3GUMUSL APXUMEKNYPHBIX CIULEH. YCmano8ieHo, Ymo uHMeHCUBHOCHb U PA3ZHO0Opasue
APUMEHEHUsT AHATUMUYECKUX U AHATUMUYECKU He3d0a6aeMblX NOBEPXHOCmell 6 apXumekmype
00010UeUHbIX CMPYKIMYD, MOHKUX O0DONIOYEK U 60 GHEWHUX (DOPMAX DPAZHOOOPASHBIX COOPYICEHUT
nOO00aomcs pazoueHuro Ha Niamov 8PEMeHHbIX Nepuodos. [locneonutl namolii nepuod ObLIO peuieHo
Haseamv «Bosposicdenue ummepeca K 00010YKAM U COOPYICEHUIM KPUBOIUHEUHOU (opmbl,
B03HUKHOBEHUE HOBbIX apxumekmyphvlx cmuneiy. Coeracho mamepuaniam Ucciedo8aHusl OH HA4AICs 8
Hayane XXI-2o 6exa. B 0annoii cmamve nokazano, ymo 00 ce200HAUHE20 BPEMEHU HAULIU NPUMEHEHUe
37 ananumuueckux nosepxmocmei u3z 0Oonee ulecmu COMeEH U3BECMHbIX NosepXHocmell. Aemopul
KOHCMAmMupylom peanbHoe MNON0JCEHUe 6 aApXUmeKmype KPUBOIUHEUHbIX (QOPM U NOKA3bIBAIOM
603pACMAIOWULL UHMeEPeC apXUmeKmopos u cmpoumenei k makum obvekmam. Ioxazarno, umo ¢ 2000-
20 2004 UCHONB308aAHbl 16 OCHOBHBIX APXUMEKMYDHBIX CMmujell, He CYUMAas HoGeluiue Cmui,
3A56/IeHHbIE  APXUMEKMOPAMU, HO 0003HAYeHHble O0OHUM-08YMS coopydicenusmu. Ilepeuucnenvt ¢
KOHKDEMHbIMU NPUMEPAMU AHATUMUYECKUE U AHATUMUYECKU He3d0asaemble NOGEPXHOCIU HAueoulue
NPUMEHEHUE 6 PeATIbHbIX COOPYIHCEHUSIX. YKA3AHbI apXUMEKmopbl, Y4ACmME08AGUIUE 8 NPOEKMUPOSAHUU
Hauboiee 3HAYUMBIX 30AHULL U COOPYIHCEHUL.

Knroueevie cnosa: apxumexkmypa 060./101{@(, anaiumudecKkue noeepxHocmu, omarbvl
cmpoumeilbcmea obosouex.

L.A. ALBOROVA', LA. MAMIEVA®
'Central Scientific Research Institute for Industrial Buildings and Structure, Moscow, Russia
2RUDN University, Moscow, Russia

CURVILINEAR FORMS IN ARCHITECTURE OF BUILDINGS AND
ERECTIONS

Abstract. To date, the existing architectural styles have been systematized with their
modifications, subspecies and style trends in relation to thin shells and shell structures. There are several
chronologies of the development of architectural styles. It has been established that the intensity and
variety of the use of analytical and analytically non-assignable surfaces in the architecture of shell
structures, thin shells and in the external forms of various structures can be divided into five time periods.
The last fifth period was decided to be called "The revival of interest in shells and curvilinear structures,
the emergence of new architectural styles." According to the research materials, it began at the beginning
of the XXI century. This article shows that up to now 37 analytical surfaces out of more than six hundred
known surfaces have been used. The authors constate the real situation in the architecture of curvilinear
forms and show the increasing interest of architects and builders in such objects. It is shown that since
2000, 16 main architectural styles have been used, not counting the latest styles declared by architects, but
designated by one or two structures. Analytical and analytically undetectable surfaces that have found
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application in real structures are listed with specific examples. The architects who participated in the
design of the most significant buildings and structures of curvilinear forms at the beginning of the XXI
century are indicated. The literature used contains 32 titles.

Keywords: shell architecture, analytical surfaces, shell construction stages.
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A.E. EHUHY, A.D. 3ATUUIABHA S

'®I'BOY BO «BopoHexckuii rocy1apCcTBEHHbIN TEXHUUECKUI YHUBEpCUTET», I'. Boponex, Poccus

CIIEIIU®UKA MIOCJTEBOEHHON PEKOHCTPYKIIMU KBAPTAJILHOM
3ACTPOMKHU UCTOPUYECKOI'O IIEHTPA I'. BOPOHEKA B XX B.

Annomayus. B nacmosuyell cmamve PpaccMampusarOmcsi ACnekmvl  QopmMuposanusi u
MOOepHU3AYUY  UCTOPUYECKUX —MOPGOMUNO8  KEAPMAIbHOU  3ACMPOUKU  YEHMPAIbHOU — Yacmu
2. Boponeoca 6 nepuoo nocnesoennoii pexoncmpyxyuu (1945-1950-e ce.). Boidsueaemces eunomesa o
BHAYUMOCIU 8 COBPEMEHHBIX aPXUMEKMYPHO-2PA00CHMPOUMENbHBIX UCCIe008AHUAX OHMOLO2ULECKO20
NO3HAHUSL ~ OCHOGHbIX — DMANOE  MOOEPHUAYUU  APXUMEKMYPHO-NIAHUPOBOYHOU — CMPYKMYPbl
COBPEMEHHO20 UCHOPUYECKO20 20POOCKO20 YEHMPA, 6 MOM HUCTe 8 npoyecce CO30aHUusi NPUHYUNOS ee
@ynxyuonarbHo-npocmpancmeennol opeanuszayuu. OObeKmom HaACMoAWe20 UCCIe008AHUS A6 S
CLOJICUBMASICSL K MOMEHMY  Nepuood  HOCIEeBOEHHO20 — BOCCMAHOBNEHUS.  APXUMEKMYPHO-
2padocmpoumenvhas cpeda uUcmopuieckoeo yewmpa 2. Bopowueowca. IIpoeodumcs cucmemHblil
PEMPOCNEKMUBHBIIL  AHAU3  APXUMEKMYPHO-NIAHUPOBOYHOU CcmpyKkmypsl 2. Bopouesica 6 nepuoo
HOCNEBOEHHO20 GOCCHAHOGIEHUSL: CUCHEMHBIM NOOX000M GbIAGNSIOMCS GHEWHUE U GHYMPEHHUE
Gaxkmopel, onpedensiioujue NPUHYUNBL PEKOHCMPYKYUL UCTOPUYECKO20 20POOCKO20 YEHMPA 8 Nepuoo
nocnegoenno2o eoccmarnogienuss CCCP kax ClodicH020 MHO20YPOBHEE020 00beKma; ONpPedesiomcs u
Qukcupylomess 6 COOMBEMCMEUU € GbISIGIEHHbIMU — (DAKMOPAMU  SPAHUYLL  UCCIe008AHUS;
CUCMEMAMUSUPYIOTCS. NAPAMEMPbL UCCIEOYEMOU MEPPUMOPUL 8 ONPEOETEHHbLI 8PEMEHHON NEPUOO HA
PA3TUYHBIX  UEPAPXUHECKUX VPOGHAX, d MAKdce ONpeoeisemcss (POHO NpeeMCmEEHHbIX UCIMOPUKO-
2PadoOCmpoUmenvHbiX — YeHHOCmell, — GbIPAJICEHHbIX 8  MAMePUAIbHO-NPOCMPAHCIMBEHHOM U
DYHKYUOHATLHOM IKEUBALEHME.

B pesynvmame nacmosiwyezco uccne0ogamus onpeoensiomcs YCcmouuusble apXumeKmypHo-
2padocmpoumenvHble  MEHOCHYUU NPOCMPAHCMBEHHO20 U  (QYHKYUOHATLHO20 — Npeodpaz0eanus
uccnedyemMol meppumopui 8 Nepuood NOCIeB0EHHO20 80CCMAnOBNeHUsl 2. Boponedca, neobxooumeie O
Opeanuzayuu  KOPPEeKmHO20 Npoyecca PeKoOHCmpyKyuu 6 Hacmosiyee epems. Hcemopuko-
APXUMEKMYPHbLIL U 2PA0OCHPOUMENbHBIIL AHAU3, NPOGEOCHHbLL HA OCHOGE UCMOPUKO-APXUGHBIX U
oubnuoepaguueckux — UCCIe008aHUL,  NO3GONUL  CHOPMUPOBAMb  MUNOTOSUID  UCTIOPUYECKUX
Mopghomunos 3acmpoiiku 2. Bopowedica 6 nepuod nocnesoeHHo20 80CCMAHOGIEHUS, A MAKJiCe
onpedenums KpaiiHue npeobpazosanus, Hecyujue 6 cebe UCmopuxo-kyaivmypusiii koo. Cpopmuposarol
cucmeMHble NPUHYUNDBL ROCIEBOEHHOU PEKOHCMPYKYUU APXUMEKMYPHO-NIAHUPOBOYHOU CIMPYKMYPbl HO
08yM HanpagieHusm, oupgepenyuposantvle HA OCHOBE GbISGIEHHbIX 6 pPe3VIbmame CUCTNEMHO2O0
n00X00d MUNONIOSUYECKUX 2PYNN NIAHUPOBOYHBIX DNEMEHIMO8 (QYHKYUOHALLHO-NPOCPAHCMEEHHOU
Op2anu3ayuL 20p00CKO20 YEHMPA 8 pacCMAmMpUBAemblti Nepuoo.

Knrouesuvie cnosa: pexoncmpyKkyus, pempocnekmueHulil aHanu3, KOHCMPYKMUeU3M, CoO8emMcKull
HeOKNACCUYU3M, NOCIeB0EHHOE 80CCIAHOBIEHUE, UCNOPUYECKUl 2O0POOCKOU YyeHmp.

A.E. ENIN!, A.E. ZAPLAVNAYA!

Voronezh State Technical University, Voronezh, Russia

THE SPECIFICS OF THE POST-WAR RECONSTRUCTION OF THE
HISTORICAL CENTER OF VORONEZH (1943-1959)

Abstract. This article discusses the aspects of the formation and modernization of historical
morphotypes of the block development of the central part of Voronezh during the post-war
reconstruction (1945-1950-ies). The hypothesis is put forward about the importance in the present
architectural and urban studies of ontological knowledge of the main stages of modernization of the
architectural and planning structure of the modern historical urban center, including in the process of
creating the principles of its functional and spatial organization.
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The object of this study is thearchitectural and urban planning environment of the historical
center of Voronezh that has developed by the time of the post-war reconstruction period. A systematic
retrospective analysis of the architectural and planning structure of Voronezh is carried out: the
external and internal factors determining the principles of reconstruction of the historical urban center
during the post-war restoration of the USSR as a complex multilevel object of the "population and
environment" type are identified and fixed in accordance with the identified factors of the boundaries of
the study; the parameters of the studied territory are systematized in a certain time period at various
hierarchical levels, and the fund of successive historical and urban values expressed in material, spatial
and functional equivalents is determined.

As a result of this study, the stable architectural and urban planning trends of spatial and
functional modernization of the studied territory during the post-war reconstruction of Voronezh are
determined, which are necessary for the organization of a correct reconstruction process at the present
time. The historical-architectural and urban planning analysis carried out on the basis of historical-
archival and bibliographic studies allowed us to form a typology of historical morphotypes of the city's
buildings. Voronezh in the period of post-war reconstruction, as well as to identify extreme
modernizations that carry a historical and cultural code. The system principles of the post-war
reconstruction of the architectural and planning structure in two directions have been formed,
differentiated on the basis of typological groups of planning elements of the functional and spatial
organization of the urban center identified as a result of the systematic approach in the period under
consideration.

Keywords: reconstruction, retrospective analysis, constructivism, Soviet neoclassicism, post-
war reconstruction, historical city center.
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BUOCTOMKOCTb IEMEHTHBIX KOMIIO3UTOB U3 CYXUX
CTPOUTEJIBHBIX CMECEMN

Aunnomayusn. Ilpogedeno uccrnedosanue 6030elicmsus MOOENbHOU OUOI0SUYeCKOl Cpeobl
NPOOYKMO8 MemadoausmMa MUyeiudaibHolx 2pubos Ha OUOCMOUKOCMb YEMEHMHbIX KOMNO3UMO8 U3
CYXUX CMPOUMENbHBIX cMecell NPOMBIUIEHHO20 NPOU3BOOCMEA Ol HAPYICHLIX U BHYMPEHHUX PAOOM.
Yemanoenena nuskas conpomuensiemocms 06pasyos 6e3 00nOIHUMENbHOU OUO3AWUMbL 8030€lCMBUIO
buonoeuueckoll cpedvl. AkmyanrbHa paspabomka YemMenmuslx KOMIO3UMO8 ¢ OUOYUOHBIMU 000A8KAMU
011 obecneuenus cmMoOUKOCMU K OUONO2UYECKU U XUMUYECKU a2peccusHou cpede 6e3 CHUIICeHUs.
npounocmuvix ceoticmg. Onpedenena cmenenb oopacmaemMocmu 00pasyos u3 paanuiHux U008 Cyxux
CMPOUMEIbHLIX CMecell 8 MOOCIbHOU cpede NpPOoOYKMoOs MemadoiusmMa MUyeiudibHolx epubos.
Hccneoosarno 6ocemb KoMno3umos pasiuiHo2o cocmaea npu 6osoeticmeuu 13 61006 MooenbHou cpeobl.
Yemanosnena cmoiikocmos 06pasyos npu Konyenmpayuu Komnonenmos cpedsvt om 0 00 5% no macce.
Hnumounvui  xneti«UNIS 2000», naumounviti xneui «Cmapamenuy, wnamieska «Cmapamenuy,
wmykamypka @acaonas «KNAUF» obradaiom epubocmouvikumu ceovicmeamu. Llnamneeka «CT29
Ceresity, eudpousonayus «BoooStopGlimsy, wmyxkamypka «IvsilGrossy u uanusnou non «Maemay
A6nAMCA Hespubocmokumu. Buisenenvl naubonee nebnazonpusamuvie 018 00pasyo8 KOHYeHmMpayuu
NPOOYKMO8  Memaboausma MUYerudaibHulx  2pubos. Buiserena sggexmuenocms  npumernernus
OUOYUOHBIX 000a60K Ha nonumepHol ocHoge cepuu « Tegrexcey (OO0 «CopmIIPOTEKTOP», Poccus)
HA CONPOMUBIAEMOCb YEMEHMHBIX KOMNO3umos ouopaspywenuro. Haubonvwyro s¢pgexmusnocme
nokazanu oobasku «AunmuConv cmwiskay, «/Qna memanna» u «Yuusepcanvnulily, ux npumeHerue
obecneyugaem spubOCMONUKOCMb U PYHSUYUOHOCb CIPOUMETLHBIX MATNEPUATO8.

Knruesvte cnosa: cyxue cmpoumenvhvle cmecu, OUOCMOUKOCMb, OUOyUOHble 000ABKU,
GyneuyuoHocms, 2pubOCmMoUKOCHb, NPOYHOCMHBLE CEOUCMEA.

T.F. ELCHISHCHEVA?Z V.T. EROFEEV?, P.V. MONASTYREV?, E.N. ABRAMOVA®,

V.V. AFONIN, 1.V. EROFEEVA®, A.F. ATMANZIN'
'National Research Mordovia State University, Saransk, Russia
*Tambov State Technical University, Tambov, Russia
*Moscow State University of Civil Engineering, Moscow, Russia

BIOSTABILITY OF CEMENT COMPOSITES FROM DRY BUILDING
MIXTURES

Abstract. A study was made of the influence of a model biological environment of the products
of the metabolism of filamentous fungi on the biostability of cement composites from industrial dry
building mixes for outdoor and indoor work. The low resistance of samples without additional
bioprotection to the influence of the biological environment was established. Relevant is the
development of cement composites with biocidal additives to ensure resistance to biologically and
chemically aggressive environments without reducing the strength properties. The degree of fouling of
samples from various types of dry building mixtures in a model environment of metabolic products of
filamentous fungi was determined. Eight composites of different composition were studied under the
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influence of 13 types of model medium. The stability of the samples was established at a concentration
of medium components from 0 to 5% by weight. Tile adhesive "UNIS 2000", tile adhesive
"Prospectors”, putty "Prospectors”, facade plaster "KNAUF" have fungus-resistant properties. Putty
"CT29 Ceresit". Waterproofing "VodoStopGlims", plaster "lvsilGross" and self-leveling floor "Magma"
are non-mushroom resistant. The most unfavorable concentrations of filamentous fungi metabolism
products for the samples were revealed. The effectiveness of the use of polymer-based biocidal additives
of the Teflex series (OO0 SoftPROTECTOR, Russia) on the resistance of cement composites to
biodegradation was revealed. The additives "Anti-Salt Wash", "For Metal" and "Universal" showed the
greatest efficiency, their use provides fungi resistance and fungicidal properties of building materials.

Keywords: dry building mixtures, biostability, biocidal additives, fungicide, fungal resistance,
strength properties.

CIIMCOK JIMTEPATYPbI

1. borka E.H. PriHOK cyxux ctpoutensHBIX cMeceir Poccum // LlemeHnt u ero mpumenenue. 2021. Ne 2.
C. 32-33.

2. PpIHOK CyXHWX CTpOMTENbHBIX cMeceld B Poccum: mcciemoBanme u mporHo3 no 2025 r. Bem.: ampens,
2021r. [DnextponHslii  pecypc].  https://roif-expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-
smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-issledovanie-i-prognoz.html (mara o6pamenus: 22.12.2022).

3. Perevozchikova S.V., Belov V.V. Dry Mix Mortar for Restoration of Buildings // Smart Comprosite in
Construction. 2021. Vol. 2. No. 1. Pp. 14-18. doi:10.52957/27821919_2021_1_14

4.  Octpoyx A.B., Boii II.A., Cypkoa H.E. AHanu3 coBpeMEHHOr0 COCTOSHHS aBTOMAaTH3allMU IIpolecca
MIPOM3BOJICTBA CYXUX CTPOUTENBHBIX cMecei // Mexanuzanus crpourenbseTa. 2014. Ne 7 (841). C. 59-63.

5.  Babemko A.B., JlecoBuk B.C., 3aropognrok JI.X. Temion3omanioHHbIE CYXHE CTPOUTEIBHBIC CMECH Ha
OCHOBE KOMIIO3UIIMOHHOTO BsDKyIero // YHuBepcurerckas Hayka. 2021. Ne 2 (12). C. 13-15.

6. Ilerpomasnosckas B.b., HoBuuenkosa T.b., [lerponasnosckuii K.C. u ap. Cyxue cTpouTelbHbIE CMECH
IUTA OTIEIIOYHBIX M3JENIUN U MPOU3BOJCTBA BHYTPeHHUX pabot // CtpourtenbecTBO U pekoHCTpykums. 2020. Ne 5 (91).
C. 106-115. doi:10.33979/2073-7416-2020-91-5-106-115

7. Edepuna T.B., Xuno K.B. PBHOK CyXHX CTpPOUTEIBHBIX CMecel: crenupuka MpPOJBHKEHUs //
CrpoutensHble MaTepuansl — busnec. 2005. Ne 8. C. 10-11.

8.  Mensenea U.H., 303yns I1.B., Kopreer B.W. TexHomorus cyxux CTpoHWTENbHBIX cMmeceidl. M.: JlaHsb,
2019.372 c.

9. Barabanshchikov Yu., Gorodilova A., Popova E. Sulphate resistance of waterproofing compounds based
on cement containing dry construction mixtures // Alfa Build. 2018. No. 4 (6). Pp. 65-70. doi:10.34910/ALF.6.6

10. Kyspmuna B.I1. OcoOeHHOCTH NPUMEHEHUs CyXUX CTPOUTENILHBIX CMECEH MpH MPOBEICHUH OTIEIOYHBIX
paboT B pa3IUUHBIX KIIUMaTHIeCKuX ycinoBusx. Yacts 2 // Cyxue crpoutenshbie cmecu. 2018. Ne 6. C. 30-36.

11. Abramov R., Sokolov M., Surilov M. et al. Dry Mixes for Self-Leveling Floors Based on Composite
Binder // Key Engineering Materials. 2019. No. 802. Pp. 101-112. doi:10.4028/www.scientific.net/KEM.802.101

12. Rudenko I., Runova R., Omelchuk V. et al. Features of macromolecular compounds in dry mixes based
on alkaline cement // Conference: 19. Ibausil. Internationale Baustofftagung At: Weimar, Germany. 2015. Vol. 2.
Pp. 101-112. doi:Ol 10.13140/RG.2.1.4059.2089.

13. Abramova M.G., Panchenko Y.M., Vetrova E.Y. et al. Corrosiveness of the Atmosphere in Various
Climatic Regions of the Russian Federation // Protection of Metals and Physical Chemistry of Surfaces. 2021. Vol. 57.
No. 7. Pp. 1272-1282. doi:10.1134/52070205121070029.

14. Kab6nos E.H., Ctapues O.B., Measenes .M. O630p 3apy0eKHOTO OMbBITa UCCIENOBAHUN KOPPO3UU H
CPEICTB 3alUThl OT KOPPO3uH // ABHalMOHHBIe MaTepHaisl U TexHonoruu. 2015. Ne 2 (35). C. 76. doi:10.18577/2071-
9140-2015-0-2-76-87

15. Kab6nos E.H., JlanteB A.b., Ilpokomenko A.H. m ap. Pemakcammsi MOTMMEPHBIX KOMITO3HIIMOHHBIX
MaTepHaoB MO IJIMTEIbHBIM JEHCTBHEM CTATUYECKOW Harpy3kwm W kinumarta (063op) dacts 1. Ces3yromue //
ABHanMOHHbIe MaTepuaibl U TexHonoruu. 2021. Ne 4(65). C. 70-80. doi:10.18577/2713-0193-2021-0-4-70-80

16. Berpoga E.1O., lllexkun B.K., Kypc M.I'. CpaBHuTE/IbHAS OI[CHKA METOIOB OIPEACICHUS KOPPO3UOHHON
arpeccuBHOCTH atMocdeps! // ABHanoHHbIe Matepuasl i Texuoiorun. 2019. Ne 1 (54). C. 74-81. doi:10.18577/2071-
9140-2019-0-1-74-81

17. Erofeev V.T., Smirnov V.F., Myshkin A.V. The study of species composition of the mycoflora, selected
surface samples poliferation composites in humid maritime climate // IOP Conference Series: Materials Science and
Engineering. 2019. No. 698 (2). Pp. 022082. doi:10.1088/1757-899X/698/2/022082

Ne 5 (109) 2023


https://roif-expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-issledovanie-i-prognoz.html
https://roif-expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-issledovanie-i-prognoz.html

CTpouTebCTBO H PEKOHCTPYKIHUSI

18. Dergunova A., Piksaykina A., Bogatov A. et al. The economic damage from biodeterioration in building
sector// 10P Conference (Series: Materials Science and Engineering). 2019. Vol. 698 (7). Pp. 077020.
doi:10.1088/1757-899X/698/7/077020

19. Erofeev V., Smirnov V., Myshkin A. The study of polyester-acrylate composite's stability in the humid
maritime  operating conditions // Materials Today: Proceedings. 2019. Vol. 19. Pp. 2255.
doi:10.1016/j.matpr.2019.07.547

20. Epodees B.T., EmpummeBa T.®. HccrenoBaHne HAKOIUIGHHS COJEH B HApPYXHBIX OTPaKIAIONINX
KOHCTPYKLMSX 3JaHUM TNPOMBIIUICHHBIX TNpeanpustuii // V3BecTusi BBICHIMX Yy4eOHBIX 3aBeleHUi. TexHoyorus
TeKCTHIIbHON npoMbinuieHHoCTH. 2020. Ne 2 (386). C. 193-200.

21. Epodees B.T., Enpunmena T.D. I3MeHeHHe BIaXHOCTH M TEIUIOIPOBOJHOCTH CTPOUTEIHHBIX
MaTepualioB NPU HAIWYUU B UX COCTaBe coiieil // M3BecTus BhICIINX y4eOHBIX 3aBeleHUI. TeXHONOrHs TeKCTHILHOM
npomeinuierHocT. 2020. Ne 4 (388). C. 18-27.

22. YuxwnueB A.A., bensix C.A., KymsakoB A.W. I'mapodoOHO-GyHrHIMaHas 100aBKa M ITyKaTypHAs cyxas
cMech Ha ee ocHoBe // Bectruk MI'CY. 2017. T. 12. Bem. 105. C. 661-668. doi:10.22227/1997-0935.2017.6.661-668

23. Urkhanova L., Lkhasaranov S., Badmaeva E. Research of composite binders with nanomodifiers for dry
mixes // IOP Conference Series: Materials Science and Engineering. 2020. No. 880. Pp. 012028. doi:10.1088/1757-
899X/880/1/012028

24. Benruens B.U. Teopus BepostHoctu M.: Hayka, 1969. 576 c.

25. EBpoxmmoB lO.A., KonecankoB B.M., Terepun A.W. IImarnmpoBaHue W aHANIHM3 DKCIEPUMCHTOB MPH
pelieHny 3a1a4 TpeHust 1 u3Hoca. M.: Hayka, 1980. 228 c.

26. Adonun B.B., Hukynaun B.B. Mertozpl MoaenupoBaHusi U ONTHMHU3AIMU ¢ TpuMepaMu Ha sizbike C/C++
u MATLAB. Y. 2. Metozs! 6e3ycnoBHO# ontumusanmu. Capanck: M3natens Adanacses B.C., 2017. 231 c.

27. Tompmmreiit AJL. Ontmmumzamus B cpene MATLAB. Ilepmb: IlepMckuii  HannOHAJIBHBIH
HCCIIe0BATEIbCKUM MOTUTeXHUYEeCKUi yHuBepeutet, 2015. 192 c.

28. Glover F. A template for scatter search and path relinking // Lecture Notes in Computer Science. 1997.
Pp. 1-51. doi:10.1007/BFb0026589

29. Cunnsies H.M. Teopust nmiaHupoBaHUsI IKCIIEPUMEHTa M aHAIIM3 CTaTHCTHYECKMX AaHHbIX. M.: lOpaiir,
2019. 495 c.

REFERENCES

1. Botka E.N. Rynok sukhikh stroitel'nykh smesey Rossii: rost nesmotrya ni na chto [Market of dry construction
mixtures in Russia: growth in spite of everything] // Cement and its application. 2021. No. 2. Pp. 32-33. (rus)

2. Rynok sukhikh stroitel'nykh smesey v Rossii: issledovaniye i prognoz do 2025 g. [The market of dry
building mixes in Russia: research and forecast until 2025]. Issue: April, 2021 [Online] https:/roif-
expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-
issledovanie-i-prognoz.html. (date of application: 22.12.2022) (rus)

3. Perevozchikova S.V., Belov V.V. Dry Mix Mortar for Restoration of Buildings // Smart Comprosite in
Construction. 2021. Vol. 2. No. 1. Pp. 14-18. d0i:10.52957/27821919 2021 1 14.

4. Ostroukh A.V., Wei P.A., Surkova N.E. Analiz sovremennogo sostoyaniya avtomatizatsii protsessa
proizvodstva sukhikh stroitel'nykh smesey [Analysis of the current state of automation of the process of production of
dry building mixtures]. Mekhanizatsiya stroitel'stvo. 2014. No. 7 (841). Pp. 59-63. (rus)

5.  Babeshko A.V., Lesovik V.S., and L. Kh. Teploizolyatsionnyye sukhiye stroitel'nyye smesi na osnove
kompozitsionnogo vyazhushchego [Heat-insulating dry building mixtures based on composite binder] //
Universitetskaya nauka. 2021. No. 2 (12). Pp. 13-15. (rus)

6. Petropavlovskaya V.B., Novichenkova T.B., Petropavlovskii K.S. and others. Sukhiye stroitel'nyye smesi
dlya otdelochnykh izdeliy i proizvodstva vnutrennikh rabot [Dry construction mixtures for finishing products and
interior works] // Construction and Reconstruction. 2020. No. 5 (91). Pp.106-115. doi:10.33979/2073-7416-2020-91-5-
106-115 (rus)

7. Eferina T.V., Khilov K.V. Rynok sukhikh stroitel'nykh smesey: spetsifika prodvizheniya [The market of
dry building mixes: the specifics of promotion] // Building materials — Business. 2005. No. 8. Pp. 10-11. (rus)

8. Medvedeva I.N., Zozulya P.V., Korneev V.I. [Technology of dry building mixtures]. Moscov: Lan, 2019.
372 p. (rus)

9. Barabanshchikov Yu., Gorodilova A., Popova E. Sulphate resistance of waterproofing compounds based
on cement containing dry construction mixtures // Alfa Build. 2018. No. 4 (6). Pp. 65-70. d0i:10.34910/ALF.6.6

10. Kuzmina V.P. Osobennosti primeneniya sukhikh stroitel'nykh smesey pri provedenii otdelochnykh rabot
v razlichnykh klimaticheskikh usloviyakh [Features of the use of dry building mixes during finishing work in various
climatic conditions]. Part 2 // Dry building mixes. 2018. No. 6. Pp. 30-36. (rus)

N 5 (109) 2023


https://roif-expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-issledovanie-i-prognoz.html
https://roif-expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-issledovanie-i-prognoz.html
https://roif-expert.ru/stroitelstvo/stroitel-nye-smesi/rynok-suhih-stroitel-nyh-smesej/rynok-suhih-stroitel-nyh-smesej-v-rossii-issledovanie-i-prognoz.html

CrpouTeabHble MATEPUAJIBI M TEXHOJOTUH

11. Abramov R., Sokolov M., Surilov M. et al. Dry Mixes for Self-Leveling Floors Based on Composite
Binder // Key Engineering Materials. 2019. No. 802. Pp. 101-112. doi:10.4028/www.scientific.net/KEM.802.101

12. Rudenko I., Runova R., Omelchuk V. et al. Features of macromolecular compounds in dry mixes based
on alkaline cement // Conference: 19. Ibausil. Internationale Baustofftagung At: Weimar, Germany. 2015. Vol. 2.
Pp.101-112. d0i:10.13140/RG.2.1.4059.2089.

13. Abramova M.G., Panchenko Y.M., Vetrova E.Y. et al. Corrosiveness of the Atmosphere in Various
Climatic Regions of the Russian Federation // Protection of Metals and Physical Chemistry of Surfaces. 2021. Vol. 57,
No. 7. Pp. 1272-1282. doi:10.1134/S2070205121070029.

14. Kablov E.N., Startsev O.V., Medvedev I.M. Obzor zarubezhnogo opyta issledovaniy korrozii i sredstv
zashchity ot korrozii [Review of foreign experience in corrosion research and corrosion protection] // Aviation materials
and technologies. 2015. No. 2 (35). Pp. 76. doi:10.18577/2071-9140-2015-0-2-76-87 (rus)

15. Kablov E.N., Laptev A.B., Prokopenko A.N. and others. Relaksatsiya polimernykh kompozitsionnykh
materialov pod dlitel'nym deystviyem staticheskoy nagruzki i klimata (obzor) chast' 1. Svyazuyushchiye [Relaxation of
polymeric composite materials under prolonged action of static load and climate (review), part 1. Binders] // Aviation
materials and technologies. 2021. No. 4(65). Pp. 70-80. doi:10.18577/2713-0193-2021-0-4-70-80 (rus)

16. Vetrova E.Yu., Shchekin V.K., Kurs M.G. Cravnitel'naya otsenka metodov opredeleniya korrozionnoy
agressivnosti atmosfery [Comparative evaluation of methods for determining the corrosive aggressiveness of the
atmosphere] // Aviation materials and technologies. 2019. No. 1 (54). Pp. 74-81. d0i:10.18577/2071-9140-2019-0-1-74-
81. (rus)

17. Erofeev V.T., Smirnov V.F., Myshkin A.V. The study of species composition of the mycoflora, selected
surface samples poliferation composites in humid maritime climate // IOP Conference Series: Materials Science and
Engineering. 2019. No. 698 (2). Pp. 022082. doi:10.1088/1757-899X/698/2/022082.

18. Dergunova A., Piksaykina A., Bogatov A. et al. The economic damage from biodeterioration in building
sector// 10P Conference (Series: Materials Science and Engineering). 2019. Vol. 698 (7). Pp. 077020.
doi:10.1088/1757-899X/698/7/077020

19. Erofeev V., Smirnov V., Myshkin A. The study of polyester-acrylate composite's stability in the humid
maritime  operating conditions // Materials Today: Proceedings. 2019. Vol. 19. Pp. 2255.
d0i:10.1016/j.matpr.2019.07.547.

20. Erofeev V.T., Elchishcheva T.F. Issledovaniye nakopleniya soley v naruzhnykh ograzhdayushchikh
konstruktsiyakh zdaniy promyshlennykh predpriyatiy [Investigation of salt accumulation in the external enclosing
structures of buildings of industrial enterprises] // Izvestiya of higher educational institutions. Technology of the textile
industry. 2020. No. 2 (386). Pp. 193-200. (rus)

21. Erofeev V.T., Elchishcheva T.F. Izmeneniye vlazhnosti i teploprovodnosti stroitel'nykh materialov pri
nalichii v ikh sostave soley [Change in humidity and thermal conductivity of building materials in the presence of salts
in their composition]. Izvestiya of higher educational institutions. Technology of the textile industry. 2020. No. 4 (388).
Pp. 18-27. (rus)

22. Chikichev A.A., Belykh S.A., Kudyakov A.l. Gidrofobno-fungitsidnaya dobavka i shtukaturnaya sukhaya
smes' na yeye osnove [Hydrophobic-fungicidal additive and plaster dry mix based on it] // Bulletin of MGSU. 2017.
Vol. 12. Issue. 105. Pp. 661-668. doi:10.22227/1997-0935.2017.6.661-668. (rus)

23. Urkhanova L., Lkhasaranov S., Badmaeva E. Research of composite binders with nanomodifiers for dry
mixes // IOP Conference Series: Materials Science and Engineering. 2020. No. 880. Pp. 012028. doi:10.1088/1757-
899X/880/1/012028

24. Wentzel V.1. Teoriya veroyatnosti [Probability Theory]. Moscow: Nauka, 1969. 576 p. (rus)

25. Evdokimov Yu.A., Kolesnikov V.1., Teterin A.l. Planirovaniye i analiz eksperimentov pri reshenii zadach
treniya i iznosa [Planning and analysis of experiments in solving problems of friction and wear]. Moscov: Nauka, 1980.
228 p. (rus)

26. Afonin V.V., Nikulin V.V. Metody modelirovaniya i optimizatsii s primerami na yazyke S/S++ i
MATLAB. CH. 2. Metody bezuslovnoy optimizatsii [Modeling and optimization methods with examples in C/C++ and
MATLAB. Part 2. Methods of unconditional optimization]. Saransk: Publisher Afanasiev V.S., 2017. 231 p. (rus)

27. Goldstein A.L. Optimizatsiya v srede MATLAB [Optimization in the MATLAB environment]. Perm:
Perm National Research Polytechnic University. 2015. 192 p. (rus)

28. Glover F. A template for scatter search and path relinking // Lecture Notes in Computer Science. 1997.
Pp. 1-51. doi:10.1007/BFb0026589.

29. Sidnyaev N.l. Teoriya planirovaniya eksperimenta i analiz statisticheskikh dannykh. [Theory of
experiment planning and analysis of statistical data]. Moscow: Yurayt, 2019. 495 p. (rus)

Ne 5 (109) 2023



CTpouTebCTBO H PEKOHCTPYKIHUSI

HNudopmanus 06 aBTopax:

Enpuumena Tarbsina ®egopoBHa

®I'bOY BO «Tamb0BCKHii rocy1apCTBEHHBIH TEXHUYECKUH yHUBEpCUTET», T. TamboB, Poccus,
KaHINIAT TEXHUIECKNX HAyK, JOICHT, 3aBeIyOmNi Kadeapoit « ApXUTEKTYpa U IPaloCTPOUTEIHCTBOY.
E-mail: elschevat@mail.ru

Epodees Biaagumup Tpodpumosuy

OI'bOY BO «HanmoHanpHBIH HCCIenOBaTeIbCKH MOPIOBCKHK ToCymapcTBEHHBIN yHHBepcuTeT M. OrapeBay,
r. Capanck, Pecniyonmnka Mopaosusi, Poccus,

akazeMuK Poccuiickoil akageMuu apXUTEKTYpbl M CTPOMTEINBHBIX HAayK, JOKTOP TEXHHYECKHX HayK, mpodeccop,
JIMPEKTOP MHCTUTYTa apXUTEKTYPbl U CTPOUTENLCTBA, qupekrop HUU «Marepuanosenenuey, 3apeayromuii kadeapoi
CTPOMTENBHBIX MATEPHAIIOB U TEXHOJIOTHIA.

E-mail: yerofeevvt@mail.ru

Momnacreipes Ilasea BaaguciaaBoBny

OI'BOY BO «TamboBCKuii rocynapcTBEHHBIN TEXHUIECKAN YHUBEPCUTET», T. TamO0B, Poccus,

yeH-koppecnionieHT PAACH, 1oKTop TeXHHYEeCKMX HayK, JMAOLEHT, JUPEKTOp HHCTUTYTa apXHUTEKTYpBHI,
CTPOUTENBCTBA M TPAHCIIOPTA.

E-mail: monastyrev68@mail.ru

Aopamosa Exatepuna HukosaeBHa

OI'bBOY BO «HaunoHnanbHbI HcciaenoBaTeNnbcKuii MoOpIOBCKUE TocydapCTBEHHBIM yHHMBEpcUTET uUM. OrapeBay,
r. Capanck, Pecrry6nuka Mopaosus, Poccus,

KaHIU/aT TEXHUIECKNX HAayK, CTApIINH MpernogaBaTels Kaeapsl 31aHAH, COOPYKEHUH M aBTOMOOMIIBHBIX JOPOT.
E-mail: surekat86@yandex.ru

Adonun Buxkrop BacuibeBuu

OI'bBOY BO «HaumoHnanbHbI wHccienoBaTesbckuii MOpIOBCKUE TOCyAapCTBEHHBIA yHHUBEpCUTET uUM. OrapeBay,
r. Capanck, Pecrryonmka Mopaosust, Poccns,

KaHIu/JaT TeXHHYECKUX HayK, JOLEHT, JOLUEHT Kadelnpbl aBTOMATH3MPOBAHHBIX CHCTeM 00paboTku MH(OpMaLUH U
yIpaBJeHNUSI.

E-mail: vvafonin53@yandex.ru

Epodeesa Upuna BiragumuposHa

OI'bBOY BO «HanuoHanpHbI HcCenoBaTeNbCKUE MOCKOBCKUN TOCYNApPCTBEHHBIH CTPOMUTEIbHBIA YHUBEPCUTETY,
r. Mocksa, Poccus

KaHIu/aT TEXHWYECKHX HayK, CTaplmuil npernongaBarens Kadeapbl «OCHOBBI apXHTEKTyphl M XYIOXKECTBEHHBIX
KOMMYHHKaLUI».

E-mail: ira.erofeeva.90@mail.ru

AtMan3uH Anekceil ®eropoBuy

OI'bOY BO «HammoHaneHBIN HCcCIeA0BAaTeNbCKU MOpPIOBCKHM TOCYZapCTBEHHBINH yHHBepcHTET M. OrapeBay,
r. Capanck, Pecrryonmka Mopaosust, Poccus,

acnupaHT KadeAphl CTPOUTEIBHBIX MaTEPUAJIOB M TEXHOJIOTHH.

E-mail: Af@atassa.ru

Information about authors:

Elchishcheva Tatyana F.

Tambov State Technical University, Tambov, Russia,

candidate of technical sciences, associate professor, head of the department of Architecture and Urban Planning.
E-mail: elschevat@mail.ru

Erofeev Vladimir T.

National Research Mordovia State University, Saransk, Russia,

academician of the Russian Academy of Architecture and Construction Sciences, doctor of technical sciences,
professor, director of the Institute of Architecture and Construction, director of the Materials Science Research Institute,
Head of the Department of Building Materials and Technologies.

E-mail: yerofeevvt@mail.ru

N 5 (109) 2023


mailto:monastyrev68@mail.ru
mailto:surekat86@yandex.ru
mailto:vvafonin53@yandex.ru
mailto:ira.erofeeva.90@mail.ru
mailto:Af@atassa.ru

CrpouTeabHble MATEPUAJIBI M TEXHOJOTUH

Monastyrev Pavel V.

Tambov State Technical University, Tambov, Russia,

corresponding member of RAASN, doctor of technical sciences, associate professor, director of the Institute of
Architecture, Construction and Transport.

E-mail: monastyrev68@mail.ru

Abramova Ekaterina N.

National Research Mordovia State University, Saransk, Russia,

candidate of technical science, Senior Lecturer of the Department of Buildings, Structures and Highways.
E-mail: surekat86@yandex.ru

Afonin Viktor V.

National Research Mordovia State University, Saransk, Russia,

candidate of technical sciences, associate professor, associate professor of the department of Automated Information
Processing and Control Systems.

E-mail: vvafonin53@yandex.ru

Erofeeva Irina V.

Moscow State University of Civil Engineering, Moscow, Russia,

candidate of technical sciences, senior lecturer of the department «Fundamentals of Architecture and Artistic
Communicationsy.

E-mail: ira.erofeeva.90@mail.ru

Atmanzin Alexey F.

National Research Mordovia State University, Saransk, Russia,

postgraduate student of the department of building materials and technologies.
E-mail: Af@atassa.ru

Ne 5 (109) 2023



mailto:monastyrev68@mail.ru
mailto:vvafonin53@yandex.ru
mailto:ira.erofeeva.90@mail.ru
mailto:Af@atassa.ru

CTpouTebCTBO H PEKOHCTPYKIHUSI

VJIK 691.3:539.421 DOI: 10.33979/2073-7416-2023-109-5-119-131

AW. MAKEEB!

'®I'BOY BO «BopoHexckuii rocy1apCcTBEHHbIN TEXHUUECKUI YHUBEpCUTET», I'. Boponex, Poccus

OOPMUPOBAHUME MAPHIPYTA MAFI/ICTPAJJII)HOI\/JI TPEHIUHDBI
PASPYHIEHMSA B MHOT'OYPOBHEBOU CTPYKTYPE
KOHIJIOMEPATHBIX CTPOUTEJBHBIX KOMIIO3UTOB!'

Annomayusn. B nybnuxayuu Konenomepammvle CMpoumenbHbvie KOMNO3umol (6emomusi)
udenmuuyupyiomcs Kaxk 2emepozeHHvle mMEEpovle mend € UepaApXudecKu  OpeaHu308aHHOU
NPOCMPAHCINEEHHO-2EOMEMPUUECKOU CMPYKMYPOU XAPAKMEPUCMULECKOU pasmepHocmyvio om 1 0™ o0
10" w, obradaroweii MUHUMYM  5-6 MACWUMAOHLIMU YPOGHAMU U MpeMs Munamu KOHCMPYKyuu
ROOCMPYKMYD, DA3IUNAIOWUXCS NO CB0eMY Macumady, 2eHe3uUcy u Mexanuke NposigleHusi c8OUCmS.
Iepewiti mun xapaxmeper Onsi MAKPO-, ME30- U MUKPOMACUMAOHO20 YPOGHEll U NPUHUMAEMCSL 8 8U0e
O08YXKOMNOHEHMHOU — (KOHCMPYKYUU» U3  NPOCMPAHCMGEHHO  HENPEePublGHOU  Mampuybl U
0emepMUHUPOBAHO-CIOXACMUYECKU PACHPEOeNEHHbIX 8 Hell OUCKPEMHbIX MEEPObIX U 2A3000PA3HBIX
(MAxKponopbt) GKIOYEHUIL, 6MOPOU MU OMHOCUMCSL K CYOMUKDPO-, YIbMPAMUKPO- U HAHOMACULMAOHbLM
VPOGHSM U NONA2Aemcs 8  Gude  «MUKDOMACWMAOHOU NPOCMPAHCMEEHHOU — KOHCMPYKYUUUY
HOBOOOPA306AHUL  YEMEHMUPYIOWe20  Gewecmed U3  KOHCOMUOUPOBAHHBIX — UHOUBUOYANbHBIX
KPUCTATIUYECKUX PASHOCMEN;, mpemuti mun, HAKoHey, COOMBEMCMEYem amOMHO-MOAEKYISAPHOMY
CMPpOeHUIo HOB00OPA308AHULL YeMeHmupylowezo gewjecmsa. /laemcs xapaxmepucmura 6bl0eisleMbix
MUno8 NoOCMpyKmyp no Macumady crazarnwux ux KOMHOHEHMOS8, 0COOEHHOCMAM (opMuposanus,
Mexanuke NpOsIeHUsl CEOUCMS, KPUMEPUAM KOHCMPYUPOBAHUS U CPeOCMEAM CUHMEe3d KanHCOol
nOOCMpPYKmMypoi.

Ananuzupylomest  3aKOHOMEPHOCIU  (POPMUPOSAHUSL MAPUPYMA  MPEWUHbl pPA3PYUEHUs. 6
ROOCMPYKMYpax 6cex munog u cyocmanyuu Kaxicoo2o macumadnoz2o yposus. Ilpu smom pazsumue
HANPSINCEHHO-0ePOPMUPOBAHHO20 ~ COCMOSIHUSL  KOH2IOMEPAMHO20 — KOMRO3UMA N0 NPUHYUNY
ouccunayuu dHepeul, JOKAIU3AYUU U NOSbIUEHUs. (KOHYEHMPAYul) HANPSANCEHULl Pednu3yemcs 6
HANPAGIEHUU OM MAKPO- K AMOMHO-MOLEKYISIPHOMY YPOGHIO CHPYKMYPbl KOMHO3UMA, d CAMO Jice
paspyuienue U, COOMEEMCMEEHHO, (QOPMUPOSAHUE MAPWPYMA MPEWUHbl 60 GPEMEHU U 8
NPOCMPAncmee KOMRO3UMA NPOXOOUm 6 HANPAGIeHUU Om  AMOMHO-MOJEKYNIAPHO20 VPOGHS K
MAKpOYPOBHIO  KACKAOHO — Yepe3  6Ce  NPOMEJICYMOUHble CmMpYKmypHvle ypoenu. B pamxax
UHMESPUPOBAHHO2O MEXAHO-PUUKO-XUMULECKO20 nooxooa NOKA3bIBACMCSL Mecmo
MEPMOPIYKMYAyUOHHOU meopuu (pusuka paspyuwienus) Ha 3manax paspuléd eOUHUYHBIX AMOMHO-
MOJEKYISIPHBIX C65A3€U U MEXAHUKU MPEWur HA SManax pazeumus MUKpO- U MAKpOROGPeNCOCeHU.
O6cyancoaromest  603MONCHOCIU  NPUMEHEHUS.  MeoPEmuyecKux 3aKOHOMEPHOCmel  (popMUposaHus.
Mapupyma mpewunvl 015t HOCMAHO8KU U PEeUUEHUs. RPAKMUYECKUX 3a0ay KOHCMPYUPOBAHUsL U CUHMe3d
ONMUMATLHBIX CIMPYKIYD KOH2IOMEPAMHBIX CMPOUMETbHbIX KOMIO3UMOG.

Kniouegvie cnosa: xomenomepamuvie CHMpoumenbhble KOMNO3UMbL, MACUIMAOHbIE YPOGHU
CMPYKMYpbl KOMRO3UMO8, (QU3UKA paspyuienus, MexXauuka mpewjuH, Mmapupym mpewunsl 8
MHO20YPOBHEBOU CIPYKNype.

A.l. MAKEEV!

Voronezh State Technical University, Voronezh, Russia

FORMATION OF THE ROUTE OF THE MAIN CRACK OF DESTRUCTION
IN THE MULTI-LEVEL STRUCTURE OF CONGLOMERATE BUILDING
COMPOSITES?

Abstract. In the publication, conglomerate building composites (concrete) are identified as
heterogeneous solids with a hierarchically organized spatial-geometric structure with a characteristic

© Maxees A.1., 2023

! Cratps nocssimena namsty akagemuka PAACH, 1.1.1., podreccopa Esrennst Muxaiinosuua Yeprbimosa (1936-2021)
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dimension from 10-10 to 10-1 m, with a minimum of 5-6 scale levels and three types of substructure
design that differ in scale, genesis and mechanics of properties manifestation. The first type is
characteristic of the macro-, meso- and microscale levels and is taken in the form of a two-component
“construction” of a spatially continuous matrix and discrete solid and gaseous (macropores) inclusions
deterministically and stochastically distributed in it; the second type refers to the submicro-, ultra-
micro- and nanoscale levels and is believed to be in the form of a “microscale spatial structure” of new
formations of a cementitious substance from consolidated individual crystalline differences; the third
type, finally, corresponds to the atomic-molecular structure of new formations of the cementing
substance. Characteristics of the distinguished types of substructures are given according to the scale of
their components, the peculiarities of formation, the mechanics of manifestation of properties, design
criteria and means of synthesis of each substructure.

The patterns of formation of the fracture route in substructures of all types and substances of
each scale level are analyzed. In this case, the development of the stress-strain state of the
conglomerate composite according to the principle of energy dissipation, localization and increase
(concentration) of stress is realized in the direction from the macro- to the atomic-molecular level of the
structure of the composite, and the destruction itself and, accordingly, the formation of the crack route
in time and in space of the composite passes in the direction from the atomic-molecular level to the
macrolevel in a cascade through all intermediate structural levels. Within the framework of an
integrated mechano-physico-chemical approach, the place of thermofluctuation theory (fracture
physics) at the stages of breaking single atomic-molecular bonds and crack mechanics at the stages of
development of micro- and macrodamage is shown. The possibilities of using theoretical principles of
crack route formation to formulate and solve practical problems of designing and synthesizing optimal
structures of conglomerate building composites are discussed.

Keywords: conglomerate building composites, scale levels of the structure of composites,
fracture physics, fracture mechanics, crack path in a multilevel structure.
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30JIA-YHOCA P TPOU3BOACTBE BETOHOB PA3JIMYHOI'O
HA3BHAYEHWS U CYXHUX CTPOUTEJIBHBIX CMECEHN

Annomayus. B nocireonue 200bl NOUCK U UCNONb30BAHUE AIbIMEPHAMUGHBIX GSLICYUIUX
CMPOUMENLHLIX MAMEPUATIO8 CIAHOBUMCSL NPEOMEMOM MHO2UX Ucciedosanutl kax ¢ Poccuu, max u 3a
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CMPOUMENbHLIX MAMePUaios u K 0ojiee PayuoHAIbHOMY UCNOIb308AHUI0 OOCMYNHO20 Cblpbsi. 3ona-
VHOCQ, AGNAACL OMXO0OM IHEP2eMUYECKOU NPOMBIUICHHOCMU, HAKONIECHHbLIM 6 DOIbUUX 00beMax 6
30100meanax no ecei meppumopuu Poccuu, sensemcs nepcnekmueHubIM  MAmMepuaiom O
UCNONIL308AHUSL 8 NPOU3BOOCEE YEMEHMCOOCPAHCAUUX CMPOUMENbHBIX MAMEPUanos u usoeiut. B
cmamve 0an 0030p HAYYHOU IUMEPaAmypobl U RAMEHMO8 NO UCHOLb308AHUI0 30Jbl-YHOCA 8 DemoHax
PA3IUNHO20 6UdA, a MAaKdce NpuU NPoOU3BO00Ccmee CyxXux cmpoumenvhvlx cmecel. Ha ocnosanuu
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yacmu pabomvl npedCmasieHbl pe3yibmamsl N0 ONPeOeieHUI0 NPOYHOCIU U 8000HENPOHUYAEMOCTU
006pasyos msdiceo20 6emoHa ¢ HACMUYHOU 3AMEHOU UYEeMeHMA 3010U-YHOCA, NONYYEeHHOU Nnpu
corcueaHuy yens Ha Hoeol meniogotl dnekmpocmanyuu 8 Kanununepaockou obracmu.
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A.V.PUZATOVA!, M.A. DMITRIEVA!, A.A. ZAKHAROV?, V.N. LEITSIN?
'Immanuel Kant Baltic Federal University, Kaliningrad, Russia

FLY ASH IN THE PRODUCTION OF CONCRETE FOR VARIOUS
PURPOSE AND DRY CONSTRUCTION MIXTURES

Abstract. In recent years, the search for and use of alternative binder building materials has
become the subject of many studies both in Russia and abroad. This is due to the trend to reduce the
harmful effects of the production of building materials and to more rational use of available raw
materials. Fly ash, being a waste of the energy industry, accumulated in large volumes in ash dumps
throughout Russia, is a promising material for use in the production of cement-containing building
materials and products. The article provides a review of scientific literature and patents on the use of
fly ash in various types of concrete, as well as in the production of dry building mixtures. On the basis
of the review, positive and negative effects from the introduction of fly ash additives on the properties of
concrete, ways to increase the efficiency of using the considered waste in the production of building
materials were identified. The experimental part of the work presents the results of determining the
strength and water resistance of heavy concrete samples with partial replacement of cement with fly ash
obtained by burning coal at a new thermal power plant in the Kaliningrad region.

Keywords: fly ash, cement, binder, cellular concrete, concrete, special types of concrete, dry
mixes.
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YBaxkaemble aBTOPHI!
IIpocum Bac 03HaKOMHUTBHCSI ¢ OCHOBHBIMH TPe0OBAHUSIMHU
K 0()OPMJICHUI0 HAYYHBIX CTaTel

o [lpexacraBiseMblii MaTepual AOIKEH OBITH OPUTHHAJIbHBIM, He OMYOJIMKOBAHHBIM paHee B JPYTHX
ME€YaTHBIX U3JaHUIX.

e OObeM MaTepHamna, MpeAsaraeMoro K MyOJUKalM{, U3MEPSIeTCs YUCIOM 3HAKOB C YUETOM IPOOEIIOB.
Pexomennyemslit 00bem ctateii: ot 15000 10 45000 3HaKoB ¢ mpodenamu.

o Crarbs mowkHa OBITH HabpaHa Ha jucrax (¢opmara A4 mpudrom Times New Roman, pasmep 12 pt ¢
OJMHAPHBIM WHTEPBAJIOM, TEKCT BBIPABHUBAETCS IO IIUPUHE; ad3auublid orcTyn — 1,25 oM, npaBoe moie —
2 cM, JIEBOE TI0JIe — 2 CM, TIOJISl BHHA3Y U BBEPXY — 2 CM; BCE CTPAHHUIIBI PYKOIINCH JOJKHBI UMETh CIUIOUIHYIO
HyMeparuio.

e Crarbs NPENOCTABISACTCS B JJIEKTPOHHOM BHJE IO 3JICKTPOHHON MOYTE WM Yepe3 CUCTEMY JIEKTPOHHOM
pelaKIyH.

e B oxHOM cOOpHHKE MOXXET ObITh OIyOJMKOBaHa TOJBKO OJHA CTAaThsi OJHOIO AaBTOPA, BKIIOYAst
COABTOPCTBO.

e FEcnu crarbs Bo3BpallaeTcs aBTOPY Ha JOpPaOOTKY, WCHpAaBICHHBIM BapHaHT CIeNyeT NpUCIaTh B
PEeAAKIMIO TTOBTOPHO, MPHJIOKKB MHUCHMO C OTBETAaMM Ha 3aMedyaHus pereH3eHTa. /lopaboTaHHbIN BapuaHT
CTaTbU PELEH3UPYETCS U paccMaTpUBAETCAd pPEAAKUIMOHHOW KOJUIETHMEl BHOBb. JlaToil mpeacTaBiieHMs
MaTepHaja CUYMTaeTCs 1aTa NOCTYIUICHHS B PEJAaKIMI0 OKOHYATEIbHOIO BAPHAHTA UCIIPABICHHOM CTaThH.

e AHHOTaUM BCEX NYONUKYEMBIX MAaTEpHUaNOB, KIIOYEBBIE CIIOBA, WHPOpPMAaIUs 00 aBTOpax, CIUCKH
JIUTEpaTypsl OYAYyT HAXOAUTHCS B CBOOOJHOM JOCTYIE Ha caiiTeé COOTBETCTBYIOIIETrO JKypHalla M Ha caiire
Poccuiickoii HayuHO# 31ekTpoHHON OubnroTekn — PYHOB (Poccuiickuii MHIEKC HAYYHOTO LIMTHPOBAHMUS).

B TekcTe cTaThM HE PEKOMEHAYETCSI IPUMEHSTh:

- 000pOTHI pa3rOBOPHOM peuH, TEXHUIU3MBIL, TPO(eCCHOHATN3MBI;

- s OIHOTO M TOTO JK€ IOHSTHUS Pa3iWYHble HaydHbIE TEPMMHBI, OJIM3KHE IO CMBICTY (CHHOHHUMBI), a
TaK)Xe HHOCTPaHHBIC CJIOBA U TEPMUHBI TIPY HAJTMYMH PaBHO3HAYHBIX CJIOB U TEPMUHOB B PYCCKOM SI3BIKE;

- NIPOHM3BOJIBHBIE CIIOBOOOPA30BAHUS;

- COKpaleHHs CJIOB, KPOME YCTaHOBJIIEHHBIX MpPaBUIaMH PYCCKOW opdorpadun, COOTBETCTBYIOLIMMHU
CTaH/IapTaMHU.

o CokpameHust ¥ aOOpeBUATYyphl JIOIKHBI pacHIM(pOBBIBATHCS TI0 MECTY IME€PBOTO YIIOMHUHAHHUS
(BXOXJIEHUS) B TEKCTE CTATHH.

O0s3aTebHbIC 3JICMEHTDI:
- 3aryiaBue (Ha PYCCKOM W aHIJIMICKOM fI3bIKe) MyOJIMKyeMOro Marepuaia JOJDKHO ObITh TOYHBIM M
€MKHM, CJIOBa, BXOJIIME B 3arjlaBHe, JOJDKHBI OBITH SICHBIMH CaMM IO ce0e, a He TOJbKO B KOHTEKCTE;
cienyeT u30eraTh CIOKHBIX CHHTAKCHUYECKHMX KOHCTPYKIIMH, HOBBIX CJIOBOOOpAa3OBaHHWN M TEPMHUHOB, a
TaKXe CJIOB Y3KONpo(decCHOHaTbHOTO U MECTHOTO 3HAUCHHUS;
- aHHOTauusi (HA PYCCKOM M aHIVIMICKOM s3bIKe) KpaTKO ONMCHIBAET OOBEKT HCCIEI0BAHUS,
MOTHMBAlIUI0O K TIPOBEJIEHHUIO HCCIENIOBaHMs, pe3yJabTaThl HCCIENIOBaHUS (PEKOMEHAyeTCsl YKa3bIBaTh
KOHKPETHBIE pe3yNbTaThl ¥ 3aBUCHUMOCTH, IIOJIyY€HHBIE B WCCIIEJOBAHWH), BBIBOABI (KpPaTKO);
pexkomenryembrit 00beM — ot 200 o 250 cros;
- KJIIOYeBble CJIOBA (HAa PyCCKOM W AHIVIMIICKOM fI3bIKe) — 3TO TEKCTOBBIE METKH, 10 KOTOPBIM MO>KHO
HaWTH CTaThIO MPH MOUCKE M OMPEAEINUTh MPEIMETHYIO 00JacTh TEKCTa; OOBIYHO WX BBIOMPAIOT M3 TEKCTa
myOJIMKyeMoro MaTepuara, J0CTaTOYHO 5-10 KII0UeBBIX CIIOB.
- CIHCOK JIMTePaTyphl, HA KOTOPYIO aBTOP CCHUIACTCS B TEKCTE CTaThU; PEKOMEHAYEMbIil 00beM CIUCKa
JTUTEepaTypsl — He MeHee 20 HCTOYHUKOB.

B nndopmanmu 06 aBropax pekomenayercs ykassiBatb ORCID, Scopus ID u SPIN-koza, nprcBOoeHHBIH B
PUHILI.

Penakius He B3WMaeT TUIaTy C aBTOPOB 3a MOATOTOBKY, PEIIEH3UPOBAHHE W Pa3MEUICHHE B OTKPHITOM
JIOCTYTIE CTaTEH.

[IpaBo ucnonp30BaHUs MPOU3BEECHUN MTPEJOCTABICHO aBTOPaMHU Ha OCHOBaHMH 1I. 2 cT. 1286 YerBepToit
yactu ['paxxtanckoro Kogexca Poccuiickoit @enepanuu.

C nosHoii Bepcueii TpedoBaHMIl K 0(popMIIEHHIO HAYYHBIX CTaTel
Brbl Mo:xeTe 03HAKOMUTHCA Ha caiiTe https://construction.elpub.ru/jour/index
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