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CTPOUTEJIbHBIE KOHCTPYKUN

YK 69.04 DOI: 10.33979/2073-7416-2024-114-4-3-13

H.U. KAPITIEHKO?, C.H. KAPITEHKO?, I'.A. MOUCEEHKO*
THUNC® PAACH, Mocksa, Poccus

AUAT'PAMMBI TE@OPMHUPOBAHUA APMATYPbI IIPU COBMECTHOM
JAEUCTBHUUN HAT'PY3OK U ITIOBBIINEHHBIX TEMIIEPATYP 1O +500°C

Annomayusn. Peanvuvie HenuHeliHble Ouazpammvl 0eopmMuposaHus apmamypvl u Oemownda
COCMABIAIOM OCHOBY COBPEMEHHO20 OUASPAMMHO20 MEMOOd PACHEMA HCeNe300eMOHHbIX KOHCIPYKYUIL.
Hannvrii memoo noszeonsiem naubonee MOYHO YUUMbIBAMb PUIUKO-MEXAHUYECKUEe U peono2uiecKue
ceoticmea  Jcene300emona Npu  PATUYHLIX PEeHCUMAX CUN08020 HAcpydiCceHus Koncmpykyuu. [
pacnpocmpanenus  OUAZPAMMHO20 Memoda HA pacuem  Hcene300emOHHbIX  KOHCMPYKYU  npu
cosmecmHoM  Oelicmeuy HAZpy30K U MNOBLIWEHHBIX MeMnepamyp HeobXoouma CyujecmeeHHas
KOppeKmuposxa ouazpamm Oepopmuposanus apmamypel u bOemona. B Oaumnoii cmamve
paccmampusaemcs  nepexoo0 Oom  ouazpamm  0epOopMuposanus  apmMamypsvl HpU  HOPMAILHOU
memnepamype K OUazpammam  O0eQopMUposaHus npu  COBMECMHOM OeUCmGUU CUNOBbIX U
memnepamyphuix 6o30eticmeuil 0o +500°C. [Ipu smom usmeHaomcs 0CHO8Hble QUIUKO-MeXaHUYecKue
Xapaxmepucmuky ouazpamm 6 3a8UCUMOCIU O 3HAYeHUll memnepamypbl hazpesa. Paccmampusaiomes
UBMEHEeHUs. SMUX XapaxKmepucmuk O 08YX U008 apmamypvl — 0Oe3 NIowaoKu meKyyecmu U c
naowjaoko mexyyecmu. Ilonyuennvie pesynomamol RPeOCMAIAIOM OCHOBY 04 NOCMPOEHUs. Memood
pacuema dcene300emoHHbIX KOHCMPYKYULL NPU COBMECHOM 0elicmeul Hazpy30K U PA3TUYHBIX PeHCUMOS
Hazpeea.

Kniouesvle cnosa: apmamypa, memnepamyphuvie 8030elicmeus, Ouaspammsl 0egpopmuposaniis
apmamypbl, apmamypa 6e3 niowaoky mekyiecmu, apmamypa ¢ niowaokoll mexkyyecmu, OUazpammHblil
Memoo0 pacuema KOHCMPYKYUIL.

N.l. KARPENKO !, S.N. KARPENKO!, G.A. MOISEENKO!
I NIISF RAASN, Moscow, Russia

DIAGRAMS OF REINFORCEMENT DEFORMATION
UNDER THE COMBINED ACTION OF LOADS
AND ELEVATED TEMPERATURES UP TO +500 °C

Abstract. Real nonlinear diagrams of reinforcement and concrete deformation form the basis of
the modern diagrammatic method for calculating reinforced concrete structures. This method allows for
the most accurate consideration of the physico-mechanical and rheological properties of reinforced
concrete under various modes of force loading of constructions. To extend the diagrammatic method to
the calculation of reinforced concrete structures under the combined action of loads and elevated
temperatures, a significant adjustment of the deformation diagrams of reinforcement and concrete is
necessary. This article discusses the transition from reinforcement deformation diagrams at normal
temperature to deformation diagrams under the combined action of force and temperature influences up
to +500°C. At the same time, the basic physical and mechanical characteristics of the diagrams change
depending on the values of the heating temperature. Changes in these characteristics are considered for
two types of reinforcement — without yield point and with yield point. The results obtained provide the
basis for constructing a method for calculating reinforced concrete structures under the combined action
of loads and various heating modes.

Keywords: reinforcement, temperature effects, reinforcement deformation diagrams,
reinforcement without yield point, reinforcement with yield point, a diagrammatic method for calculating
constructions.

© Kapnenxo H.U., Kapnenxo C.H., Mouceenxo I''A., 2024
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OITPEAEJIEHUE YPOBHEBOI'O PACCTOSHUA MEXY
TPEIIMHAMM B KEJIE3OBETOHHBIX KOHCTPYKIUAX

Annomayusn. Ilpusedena pacuemmas mooenvb O ONpeoeseHusi YPOBHE8020 PACCHOSNHUA
MeANCOY MpeuguHamu 6 dicesie300emoHHblx Koncmpykyusax. Modens nocmpoena na 0606uenuu u38eCmHou
6 meopuu mpewun 8 dcenezoboemone eunomeszvl Tomaca DP.I. u ee ob6obwenuu Bn.U. Konuynogvim
NPUMEHUMENbHO K YCOBEPULEHCMBOBAHHOU Meopuu 0epopMUposanus drcene300emona ¢ mpewuHamu.
Cymb npeonosceHHo20 0000ujeHUss cocmoum 6 moM, 4YMO HANpPAXCeHHoe COCMOosHue 8 bemone u
apmamype 8 OKpeCmMHOCIU MPewjuHbl U HA YYaACmKe —MenHc0y MpeuwjuHamMy onpeoensiencs ¢ yuemom
deghopmayuonno2o dghgexma, 3aKN0OHAIOWE20CA 8 MOM, YO NPU XPYIKOM PA3PYULEHUU PACMAHYMOU
bemonHou mampuyvl Oepopmayus b6epe208 MmMpewunbl COEPHCUBAIOMCA pearKyuell apMamypHO20
CMEPICH, a NPOPUIL MPeUUHbL HEeTUHENHO UCKpUBIsemcs. B pesyismame omuocumenvhbvle 83aumMHble
cMeweHuss 6emoHa U apmMamypsl U YpPOSHeB0e PACCMOAHUE MeHCOY MPeujuHamu Oonpeoensiomcs
unmezpuposanuem dniop pacnpedenenus deopmayuii 6emona u apmamypuvl Ha pA3TUYHBIX YHACTIKAX 8
onoxe 08yms cmedicHvimu mpewunamu. C Ucnonvb308anuem noayHeHHbIX AHAIUMUYECKUX 3a6UCUMOCTEN
01 pacuema YpO8He8020 PACCHMOANHUA MeNCOY MPeuwuHamMu nogedeHbl YUcieHHble UCCIe008aHUS NO
onpedenenHul0 pacCmMoanUs MexHcoy mMpewuHamy U wupunsl packpvimus mpewun. Ilonyuennvie
pe3yibmamysl  CONOCMAGIEHbl €  UMEIOWUMUCS  Pe3yTbmamamu  UCNbIMAHUL  Jicee300emOHHbIX
KOHCMPYKYULl, a MAKice ¢ pe3yibmamamu paciema no MemoouKkam poCCUiCKUX U 3apyOerCHbIX HOPM.
Iokaszarno, umo pacuemHuvie 3a8UCUMOCIU NPEONA2AEMOL MOOEU NOTHOCIBIO OMPANCAION NOLYYEHHYIO
9KCHNEPUMEHMANLHO KAYECTNBEHHYI0 KAPMUHY MHO20YPOBHe8020 npoyecca 00pas08anis mpeuuH, Ko2od
npu  OUCKDEMHOM YMEHblUleHUe DACCMOSHUAL Mexc0y MPewuHamy oOpamuo nponopyUOHAIbHOM
UBMEHEHUIO U32UOAIWUX MOMEHNO8 NPOUCXOOUM YEeIUdeHUe WUPUHBL PACKPBIMUSL MPEUUH.

Kniouesnvie cnosa: scenezobemon, yposresoe paccmosnue mexcoy mpewunamu, oegpopmayuu,
packpvimue mpewut, denianayus, 0eopmayuonmslil g pexm.

VL.l. KOLCHUNOV?*? S.S. FEDOROV*
!National Research Moscow State University of Civil Engineering, Moscow, Russia
2NIISF RAASN, Moscow, Russia

DEFINITION LEVEL DISTANCE BETWEEN CRACKS IN REINFORCED
CONCRETE STRUCTURES

Abstract. A calculation model for determining level distance between cracks in reinforced
concrete structures. The model is based on the generalization of the known in the F.G. Thomas hypothesis
known in the theory of cracks in reinforced concrete and its generalization by V.1. Kolchunov in relation
to the improved theory of deformation of reinforced concrete with cracks. The essence of the proposed
generalization is that the stress state in concrete and reinforcement in the vicinity of the crack and in the
area between the cracks is determined taking into account the deformation effect, which consists in the
fact that at brittle fracture of the stretched concrete matrix the deformation of the crack banks is
restrained by the reaction of the reinforcement bar, and the crack profile is nonlinearly curved. As a
result, the relative mutual displacements of concrete and reinforcement and the level distance between
cracks are determined by integrating the distribution diagrams of concrete and reinforcement strains at
different locations in the block by two adjacent cracks.

© Konuynos Bn.H., @eoopos C.C., 2024
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Using the obtained analytical relationships for the calculation of the level distance between cracks,
numerical investigations are carried out to determine the distance between cracks and the crack opening
width. The obtained results are compared with the available test results of reinforced concrete structures,
as well as with the results of calculation according to the methods of Russian and foreign standards. It is
shown that the calculation dependences of the proposed model fully reflect the qualitative picture of the
multilevel crack formation process obtained experimentally, when at discrete decrease of the crack
spacing inversely proportional to the change of bending moments there is an increase in the crack
opening width.

Keywords: reinforced concrete, level distance between cracks, deformations, crack opening,
deplanation, deformation effect
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C.H. KPUBOIIIAIIKO?

I®rAOY BO Poccuiickuii yHUBEpCUTET APYKObI HAPOJIOB, I. MOCKBa

AHAJIMTUYECKHUE NIOBEPXHOCTHU C IINIOCKUM KOHTYPOM
N CYHEPOJUIMIICAMM I'VTABHOI'O KAPKACA

Aunnomayun. Ananumuueckuii Memoo 3a0aHusi NOBEPXHOCMU NO CPAGHEHUIO C Opyeumu
SBHAYUMETLHO YRpoujaem OaibHeUuull Xo0 npoeKmupo8aniusi KPUSOIUHEUHBIX 000I0UEYHbIX CIMPYKMYD U
obonouek. Ilonvb3ysace YHUBEPCATLHOCMbIO CYNEPIIUNCOS, KOMOPble COCMABNAION CEeMeUCcmeo
3AMKHYMbIX NIOCKUX KPUBLIX CUMMEMPUUHBIX OMHOCUMENLHO O8YX KOOPOUHAMHBIX OCel, MOJICHO
NPUHAMb UX 3G MPOUKY KPUBLIX 2]lAGHO20 KAPKACA NPOeKMUpyeMoi nosepxuocmu. B pesynomame
RIOCKONAPANIENbHO20 NEPEHOCA KANCOO020 U3 MPeX CYNEPIIUNCO8 6001b OpPY2020 HANPAGISIOUe20
CYNEPIIIUNCA NPU YCA08UU NPOXOACOCHUSL NOOBUINCHO20 CYREPITUNCA Hepe3 CUMMEMPUYHblEe MOYKU
mpemve2o CynepaIunca 2iaéHo20 Kapkaca 0Oyoem noJIyYeHa MmMpOUuKa pPA3HbIX NOBEPXHOCMEU C
MONCOCCMBEHHBIM 2/IABHBIM KAPKACOM. DMom Memoo nOCMpPOeHUsi NOGEPXHOCMeEl NOIYUUIL WUUPOKOE
PACNPOCMPanerue 80 MHOSUX OMPACIAX CMPOUMENbCEd, MeXHUKU U Hayku. B cmamve onucanvl u
NPOULTIOCMPUPOBAHBL 08A0UAMbBIO OCBIMbIO PUCYHKAMU NPAKIMUYECKU 6CE U3BECTNHBIE NOBEPXHOCIU C
2NABHBIM KaApKAcoM U3 3-x cynepaanuncos. Hx ovino oonapysiceno 6onee deesmu decamkos. Hexomopwie
nosepxHocmu ObliU NPUHAMBL 30 CPEOUHHbIe NOGEPXHOCMU MOHKUX CHPOUMENbHBIX 000]04eK, OJis
KOMOPbIX ONpedeielbl Ux HAnpPsiceHHo-0ehopmuposannvie cocmosinus. Ilpusedennvie pesyiomamol u
CHUCOK UCHONb308AHHOU IUMEPAMYpbl U3 32 HAUMEHOBAHUI NOMO2YM HAUMU HOBble HANPAGNEeHUs. 8
UCCIe008aHuU NoBepXHOCmell U 000J04eK 2Mmo20 Mund, Komopwsle 001adarm onpeoeieHHbIMU
00CMOUHCMBAMU.

Knroueevie cnoea: cynepsinunc, 2naguwiii KapKac n08ePXHOCMU, NIO0CKONAPALIETbHbLU
neperoc Kpugot, hopmuposanue nogepxHocmu, pomob, OKpYICHOCMb, YUIUHOPOUO, dieedpauiecKas
NO8epXHOCb.

S.N. KRIVOSHAPKO!
The Patrice Lumumba Peoples' Friendship University of Russia

ANALYTICAL SURFACES WITH A PLANE CONTOUR AND WITH SUPERELLIPSES
OF THE MAIN FRAMEWORK

Abstract. Analytical method of definition of surface considerably simplifies the following
operation of design of curvilinear shell structures and shells in comparison with other methods of
definition. Having used the universality of superellipses which form the family of close plane curves that
are symmetrical relatively two coordinate axes, one can assume them as a three of curves of the main
frame of a design surface. The three of different surfaces with identical main framework will be obtained
as a result of plane-and-parallel translation of every of three superellipses along another director ellipse
under condition of going of the mobile superellipse through symmetrical points of the third superellipse
of the main framework. This method of formation of the surfaces gained wide distribution in many
branches of building, technics, and science. In a paper, all known surfaces with main frames of three
superellipses are described and illustrated by twenty-nine figures. More than nine tens of them were
brought out. Some surfaces were taken as middle surfaces of thin building shells. Their stress-strain state
was determined by FEM. The presented results and a list of references containing 32 names will help to
find new directions in research of surfaces and shells of this type that have some advantages.

Key words: superellipse, main framework of surface, plane-and-parallel translation of a curve,
surface design, rhombus, circle, cylindroid, algebraical surface.
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VK 624.048 DOI: 10.33979/2073-7416-2024-114-4-42-55

V.V. LALINY, LI. LALINA?Y, H.H. NGO?!, T.M.D. LE?
Peter the Great Saint Petersburg Polytechnic University, Saint Petersburg, Russia
2University of Science and Technology - The University of Da Nang (DUT-UD), Danang, Vietnam

THE FORCE METHOD ALGORITHM IN THE FORM
OF A LOOP RESULTANT METHOD

Abstract. The object of research is the behavior of statically indeterminate frames under the
influence of temperature. The purpose of this work is to suggest a simple algorithm for the analysis of
framed structures by using the original idea of the loop resultant method. This basic loop is generated by
splitting the given structure into statically indeterminate loops instead of the conventional approach of
treating the redundant forces in the whole structure. The current approach allows to simplify the
calculation, thanks for using the loop compatibility conditions and by dealing with the primary unknowns
for each basic loop. The advantage of this presented approach is in simple structure of a system flexibility
matrix: the location of zero and non-zero blocks depend only on the numbering of loops. Different types
of flexibility matrices of the element-rods are established; it is shown how to build the compatibility matrix
for any loops with or without hinges; and the simple algorithm of the loop resultant method is developed.
Some numerical examples are performed to describe the presented algorithm in more detail.

Keywords: force method, loop method, flexibility matrix, compatibility matrix, rod systems.

B.B. JIAJIUH!, N.U. IAJIMHA?, X.X. HI'O!, U.M.JI. JIE?

!Cankr-TleTepbyprekuii nonutexnudueckuii yausepeuter Ilerpa Benukoro, Cankr-Iletep6ypr, Poccus
2V HuBepcuTeT HayKH U TeXHonoruil — Yaupepcuter Janaunra (AYT-Y ), Janaur, BoetHam

AJI'OPUTM METOJA CHJI B ®OPME METOJA
KOHTYPHBIX YCUJIUM

Annomayua. O0vekmom UCCIe008aHUA ABIAEMCA pacdem CMAmuyeckyu HeonpeoeIumblx
CMepPIICHesbIX CUCmeM Npu memnepamypHuix @ozdeiicmeusx. Llenv 0annou pabomsi - npeorodCums
NPOCMOU An2OPUMM PACHema CMeEPAHCHEBbIX KOHCMPYKYULL ¢ UCNONb308AHUEM UOEU MEMOOd KOHMYPHbIX
yeunutl. bazosvie konmypelr onpedensiiomcs nymem paszoeneHust OaHHOU KOHCMPYKYUU HA CIMAmMu4ecKu
HeonpeoenumMbvle KOHMYpbl GMeCmo MpaouyuoOHHO20 NOOX00d K Y4emy JUWHUX HeU38eCIHbIX Memood
cun 60 eceu koucmpyxkyuu. Ilpeonacaemviii n00X00 nO360Jsem YNpocmums paciem 01a200aps
UCHONBL30BAHUIO YCIOGUIL COBMECMHOCMU KOHMYPHLIX OedopMayuil u asmomamuyeckomy evloopy 6
Kauecmee JUWHUX HeU3GeCMHbIX - YCunui Ol Kaxicdo2o 64306020 kowmypa. IIpeumywecmeo
nPEOCmagIeHH020 NOOX00d 3aKIIOYAEMCsl 8 NPOCHOU CIPYKMYpe MAMpuybl CUCHEMbl YPAGHEHUT —
Mampuyvl NOOAMAUBOCIU KOHCMPYKYUL: PACNONOICEHUE HYILeEbIX U HEeHYIeblX OI0K08 6 KOMOpOl
3a6UCUm MOALKO Om Hymepayuu Kowmypos. Ilocmpoenvl 6 s16HOM GUde MAmpuybl NOOAMIUBOCTHU
INEMEHMOB-CMEPICHEN Ol NPOU3BONLHOU  CUCTEMbL KOOPOUHAM, U3LOJCEH CHOCOO ROCMPOEHUs
mMampuy cogmecmnocmu oeopmayuii 05t BPOU3BOILHBIX KOHMYPOS, pazpaboman npocmoi ai2opumm
Memooa KoHmypHuix ycunutl. Ilpusedenvi nekomopbvie uucienHvle npumepuvl 01 6onee noopooHO20o
ONUCAHUSL NPEOCMABIEHHO20 AN2OPUMMA.

Knrouesvie cnoea: memoo cui, memoo KOHMYPHBIX YCUTULL, MAMPUYA HOOAMAUBOCINU, MAMPUYA
COBMECMHOCMU, CIEPIICHeBble CUCHIEMD.
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YJIK 624.074.1 DOI: 10.33979/2073-7416-2024-114-4-56-63

M.IO. TPOILIMH!, A.B. TYPKOB!

'Opnosckuii rocynapctensblii yauepeutet umenu U.C. Typrenesa, r. Open, Poccus

B3AUMOCBS3b MAKCUMAJILHOTI'O ITPOT'BA 1 YACTOTDI
COBCTBEHHBIX KOJEBAHUM B TPEXCJOWHOMU IVINTE
W3 AIK ITPU IEPEMEHHOM BEJIMUUHE 3A30POB
B IONMEPEYHOM CJIOE ITPU PA3JINYHBIX TPAHUYHBIX
YCJOBUSIX

Annomauus. /[pesecuna nepexpecmuoxneenasn (1K) sensiemcs cogpemennbim MHO2OCIOUHBIM
Mamepuanom ¢ 8bICOKOU Hecywjell cnocoOHOCMbIO, KOMOPAsi NO360J1Aem 803600UMb MHO20IMANICHbIE
30aHUSL U3 OePeBAHHbIX KOHCMpYKyui. B Hacmoswem uccnedosanuu 6viia usyueHa 63aumMocesisb
MAKCUMAnbHO20 npoeuba u wacmomsl cobcmeennvlx Koaedbanuii 8 3-x caouinou naume u3z HIIK npu
nepemMeHHOlU BeluyUuHe 3a30P08 8 CpeOHeM NONePedHOM Cloe NPU DA3HLIX SPAHUYHBIX VCA0BUSX.
Hccneoosanue svinonteno wucienHvim memooamu 8 gviuucaumenvuom komniexce SCAD++ memoodom
KoHeuHblx 9aemenmos (MKD3). Pesynomamom uccie0o8anusi A611emcsi nposeprka QyHOaMeHmaibHou
3axonomeprocmu oasa naumel us JIIK c usmensemot 6enuuunol 3a30pos 8 YenmpanoHom cioe. Jannoiii
pe3yavmam GHOCUM 8KAA0 8 pa3gumue 8UOPAYUOHHO20 Memooa KOHMPOIA KA4ecmea CMpOUmenbHblx
KoHcmpykyuu ¢ npumenenuem naum us JI1K ¢ ananoeuunvlMu napamempamu u KOIU4ecmeom Cloes.

Knrwouesvie cnosa:  Oepesannvie  KOHCMpPYKYuu,  OpesecuHd  NepeKpecmHOKIeeHds,
MAKCUMAnbHBLIL NPO2UO, YACMOMA COOCMEEHHbIX KOAOAHUN, COCNABHAS NAACTUHA.

M.YU. TROSHIN?!, A.V. TURKOV!
!Oryol State University named after 1.S. Turgenev, Oryol, Russia

RELATIONSHIP OF MAXIMUM DEFLECTIONS AND NATURAL
FREQUENCIES VIBRATIONS IN A THREE-LAYER CLT PANEL WITH
VARIABLE GAPS IN THE TRANSVERSE LAYER UNDER DIFFERENT

BOUNDARY CONDITIONS

Abstract. Cross-laminated timber (CLT) is a modern multilayer material with high load-bearing
capacity, which allows the construction of multi-storey buildings made of wooden structures. In the
present study, the relationship between the maximum deflection and natural vibration frequency in a 3-
layer CLT panel at variable values of gaps in the central transverse layer under different boundary
conditions was investigated. The study has been carried out by numerical methods in the SCAD++
computer complex using the finite element method (FEM). The result of the study is the verification of the
identified fundamental regularity for a CLT panel with variable gaps in the central layer. This result
contributes to the development of a vibration method for quality control of building structures using CLT
with similar parameters and number of layers.

Keywords: timber structures, cross-laminated timber, CLT panels, natural frequency, composite
plate, dynamic control.
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B. B. TVP!, B. B. HAJJOJIbCKUI1!?

1YO «bpecrckuii rocyiapcTBeH bl Texuudeckuit yausepcutem (bpI' TY), r. bpecr, Pecniy6nuka Benapych
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METO/IbI OLIEHK! KOD®OHUIIMEHTA BAPUALIUN HECY LIEW
CIIOCOBHOCTH ITPY TPOEKTHPOBAHIY KOHCTPYKIMI HA
OCHOBE HEJJMHEWHBIX KOHEYHO-JEMEHTHBIX, MOJEJIEN

Annomayusn. Haoesxcnocmo (6e3onacnocms) npoekmupyemusix KOHCMpPYKYutl 0becneyusaemcs
UCNONBL30BAHUEM PACYEMHO20 3HAYEHUs Hecywel CHOCOOHOCMU, YCMAHOGIEHHO20 C  VY4emoM
HeonpeoeleHHOCU (USMEHUUBOCMU, NOZPEUHOCML) Hecyuel cnocoOHocmuy. Yuem HeonpedeneHHOCMU
ocyujecmenaemcs nocpeoCmsoM 6epOSIMHOCIHOU MOOelU, KOMopas npeocmasisaemcs Kak 3aKOH
pacnpeodenenus ¢ 6X00AWUMU 8 He20 cmamucmudeckumu napamempamu. Haubonee sasxcnvimu u uacmo
UCNIONIL3YeMbIMU CMAMUCIUYECKUMU NAPAMEMmPamu Ae1sI0mcsa cpeoHee 3HayeHue u Kodpguyuernm
sapuayuu. Onpedenenue K03pduyuenma sapuayuu 015 Hecyujell CHOCOOHOCMU, 8bIYUCTIEHHOU HA OCHO8e
YUCTIEHHVIX  MoOenell  (KOMNbIOMEPHO20 MOOEeTUPOBANUs), AGIAEMCA BAJICHOU 3adayell, MaK Kak
cywecmeayroujue Kiaccuieckue Memoosl e Mo2ym 6vims npumernensl. 1o amoii npuyune yenvio 0anHol
cmamvl SAGNAEMCsl pa3gumue U UCCle008aHue MOYHOCIMU Memo0o8 onpedeneHus Kodpouyuenma
sapuayuu Hecyujel CnoCOOHOCIU, BbIYUCIEHHOU NOCPEOCMEOM KOMNbIOMEPHO20 MOOETUPOBAHUS.
Ipeonooicennviii Memod onpedeienust Kodpuyuenma eapuayuu 0OCHOBAH HA PA3NONCEHUU QYHKYUU 8
pso Teinopa ¢ nocinedyiowum npuMeHeHueM PAaziudHbiX CXeM YUCIeHH020 Oupgepenyuposanusl.
Bepugurayus evinonnena Ha 06006ueHHbIX HETUHEUHbIX MOOENAX Hecyuiel CHOCOOHOCMU, OJi KOMOPbIX
MOJCHO NOYHUMb MOYHOE peuierue ¢ nomoupro memooa Monme-Kapno. [Ipakmuueckas peanuzayus
NPeONONHCEHHO20 Memodd NPOOeMOHCHPUPOBAHA HA KOHEUHO-3JleMeHmMHbIX Mooenax.B  kauecmee
De3VIbMAmMos BbINOIHEHHO20 UCCIe008AHUS MONCHO B8bIOEIUMb COOCMBEHHO Memoobl onpedeseHus
Ko3(uyuenma eapuayuu Hecywgeli CNOCOOHOCMU, BbIYUCIEHHOU NOCPEOCmBOM KOMRbIOMEPHO20
MOOenupoganusi, U 3HaueHus Kodpuyuenmos eapuayuu 01 0000ujeHHbIX MoOenell Hecyujel
CNOCOBHOCMU TMOHKOCNEHHBIX DNIEMEHMO8 C Y4emoM NOmepu MeCHmHOU yCmoudugocmu CmeHKu U
nocnedylowum 8KIOYEHUeM nosacos obanku 8 pabomy.Haubonee mouno oyenums 3HAYEHUe
KOd(hpuyuenma eapuayuu MONCHO ¢ UCNOIb30SAHUEM pasznodicenuss ¢ pad Tellnopa u YuCiIeHHO2O
unmezcpupoganus no 3 moukam, oOHaKo maxou memoo mpebdyem 2N+I1 @vluucienut, nod3momy OH
Modicem  Obimb  PeKOMEHOO08AH MONbKO Olisi OMOEIbHbIX GepUPUKAYUOHHBIX 3a0ay. B kauecmee
NPAKMU1ecKo20 Memood OYeHKU Kod(pguyuenma apuayuy ciedyem UcnoIb3068ams PA3noACeHUe 6 psio
Tetinopa u uucnennoe unmespuposanue no 2 moukam (mpebyemcsa N+1 gviuucienuii).

Knrouesvie cnosa: xosgpguyuenm eapuayuu, pacuemuoe 3HaAYEHUe, MeEMoO KOHEUHbIX
anemenmos (MKD), uucnennas modens, KomMnviomepHoe MoOeauposanue, pasnodicerue 6 pao Teiinopa,
YUCTIEHHOE UHMeZPUPOBAHUE.

V. V. TUR} V. V. NADOLSKI*?
! Brest State Technical University, Brest, Belarus
2Belarusian National Technical University, Minsk, Republic of Belarus

METHODS FOR ESTIMATING THE COEFFICIENT OF VARIATION OF
THE RESISTANCE IN THE DESIGN OF STRUCTURES BASED ON
NONLINEAR FINITE ELEMENT MODELS

Abstract. The reliability (safety) of the designed structures is ensured by using the design value
of the bearing capacity, taking into account the uncertainty (variability, error) of the bearing capacity.
Uncertainty is taken into account by means of a probabilistic model, which is represented as a distribution
law with statistical parameters included in it. The most important and frequently used statistical
parameters are the mean value and coefficient of variation.
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Determining the coefficient of variation for the bearing capacity calculated on the basis of numerical
models (computer modeling) is an important task, since existing classical methods cannot be applied. For
this reason, the purpose of this article is to develop and study the accuracy of methods for determining
the coefficient of variation of the bearing capacity calculated by computer modeling. The proposed
method for determining the coefficient of variation is based on the decomposition of the function into a
Taylor series, followed by the use of various numerical differentiation schemes. Verification was
performed on generalized nonlinear models of load-bearing capacity, for which an exact solution can be
obtained using the Monte Carlo method. The practical implementation of the proposed method is
demonstrated on finite element models.As the results of the performed research, it is possible to identify
the actual methods for determining the coefficient of variation of the bearing capacity calculated by
computer modeling, and the values of the coefficients of variation for generalized models of the bearing
capacity of thin-walled elements, taking into account the loss of local stability of the web and with the
subsequent inclusion of the girder flanges in the work. The value of the coefficient of variation can be
most accurately estimated using Taylor series expansion and numerical integration over 3 points,
however, this method requires 2N+1 calculations, therefore it can be recommended only for individual
verification tasks. As a practical method for estimating the coefficient of variation, Taylor series
expansion and numerical integration by 2 points should be used (N+1 calculations are required).

Keywords: coefficient of variation, design value, finite element method (FEM), numerical model,
computer modeling, Taylor series expansion, numerical integration.
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BE3OMACHOCTb 3AHUA U COOPYXEHUU

VJIK 624.014 DOI: 10.33979/2073-7416-2024-114-4-75-89

T.A. MAIIEEBUY'?, O.T. ILIKAPIIOBA!, C.I. CAWSIH'?
'HanuonansHbI necenoBaTenbekuii MOCKOBCKHHM TOCYIapCTBEHHBII CTPOMTENBHBIN YHUBEPCUTET, T. Mocksa, Poccus
2HuctutyT npobnem Mexanuku uM. A JO. Mmmnckoro Poceniickoii akagemun nayk (MIIMex PAH), r. Mocksa,
Poccus

YCTOMYUBOCTD CKATBIX METAJLJIMYECKHX IJEMEHTOB
TP KOMBUHUPOBAHHBIX TEMIIEPATYPHBIX U CEUCMHUYECKHX
BO3AEUCTBUAX

Annomayus. 3emnempacenus 6bl3blaOm 20PUOHMANbHbIE U BEPMUKANbHbIE YCKOPEHUs
3eMHOU NOBEPXHOCMU, YMO MOJCem Npusecmu K nogopomy u uzeudy xoncmpykyui. Konoumsi, kax
91eMeHMbl CIPOUMENbHBIX KOHCIPYKYUL, NOOBEPIHCEHbI 8030EUCMBUIO CeUCMUYECKUX CUT, YO MOXCEm
8bI3b186aMb UX Kpyuenue. Takoce npu 3emiempaceHuax 00HOl us Haubonee cepbe3Hblx yepo3 Ol 30aHull
U COOPYIUCEHUI ABNACMCA 03MOACHOCHb BO3HUKHOBEHUS Nodcapos. [1oamomy éonpocwl ucciedosanus
VCMOUMUBOCINU CHCAMBIX MEMALTULECKUX DIEMEHIMO8 C KPYUeHUeM npu MmemMnepamypHom 6030eticmeu
AGNAIOMCA  6eCbMA  8ANCHLIMU  ONSL  CeliCMUYeCKUX pailonos. B pabome nomyuenvi memoouxu
AHATUMUYECKO20 U YUCTEHHO20 pacyema Olsl onpeodeneHus YCMOouuugoCmy Clcamolx Memaniuieckux
9NEMEHMOB C KpYYeHuemM npu memMnepamypHom 6030eicmeu.

Pacuemnwiti  ananuz npoeooumcs Ha OCHOGe MemMOO08 YUCIEHHO20 MOOeIUPOBaHUs 8
npoepammuom xomniexce ANSYS Mechanical. B kauecmee ucnvimyemoii xoncmpyxkyuu paspabomana
MOOenb CMAlbHOU KOJIOHHbL U3 08ymaspa, gvinonnennou uz cmanu C355. [Jns npogedenus mennogozo
pacuema ucnonvzosaics modyns "Transient Thermal” nocpedcmeom npunodicenus k obozpesaemvim
NOBEPXHOCMAM MEMNePAmypHO20 HASPYICEHUS, USMEHAIowe20cs no epemenu. Hazpes KonoHHbI
npoU3600UMCsL NO CMAHOAPMHOU MEMNEePAMYPHOU KPUGOU 2d30801 Cpedbl 8 YCL08usx noxcapa. s
BLINOAHEHUS. AHATUMUYECKO20 pacyema paspadomanvt npozpammvl 01 pacuemos ¢ IIK Matlab.
Aneopumm  ananumuyeckoeco pacuema HOmMepu  YCMOUYUBOCMU — CIHCAMO20 — INeMeHma  npu
memMnepamypHoM 8030eticmeu OCHO8AH HA OnpedeneHul KOIQOUYUEHMA CHUNMCEHUS MOOYIIA YRPY20CHU
U memnepamypvl HAcpeeqa, COOMBEMCmMEyIouue noO0OPAHHOMY NPOMEICYMOUYHOMY 3HAYEHUIO
MmemMnepamypHo2o Ko3p@uyuenma CHUNICeHUs npedena mexKyHecmu.

IIpusedensvt cpagrHumenvuble cpa@uru UsMeHenus KpUMu4ecKou memnepamypsi om O0eucmeust
HA2PY3KU NPU YUCTEHHOM U AHATUMULECKOM pacieme U OUAzpammbl HOHUICEHUS KPUMUYECKOU CUbL NPU
memMnepamypHoM 6030€liCmaulU.

Paspabomanl memoouku yucieHHo20 u aHATUMUYECKO20 pacyema YCmouyueoCcmu CoCamozo
nemMenma ¢ KpyueHuem npu ocHegom gosoeticmeuu 6 IIK Ansys u Matlab.

Knioueevie cnosa: Ycmotuugocmos cmanbHuIX 31eMeHMO8, KPUMUYECKast CUld, KpUmuyeckdst
memnepamypa, — memnepamypHoe — 8030elucmeue,  HUCIEHHOe — MOOeIUpPO8aHue,  CelCMUYECKoe
6030eilicmaue, KpyyeHue.

T.A. MATSEEVICH!?, 0.G. SHKARPOVA?, S.G. SAIYAN?
INational Research Moscow State University of Civil Engineering, Moscow, Russia
2Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences, 119526, Moscow, Russia

STABILITY OF COMPRESSED METAL ELEMENTS UNDER COMBINED
TEMPERATURE AND SEISMIC EFFECTS

Abstract. Arthquakes cause horizontal and vertical accelerations of the earth's surface, which
can lead to the rotation and bending of structures. Columns, as elements of building structures, are
subject to seismic forces, which can cause them to twist.
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Additionally, one of the most serious threats to buildings and structures during earthquakes is
the possibility of fires. Therefore, the issues of studying the stability of compressed metal elements with
torsion under temperature effects are very important for seismic regions. The study presents
methodologies for analytical and numerical calculations to determine the stability of compressed steel
elements and compressed steel elements with torsion under temperature effects.

The calculation analysis is carried out based on numerical simulation methods in the software
complex ANSYS Mechanical. A model of a steel column made of S355 steel, designed as a double T-beam,
was developed as the test construction. A "Transient Thermal” module type was used for conducting the
thermal analysis by applying temperature loading those changes over time to the heated surfaces. The
heating of the column is performed according to the standard temperature curve of the gas environment
in fire conditions. For analytical calculations, programs were developed for calculations in the PC
Matlab. The algorithm for analytically calculating the loss of stability of a compressed element under
temperature effects is based on determining the coefficient of reduction of the modulus of elasticity and
the heating temperature corresponding to the selected intermediate value of the temperature coefficient
of reduced yield strength.

Comparative graphs showing the change in critical temperature due to load action in numerical
and analytical calculations, as well as diagrams depicting the decrease in critical force under
temperature effects, are provided.

Methodologies for numerical and analytical calculations of the stability of a compressed element
with torsion under fire exposure in ANSYS and Matlab have been developed.

Keywords: Transient Thermal, Eigenvalue Buckling, Stability of steel elements, critical force,
critical temperature, torsion, temperature effect, seismic effect, numerical simulation.
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CTpouTeNbCTBO U PEKOHCTPYKIUSI
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C.JO. CABUH!, M.3. IIAPUITIOB!, M.A. AMEJIMHA!

"HaumonansHbIi HccenoBaTe kit MOCKOBCKHIA TOCYIapCTBEHHBII CTPOMTENBHBINA YHUBEPCHUTET, T. Mocksa, Poccus

HECYIIAA CITOCOBHOCTD JJIMTEJIBHO HAT'PYKEHHBIX
BHEHEHTPEHHO C/KATBIX KEJIE3OBETOHHBIX 9JIEMEHTOB IIPH
JNHAMHNYECKOM JOI'PYKEHUU

Annomauus. Ilpueooumcs 6 anarumuyeckou gopme peuterue 3a0asu 0 NPOOOIbHOM U3s2ube
BHEYEHMPEHHO — CIOCAMO20  HCENe300eMOHHO20  DIIeMEHmAa € IKCUEHMPUCUMEMAaMU  NPUTOIICEHUS.
NPOOOABLHOU CUMbL 8 08YX NJIOCKOCMAX NPU OUHAMUYECKOM O02PYIHCEHUU C YYEMOM HAYATbHOO
HANPAANCEHHO-0ePOPMUPOBAHHO20 COCMOAHUS, CHOPMUPOBAHHO20 NPEOULeCMEYIOWUM  ONIUMENbHbIM
Hazpyolcenuem  IKCHIAYAmayuonnou Haepy3kou. OObekmom uUccied08aHus SGIAIOMCA  KOJOHHbL
JHcene300eMoHHbIX KAPKACO8 30AHULL U COOPYIICEHUL, NOOBEPICEHHBIE OUHAMUUECKOM)Y O02PYIHCEHUIO 8
pesyiomame 803HUKHOBEHUSL HAYAILHO20 JNOKANLHO20 PA3pYUleHusi 8 KOHCMPYKMUGHOU CucmeMme.
Hccnedosanue blnoaHaemes: aHATUMUYECKUM MeMOOOM NPU CIeOVIOUWUX OONYUJEHUSIX U 02PAHUYEHUSIX:
00 obpazoeanusi mpewun dehopmuposanue ceveHuil coanacyemcs ¢ eunomesou bepuyniu; npoexyuu
0ehopMUPOBAHHOU OCU KOJOHHbL ANAPOKCUMUPYIOMC CUHYCOUOAMU, GIUSHUE KPAMKOBPEMEHHbIX
HA2PY30K U UX UBMEHUUBOCIU HA (YOPMUPOBAHUE HANPAICEHHO-0eDOPMUPOBAHHO20 COCMOSIHUSL KOLOHHbL
HA MOMEHM HACMYNAEHUs. 0COO0U pACYeMHOU CUMYAYUU He YYUmblaemcsi, OJisi HA2pY3KU U HAYATbHbIX
npo2ub06 NPUHIM KYCOUHO-TUHEIHbII 3aKOH USMEHeHUsl 60 epemenu. B kawecmee modenu bemona npu
PACCMAMPUBAEMOM  DENCUMHOM  HASPYICEHUU UCNONbIVEMCs KOMOUHAYUSL BA3KOYNPY2ol MoOenu
HACIeOCMBEHHO20 CIMAPeHUst U MOOUGUYUPOBAHHOU Modenu Maxceenna ¢ yuemom HeauHeuHo ynpyaou
CBS3U HANPSIJCEHU U YCIIOBHO MSHOBEHHBIX Oeghopmayuil. Buinonnena samudayus npuHsmou mooeiu
mamepuana Ha @oue dKcnepumeHmanvhbix Oannvix. Ilpusedeno pewenue 3adauu 06 onpedeieHuu
HANPANCEHHO-0ePOPMUPOBAHHO20 COCMOSIHUSL HCENe300eMOHHOU KOLOHHbL C YHemoM NPUHAMOU MOOenu
MaAmepuanos npu CMAmuKo-OUHAMULECKOM HASPYICEHUU C YUEMOM GIUSHUS NOA3YUECHU.

Kniouegvie cnosa: odicenezobemon, @HeyenmpenHoe coicamue, CMAMUKO-OUHAMUYECKOE
Hazpysicenue, Hecywas CnocoOHOCHb, TOKAbHOE pa3pyuleHue, noa3yiecmb.

S.Y.SAVIN! M.Z. SHARIPOV?!, M.A. AMELINA?
'National Research Moscow State University of Civil Engineering, Moscow, Russia

CAPACITY OF COMPRESSED REINFORCED CONCRETE ELEMENT
UNDER DYNAMIC LOAD CONSIDERING EFFECT
OF LONG-TERM PRELOADING

Abstract. The study provides an analytical solution to the problem of dynamic buckling of an
eccentrically compressed reinforced concrete element with eccentricities of axial force in two planes. It
takes into account the initial stress-strain state formed by the preceding long-term loading with a service
load. The object of the study is the columns of reinforced concrete frames of buildings and structures
subjected to dynamic loading as a result of the initial local failure in the structural system. The study is
based on the analytical method under the following assumptions and limitations: before the formation of
cracks, the strain is consistent with the Bernoulli hypothesis; the projections of the deformed axis of the
column are approximated by sinusoids; the influence of short-term loads and their variability on the
formation of the stress-strain state of the column at the time of a special design situation is not taken into
account; a piecewise linear law of variation in time is assumed for the load and initial deflections. A
combination of viscoelastic model of aging material and modified Maxwell model with consideration of
nonlinear elastic relations of stresses and conventionally instantaneous strains is utilized as a model of
concrete under the considered regime loading. Validation of the adopted material model on the
background of experimental data is performed.

© Casun C.IO., Llapunos M.3., Ameruna M.A., 2024
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The paper presents the solution of the problem of determining the stress-strain state of a reinforced
concrete column taking into account the adopted material model under static-dynamic loading
considering the influence of creep.

Keywords: reinforced concrete, eccentric compression, static-dynamic loading, bearing
capacity, localized failure, creep.
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APXUTEKTYPA U TPAJOCTPOUTEJIbCTBO

YIAK 711.01 DOI: 10.33979/2073-7416-2024-114-4-105-121

JIL.B. TJIEBVIIKUHA®, A.E. TOKAPEB!

®I'BOY BO «TroMeHcK1i MHIyCTpUAIbHBINA YHUBEPCUTET, I. TroMeHb, Poccus

UH®PACTPYKTYPHBIE IIPEIINOCBHIJIKU TIPOCTPAHCTBEHHOI'O
PA3BUTHUS UPKYTCKOM OBJIACTHU B COCTABE AHI'APO-
EHUCENCKOI'O MAKPOPET'MOHA

Aunnomayun. B Cubupu HabrioOaemcsi momanibHoe OOMUHUPOBAHUE 8 2padoodpa308aHUU
JHCENEZHOOOPOIICHBIX — Mazucmpanell u  cyooxoOuvlx pek. Ilpobnema «mpancnopm-paccenenuey
paccmampusaemcss  Ha4  KOMKpemHuulx — mamepuanax — Aueapo-Enuceiickoco  maxpopezuona
unmep3sonanvnoeo muna. Cmpoumervcmeo  Cegepo-Cubupckoli  dicenesnHou  0opoeu  co30acm
OONOJIHUMENbHBIU pecypc OISl COBEPUIEHCMBO8anusi cmpykmypel paccenenuss bBauocnezo Cegepa Ha
OocHOse udeu «Oaz06vlil 20p00 — BAXMOGLLL Memooy, CEHOPMUPOBAHHOU 68 COBEMCKOEe GPEMSL.
Hcnonvzoeanue maxkux opm npocmpaHcmeenHol opeanuzayuu 06vekmos npouzeoocmea Huoicnezo
Ipuaneapvs kax knacmepor u Cpednezo Ilpuanzapvs Kax meppumopuu Onepelicaoueco pasgumus,
CBOUCMBEHHBIX UHHOBAYUOHHOU IKOHOMUKE, NO360IUM  CHOPMUPOBAMb KAPKAC PACCENIeHYeCKOl
cucmembl Ha 0OCHOBe HA308bIX NOCENCHUL, 0OPA308ANHBIX U3 YIICE CYUECBYIOUUX 20POO0E.

Ipeonooicenvl  nepcnekmugnvie  Gopmbl  mMpanchopmayuu  CLONCUBULENCS  CHPYKIMYPbl
paccenenus Aneapo-EHUceiicko2o Makpope2uonda, 8 0CHO8e KOMOPOLL IedCUm KOHYenyus (hopMuposanusi
UHMEP3OHATILHBIX CUCHEM, NPEOYCMAMPUBAIOWUX KAK 6HEWHee, MAK U GHYMPeHHee YeHMPAIU3068aHHOE
8AXMOBO-9KCHEOUYUOHHOE paccenenue Ha cesepe Mprkymcexkoi obnacmu u Kpacnospcrozo kpast.

Knrwouesvie cnosa: paccenenue;, mMpancnopmuas UH@GPACMPYKMypa, UHMEP30HATbHbIE
MAaKpopezuoHsl; NPOCMpaHCMEeHHoe passumue.
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INFRASTRUCTURAL PREREQUISITES FOR THE SPATIAL
DEVELOPMENT OF THE IRKUTSK REGION AS PART OF THE
ANGARA-YENISEI MACROREGION

Abstract. In Siberia the urban development along the railways and navigable rivers dominates
totally. The problem of “transport-settlement” is considered on specific materials of the Angara-Yenisei
macroregion of interzonal type. The construction of the North Siberian Railway will create an additional
resource for improving the settlement structure of the Near North zone based on the idea of the "basic
city - shift method", formed in Soviet times. The use of such forms of spatial organization of the Lower
Angara region production facilities as clusters and the Middle Angara region as territories of advanced
development is the characteristic of the innovative economy. This peculiarity will allow forming the
framework of a settlement system founded on basic settlements formed from the existing cities.

Promising forms of transformation of the existing settlement structure of the Angara-Yenisei
macroregion are proposed, which is based on the concept of forming interzonal systems providing for
both external and internal centralized shift and expeditionary settlement in the north of the Irkutsk Region
and the Krasnoyarsk Territory.

Keywords: resettlement; transport infrastructure; interzonal macroregions; spatial
development.
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CTPOUTEJIbHBIE MATEPUAJIbI U TEXHOJIO A

VK 697.11 DOI: 10.33979/2073-7416-2024-114-4-122-137

K.II. 3YBAPEB!?3, 10.A. CATIPOHOBAY!, 3.P. AJINXAHOBA?, 10.C. 30FHUHA!, ®.A.
BYJTHUK?, B.JI. PEJOCEEB!
! HanmonanbHbI# nccenoBatenbckuii MOCKOBCKHi roCyJJapCTBEHHBIN CTPOUTENBHBIN YHUBEPCUTET, T. MOCKBa,
Poccusa
2 Hay4Ho-uccnenoBatenbCKuii MHCTUTYT CTPOUTENLHOM (hn3nku Poccuiickoii akaqeMuu apXUTEKTYPhl U CTPOUTEIBHBIX
Hayk, I'. Mocksa, Poccus
3 Poccuiicknii YHHUBEPCHUTET Jpy>KObI HapoaoB, T. Mocksa, Poccust

HECTAIUOHAPHOE TEMIIEPATYPHOE IIOJIE CTEH 3JIAHUI
IIPU BHAYEHUAX SKCINIYATAHMOHHOMU BJTAKHOCTHU
CTPOUTEJIBHBIX MATEPUAJIOB

Annomauus. B npedcmasnennoii pabome uccied08aHo HeCMAYUOHAPHOE MEMNEPAmypPHOe
noie 8 0OHOCHOUHOU KUPRUYHOU 02paxicoaioujeli KOHCMPYKYuu CmeHvl 30aHus. s Mooenuposanus.
HeCMAayuoHapHo20 MeMNepamypHo20 NoJisk CMelbl 30anust ObLL0 peweHo ouddepenyuaivbHoe ypasHeHue
MenIonpo8oOHOCHU MEeMOOOM KOHEUHbIX PAZHOCMEl NO ABHOU PASHOCMHOU CXeMe C YYemom Kpaesbix
yenosuti mpemveeo pooa.  Ilpusedena ¢opmyna, no KOMOPOU MONCHO pACCYUMAMb 3HAYEHUe
IKCHIIYAMAYUOHHOU MENIONPOBOOHOCHU NPU U3BECIMHOM 3HAYEHUU SKCNIYAMAYUOHHOU BIANCHOCMU
cmpoumenvHo2o mamepuaid. is pacuemog NpuHAmbl OOHOCIOUHbIE 02padxcoaoujue KUpnuyHvle
KOHCmpyKyuu ¢ moawunamu ocuosanutl paguvivmu 0,12 m, 0,25 m u 0,51 m 6 copode Mockse.
Ilpeocmasnenvl pezyibmamsl pacuema mMeMNepamyp 8 CeYeHUsX O02padCoaouwux KOHCMPYKYULl ¢
meueHuem 6peMeHUu Npu 3HAYEHUU MEeNIONPOSOOHOCIU, 6blIOPAHHOM CO2LACHO HOPMAMUGHOMY
Odokymenmy. Taxoice npedcmasieHo 6pems, 3 KOMOpoe 6 02paxcoaiouell KOHCMPYKYuu
YCMAaHABIUBAEMC CMAYUOHAPHOEe meMnepamyproe noie. s KUpnuuHwlx CmeH OnpeoeieHo 6pems
Hacmynjienuss Cmayuorapa npu memnepamype HapylIcHo2o 6030yXa pasHou memnepamype Haubojee
XOJOOHOU NAMUOHEBKI.

Kntouesvle cnosa: HecmayuowapHoe — memnepamypHoe — noie,  MenionpogoOHOCHb,
oughpepenyuanvroe ypagrerue menionpooOHOCMU, MeMo0 KOHEUHbIX PA3HOCMell, SPAHUYHbLE YCL08USL
mpemve2o pooa

K.P. ZUBAREVY 23 Y A SAPRONOVA! Z.R. ALIKHANOVA?, Y.S. ZOBNINA! F.A.

BUDNIK!, V.D. FEDOSEEV!
! National Research Moscow State University of Civil Engineering, Moscow, Russia
2 Research Institute of Building Physics of Russian Academy of Architecture and Construction Sciences, Moscow,
Russia
3 RUDN University, Moscow, Russia

UNSTEADY-STATE TEMPERATURE FIELD OF BUILDING WALLS
USING BUILDING MATERIALS OPERATING MOISTURE VALUES

Abstract. In the presented work, the unsteady-state temperature field in the single-layer brick
building wall enclosing structure was investigated. To model the nonstationary temperature field of the
building wall, the differential equation of thermal conductivity was solved by the finite difference method
using an explicit difference scheme, taking into account boundary conditions of the third kind. The
formula using to calculate the value of operational thermal conductivity at the known value of operational
moisture of building materials is given.

©3y6bapes K.I1., Canponosa FO.A., Anuxanosa 3.P., 306nuna FO.C., Byonux ®@.A., @edocees B./{., 2024
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For the calculations, single-layer enclosing brick structures with base thicknesses of 0.12 m, 0.25 m and
0.51 m in Moscow were adopted. The results of calculating temperatures in sections of enclosing
structures over time at a thermal conductivity value selected in accordance with the regulatory document
are presented. The time establishing stationary temperature field is presented.

For brick walls, the time of the stationary state was determined when the outside air temperature is equal
to the temperature of the coldest five-day period.

Keywords: unsteady-state temperature field, thermal conductivity, differential equation of
thermal conductivity, finite difference method, boundary conditions of the third kind

CIIUCOK JIMTEPATYPBbI

1. Pamumua B.II., Ilosuax E.B., Hosukosa O.B. Peakius Monmenu 34aHHS CO CHIDKEHHMEM JKECTKOCTH Ha
JUTHHHOTIEPHUOTHBIE ceficMITdecKue Bo3neicTrs // BecTHIK MOCKOBCKOTO SHEpreTHIecKOTo HHCTUTyTa. BecTHrk MOU.
—2019. — Ne 6. — C. 124-130. — DOI 10.24160/1993-6982-2019-6-124-130.

2. JluxaueB A.A., YcomsreBa O.A. O030p M cpaBHEHHE COBPEMEHHBIX OTEUYECTBEHHBIX H 3apyOeiKHBIX
METOJIOB OIICHKHM TEXHUYECKOTO COCTOSIHUS 3[aHuii U coopyxenuii / A. A. Jluxaues, / UikeHepHbIit BecTHUK J[oHa. —
2022. — Ne 10(94). — C. 1-12.

3. Gonzalez-Rodrigo B., Navas-Sanchez L., Rejas-Ayuga J.G., Hernandez-Rubio O., Benito M.B.
Preliminary Geospatial and In Situ Reconnaissance of the 8 September 2023 Moroccan Atlas Earthquake Damage //
Buildings 2024. — Tom. 14(3). — No. 693. https://doi.org/10.3390/buildings14030693

4. Huang Y., Tu R., Tuerxun W., Jia X., Zhang X., Chen X. A Community Information Model and Wind
Environment Parametric Simulation System for Old Urban Area Microclimate Optimization: A Case Study of Dongshi
Town, China // Buildings 2024. — Vol. 14(3). — No. 832. https://doi.org/10.3390/buildings14030832

5. Medinilha-Carvalho T.A., Marques da Silva F.V., Bre F., Gimenez J.M., Labaki L.C. Experimental Study
of Wind Pressures on Low-Rise H-Shaped Buildings // Buildings. — 2024. — Vol. 14(3). — No. 762.
https://doi.org/10.3390/buildings14030762

6. Karvelis A.C., Dimas A.A., Gantes C.J. Unsteady Numerical Simulation of Two-Dimensional Airflow over
a Square Cross-Section at High Reynolds Numbers as a Reduced Model of Wind Actions on Buildings // Buildings. —
2024. —Vol. 14(3). — No. 561. https://doi.org/10.3390/buildings14030561

7. CazonoB A. K., Cyxapes I'. B., bensickas O. I1I. TpexmepHOe MOJeTHPOBaHNE TEMIIEPATypPHBIX MOJICH B
YTIIOBBIX 30HaX HAPYKHBIX cTeH // [Ipupo/IHbIe U TEXHOTEHHBIE pUCKH. Be3omacHocTh coopyxkenuit. — 2023. — Ne 6-2(67).
—C. 34-36.

8. KokayaD., Zaborova D., Koriakovtseva T. Environmental analysis of residential exterior wall construction
in temperate climate // Magazine of Civil Engineering. — 2023. — No. 8 (124). — P. 114-122. DOI 10.34910/MCE.124.10.

9. Habibi A., Kahe N. Evaluating the Role of Green Infrastructure in Microclimate and Building Energy
Efficiency // Buildings. — 2024. — Vol. 14(3). — No. 825. https://doi.org/10.3390/buildings14030825

10. Sun W., Chen L., Suolang B., Liu K. An Investigation of the Energy-Saving Optimization Design of the
Enclosure Structure in High-Altitude Office Buildings // Buildings. — 2024. — Vol. 14(3). — No. 645;
https://doi.org/10.3390/buildings14030645

11. JleicoBa E.II., KotnspoBa E.B. OcHOBBI oOecredeHHsI 3KOJOTHYECKONW OE30MacHOCTH CTPOMUTENIBHBIX
MaTepraioB Ha BCEX JdTallax UX XU3HCHHOTI'O UKJIa // COBpeMCHHLIe TCHACHINHU B CTPOUTEJIBCTBE, IPaJOCTPOUTCIILCTBE
" iaHupoBke teppuropuit. — 2023. — T. 2. — Ne 2. — C. 72-80. DOI 10.23947/2949-1835-2023-2-2-72-80.

12. Camapckas H.C., Kotisiposa E.B., JIbicoBa E.I1. OcHOBHBIE Hay4HbBIE MPUHIIMITBI CHCTEMHOT'O HOAX0AA K
OTIPENICIICHUIO HETaTUBHBIX (PAaKTOPOB, BO3ACHUCTBYIONIMX HA OKPYKAIOIIYI0 Cpexy TOpPOICKHX TeppuTopuid //
be3onacHOCTh TEXHOTCHHBIX U MPUPOAHBIX cucteM. — 2023. — T. 7. — Ne 4. — C. 20-29. DOI 10.23947/2541-9129-2023-
7-4-20-29.

13. Kaotlyarova E. Improving the methodology for assessing the level of environmental safety of urban areas as
the basis of their life cycle // E3S Web of Conferences. — 2023. — Vol. 389. — No. 09062.
https://doi.org/10.1051/e3sconf/202338909062

14. Jlymuu K.W., BoiitoBuu E.B. MynsTUMOJAIEHOCTh MOAXO0JIA PENMICHUS 33134 dHEProdPQPeKTUBHOCTH
TOPOJICKOTO XO3SIHCTBEHHOTO KOMILIeKca // MexayHapoAHbIH TEXHUKO-IKOHOMHYEeCKUH KypHai. — 2022. — Ne 5-6. — C.
7-17. DOI 10.34286/1995-4646-2022-86-5/6-7-17.

15. Sevryugina N.S., Apatenko A.S. Import Substitution and Monitoring of Workpiece Quality // Russian
Engineering Research. — 2023. — Vol. 43. — No. 8. — P. 927-933. DOI 10.3103/s1068798x23080294.

16. Munuenkos H.JI., Uypaxosa C.K. TuddepenunansHoe ypaBHEHUE TEMIONPOBOIHOCTH H KOHBEKTUBHOTO
TErI000MeHa B LIMIHHAPHYECKON cucTeMe KoopauHat // bamkupcekuit xumudeckuit sxypHai. — 2024, — Nel (31). — C. 96-
100.

N 4 (114) 2024



CT])OI/ITe.]IbHLIe MaTepHAJbl U TEXHOJIOI'HA

17. Nemova D., Kotov E., Andreeva D., Khorobrov S., Olshevskiy V., Vasileva I., Zaborova D., Musorina T.
Experimental Study on the Thermal Performance of 3D-Printed Enclosing Structures // Energies. — 2022. — Vol. 15(12).
— No. 4230. https://doi.org/10.3390/en15124230

18. Musorina T., Gamayunova O., Petrichenko M., Soloveva E. Boundary Layer of the Wall Temperature Field
/I Advances in Intelligent Systems and Computing. — 2020. — Vol. 1116 AISC. — P. 429-437. DOI:10.1007/978-3-030-
37919-3 42

19. Zaborova D.D., Kozinec G.L., Musorina T.A., Petrichenko M.R. Mathematical Model for Unsteady Flow
Filtration in Homogeneous Closing Dikes // Power Technology and Engineering. — 2020. — Vol. 54(3) . — P. 358-364.
DOI:10.1007/s10749-020-01216-9

20. Petrichenko M.R., Musorina T.A. Fractional differentiation operation in the Fourier boundary problems //
St. Petersburg State Polytechnical University Journal: Physics and Mathematics. — 2020. — Vol. 13(2). — P. 41-52. DOI:
10.18721/JPM.13204

21. Statsenko E.A., Musorina T.A., Ostrovaia A.F., Olshevskiy V.Ya., Antuskov A.L. Moisture transport in
the ventilated channel with heating by coil // Magazine of Civil Engineering. — 2017. — 70(2). — P. 11-17.
DOI:10.18720/MCE.70.2

22. Gamayunova O., Petrichenko M., Mottaeva A. Thermotechnical calculation of enclosing structures of a
standard type residential building // Journal of Physics: Conference Series. — 2020. — Vol. 1614(1). — No. 012066. DOI
10.1088/1742-6596/1614/1/012066

23. Gamayunova O., Golov R. Potential of energy saving on transport // E3S Web of Conferences. — 2019. —
Vol. 135. — No. 02025. DOI:10.1051/e3sconf/201913502025

24. Kanapeiikun A.U. Pacnpenenenue temnepaTypbl B [OJIOM Telle SJUIMITHYECKOTO CeUSHHsI TPH IPaHIUYHBIX
YCIOBHSX MEPBOTO U TpeThero posa // Ky3HeuHo-1mTaMmnoBoYHOE Mpou3BoacTBO. OOpaboTKa MaTepHUasIoB JaBICHUCM. —
2023.— Ne 9. —C. 10-14.

25. benos A.B., Unbun FO.I1., Ky3smuna H.1O., CkopoaymoBa H.B. PerieHre ypaBHeHUS TEIUIOMPOBOAHOCTH
U Topr3oHTaNbHOM BI'Y npu BHyTpenHem ncrounnke tera / AITIK Poccun. — 2019. — T. 26, Ne 2. — C. 177-184.

26. Kanapeiikua AWM. CrammoHapHOE TEeMIIEpaTypHOE IOJIe B MPSMOYTOJNBHOW IUIaCTHHE C NEpEeMEHHOU
TEIUIOPOBOAHOCTHIO 110 OJHOM KoopamHate // BectHuk MexmyHaponHo# akagemun xomona. — 2023. — Ne 1. — C. 99-
104. - DOI 10.17586/1606-4313-2023-22-1-99-104.

27. Kanapeiikua A.W. OmpeneneHue TeMIEpaTypHOTO TIONS TEPMODJEMEHTAa B BHIC IUIACTHHBI MPH
HecTtanuoHapHOM pexnMe // Ky3neuno-mrammoBodHoe mpous3BoacTBo. OOpaboTka MarepuanoB nasieHuem. — 2023. —
Ne 4. -C. 11-16.

28. Buaun 10.B., Kasakos P.B., 3m06un B.C. Ilporecc nepeHoca Teria B JBYXCIOWHOM IMIHHIPAICCKOM
Tene // MI3BecTust BRICIIMX y4eOHBIX 3aBeneHui. [Ipobnemsr sHepretuku. — 2018. — T. 20, Ne 11-12. — C. 93-98. — DOI
10.30724/1998-9903-2018-20-11-12-93-98.

29. Ssxumos H.JI., lllarees A.®., [iImutpues A.B., Bangperaunosa I'.P. OcobeHHOCTH pacueTa TeMIepaTypHOro
OJIS B KOJIBLIEBOM MOPHUCTOM CJIo€ IpH OeckoHeyHOM Harpese // M3BecTHsi BbICHIMX yueOHBIX 3aBefeHuil. [Ipobiaemsl
sHepretuku. — 2023. — T. 25. — Ne 6. — C. 54-66.

30. beiibanaes B. /1., AnuBepaueB A. A. HccrnenoBanue TeMIiepaTypHOTO MOJS B INIACTHHE OJHOMEPHBIM
HEJIMHEHHBIM YpaBHEHUEM TEIUIONPOBOAHOCTH // BecTHUK JlarectaHckoro rocyaapcTBeHHoOro yHuBepcuteTa. Cepus 1:
EcrectBennnie Hayku. — 2022, — T. 37. — Ne 1. — C. 12-17.

31. Kubacka E., Ostrowski P., Influence of Composite Structure on Temperature Distribution—An Analysis
Using the Finite Difference Method // Materials. — 2023. — Vol. 16. — No. 5193.

32. Saadeh R, Sedeeg A.K, Ghazal B., Gharib G. Double Formable Integral Transform for Solving Heat
Equations // Symmetry. — 2023. — Vol. 15. — No. 218.

33. Zubarev K.P. Taking into account moisture in increasing the accuracy of calculating heat losses of a
building // International Journal for Computational Civil and Structural Engineering. — 2024. — Vol. 20. — No. 1. — P. 150-
161. DOI:10.22337/2587-9618-2024-20-1-154-161

34. Zubarev K.P. Derivation of the equation of unsteady-state moisture behaviour in the enclosing structures
of buildings using a discrete-continuous approach // International Journal for Computational Civil and Structural
Engineering. — 2021. — Vol. 17. — No. 4. — P. 83-90. DOI:10.22337/2587-9618-2021-17-4-83-90

35. Zubarev K.P. Using discrete-continuous approach for the solution of unsteady-state moisture transfer
equation for multilayer building walls // International Journal for Computational Civil and Structural Engineering. —2021.
—Vol. 17. — No. 2. — P. 50-57. DOI:10.22337/2587-9618-2021-17-2-50-57

REFERENCES

1. Radin V.P., Poznyak E.V., Novikova O.V. Reaktsiya modeli zdaniya so snizheniyem zhestkosti na
dlinnoperiodnyye seysmicheskiye vozdeystviya [The dynamic response of a building model with decreasing stiffness
during long-period earthquakes]. Bulletin of Moscow energy institute. Bulletin of MEI. 2019. No. 6. — Pp. 124-130. —
DOI 10.24160/1993-6982-2019-6-124-130.(rus.)

N 4 (114) 2024



CTpouTeNbCTBO U PEKOHCTPYKIUSI

2. Likhachev A.A., Usoltseva O.A. Obzor i sravneniye sovremennykh otechestvennykh i zarubezhnykh
metodov otsenki tekhnicheskogo sostoyaniya zdaniy i sooruzheniy [Review and comparison of modern domestic and
foreign methods of assessing the technical condition of buildings and structures]. Engineering bulletin of the Don. 2022.
—No. 10(94). — Pp. 1-12.

3. Gonzalez-Rodrigo B., Navas-Sanchez L., Rejas-Ayuga J.G., Hernindez-Rubio O., Benito M.B.
Preliminary Geospatial and In Situ Reconnaissance of the 8 September 2023 Moroccan Atlas Earthquake Damage.
Buildings 2024. Vol. 14(3). No. 693. https://doi.org/10.3390/buildings14030693

4. Huang Y., Tu R., Tuerxun W., Jia X., Zhang X., Chen X. A Community Information Model and Wind
Environment Parametric Simulation System for Old Urban Area Microclimate Optimization: A Case Study of Dongshi
Town, China. Buildings 2024. Vol. 14(3). —-No. 832. https://doi.org/10.3390/buildings14030832

5. Medinilha-Carvalho T.A., Marques da Silva F.V., Bre F., Gimenez J.M., Labaki L.C. Experimental Study
of Wind Pressures on Low-Rise H-Shaped Buildings. Buildings. 2024. Vol. 14(3). No. 762.
https://doi.org/10.3390/buildings14030762

6. Karvelis A.C., Dimas A.A., Gantes C.J. Unsteady Numerical Simulation of Two-Dimensional Airflow over
a Square Cross-Section at High Reynolds Numbers as a Reduced Model of Wind Actions on Buildings. Buildings. 2024.
Vol. 14(3). No. 561. https://doi.org/10.3390/buildings14030561

7. Sazonov A.K., Sukharev G.V., Beljavskaja O.S. Trekhmernoye modelirovaniye temperaturnykh poley v
uglovykh zonakh naruzhnykh sten [Three-dimensional modeling of temperature fields in the corner zones of exterior
walls] Natural and technogenic risks. Safety of structures. 2023. No. 6-2(67). — Pp. 34-36.(rus.)

8. Kokaya D., Zaborova D., Koriakovtseva T. Environmental analysis of residential exterior wall construction
in temperate climate. Magazine of Civil Engineering. 2023. No. 8 (124). Pp. 114-122. DOI 10.34910/MCE.124.10.(rus.)

9. Habibi A., Kahe N. Evaluating the Role of Green Infrastructure in Microclimate and Building Energy
Efficiency. Buildings. 2024. Vol. 14(3). No. 825. https://doi.org/10.3390/buildings14030825

10. Sun W., Chen L., Suolang B., Liu K. An Investigation of the Energy-Saving Optimization Design of the
Enclosure  Structure in  High-Altitude Office Buildings. Buildings. 2024. Vol. 14(3). No. 645;
https://doi.org/10.3390/buildings14030645

11. Lysova E.P., Kotlyarova E.V. Oshovy obespecheniya ekologicheskoy bezopasnosti stroitel'nykh
materialov na vsekh etapakh ikh zhiznennogo tsikla [Fundamentals of ensuring the environmental safety of building
materials at all stages of their life cycle].Modern trends in construction, urban planning and territory planning. 2023.
Vol. 2. No. 2. — Pp. 72-80. DOI 10.23947/2949-1835-2023-2-2-72-80.(rus.)

12. Samarskaya N.S., Kotlyarova E.V., Lysova E.P. Oshovnyye nauchnyye printsipy sistemnogo podkhoda k
opredeleniyu negativnykh faktorov, vozdeystvuyushchikh na okruzhayushchuyu sredu gorodskikh territoriy [Main
scientific principles of a systematic approach to the determination of negative factors affecting urban environment] Safety
of technogenic and natural systems. 2023. Vol. 7. No. 4. — Pp. 20-29. DOI 10.23947/2541-9129-2023-7-4-20-29.(rus.)

13. Kotlyarova E. Improving the methodology for assessing the level of environmental safety of urban areas as
the basis of their life cycle. E3S Web of Conferences. 2023. Vol. 389.No. 09062.
https://doi.org/10.1051/e3sconf/202338909062

14. Lushin K.1. Voitovich E.V. Mul'timodal'nost' podkhoda resheniya zadach energoeffektivnosti gorodskogo
khozyaystvennogo kompleksa [Multimodality of the approach to solving problems of energy efficiency of the urban
economic complex]. International technical and economic journal. 2022. — No. 5-6. — Pp. 7-17. DOI 10.34286/1995-
4646-2022-86-5/6-7-17.(rus.)

15. Sevryugina N.S., Apatenko A.S. Import Substitution and Monitoring of Workpiece Quality. Russian
Engineering Research. 2023. Vol. 43. No. 8. Pp. 927-933. DOI 10.3103/s1068798x23080294.(rus.)

16. Minchenkov N.D., Churakova S.K. Differentsial'noye uravneniye teploprovodnosti i konvektivnogo
teploobmena v tsilindricheskoy sisteme koordinat [Differential equation of thermal conductivity and convective heat
transfer in a cylindrical coordinate system]. Bashkir Chemical Journal. 2024. No. 1 (31). Pp. 96-100.(rus.)

17. Nemova D., Kotov E., Andreeva D., Khorobrov S., Olshevskiy V., Vasileva I., Zaborova D., Musorina T.
Experimental Study on the Thermal Performance of 3D-Printed Enclosing Structures. Energies. 2022. Vol. 15(12). No.
4230. https://doi.org/10.3390/en15124230 (rus.)

18. Musorina T., Gamayunova O., Petrichenko M., Soloveva E. Boundary Layer of the Wall Temperature
Field. Advances in Intelligent Systems and Computing. 2020. Vol. 1116 AISC. Pp. 429-437. DOI:10.1007/978-3-030-
37919-3_42(rus.)

19. Zaborova D.D., Kozinec G.L., Musorina T.A., Petrichenko M.R. Mathematical Model for Unsteady Flow
Filtration in Homogeneous Closing Dikes. Power Technology and Engineering. 2020. Vol. 54(3). Pp. 358-364.
DOI:10.1007/s10749-020-01216-9(rus.)

20. Petrichenko M.R., Musorina T.A. Fractional differentiation operation in the Fourier boundary problems.
St. Petersburg State Polytechnical University Journal: Physics and Mathematics. 2020. Vol. 13(2). Pp. 41-52. DOI:
10.18721/JPM.13204(rus.)

N 4 (114) 2024



CT])OI/ITe.]IbHLIe MaTepHAJbl U TEXHOJIOI'HA

21. Statsenko E.A., Musorina T.A., Ostrovaia A.F., Olshevskiy V.Ya., Antuskov A.L. Moisture transport in
the ventilated channel with heating by coil. Magazine of Civil Engineering. 2017. No.70(2).Pp. 11-17.
DOI:10.18720/MCE.70.2(rus.)

22. Gamayunova O., Petrichenko M., Mottaeva A. Thermotechnical calculation of enclosing structures of a
standard type residential building. Journal of Physics: Conference Series. 2020. Vol. 1614(1). No. 012066. DOI
10.1088/1742-6596/1614/1/012066(rus.)

23. Gamayunova O., Golov R. Potential of energy saving on transport. E3S Web of Conferences. 2019. Vol.
135. No. 02025. DOI:10.1051/e3sconf/201913502025

24. Kanareykin A.l. Raspredeleniye temperatury v polom tele ellipticheskogo secheniya pri granichnykh
usloviyakh pervogo i tret'yego roda [Temperature distribution in a hollow body of elliptical section under boundary
conditions of the first and third kind]. Forging and stamping production. Pressure processing of materials. — 2023. — No.
9. - P. 10-14.(rus.)

25. Belov A.V., llyin Yu.P., Kuzmina N.Yu., Skorodumova N.V. Resheniye uravneniya teploprovodnosti dlya
gorizontal'noy BGU pri vnutrennem istochnike tepla [Heat equation solution for the horizontal biogas unit with an internal
heat source]. Agroindustrial complex of Russia. 2019. Vol. 26, No. 2. Pp. 177-184.(rus.)

26. Kanareikin A.l. Statsionarnoye temperaturnoye pole v pryamougol'noy plastine s peremennoy
teploprovodnost'yu po odnoy koordinate [Stationary temperature field in a rectangular plate with variable thermal
conductivity in one coordinate]. Bulletin of the International Academy of Refrigeration. 2023. No. 1. Pp. 99-104. — DOI
10.17586/1606-4313-2023-22-1-99-104.(rus.)

27. Kanareikin A.l. Opredeleniye temperaturnogo polya termoelementa v vide plastiny pri nestatsionarnom
rezhime [Determination of the temperature field of a thermoelectric element in the form of a plate in the two-dimensional
case in a non-stationary mode]. Forging and stamping production. Processing of materials by pressure. 2023. No. 4. Pp.
11-16.(rus.)

28. Vidin Yu.V., Kazakov R.V., Zlobin V.S. Protsess perenosa tepla v dvukhsloynom tsilindricheskom tele
[The process of heat transfer in a two-layer cylindrical body]. News of higher educational institutions. Energy problems.
2018. Vol. 20. No. 11-12. — Pp. 93-98. — DOI 10.30724/1998-9903-2018-20-11-12-93-98.

29. Yakimov N.D., Shageev A.F., Dmitriev A.V., Badretdinova G.R. Osobennosti rascheta temperaturnogo
polya v kol'tsevom poristom sloye pri beskonechnom nagreve [Features of calculating the temperature field in an annular
porous layer under infinite heating]. News of higher educational institutions. Energy problems. 2023. Vol. 25. No. 6. —
Pp. 54-66.

30. Beibalaev V.D., Aliverdiev A.A. Issledovaniye temperaturnogo polya v plastine odnomernym nelineynym
uravneniyem teploprovodnosti [Investigation of the temperature field in a plate by a one-dimensional nonlinear heat
equation]. Bulletin of Dagestan State University. Series 1: Natural Sciences. 2022. Vol. 37. No. 1. Pp. 12-17.(rus.)

31. Kubacka E., Ostrowski P., Influence of Composite Structure on Temperature Distribution—An Analysis
Using the Finite Difference Method. Materials. 2023. Vol. 16. No. 5193.

32. Saadeh R, Sedeeg A.K, Ghazal B., Gharib G. Double Formable Integral Transform for Solving Heat
Equations. Symmetry. 2023. Vol. 15. No. 218.

33. Zubarev K.P. Taking into account moisture in increasing the accuracy of calculating heat losses of a
building. International Journal for Computational Civil and Structural Engineering. 2024. Vol. 20. No. 1. — Pp. 150-161.
DOI:10.22337/2587-9618-2024-20-1-154-161(rus)

34. Zubarev K.P. Derivation of the equation of unsteady-state moisture behaviour in the enclosing structures
of buildings using a discrete-continuous approach. International Journal for Computational Civil and Structural
Engineering. 2021. Vol. 17. No. 4. — P. 83-90. DOI:10.22337/2587-9618-2021-17-4-83-90 (rus.)

35. Zubarev K.P. Using discrete-continuous approach for the solution of unsteady-state moisture transfer
equation for multilayer building walls. International Journal for Computational Civil and Structural Engineering. 2021.
Vol. 17. No. 2. Pp. 50-57. DOI:10.22337/2587-9618-2021-17-2-50-57 (rus.)

HNudpopmanus o6 apTopax:

3yb6apeB Kupuai IMaBiioBuy

HanmonanbsHeIi HccienoBaTebckuii MOCKOBCKUH TOCYIapCTBEHHBIN cTpouTenbHbli yHUBepcuTeT (HUY MI'CY),

r. Mocksa, Poccus,

JoUeHT Kadeapsl oO1iei 1 npukiaaHoi Gu3nKy, npernoaaBarens kadeapsl TEIIOra30CHa0KeHNs U BEHTUIISILINY;
denepanpHOE TOCYIapCTBEHHOE OMOPKETHOE YupexaeHue «HaydHo-uccnenoBaTenbCKuii MHCTHTYT CTPOMTENBHOM
¢u3ukn Poccuiickol akageMuu apXuTeKTypbl M CTPOMTENBHBIX HayK», I'. MockBa, Poccus,

CTapLIMi HAyYHBIH COTPYIHHK JJAOOPATOPUH CTPOUTEIEHON TEIIO(DU3UKHY;

Poccwuiickuii yHuBepcuret apyx0b! HaponoB uMenu Ilarpuca JlymymoOsl, . Mocksa, Poccus,

JIOLEHT Kaeapsl TEXHOJIOTUI CTPOUTEIHCTBA U KOHCTPYKIIMOHHBIX MaTepHaloB,

E-mail.: zubarevkirill93@mail.ru

N 4 (114) 2024


mailto:zubarevkirill93@mail.ru

CTpouTeNbCTBO U PEKOHCTPYKIUSI

Canponosa FOumus AnekcaHapoBHa

HaunonansHsblii uccnenoBaresibckuii MOCKOBCKHH roCyAapCcTBEHHBI cTponTenbHblil yHuBepeurer (HUY MI'CY),
r. Mocksa, Poccusi,

CTyeHT UHCTUTYTa THAPOTEXHUUECKUX U YHEPTeTHUECKUX COOPYKEHUH.

E-mail: hoSmetown@gmail.com

AnmxanoBa 3ympyn PamazanoBna

HaunonansHelii uccnenoBaTebckuii MOCKOBCKHH roCyAapcTBEHHBIH cTponTenbHblil yanBepeurer (HUY MI'CY),
r. MockBa, Poccus,

CTyZeHT MHCTUTYTa apXUTEKTYPBI M TPaIOCTPOUTEIHCTBA.

E-mail: annarostoval2@gmail.com

300Huna IQausa CepreeBHa

HarmmonansHsIi necnenoBaTenbCKuii MOCKOBCKHH TOCYJapCTBEHHBIN cTponTenbHbI yauBepcuteT (HUY MI'CY),
r. Mocksa, Poccus,

cTyieHT MIHCTHTYTa NPOMBIIIJICHHOTO U IPaXKJaHCKOTO CTPOUTEIbCTBA/

E-mail: selma.inufo@gmail.com

Bynnuxk ®énop AjekceeBu4

HaupnonansHslii uccnenoBaresibckuii MOCKOBCKHH rocyapcTBEHHBI cTpouTenbHblil yHuBepeurer (HUY MI'CY),
r. MockBa, Poccus,

CTYACHT I/IHCTI/ITyTa MPOMBIIIIICHHOT'O U I'PA’KAaHCKOT'0 CTPOUTCIILCTBA.
E-mail: f33440508@gmail.com

®egoceeB Bragumup AmurpueBny

HarmmonansHsIi necnenoBaTenbCKuii MOCKOBCKHIH TOCYapCTBEHHBIN CcTponTenbHbIH yHIBepcuTeT (HUY MI'CY),
r. MockBa, Poccus,

CTYACHT I/IHCTI/ITyTa HHXCHCPHO-OKOJIOTHYCCKOTO CTPOUTEIBCTBA U MEXaHU3AIlUN

E-mail: fedosseev.vs@gmail.com

Information about authors:

Zubarev Kirill Pavlovich

Moscow State University of Civil Engineering, Moscow, Russia,

Candidate of Tech. Sc., associate professor of the department of General and Applied Physics, Lecturer in the
Department of Heat and Gas Supply and Ventilation;

Research Institute of Building Physics of the Russian Academy of Architecture and Construction Sciences 127238,
Moscow, Russia Moscow, Lokomotivny proezd, 21,

Senior Researcher of the Scientific Laboratory of Building Thermal Physics;

RUDN University 117198, Moscow, Russia Moscow, st. Miklouho-Maclay, 6,

Associate Professor of the Department of Construction Technology and Structural Materials, Leading Researcher of the
Scientific Center of Engineering and Construction Technologies.

E-mail.: zubarevkirill93@mail.ru

Sapronova Yulia Aleksandrovna

Moscow State University of Civil Engineering Moscow, Russia,
Student of the Institute of Hydraulic and Energy Structures.
E-mail: hosmetown@gmail.com

Alikhanova Zumrud Ramazanovna

Moscow State University of Civil Engineering, Moscow, Russia,
Student of the Institute of Architecture and Urban Planning.
E-mail: annarostoval2@gmail.com

Zobnina Yulia Sergeevna

Moscow State University of Civil Engineering, Moscow, Russia,
Student of the Institute of Industrial and Civil Engineering.
E-mail: selma.inufo@gmail.com

Budnik Fedor Alekseevich
Moscow State University of Civil Engineering, Moscow, Russia,
Student of the Institute of Industrial and Civil Engineering.

N 4 (114) 2024


mailto:ho5metown@gmail.com
mailto:annarostova12@gmail.com
mailto:selma.inufo@gmail.com
mailto:f33440508@gmail.com
mailto:fedosseev.vs@gmail.com
mailto:zubarevkirill93@mail.ru
mailto:ho5metown@gmail.com
mailto:annarostova12@gmail.com
mailto:selma.inufo@gmail.com

CT])OI/ITe.]IbHLIe MaTepHAJbl U TEXHOJIOI'HA

E-mail: 33440508 @gmail.com

Fedoseev Vladimir Dmitrievich

Moscow State University of Civil Engineering, Moscow, Russia,

Student of the Institute of Engineering and Ecological Construction and Mechanization.
E-mail: fedosseev.vs@gmail.com

N 4 (114) 2024


mailto:f33440508@gmail.com
mailto:fedosseev.vs@gmail.com

CTpouTeNbCTBO U PEKOHCTPYKIUSI

Y JIK 666.972 DOI: 10.33979/2073-7416-2024-114-4-138-147

E.B. TKAYY, I'. IIYCER?, I''M. PAXMIMOBA?® M.A. PAXIMOB?
'HanunonanpHslii nccnenoBaTeabckuii MOCKOBCKHIA ToCyJapCTBEHHBIN CTPOUTENbHEIN YHUBEPCHTET, I. MockBa, Poccus
2MocKkoBCKHiT aBTOMOOMIILHO-I0POKHBIN TOCYIapCTBEHHBIN TexHuueckuil yausepcutet (MAJIN),
r. Mocksa, Poccus
SKaparanuackuil TeXHUYIeCcKuii yHuBepcHTeT uMeHH AGblikaca Carunosa, r.Kaparanza, Peciy6iuka Kasaxcran

MOJIU®HUIUPOBAHHBIN TSKEJIbI BETOH JIJIsI KOHCTPYKIMIA
TOHHEJIENA C TIOBBIIIEHHBIMHU YKCILTYATAIIMOHHBIMHA
CBOHCTBAMH

Annomauusn. B cea3u ¢ nocmosnuo pacmywumu mpeOO8aHUAMU K KAYecmey U HAOeHCHOCTU
OEeMmOHHBIX KOHCIMPYKYUL, 8 YACMHOCIU OJi CPOUmMeIbCmed MoxHeell, CIABUMcs 3a0ayd paspabomku
MOOUDUYUPOBAHHBIX DEMOHO8 C VIYYUEHHbIMU IKCHIYAMAYUOHHBIMU XapaKkmepucmukamu. B oannom
UCCIe008aHUU PACCMAMPUBAIOMCI BORPOCHL, C8A3AHHbIE ¢ MOOUDUKAYUE COCMAB8a MANCEN020 OemoHd
C  UCHOTb306AHUEM  KOMHAEKCHOU Xumuueckol 000aeku, GKaouanuel 6 ceoeM cocmase
cynepniacmuukamop COBMeCmHO ¢  8000PACMEOPUMOU  noauMepHol  dobaskoti  Tlonuoon-A.
Yemanoeneno, umo npoyecc Oeilicmeus Xxumuyeckou axmueayuu 4acmuy MemaxdaoauHa u3yuen
He0oCMAamoyHo, 8 C8A3U C IMUM NPeodCmasieHHble UCCIe008AHUS, 3AKTIOUAIOWUECs 8 NOUCKe peuleHuUll
NOGbIUEHUS IKCHITYAMAYUOHHBIX XAPAKMEPUCTUK 3d CYem NPoyecca e20 npedeapumensHol oopabomku
wenourot cpedoti pH=10 coemecmno ¢ MUKpoapMupyrouum KOMHOHEHMOM (80LNACMOHUM,), AGNAOMCS
akmyanvubimu. Llenvro uccnedosanus 6vl10 YCMAHO8UMb NONOJCUMENbHOE Oelicmeue npoyeccd
akmueayuu MemaxKaoiuHa ¢ KOMWIEKCHbIM MOOUQDUKAMOPOM COBMECHHO C MUKPOAPMUDYIOWUM
KOMROHEHMOM HA MOOUDUYUPOBAHUE CINPYKINYDbL MANMCEN020 OemOHA OJis NOBbIULEHUS NPOYHOCHIHBIX U
euopogpusuueckux ceovicms. OOvbeKmom Uccied08aHus AGIANCA MOOUDUYUPOBAHHBI MANCENbI DEMOH
HA OCHOB8e AKMUBUPOBAHHO20 MEMAKAOIUHA C KOMIIEKCHbIM MOOUPUKATMOPOM (Cynepniacmu@ukamop
+ [oaudon-A) coemecmuo ¢ MUKDOAPMUPYIOWUM KOMHOHEHMOM OJisi OEMmMOHHbIX KOHCMPYKYU
momHeneu.

Pesynomamol  uccnedosanus:  Ycemanosneno nonodcumenvroe  GuuUAHUE  KOMIIEKCHO20
MoOugpuyuposanus Ha cEOUCMBA MANCEN020 OEeMOHA NYyMmeM YMEHbULEHUS COOEPHCAHUS BANHCYUe20
(yemenma) u 3ameHbl €20 MEMAKAOIUHOM, NPEOSAPUMENLHO AKIMUBUPOBAHHBIM WEOUHOU CPeooll ¢
pH=10 ¢ moougpuxamopom u 6ornaCMOHUMOM, NO3601AI0UEe NOBLIUAML NPOYHOCMHbLIE U
2udpoghusuiecKue XapaKmepucmuky: nPOYHOCMb HA cocamue 8 gospacme 28 cymok cocmasuia 68,6
Mlla ¢ cpasnenuu ¢ xoumponvuwvim cocmagom — 39,4 Mlla; eodonozcnowenue — 2,4%, mapka no
s00onenporuyaemocmu — W14, umo 0aem 603M0HCHOCIIb NPUMEHAMb OAHHBIN COCMAS HA NPAKMUKe OJis
NOMYYEHUs. CIMPOUMENbHbIX  U30eUll U KOHCMPYKYUL C  3Q0QHHbLIMU  XAPAKMEPUCMUKAMU,
IKCHIYAMUPYIOWUXCS 8 YCIIOBUAX NOBLIUEHHOU HASPY3KU U ASPeCCUBHOU Cpedbl, 8 YACMHOCMU, O
KOHCIMPYKYUll mouHenell.

Knrwouesvie cnoea: roncmpykyuu mouHenReU, aKmueayus MemakdoauHd, KOMNJIeKCHbIU
MoOuuxamop, pusuko-mexanuieckue ceolcmeda, udpopusuiecKue CceolUCmad, cypogvle VCI08Us.
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Abstract. The increasing demands for the quality and reliability of concrete structures,
particularly in tunnel construction, necessitate the development of modified concretes with enhanced
operational characteristics. This study examines the modification of heavy concrete using a complex
chemical additive, comprising a superplasticizer and a water-soluble polymer additive (Polidon-A).
The research reveals that the activation process of metakaolin particles is insufficiently studied.
Therefore, the investigations presented here, which aim to improve operational characteristics through
the pre-treatment of metakaolin in an alkaline environment (pH=10) with a micro-reinforcing
component (wollastonite), are highly relevant. The study's objective is to establish the positive effect of
metakaolin activation with a complex modifier and a micro-reinforcing component on the modification
of heavy concrete's structure to enhance its strength and hydrophysical properties.Object: Modified
heavy concrete based on activated metakaolin with a complex modifier (superplasticizer + Polidon-A)
and a micro-reinforcing component for concrete tunnel structures.

Research results: The study demonstrates the positive impact of complex modification on the
properties of heavy concrete. This is achieved by reducing the cement content (binder) and replacing it
with metakaolin, which is pre-activated in an alkaline environment (pH=10) with a modifier and
wollastonite. This allows for an increase in strength and hydrophysical characteristics: the compressive
strength at 28 days was 68.6 MPa, compared to 39.4 MPa for the control mixture; water absorption
was 2.4%; and the waterproofing grade was W14. This makes it possible to use this composition in
practice for the production of building products and structures with specified characteristics, operating
under conditions of increased load and aggressive environment, in particular, for tunnel structures.

Keywords: tunnel structures, metakaolin activation, complex modifier, physico-mechanical
properties, hydrophysical properties, severe operating conditions.
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YBakaemble aBTOPBI!
IIpocum Bac 03HAKOMHMTBCS C OCHOBHBIMH TPeOOBAHUSIMHU
K 0()OPMJICHMIO HAYYHBIX cTaTeil

e JlpexncraBisemblii MaTepuan AOJDKEH ObITh OPUTHHAIBHBIM, He ONYOJMKOBAHHBIM paHee B APYIHX
MEYaTHBIX U3AaHUSIX.

e OObem MaTepHama, MpeAsaraeMoro K MyOJUKalM{, U3MEpSIeTCs YUCIOM 3HAKOB C Y4ETOM HpOOeIoB.
Pexomenmyemsiii o0pem crarteii: ot 15000 1o 45000 3naKkoB ¢ npodesiamu.

o Crarbs nowkHa ObITH HabpaHa Ha jucrax (opmara A4 mpudrom Times New Roman, pasmep 12 pt ¢
OJMHAPHBIM WHTEPBAJIOM, TEKCT BBIPABHUBACTCS MO IIUpUHE; a03amHblii oTcTyn — 1,25 oM, mpaBoe mone —
2 cM, JIeBOe TIoNe — 2 CM, TIOJIsl BHU3Y M BBEPXY — 2 CM; BCE CTPaHUIIbI PyKOMHMCH AOJKHBI HIMETh CILIOLIHYIO
HyMEpaLHUIO.

e Crarbs MPeIOCTABISAETCS B SIEKTPOHHOM BHJIE TIO DJICKTPOHHOW MOYTE WM Yepe3 CHCTEMY DIIEKTPOHHOM
pelaKIuH.

e B oxHOM cOOpHHKE MOXXET ObITh OIyOJMKOBaHa TOJBKO OMHA CTAaThsi OJHOIO AaBTOpA, BKIIOYAst
COaBTOPCTBO.

e Ecnu ctaThs BO3BpaIaeTcsi aBTOPY Ha 10pabOTKY, UCTIPABIICHHBIH BApHAHT CIIEAYET MPUCIIATh B PEIAKIIHIO
MOBTOPHO, MPWUJIOXKHUB HHCBMO C OTBETAaMHM Ha 3aMeuyaHMs peleH3eHTa. JlopaboTaHHBIN BapHaHT CTaTbU
PELEH3UPYETCSl U pacCMaTpUBAETCS PENAKLMOHHOM KoJulerueil BHOBb. JlaToil mpenacTaBieHUs MaTepualia
CUHUTACTCA AaTa NOCTYIUICHUA B PCAAKIIUIO OKOHYATCIIbHOTI'O BaprUaHTa HCHpaBJ’ICHHOﬁ CTaTbu.

e AHHOTaMM BCEX IYONUKYEMBIX MAaTEpUAJIOB, KIIIOYEBBIE CIIOBAa, MHPOpManus 00 aBTOpax, CIHUCKH
JTUTEpaTypsl OYAyT HaXOAUTHCS B CBOOOJHOM JOCTYIE Ha CaiiTeé COOTBETCTBYIOIIETO JKypHalla M Ha caiire
Poccwiickoit Hay4uHOH 2nekTpoHHON 6nbmmoTexn — PYHOB (Poccuiickuii nHAEKC HAy9HOTO IIUTHPOBAHUA).

B TekcTe cTaTHM HE PEKOMEHAYETCSI TIPUMEHSITh:

- 000pOTHI pa3rOBOPHON peUH, TEXHUITU3MBI, TPO(HECCHOHAIN3MEI;

- 17151 OTHOTO U TOTO K€ MOHATHSI Pa3IMuHble HAYYHBIE TEPMHUHBI, OJIN3KHE 110 CMBICTY (CHHOHMMBI), 8 TAKXKE
HWHOCTPAHHBIC CJIOBA U TCPMUHBI IIPU HAJIMYHUKU PABHO3HAYHBIX CJIOB U TCPMHUHOB B PYCCKOM A3LIKE;

- NIPOM3BOJILHBIE CIIOBOOOPA30BAHUS;

- COKpallleHHsl CIIOB, KPOME YCTAaHOBJICHHBIX IPaBUIAMH PYCCKOW opdorpaduu, COOTBETCTBYIOIIUMHU
CTaH/IapTaMHU.

o CokpamuieHus 1 a0OpeBHATYPBI IOJDKHBI paciI(pPOBBIBATHCS 110 MECTY IIEPBOTO YIIOMUHAHUS (BXOKICHUS )
B TEKCTE CTAThH.

Oo0s3aTeJIbHBIC 3JIEMEHTBI:
- 3aryiapue (Ha PYCCKOM M aHIJIMICKOM fi3bIKe) IyOJIMKyeMOro MaTepHajia JOJKHO OBITh TOYHBIM H
€MKHM, CJI0BA, BXOJISIIIME B 3arJIaBUe, IOJKHBI OBITh SICHBIMU CaMH 110 ce0e, a He TOJIbKO B KOHTEKCTE; CIIeyeT
n30eraTh CI0KHBIX CHHTaKCHYECKHX KOHCTPYKIIMH, HOBBIX CIOBOOOPAa30BaHHN U TEPMHHOB, a TaKKe CIIOB
Y3KONpo(ecCHOHATLHOIO U MECTHOT'O 3HAUCHHUS;
- aHHOTAUuUsl (HA PyCCKOM M aHTJIMIICKOM fI3bIKe) KPAaTKO OMUCHIBAECT OOBEKT UCCIIETOBAHHMSI, MOTHUBAIIHIO
K TPOBEJCHUIO WCCIIEJIOBAHUS, PE3yNbTaThl HCCIENOBaHMUS (PEKOMEHIyeTCs YKa3blBaThb KOHKpPETHBIE
Pe3ybTaThl U 3aBUCUMOCTH, TIOJIy4Y€HHbIE B UCCIIEIOBAHUH ), BBIBOJIBI (KPATKO); PEKOMEHIYEeMbIi 00beM — OT
200 mo 250 cnos;
- KJIOYeBble CJI0Ba (HA PYyCCKOM W AHTJIMIICKOM fI3bIKe) — 3TO TEKCTOBBIE METKH, 110 KOTOPHIM MO>KHO
HAlTU CTAaThIO IPHU MOUCKE U ONpPEENUTh MPEIMETHYIO 001aCTh TEKCTa; OOBIYHO MX BBIOMPAIOT M3 TEKCTa
myOIMKyeMOro MaTepHara, J0CTaTOYHO 5-10 KIF0UeBBIX CIIOB.
- CIHCOK JINTEPATYpPhl, HA KOTOPYIO aBTOP CCHUIACTCS B TEKCTE CTAThU; PEKOMEHAYEMbIH 00BEM CITUCKa
JIUTEpaTypsl — He MeHee 20 HICTOUYHUKOB.

B nndopmanuu 06 aBropax pekomenayetcs ykassiBatb ORCID, Scopus ID u SPIN-koza, nprcBOeHHBIH B
PUHLI.

Penakius HE B3WMaeT TUIaTy C aBTOPOB 3a IOATOTOBKY, PEIEH3UPOBAHHE W Pa3MEUICHHE B OTKPHITOM
JIOCTYIIE CTaTeH.

[IpaBo KCII0JIb30BaHUS TPOU3BEACHHUI PEAOCTABICHO aBTOPaMH Ha OCHOBaHMU II. 2 ¢T. 1286 UerBepToit
yactu ['paxxtanckoro Kogexca Poccuiickoit ®@enepanuu.
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