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TEOPWS1 UH)XXEHEPHbIX COOPY)XEHUM.

CTPOUTEJIbHBIE KOHCTPYKLUN

VK 624.046.5/624.014 DOI: 10.33979/2073-7416-2024-113-3-3-11

B.B. HAJJOJIbCKMIA!2

'YO «bpecTckuii roCy1apCTBEHHBIM TEXHUYECKHH YHUBEPCUTET», T. Bpect, Pecrry6nuka bemapycs
’BenopycKuii HaIMOHAILHEIN TEXHAYECKUH YHUBEPCHUTET, T. MuHCK, PecyGinka Benapychb

HECOBEPHIEHCTBA JIJISI PACYETA CTAJIBHBIX KOHCTPYKIIUI
METOJOM KOHEYHbLIX 3JIEMEHTOB. HACTD 2.

Annomayun. Xopoulo u38ecmto, 4mo Heco8epuleHcmed 8ce20d NPUCYMCmEYIom 8 d1eMeHmax
KoHcmpykyutl. Hecoseputencmea mo2ym cyujeCmeenHo 8ausms Ha NoeedeHue U HeCyuyro CnocobHOCHb
CMANbHLIX KOHCMPYKYUll, 0COOEHHO 8 cayude 3a0dy, C6A3aHHbIX ¢ ycmouuusocmviro. Ilosmomy
HeCco8epueHcmea OONNCHbL  YUUMbIGAMbCSL 8 MOOenu Hecywjeli Cnocoonocmu u ux npaeuibHoe
npuiodicenue (3a0anue Gopmvl U 3HAUEHUS) SAGNAEMCS KIOUEBLIM MOMEHMOM 8 NPOYECcce YUCLEHHO20
ananusa. B nocnednue oecamunemus 8 omeyecmeeHHOM HAYUYHOM NPOCMPAHCMEE YOelsiemcs Maio
BHUMAHUA AKMYanu3ayuu mooesell Heco8epuieHCms 08 NPUMEHEHUs 8 YUCIeHHbIX MOOeNAX, 8 MOoM
yucne ¢ yuémom co8peMeHHblX Oojlee MOYHLIX MEXHONOSUN U320MOBNEeHUS U MOHMANCA CMATbHBIX
KoOHcmpykyutl. Llenvio 0anmHo2o ucciedo8anus A61Aemcsa aHATUMUYecKUul 0030p U aHAIU3 HAYYHBIX
UCCNe00BaHUT U MEXHUYECKOU JUMePamypbl ¢ NOCAeOVIOWUM CUHME30M U BbIPAOOMKOU pEeKOMeHOayull
N0 HeCOBePUIEHCNBAM NPUMEHUMENLHO K PACYEMY CIAIbHBIX KOHCIMPYKYUL HOCPEOCBOM MEXHOI02UU
KOMNbIOMEPHO20 MOOCIUPOBAHUSL, 6 MOM YUCLE MEeMOOOM KOHEYHbIX OneMmeHmos. Pezynbmamol
UCCNe008AHUSL COOEPICAM VKA3AHUSL NO CROCOOAM 3a0anus (JOpM U 3HAYEHUL HECOBEPULEHCME OJlsl
pasHeix 2pynn Hecogepuiencms. Cmambvsi cocmoum u3 08yx uacmeiu. llepeas uwacms nocesawena
80NpOCAM U3VUEHUS 2e0MempPUdecKUx Heco8epPUIeHCME, OCMAMOUHbIX HANPANCeHUll U NpasuiIam
KOMOUHAYUU HECOBEPUIEHCNE, BMOPAsl YACTb CIMAMbU — IKEUBATEHMHbIM HECOBEPUIEHCNBAM.

Kniwouesvle cnosa: xomnviomeproe — MOOEIUPOBAHUE,  HECOGepUIeHCMEd, — Oeghexmul,
ocmamouHvle HaNPANCEHUS, MEMOO KOHEUHbIX INEMEHMO8, UCKPUGTEHU DANKU.

V.V. NADOLSKI!

"Brest State Technical University, Brest, Republic of Belarus
Belarusian National Technical University, Minsk, Republic of Belarus

IMPERFECTIONS FOR THE CALCULATION OF STEEL STRUCTURES
BY THE FINITE ELEMENT METHOD. PART 2.

Abstract. It is well known that imperfections are always present in structural elements.
Imperfections can significantly affect the behavior and bearing capacity of steel structures, especially in
the case of stability-related tasks. Therefore, inconsistencies must be taken into account in the load-
bearing capacity model and their correct application (setting the shape and value) is a key point in the
numerical analysis process. In recent decades, much attention has been paid in the domestic scientific
space to updating imperfection models for use in numerical models, including taking into account
modern more accurate manufacturing and installation technologies for steel structures. The purpose of
this study is an analytical review and analysis of scientific research and technical literature, followed
by synthesis and elaboration of recommendations on imperfections in relation to the calculation of steel
structures using computer modeling technology, including the finite element method. The results of the
study contain instructions on how to set the shapes and values of imperfections for different groups of
imperfections. The article consists of two parts. The first part is devoted to the study of geometric
imperfections, residual stresses and rules for the combination of imperfections, the second part of the
article is devoted to equivalent imperfections.

Keywords: computer modeling, imperfections, defects, residual stresses, finite element method,
beam curvature.

© Haoonvckuii B.B., 2024
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H.H. TPEKMH!, B.Il. TOPBAYEBCKMIA?

L2OTBOY BO «HanuoHanbHbI UCCIIENOBATENLCKHI MOCKOBCKHII FOCYIaPCTBEHHBII CTPOUTEBHBIN YHUBEPCUTETY,
MockBa, Poccus

PACHPEJIEJEHUE YCUJINA B TOYKAX CTPOIIOBKHA
AKEJE3OBETOHHBIX MOAYJIEU

Annomayun. O6veKmom ucciedo8anus A6IAI0MCA Jcene306emoHHble MOOYIU, NPUMEHSEeMbLE
07151 BLICOKOCKOPOCIMHO20 CIPOUMENbCMBA MAN0-, CPEOHe- U MHO20IMANCHBIX 30aHUL U COOPYICEHUU
paznuyno2o HasHavenus.. Ilpeomemom uccredoeanus AGIAIOMCA YCUMUSL 8 MOYKAX CMPONOSKU
arcenez0bemonnvix mooyneu. [lns amanuza xapakmepa pacnpeoeienust yCunuil 63ama 6blOOpKa ¢
pacnpedenenuem YCunuil nAMUCmMa MooOyiel, pPearu308aHHbIX NO 3aNAmMeHMOBAHHOU MEXHOI02UU
I'pynnwi komnanuti « MonuApxy». Ananus evibopku ocyujecmensiics memooom bpanoona. Ananumuuecxoe
onpedenenue YCUlUlL 8 MOYKAX CMPONOGKU GbLOPAHHO20 MOOYJSL OCYWECHEISIOCy NPUOIUNCCHHBIM
MEMOOOM — N0 2PYy308biM NAOWAIM. Xapakmep (hakmuuecko2o pacnpedeienuss YCuiull 06ycilogieH
NONYHEeHHOU 6 pe3yibmame pe2yiupoKU CMPONOLbUWUKOM ONUHbL CMPON, d MAKdce pAa3Huyel
OMNYCKHOU U NPOEKMHOU NPOYHOCMU OEMOHA HecyWux KOHCmpyKkyuti mooyiaeu. Ilo pesyismamam
pacuema ROIYYEHO, MO HAUOOIee HAZPYICEHHBIMU AGNAIOMCS Y2ll08ble MOUKU cmponosku. IIpasunvho
NOO00OPAHHAsL U NOOOSHAHMAS ONUHA CMPON NO360Jsem 0ojee PAGHOMEPHO PACHpedesamb YCUulus no
KOHCIMPYKYUU U U36e#camsv NepeHanpsiiceHusi OMoOeibHblX KOHCMPYKMUGHBIX JIEMEHMO8 MOOYIIL.

Knrouesvie cnosa: mooyivsHoe cmpoumenbcmeo, od6veMHble OI0KU, dHcesle300emoHHble MO0y,
KPYNHOMOOYIbHOe 00OMOCMpOeHUe, KPYNHO2abapumHbie KHcee300emoHHble MOOYIIU.

N.N. TREKIN!, V.P. GORBACHEVSKII?
12 National Research Moscow State University of Civil Engineering (NRU MSUCE), Moscow, Russia

INVESTIGATION OF FORCE DISTRIBUTION AT SLINGING NODES OF
REINFORCES CONCRETE MODULES

Abstract. The object of the study is reinforced concrete modules used for high-speed
construction of low-, medium- and multi-storey buildings and structures for various purposes. The
subject of the study is the forces in the nodes of slinging of reinforced concrete modules. A sample with
the distribution of forces of five hundred modules is taken to analyze the nature of force distribution,
It’s sample is realized according to the patented technology of Group of companies “MonArch”. The
sample was analyzed by the Brandon'’s method. Analytical determination of forces in slinging node0Os of
the selected module was carried out by approximate method — by cargo areas. The character of the
actual distribution of forces is conditioned by the sling length obtained as a result of the slinger’s
adjustment, as well as by the difference between the tempering and design strength of concrete of the
module load-bearing structures. According to the results of the calculation it was obtained that the most
loaded are the corner nodes of slinging. Properly selected and adjusted length of slings allows to
distribute forces more evenly over the structure and avoid overstressing of individual structural
elements of the module.

Keywords: modular construction, volumetric blocks, reinforced concrete modules, large
modular house building, large-size reinforced concrete modules.
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CWJIOBOE B3AMMOJIENICTBUE OTJIEJBHO CTOSIIINX
®YHIAMEHTOB C OCHOBAHMEM ITPA BEICTPOM JOTPYKEHUN

Annomayusn. Ilpusedenvl pe3ynomamvi IKCNEPUMEHMATbHBIX — UCCIEO08AHUL  CUNOB020
83aumooelicmaus Mooeseli OMmoeIbHO CIOAWUX PYHOAMEHMOE C NeCUaHbIM OCHOBAHUEM NPU ObLCMPbIX
doepyoicenusx. Hccnedosanust  bINOIHEHb HA  JICENE300CMOHHBIX  MOOEHAX  (YHOAMEHMO8 U
MEMAIUYECKOM WMamMne 8 necuanom iomke. AHAIU3 3amponyl makue Gaxmopvl pabomvi cucmembvl
«pyHOaMeHm-epyHmMY npU HAIUYUU ObICMPO20 O0SPYIICeHUs] KAK UBMEHeHUe Hecyuel CnocoOHOCmu
@ynoamenma Ha uzeub, 0cadka OCHOBAHUS, MPAHCHOPMAYUSL INIOPbl HOPMATLHBIX KOHMAKNHbIX
HanpsioceHull. Bolsenenvl npuuunvl cHudcenus Hecywei cnocooHocmu yHoamenmos nHa uzeud npu
ObICPOM Q02PYIHCEHUU, OCHOBHOU U3 KOMOPLIX SGNAEMC USMEHEHUe (Qopmbl SNI0Pbl HOPMATbHBIX
KoHmakmuulx Hanpscenutl. Onpedenenvl paxmopwl, erusiowue Ha KOHYESHMPAYUu HOPMATbHBIX
KOHMAKMHBIX HANPSIJICEHUL Y KPAEBbIX 30H NOOOUEbL (PYHOAMEHMA, CPedl KOMOPbIX.: PA3HASL CKOPOCHLb
NPOMEKAHUSL COCMAGISIOUUX NPOYECccd NepepacnpedeeHiuss HANpsJICeHull 6 OCHOBAHUU, DPA3GUNUE
ounamancuu u op.

Knrwueesvie cnoea: cunogoe 63aumooelicmsue @yHOAMEHMO8 ¢ OCHOBAHUEM, OCAOKA
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LM. DIAKOV!, M.I. DIAKOV!
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INTERACTION OF PILLAR FOUNDATIONS WITH THE
BASEMENT UNDER DYNAMIC LOADING

Abstract. The results of experimental studies of the force interaction of models of free-standing
foundations with a sandy base under rapid additional loading are presented. The studies were carried
out on reinforced concrete foundation models and a metal stamp in a sand tray. The analysis touched
upon such factors of the operation of the ‘foundation-soil” system in the presence of rapid additional
loading as a change in the bearing capacity of the foundation for bending, foundation settlement,
transformation of the diagram of normal contact stresses. The reasons for the decrease in the bearing
capacity of foundations for bending during rapid additional loading have been identified, the main one
of which is a change in the shape of the diagram of normal contact stresses. Factors influencing the
concentration of normal contact stresses near the edge zomnes of the foundation base have been
identified, including: different rates of components of the stress redistribution process in the foundation,
the development of dilation, etc.

Keywords: Force interaction of foundations with soil, settlement of foundations, normal
contact stresses, deformations, free-standing foundation, progressive collapse.
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KUBYYECTb KOHCTPYKTHBHBIX CUCTEM 3JIAHUI H
COOPYXEHUU: AHAJIMTUYECKUU OB30P NCCJIEAOBAHUU

Aunnomauyusn. Ilpobneme dcugyuecmu KOHCMPYKMUBHBIX CUCMEM 30AHULL U COOPYICEHUL
yoensiemes 6ce Oobule GHUMAHUSL 60 6cem mupe. [Ipednazaemas 0630pHaAsl cmambsi HANPAGIEHA HA
cucmemamuzayuto, 0000WeHUe U AHATU3 HOBbIX Pe3YIbMAmMO8 UCCIeO08AHUL NO BONPOCAM,
OMHOCAWUMCSL K pa3pabomKe pacuemublx Mooeiell Cmamuyecko2o, OUHAMUYECKO20 U CHAMUKO-
OUHAMUYECKO20 CONPOMUGIEHUSL KOHCIMPYKMUBHBIX CUCMEM 30aHULL U COOPYICEHUL 8 YCI0BUSX
0COObIX U ABAPUIHBIX 6030CUCMEUL, 4 MAKJCe KPUMepues, NPUMEHIeMbIX HpU NpPOGepKAX UX
Jrcugyuecmu 6 0cobwvix pacuémuuix cumyayusix. Ilpuseoen kpumuyeckuil 0030p-anHanu3s 3apyoedicHbix u
OMeweCmeeHHbIX NYOIUKAYUL 1O BONPOCAM, KACAIOWUMCS NOCMAHOBOUHbIX U KOHYENMYAIbHbIX
Nn00X0008 K OyeHKe MexXaHuieckol 6e30nacHocmu 30aHull U COOPYICeHUll HA dMANAX JHCUSHEHHO20
Yukia U NpU  ABAPUIHBIX CUMYAYUSX, CUNOBbIX U CPedosbix YAKMopos CONPOMUGLCHUS.
KOHCMPYKIMUGHBIX CUCMEM 30aHUll NPU OUHAMUYLECKUX HASPYICEHUSIX 8 ABAPUUHLIX CUMYAyusix, d
MAKdICce pacyemublx Mooeell COnpomueneHus Hecyuux cucmem 6 yeaom. Ocoboe sHumanue yOeieno
amamuzy pabom, OMHOCSWUXCS K OYEHKE IJICUBYHeCMmU KOHCPYKMUGHBIX CUCMEM 30aHuil U
COOPYHCEHUL NONY BEPOSIMHOCHHBIMU  (OemepMUHUPOBAHHBIMU), BEPOSMHOCHHBIMU MEMOOAMU U
MemoOdOM OYeHKU puckos. B saxmouenuu cmamou cQopmymuposanvl O0CHOSHbIE 6bl8OObL U
603MOJICHbLE HANPAGICHUS PA3GUMUS UCCTIe008AHUIL.

Knwueesvle cnoea: aHcusyuecmsn, ocoboe npede/zbyoe cocmosHue, Kpumepuu 0c06020
npedeﬂbnoeo COCMOAHUSA, MexaHUuYecKas 66307’1616H0€mb, OYyeHKa pucka

V.I. KOLCHUNOV!, T.A. ILIUSHCHENKO!?, N.V. FEDOROVA!,
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"Moscow State University of Civil Engineering, Moscow, Russia
?Kursk State University, Kursk, Russia
3Brest State Technical University, Brest, Belarus

STRUCTURAL ROBUSTNESS: AN ANALYTICAL REVIEW

Abstract. The problem of robustness of structural systems of buildings and structures is
receiving more and more attention in the publications of Russian and foreign authors. In this regard,
the presented review article is aimed at systematizing, summarizing and analyzing new research results
on issues related to the development of calculation models of static, dynamic and static-dynamic
resistance of buildings structural systems under conditions of special and emergency impacts, as well as
criteria, used when testing their robustness in special design situations, seems relevant. To achieve this
goal, a critical review and analysis of foreign and domestic publications is provided on the issues of
formulation and conceptual approaches to assessing the mechanical safety of buildings and structures
at the stages of the life cycle of buildings and in emergency situations, force and environmental
resistance factors of buildings structural systems under dynamic loads in emergency situations as well
as calculation models of the resistance of load-bearing.

Particular attention in the scientific review is paid to the analysis of works related to
assessing the robustness of buildings structural systems using semi-probability (deterministic),
probabilistic methods and risk assessment methods. The main conclusions and possible directions for
the development of these studies are formulated in the conclusion of the article.

Key words: robustness, special limit state, criteria for special limit state, mechanical safety,

risk assessment.
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be3omacHOCTh 3IaHNH H COOPYKEHHI
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A.l. TAMPA3H!, B.. YEPHUK!
IOTBOY BO «HaunoHansHeIi HCCIe[0BaTeNbCKI MOCKOBCKUN FOCYIaPCTBEHHBIM CTPOUTENBHbINA YHUBEPCUTET
(HNY MI'CY), r. Mocksa, Poccus

TEIIVIOMACCOIEPEHOC B )KEJIE3OBETOHHBIX KOJIOHHAX ITPH
OI'HEBOM BO3JEUCTBHUHU C YYETOM CTA/IUAN
OXJVIAZKAEHU A

Annomayusn. Cmamucmuxa noscapos na meppumopuu Poccuiickoii @edepayuu nokaszvieaem,
umo 8 psoe pecUOHO8, HAXOOSUWUXCS 8 30HAX C GbICOKOU CEUCMUHECKOU aKMUBHOCHbIO, NPOUCXOOUM
Haubonbulee KOIUYECMBO NONCAPO8 NO cmpane. DMoO NPusooum K pucky o06pyuieHuti 30aHuti npu
6030€liCBUL CEUCMUYECKUX HASPY30K HA GePMUKANIbHbIE HeCcywue KOHCMPYKYUU, NOBPEICOeHHbIE 6
pesyromame noxcapa. Hopmamuenuvlii nooxo0 Kk pacuemy O02HeCOXPAHHOCU JHcene300emOHHbIX
KOHCMPYKYUIL He YYumuvleaen menjiomMacconepeHoc Ha smane, KOmopbulii ciedyem nocie npekpaujeHus
nodxcapa. Ilpogooumcs ananusz pacnpeoeneHus memnepamypHuix ROael No CeYeHuIo Jicese300emoHHOU
KOJIOHHbL C YYemoM Cmaoull Hazpeea U oxXaaxicoeHus. Bvinonnenvr cmandapmuvie ocnegvle uCnblmanus
ONBIMHBIX Jicene300emoHubIX 00pa3yos. IIpododcumenbHOCMb CMAHOAPMHO20 02HEeB020 8030eUCmEUs
15, 30 u 45 mun. [na yenmpanvuvlx obaacmeil ceuenusi HAUOOIbUIUE MEMNEPAMYPbl NOJYYEHbL Yiice
nocie Hazpesa, pocm memnepamypul cocmasisiem 00 222%. [na ymouneHus Kapmuruvl pacnpeoeienus
memMnepamypHuix nofetl 8biNoIHAemca YucieHHbll meniomexnudeckuti KO pacuem onvimmuuvix 06paszyos
6 IIK SOLIDWORKS. OcHogbigascb Ha 3KCNepUMeHmaibHblX OaHHBIX N0 MepMOnapam, 01 Ka# o020
obpasya ymounensvl meniomextnuyeckue xapaxmepucmuxu A u C. Ilo cpaguenuto ¢ HopmamueHvlMu
3HAYEHUsT BbIYUCIEHHBIX XapaKkmepucmux omauyaomces 0o 7,14 pasa. U3 pezynemamos ucciedo8anus
credyem, 4mo OJisi HAX0XHCOeHUs MAKCUMAIbHBIX MeMnepamyp noOMUMo Cmaouu Hazpesd, HeobXooumo
paccmampusams MenioMacconepesoc U 8 CMaoul OXaaxcoeHus, Ko20a memnepamypa Ha HapyHcHoll
nosepxXHOCMU 00pa3ya HA4UHAem CHUNCATNBCA.

Knwuesvie cnosa: scenezobemonmvie KOJIOHHbL, Menjiomacconepenoc, cmaHOapmeuZ noacap,
memnepamyphas Kpueas, 3emiempscenue nocie noascapa.

A.G. TAMRAZYAN!, V.I. CHERNIK!

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

HEAT AND MASS TRANSFER IN REINFORCED CONCRETE COLUMNS
UNDER FIRE ACTION WITH CONSIDERATION OF THE COOLING
STAGE

Abstract. Statistics on fire incidents in the Russian Federation indicate that a number of
regions with high seismic activity have the highest number of fires in the country. This poses a risk of
building collapses due to seismic loads on vertical load-bearing structures damaged by fire. The
current normative approach to the calculation of fire safety of reinforced concrete structures does not
consider heat and mass transfer at the stage following the termination of the fire. The distribution of
temperature fields along the cross-section of a reinforced concrete column is analyzed, taking into
account the stages of heating and cooling. Standard fire tests of experimental reinforced concrete
specimens are performed. The duration of standard fire exposure is 15, 30 and 45 minutes. For the
central areas of the cross-section, the highest temperatures were obtained after heating, with a
temperature increase of up to 222%. To elucidate the distribution of temperature fields, a numerical
heat-technical FE calculation of experimental specimens in SOLIDWORKS PC is conducted. Based on
the experimental data on thermocouples, the thermal characteristics A and C are specified for each
sample. ts of the study indicate that in order to identify the maximum temperatures, it is necessary to
consider both the heating and cooling stages.

Keywords: reinforced concrete columns, heat and mass transfer, standard fire, temperature
curve, earthquake after fire.
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0.B. BOJIMYEHKO !, T.O. [IYPUK 3
'Poccuiickuil yausepeutet apyx0bi HapoaoB uM. [larpuca JlymymOsl, T. Mocksa, Poccust
2dI'BOY BO «<HUY MOCKOBCKHI TOCYJapCTBEHHBIN CTPOUTEILHBIN YHUBEpCUTET», T. Mocksa, Poccust
3 JOro-3ama eI TOCYIapCTBEHHBIN yHHBEPCHTET, T. Kypck, Poccus

PEHOBAIIVSI OFBEKTOB NPOMBIIIJIEHHON APXUTEKTYPHI HA
OCHOBE UMMEPCHUBHOI'O ITIOAXOJA

Annomayun. AkmyanbHOCMb UCCIEO08ANUS ONPEOENACMC HATUYUEM KOMNIEKCA COYUANbHO-
IKOHOMUHECKUX, IKOJOSUUECKUX U KYIbMYPHO-UCIOPUYECKUX NpodieM 6 2padocmpoumenbCcmee,
CBA3AHHBIX C IPHEKMUBHBIM UCNOTL308AHUEM OBIGUIUX NPOMBIULIEHHBIX MEPPUMOPUL U CO30AHUEM
00WECMBEHHBIX NPOCMPAHCIE C COXPAHEHUEM NAMAMHUKO8 apXumekmypbsl. B cmamve paccmompenvi
npobiemMbl PeHOBAYUL UCTIOPUHECKUX 30aHUll, 00bEeKMO8 NPOMbIULICHHOU APXUMEKMYPbl 6 KPYNHbIX
eopoodax. Ilpeomemom uccred08anus A6NAEMCA peHosayus O00beKma KyabmMypHO20 HACLeOus.
pecuoHanbHo20 3Hauenus (ancamona) «JIuxepo-eodounviii 3a600» 6 2. Kypcke. Hzyuenue npobremvl
UCNONb30BAHUSL NPOMBIULIEHHBIX 0OBEKNO8, UMEIOWUX KYIbIYPHYIO U UCTOPUYECKYIO YEHHOCb, HOCUM
MeNCOUCYUNTUHAPHBILL XapaKkmep U NO380asem PACKPbimb 2padoCmpoumensHulil. NOMeHyuanl 30anuil
NPOMBIUACHHOT — apXxumekmypbl. Hedocmamouno u3yueHHblMU OCMAIOMCs  NPUHYUNbL  8b100PA
HANPagIeHutl U OYeHKU Pe3yabmamos PeHOBAYUYU 6 3A8UCUMOCTU OM 6EIUYUHBL 00bEKMA U €20 MeCmd 8
cmpykmype 2opoda. B kauecmee Hauboniee NEPCneKmuHO20 HANPAGIEHUST DPEHOBAYUU ABMOPbL
npeonazaiom npuUMeHeHue UMMEPCUBHbIX Npakmukx. Bosgpawenue 3a6poutenuvlx u npooOLeMHbIX
20POOCKUX MePPUMOpUtl 0Jisi HOB020 Yere8020 UCNONbIOBAHUSL MOICEN OCYUECTBIIMbC PA3TUYHbIMU
cnocobamu. Tlpunyun gopmuposanusi UMMEPCUBHO2O NPOCMPAHCIBA OCHOBLIBAEMCS HA 21YOOKOM
HOHUMAHUY UCTOPUKO-KYILINYPHOU U CPEO0BOU 3HAYUMOCU 00bEKMA, COXPAHEHUU OANanca mexicoy
NEPBOHAUATILHBIM  OOIUKOM U 2pA0OCMPOUmenbHbiM  OKpysicenuem. Hmmepcughvle mexHono2uu
YCneuwHo peanuzo8ansl 8 20pOOCKOU cpede e8PONelCKUX U POCCULICKUX 20p0008. ABMOpbL paACKPbIBAIOM
XapaKxmepucmuxu  UMMEPCUBHO20 — NPOCMPAHCMEA U NPedia2aiom  GAPUAHM  UCHONb308AHUS
Meppumopul IUKepo-60004HO20 3A800d HA OCHOBE CIOJCEMHO20 NOSPYICEHUSL 8 KYIbINYPHYIO MAMPUYY
06beKkma ¢ npugneyeHuemM mexHoI02Uull BUPMyaibHol peatbHocmu. Pearucmuynocme u ounamuynocmo
NPOCMPAHCMEa HAPsiOYy € MAKCUMATbHLIM COXPAHEHUeM O0OAUKA 00beKkma KyIbmypHO20 HACIeOUs.
NO0360Ji51eMm NO-HOBOMY NEPEOCMBICAUMb MPAHCHOPMAYUIO RPOMBIULEHHBIX MEPPUMOPULL U UX 3HAYEHUE
8 COBPEMEHHOU 20POOCKOIL cpeoe.

Kniouesvie cnosa: penosayus, npomvluienHds apxXumekmypa, uMmepCcueHoe npocmpancmeo,
20poocKas cpeda, NPUHYUNbLL POPMUPOBAHUSL.

O.V. VOLICHENKO !, T.O. TSURIK *
'RUDN University, Moscow, Russia
“National Research Moscow State University of Civil Engineering, Moscow, Russia
3 Southwest State University, Kursk, Russia

RENOVATION OF INDUSTRIAL ARCHITECTURAL
OBJECTS BASED ON AN IMMERSIVE APPROACH

Annotation. The relevance of the study is determined by the presence of a complex of socio-
economic, environmental, cultural and historical problems in urban planning related to the effective use
of former industrial areas and the creation of public spaces with the preservation of architectural
monuments. The article examines the problems of renovation of historical buildings and industrial
architecture in large cities. The subject of the study is the renovation of a cultural heritage site of
regional significance (ensemble) “Distillery” in Kursk.
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The study of the problem of using industrial facilities that have cultural and historical value is
interdisciplinary in nature and makes it possible to reveal the urban planning potential of industrial
architecture buildings. The principles of choosing directions and assessing the results of renovation
depending on the size of the object and its place in the structure of the city remain insufficiently studied.
The authors propose the use of immersive practices as the most promising direction for renovation. The
return of abandoned and problematic urban areas for new intended uses can be carried out in various
ways. The principle of creating an immersive space is based on a deep understanding of the historical,
cultural and environmental significance of the object, maintaining a balance between the original
appearance and the urban surroundings. Immersive technologies have been successfully implemented
in the urban environment of European and Russian cities. The authors reveal the characteristics of the
immersive space and propose an option for using the territory of the distillery based on a plot
immersion in the cultural matrix of the object using virtual reality technologies. The realism and
dynamism of the space, along with maximum preservation of the appearance of the cultural heritage
site, allows us to rethink the transformation of industrial areas and their significance in the modern
urban environment in a new way.

Keywords: renovation, industrial architecture, immersive space, urban environment, principles
of formation.
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A.E. EHVH,! T. 1. TPOLIEBA!

I®I'BOY BO «BOpOHEKCKHI TOCYIapCTBEHHBIM TEXHUIECKUH yHHBEPCHTET», T. BopoHex, Poccus

PA3PABOTKA MOJEJIEN JIAHJIIIA®THO-PEKPEAIITMOHHBIX .
IMPOCTPAHCTB B YCJIOBUSAX PEKOHCTPYKIIMU LHEHTPAJIBHOU
HNCTOPUYECKOMN YACTH TOPOJA

Annomauyusn. Paccmompenvt cnocobbl MoOOeupo8anusi ¢ pazoeieHuem Memooos u mooeell Ha
06a Kiacca: mvlcieHHvle U mamepudivivlie. Onpedenena 3a6UCUMOCHb NPUMEHEHUs MeX UL UHBIX
Memo008 MOOENUpOBaAnUss U MUNos Mooenel om npupoobl UCCIEOYeMO20 00beKma Ul S6TeHUsL.
Yemanoeneno, umo 0ns cnodcHvlx 06vEKMO8 UCNONB3YEMCs KOMIJIEKCHbIL U CUCMEMHbIL NOO0X0O.
THokasana Heappexmusnocms MeXHUKO-IKOHOMUUECKUX U «KOMNAEKCHBIX» Memo008 UCCIe008aHUs U
denaemcs 8bl800 0 MOM, YMO 8bIX0O0 U3 CO30ABUE20CS NOJIOHCEHUL BO3MONCEH TUULL NPU NEPEeCMOmpe
3004UMU CROAHCUBULEUCS MemOodo0cutecKou Konyenyuu. Ilpednosicen ananus Kpumepues, KOMOPbIM
00MICEH  COOMBEMCME08AMb  APXUMEKMYPHLIU  00bekm Ol KOJIUYECHBEHHO20 — AHATU3A U
MoOenupoganusi e2o cmpykmypul. [lokazano, umo npoexmupogujuku 1 uUccie008amenu UCnOIb3VIom
Memoobl KOIUYECHBEHHO20 AHAAU3A (PYHKYUOHATLHO-NPOCTNPAHCINGEHHOL CINPYKMYPbl JIAHOUApmMHO-
pekpeayuonno2o npocmpancmea (JIPII) 2opoockoil cpedvl, a makdice OONOIHUMENbHbIE MemOoOobl U
npuémevl  amanuza  QYHKYUOHATbHO-NpOCmpancmeennou cmpykmypel JIPII  2opoockou  cpeobi.
Ilpeonoscen  peanvHo  ocywecmeumvlii.  NYMb  YCNEWHO20 — NOCMPOEHUs U YAPAGIEHUs.
HCUBHEOeSAMENIbHOCMbIO  0eMOIKOCUCEM, KAK — 00beKma — apXumekmypul, 3mo  pa3pabomka
@YHKYUOHANBbHLIX — MoOenell, — AOeKBAMHBIX — DeanbHblM — IKONOSUYECKUM  cucmemam  munda
«Hacenenue«>cpedar ¢ mournocmoio 00 «C-uzomopusmay (cucmemnoz2o uzomoppusma). Taxum
006pazom, GopmyIuposka KOHYenyuu npoeKma PEeKOHCMPYKYuu AaHOUAGMHO-PEKPeayUuOHHO20
npoCMpancmea 6asupyemcsa Ha NOHUMAHUU NPOCMPAHCMEA, KAK O0eMOIKOCUCHEeMbl, OOCMUNCEeHUs
agpgpexmusHocmu, 83aUMOCEA3AHHOU pabOMOll 8cexX KOMNOHEHMO8 U NPOMeKAlowux npoyeccos
(Mpou3600CMEEHHbIX,  ObIMOBbIX, PEKPEAYUOHHLIX U  KOMMYHUKAYUOHHULIX). Takum  obpazom,
docmueaemcs YeroCmHOCMb TAHOUWADMHO-PEKPeaylOHHO20 NPOCMPAHCIEA.

Knrwouesvie cnosa: mooensv, 1anouaghmuo-pekpeayuonioe npocmpancmeo, 0emoIKoCucmemda,
CUCMEMHBLI U30MOPDU3M, YEeTOCHHOCHTb

A. E. ENIN!, T. 1. GROSHEVA!

"Woronezh State Technical University, Voronezh, Russia

DEVELOPMENT OF MODELS OF LANDSCAPE AND RECREATIONAL
SPACES IN THE CONTEXT OF RECONSTRUCTION OF THE CENTRAL
HISTORICAL PART OF THE CITY

Abstract. Methods of modeling are considered with the division of methods and models into
two classes: mental and material. The dependence of the application of certain modeling methods and
types of models on the nature of the object or phenomenon under study is determined. It has been
established that an integrated and systematic approach is used for complex objects. The inefficiency of
technical, economic and "complex" research methods is shown, and it is concluded that a way out of the
current situation is possible only if the architects revise the existing methodological concept. An
analysis of the criteria that an architectural object must meet for quantitative analysis and modeling of
its structure is proposed.

© Enun A.E., Ipowesa T.U., 2024
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It is shown that designers and researchers use methods of quantitative analysis of the functional and
spatial structure of the landscape and recreational space of the urban environment, as well as
additional methods and techniques for analyzing the functional and spatial structure of the urban
environment. The only realistically feasible way of successful construction and management of the life
of demoecosystems as an object of architecture is the development of functional models that are
adequate to real ecological systems of the "population-environment—" type with an accuracy of "C-
isomorphism" (system isomorphism). Thus, the formulation of the concept of the project for the
reconstruction of landscape and recreational space is based on the understanding of space as a
demoecosystem, the achievement of efficiency, the interrelated work of all components and ongoing
processes (industrial, domestic, recreational and communication). Thus, the integrity of the landscape
and recreational space is achieved.

Keywords: model, landscape-recreational space, demoecosystem, systemic isomorphism,
integrity.
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UCCJEJIOBAHUE BJUAHUSA 30JI0IIJIAKOBOI CMECH HA
CYIIMJIBHBIE CBOMCTBA KEPAMHUYECKOT'O OBPA3IIA C
NCITOJBb30OBAHUEM METOJA PETPECCUOHHOI'O AHAJIN3A

1L20I'BOY BO Camapckwuii roCy1apCTBEHHBIH SKOHOMHYECKHI yHUBEpeHuTeT, T. Camapa, Poccus

Aunomayua. Mnozouucnennvie  UCCIE0068aHUA — NOKA3AU, YMO  peeyiuposauue U
cmadunuzayust CywKY, npu KOmopou Koauvecmeo eiazu yoansemcs @ npedenax 70%, 6 kepamuueckux
UB0ENUSX OCYUECMBIIAEM sl 8 OCHOBHOM 34 CYEM BBEOCHUsl 6 ZIUHUCMbIE KOMNO3UYUU DA3TUYHbLE
omowument, KOMopvle YBEIUYUBAIOM PACCHIOSHUS —MENCMONEKYIAPHOEe — B030elicmsue  MexHcoy
SUHUCTIBIMU  YACTNIUYAMY, BCIe0CmEUe 4e20 YOdldemcs MeXxaHuvecku npumewiannas eoda. ILlens
pabomul: ucciedo8amv GIUAHUE 30J0ULIAKOBOU CMECU HA NOKA3AMeNU CYWKU: 6000NPOBOOHOCHID,
YCaoKy U MeXamudeckyio HpOYHOCMb KepaMuueckozo o00pasya Ha OCHO8e MEXHO2EHHO20 Cblpbsl
yeemuou memaniypeuu — I'L[H (enunucmoii uacmu «X8ocmoey 2pasumayuu YUpKoH-ulbMeHUmosgbix
pyo) ¢ ucnonvzoeamuem pezpeccuenoco memooda ananuza. Ilocmanoexka 3adauu. C yuemom
02PDAHUYEHHO20 80 MHOo2UXx pecuonax Poccuu nanuuus xauecmeeHHbIX cblpbesblx Mamepuanos 0.
NOTYYeHUs. KePAMUYECKUX 00pasyo8 UCNONb308AIUCh OMXO0bl SHEPeMmuKyu U YEemHOU Memaitypeuu
6e3 npumeHeHus NPUPOOHO2O MPAOUYUOHHO20 Cbipbs. Beedenue 68 Kepamuueckyr) KOMROUYUIW 8
Kauecmee omowjumesis 30J0WINAKOBOU CMecu, KOMopds He umeem YcaoKy, cnocobcmeyem 0Oonee
DABHOMEPHOMY NO 8ceMy 00paszyy pacnpedeieHuro éiazu, d 3amem ee NIAGHOMY VOAIEHUI0 60 8pPeMs.
CYWKU u30enust. 3010UAaAK08YI0 CMeCh HeODXOOUMO 6600UMb 8 KEPAMUUECKUE MACCHL Ol COKPAUEHUS.
YCaoKku npu cyuwike, HOBbIUEHUA B1d20NPOBOOHOCMU, HO He0OX00UMO Npu 3SMOM Yyyecmsv, UYmo
CHUDICAemcsi  NPOYHOCMb  BbICYULEHHO20 — 00paszya npu  cocamuu. YeenuueHue coO0epHCaHUs
307I0WIAKOBOU CMeCU 8 KepamuyecKux KOMNOUYUAX ymeuviuaem ee niacmuynocms. Ilogvliuenue
cooepaicaniisl 3010WnaKosotll cmecu 0o 32% cuudcaem naacmuunocms 00 9. Takas niacmuunocms npu
dopmosanuu nonygabpurxamos cnocoocmayem noAGIeHUI0 Ha HUX Mpewur (CHUXCAemcs y 2IuHUCHO20
KOMNOHEHMA CBA3yIoulds CnOCOOHOCMb, YmMo He no3eoisem ¢opmosams obpasyvl Oe3 Oeghekmos).
OnmumanvHbiMu cocmasamu 0isi IYHEKMuHoU Cyuwry 0opasyos AeIsIomcs COCmasyl, cooepicaujue
20-24% 3on0unaxogotl cmecu. B nacmosweti pabome ucnonv308aics peepeccuoHubill Memoo anaiusd,
0arowull  BO3MOJICHOCL  BbIOPAMb  HE0OX00UMble MOOeTbHble VPAGHEHUS, KOMOopble HNOMO2Ym
onpedenums  Kepamuueckue Maccul, oobaaoarowue  Ippexmusnvivu  cgoticmeamu U - 0
NPOCHOZUPOBAHUSL PE3VILIMAMOE, HE 6OUEOUUX 8 IKCHEPUMEHT.

Kniwouesvie cnoea: 3onownaxosas cmecv, cywunvhvie ceoicmea, LU, xepamuueckuil
obpaszey, pecpecCUOHHbLIL Memo0 aHAIU3A.

V.Z. ABDRAKHIMOV!, D.V. ABDRAKHIMOV?

STUDY OF INFLUENCE OF ASH-SLAG MIXTURE ON DRYING PROPERTIES OF
CERAMIC SAMPLE USING REGRESSION ANALYSIS METHOD
.2Samara State University of Economics, Samara, Russia

Abstract. Numerous studies have shown that control and stabilization of drying, in which the
amount of moisture is removed within 70%, in ceramic products is mainly due to the introduction of
various absorbers into clay compositions, which increase the intermolecular distance between clay
particles, as a result of which mechanically mixed water is removed. The purpose of the work: to study
the effect of ash and slag mixture on drying indicators: plumbing, shrinkage and mechanical strength of
a ceramic sample based on technogenic raw materials of non-ferrous metallurgy - GZI (clay part of the
"tails" of gravity of zircon-ilmenite ores) using a regressive analysis method.

© Abopaxumos B.3., A6opaxumos /[.B., 2024
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Task statement. Given the limited availability of high-quality raw materials in many regions of
Russia, energy waste and non-ferrous metallurgy without the use of natural traditional raw materials
were used to obtain ceramic samples. The inclusion of a non-shrinkable ash-slag mixture in the ceramic
composition contributes to a more uniform distribution of moisture throughout the sample and then to
its smooth removal during drying of the article. The ash and slag mixture must be added to the ceramic
masses to reduce shrinkage during drying, increase moisture conductivity, but it must be borne in mind
that the compression strength of the dried sample decreases. Increase of ash-slag mixture content in
ceramic compositions reduces its plasticity. Increasing the content of ash and slag mixture to 32%
reduces ductility to 9. Such plasticity in the formation of semi-finished products contributes to the
appearance of cracks on them (the binding ability of the clay component decreases, which does not
allow forming samples without defects). Optimal compositions for efficient drying of samples are those
containing 20-24% ash and slag mixture. In this work, a regression analysis method was used, which
makes it possible to select the necessary model equations that will help determine ceramic masses with
effective properties and to predict results that were not included in the experiment.

Keywords: ash-slag mixture, drying properties, GZI, ceramic sample, regression analysis
method.
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AN. POAUH!, A.A. EPMAKOB!, B.M. KAIIIKNH!, AM. ACTALIOB!, T.A. BY IHKHNH!

"Haponanbublii necnenoBarensckuit MopaoBcekuii rocynapetsennsiil yausepeutet uM. H.IT. Orapésa,
r. Capanck, Poccust

HOPHUCTAS CTEKJIOKEPAMHKA W3 OIIOKH,
KAJILIIMHUPOBAHHOI COJIbl U KOPPEKTHUPYIOIINX
JIOBABOK

Annomayusn. Ilenocmexno u 6cnemenmvle cmeKkioKepamuiecKue mamepuansl 001a0awm
YenviM paooM YHUKAnbHuIX ceoticmg. Onu Xumudecku cmolikue, 1ecKue, npounvle, He 20pAM, NJIOXO0
nPonycKaiom menno u 36yK u m.0. MXx npumensiom Kax 6 HACMHOM CMpOUmMenvbcmee, mMax u npu
6038e0eHuUl  0cob0 omeemcmeeHHvlx 00vekmos. B cmamve noomeepocoena  803MOHCHOCHIL
UCNONB30BAHUA ONOKU 6 Kayecmee cbipbs 0asi noayuenus nopucmoi cmexiokepamuxu (IICK) 3a ooun
Hazped WUXmol MemooOM NOPOUIK08o20 6cnenusanus. ONoky, KarbYUHUpOBAHHYI0 CO0Y U
Koppexmupyiowue 000asKu (Mei, 21uHa) pasmanbleéaiu COBMEeCHO 8 CYXOM COCMOSHUU, 3ACINANU 8
arcapocmouikue opmel U 00dCcULANY. YCMAHOBIEHbl MeMNepamypHvie UHMEPSAaabl CHEKaAHUs U
BCNEHUBAHUS WUXMbL HA OCHOBE ONOKU, lUsIHUE 000ABOK HA MAKPOCMPYKMYPY U CB0UCMEA NOPUCMOU
cmeknokepamuxy.  Pesynemamer  nonyuenvt  memooamu — mepmuueckozo  anamuza  (TA),
penmeenogasosoeo ananusa (POA) u op. Men u enuna 6 cocmase wuxmul 0KA3bI6AIOM CYUWeCMEEHHOE
6nUAHUE HA MeMnepamypy ee ChneKkaHue U 6CneHusaHue npu Hazpesanuu, a maxdce hazosulii cocmag
obpasyos T[ICK. B pesynbmame nonyuenvl 06pasyvl ¢ MeIKONOPUCIOU CMPYKMYpPoU 6 gopme 610K08
pazmepom 500x500%200 mm co cpedueti niommuocmoio om 190 xe/m® do 1535 ke/m3, npounocmeio npu
cocamuu om 2 MIla oo 116 MIla u c xosgppuyuenmom mennronposoonocmu om 0,06 Bm/m-°C 0o 0,61
Bm/m-°C. Ilopucman cmexknokepamuxa Ha 0CHO8e ONOK, KATbYUHUPOBAHHOU COObl U KOPPEKMUPYIOWUX
000a80K (Men, 2nuHA) No QUIUKO-MEXAHUYeCKUM U MenioQu3udecKum Ce0UCmMedam npesocxooum
MHO2Ue anano2u u mModcem Oblmb UCNONL30BAHA 8 KAYecmee KOHCMPYKYUOHHBIX, MENA0U3ONAYUOHHBIX
U Opyeux 6u008 CMpPOUMENbHbIX MAMepUaios Hpu CMpoumenbcmee, pPeMoHme U PeKOHCMPYKYuu
00beKMO8 PaA3IUUHO20 HAZHAYEHUSL.

Knrwueevlte cnoea: nopucmas — CMeKIOKepaAMuKda, — KpeMHUCHble — NOpPoObl,  OHOKA,
PEHM2en08aA306blll  AHANU3, MAKPOCMPYKMYPA, QUUKO-MeXanudecKue ceotcmsd, Kodpguyuenm
MenIonpo8oOHOCL.

A.L RODIN!, A A. ERMAKOV!, V.M. KYASHKIN!, A .M. ASTASHOV',
D.A. BUYANKIN!

'National Research Ogarev Mordovia State University, Saransk, Russia

POROUS GLASS CERAMICS FROM OPOKA, SODA ASH AND
CORRECTIVE ADDITIVES

Abstract. Foam glass and foamed glass-ceramic materials have a number of unique properties.
They are chemically resistant, light, durable, do not burn, do not transmit heat and sound well, etc.
They are used both in private construction and in the construction of specially responsible facilities.
The article confirms the possibility of using flask as a raw material for the production of porous glass
ceramics (PSK) in one charge heating by powder foaming. Flask, soda ash and corrective additives
(chalk, clay) were ground together in a dry state, poured into heat-resistant molds and fired. The
temperature ranges of sintering and foaming of the charge based on the flask, the effect of additives on
the macrostructure and properties of porous glass ceramics have been established. The results were
obtained by thermal analysis (TA), X-ray phase analysis (XFA), etc. Chalk and clay in the composition
of the charge have a significant effect on the temperature of its sintering and foaming during heating, as
well as the phase composition of the UCS samples. As a result, samples with a finely porous structure in
the form of blocks of 500%500%200 mm in size with an average density from 190 kg/m’ to 1535 kg/m?,
compressive strength from 2 MPa to 116 MPa and with a thermal conductivity coefficient from 0.06
W/m°C to 0.61 W/m°C.
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Porous glass ceramics based on flasks, soda ash and corrective additives (chalk, clay) surpass
many analogues in terms of physical, mechanical and thermal properties and can be used as structural,
thermal insulation and other types of building materials during construction, repair and reconstruction
of facilities for various purposes.

Keywords: porous glass ceramics, siliceous rocks, opoka, X-ray phase analysis,
macrostructure, physical and mechanical properties, thermal conductivity coefficient.
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