ISSN 2073-7416

POUTE/NLCTBO
M PEKOHCTPYKLMSI

BUILDING AND RECONSTRUCTION No4 (1 20) 2025

Teopus UHKEHEPHBIX COOPYKEHMNIA.
CTpouTenbHbIE KOHCTRYKLWMY

The theory of engineering
constructions. Construction
design

besonacHocTk 30aHuin
W COOpYXEeHUA

Building and structure
safety

025. Ned (120). Mngexkc B kaTanore k(ﬂpecca Poccumn» 86294

Apxutektypa
W rpafocTpOUTENLCTBO

e

Architecture
and urban

| | CTpouTenkHLIe MaTepuarbl
¥ TEXHOMorm
1 | Building
| materials

S e



Hayuno-rexHu4yeckuii »ypHai
M3naetcs ¢ 2003 roza.
BeIxomurt mecTs pas B oI

Ne 4 (120) 2025

CTPOUTEJIBCTBO
N PEKOHCTPYKIHUA

Yupenurens — ¢penepanbHOe rocy1apcTBEHHOE 0I0KETHOE 00pa3oBaTeIbHOE
yUpeXIEeHHE BBICIIEro 00pa3oBaHus
«OpaoBekuii rocyaapersennblii yausepceurer umenu U.C. Typrenesay

!(DFBOY BO «OI'Y um. 1.C. TxEreHeBa»!

Thasnwiii pedaxmop:

Komuynos B.1., akad. PAACH, 0-p mexn. nayx, npogp.
(Poccusi)

3amecmumenu enagno2o pedakmopa:

Topaon B.A., cosemnurx PAACH, 0-p mexn. Hayk,
npog. (Poccus)

Kopodko B.., 0-p mexu. nayx, npog. (Poccus)
Casun C.1O., kano. mexn. nayk, ooy. (Poccus)
®unaneesa E.A., kano. mexu. nayx, doy. (Poccus)
Peokonneaus:

Axnmos ILA., akao. PAACH, 0-p mexn. nayk, npog.
(Poccus)
R

H.B., co
npog. (Poccus)
Boxk T., 0-p mexn. nayx., npog. (I'epmanus)
Byarakos A.T'., 0-p mexu. nayk., npogp. (I'epmanus)
Epodees B.T., akao. PAACH, 0-p mexn. nayx, npog.
(Poccus)

Ecayunos I'.B., akao. PAACH, 0-p apx., npogh. (Poccus,
Kapnenxo H.WU., akao. PAACH, 0-p mexn. nayk, npog.
(Poccusi)

Kounecnuxosa T.H., 0-p apx., npogh. (Poccus)
Komaynos Bi.H., 0-p mexn. nayk, npogp. (Poccus)
Kopooxo A.B., 0-p mexn. nayx, npog. (Poccus)
Kopous E.A., ur.-xopp. PAACH, 0-p mexn. Hayx,
npog. (Poccust)

Kpusomanxo C.H., 0-p mexn. nayx, npogp. (Poccus)
Kyapsimos H.H., xano. apx., npogp. (Poccus)
Jledaii 3., 0-p mexn. nayx, npog. (Opanyus)
Meabkymos B.H., 0-p mexn. nayx, npog. (Poccus)
OpJosnd P.B., 0-p mexn. nayx, npogp. (llonwiua)
Mtrnunukosa I.A., 0-p apx., npogp. (Poccus)
Pe6ostk 1., 0-p mexn. nayk, npogh. (Crosenus)
Pumunn B.W., un.-kopp. PAACH, 0-p mexn. nayk,
npog. (Poccus)

Tampazsau A.I'., wi.-kopp. PAACH, 0-p mexu. nayx,
npog. (Poccust)

Tpasym B.W., akao. PAACH, 0-p mexn. nayx, npog.
(Poccusi)

Tpemes A.A., ur.-kopp. PAACH, 0-p mexn. nayx,
npog. (Poccust)

Typ B.B., 0-p mexn. nayx, npogh. (benopyccus)
®enopoB B.C., akao. PAACH, 0-p mexn. nayk, npogh.
(Poccus)

Denoposa H.B., cosemnux PAACH, 0-p. mexn. Hayx,
npog. (Poccus)

Mlax P., 0-p mexn. nayx, npogp. (I'epmanus)
Hcnonnumenvhwiii pedakmop:

Awmemna MLA., (Poccus)

PAACH, 0-p mexn. nayx,

Aopec pedaxyuu:

302030, Opnosekast 0011, T. Opé,
yi1. Mockosekast, 1. 77.

Ten.: +79065704999
http://oreluniver.ru/science/journal/sir
E-mail: str_and_rek@mail.ru

SapeructprpoBano B DenepanbHoii ciryxoe
10 Haz3opy B chepe CBsI3H, MHPOPMALMOHHBIX
TEXHOJIOTHH U MAaCCOBBIX KOMMYHHKAIIUH.
CauperenbctBo: [T NedC 77-67169

ot 16 cents0ps 2016 1.

IMoamwcHoit naekce 86294
o oobemHeHHOMY Katasory «IIpecca Poccum»
Ha caiitax Www.pressa-rf.ru u www.akc.ru

© OI'Y umenu 1.C. Typrenesa, 2025

CoaepxaHue

Teopusi UHXeHePHbLIX COOPYXeHUU.
CmpoumersibHble KOHCMPYKUUU

AumoHoe A.U., Fycee B.Il., JleGeHee B.A., Mameeeea U.B. OueHka
akycmuyeckol  aghghekmusHOCMU CcucmeMbl 38YKOMO2IoWarowux Kyuc
KECCOHHORBO MUIMA ... s eeeeeese e e et e e ettt e e
Kanee H.I., fonzep A.P. CHuxeHue wyma 3KpaHoM 8 eude pewiemku
MBEPOBIX MITACITIUH ..o ss s eeeee e e e e e et e et e e e e e e e e ae e eeas
KabaHuyee O.B., Kpbuioe C.b.,, Tpogumoe C.B. Memoduka
3KcrepuMeHmarbHbIX uccnedosaHull npo4yHocmu morsncmbix
JKene3o0b6emoHHbIX nnum npu Oelicmeuu npodasnusarouiell Haepy3ku.. ... ...
OecsiHHukoe C.H. Paszsumue memodonoauu pacyema 38yKou30nsuuu ¢
ucrionib3ogaHuemM  mMemoda  CMamuCmMUYecKo20  3HEepP2emuyecKo20
QHAJTUBA ... e ettt ettt e aanas
Censiee B.[l, Ymkunha B.H., BabywkuHa [.P., Apxunoe W.B.
Memodonoeauyeckue npuHYUNbI MOCMPOEHUS meopuu paspyweHusi 6emoHa
TpowuH M.FO., Kopob6ko A.B. Memoduka ouyeHKku Hecywel criocobHocmu
rnepekpbimuli U3 OpesecuUHbl MEePeKPecmHO KIeeHol ¢ eapbupyemMbiMu
APAMEMPAMU CEYEHUL . .....eeu s se s eeee e et e et e ettt a e e
®édopoe B.C., JlasymkuH FO.B. Kynyukoea H.B. [lnaHuposaHue
aKcriepumeHma Mo OUEHKe B/IUSIHUSI  KOMIIEKCHOCMU — coYemaHust
AuHamuyeckux eo3delicmeuli om Ha3eMHO20 U NoO3eMHO20 mpaHcropma

Be3zonacHocmb 30aHull u coopyxeHul

Mauyeeeuy T.A., AHOpeee U.®. OueHka ebIHOCIUBOCMU MOOKpaHo8oU
6arnku rpu KOppo3UU apMamypPHBIX KAHAIMOB..............eeeeeaeeeaeaaeaaenannsn
CaesuH C.FO. )Kusydecmb U mexHU4YeCKOe COCMOSIHUE XKerle306eMOHHbIX
KOHCcmpyKyul Kapkaca 30aHusi 8 pe3yribmame 0cobo2o 8o30elicmeusi........

Apxumekmypa u 2padocmpoumesiLcmeo

®edopoeckasi A.A., Kanaiiyveea E.C., LlleunHa C.I. Memoduka
UHGbopMaUUOHHO20 cornpoeoxoeHuUsi beabapbepHoli cpedbl 8 20CMUHUYHOL
HEOBUMKUMOCITIU . ... eeeeee e e et e et e e et e et ettt ettt e eaean

CmpoumernbHble Mamepuarbl U mexHosio2uu

®edocoe C.B., lynsee WN.C., AnekcaHdpoea O.B., MumsizuHa A.H.
ModenuposaHue npoueccos8 menonepeHoca rnpu bemoHuUposaHuU
MaccUBHbIX XXe1e306€MOHHBIX KOHCIMPYKUUD ............eveeeraeiisieaiaanannn,

Kypnan Bxoaut B «IlepeueHb peneH3HPYeMBbIX HAYYHBIX H3/IAHHUI, B KOTOPHIX J0/KHBI GbITH OIY0IHKOBAHBI OCHOBHbIE HAYYHBIE Pe3YIbTATHI
JHCCePTALMIi HA COMCKAHME YYeHOll CTeneHN KaHINIaTa HAYK, HA CONCKAHHE YYeHOii CTeneHH JOKTopa Hayk» BAK o rpynme Hay4HbIX

cneuaibHocTeii 2.1. — CTpouTebeTBo 1 apxutekTypa: 2.1.1. — CTpouTe/ibHble KOHCTPYKIMH, 31aAHUSI M COOPY:KeHHsI (TeXHHYecKue Haykn); 2.1.2. —
OcHoBaHusl M pyHIaAMEHTBI, I0/I3¢MHbIE COOPY:KeHHsl (TeXHHYecKHe HayKn); 2.1.5. — CTponTe/bHbIe MaTepUAJIbI H H3/1e/Ius (TeXHHYeckne Haykn); 2.1.7.
— TexHos10rHsI ¥ OPraHU3anus CTPOUTETLCTBA (TeXHHUecKHe HAayKH); 2.1.9. — CTpouTeabHasi MexaHHKa (TexHM4Yeckue HayKkn); 2.1.10. — Dxoornyeckast

0€30MaCHOCTH CTPOUTEILCTBA H TOPOCKOT0 X03f1iicTBa (TexHuueckne Haykn); 2.1.11. — Teopusi m HcTOpUsi ApXUTEKTYPBI, pecTABPALHS H
PEKOHCTPYKIIHSI HCTOPHKO-APXHTEKTYPHOTO Hacjaequs (apxuTekTypa); 2.1.12.— ApxurekTypa 31aHuii 1 coopy:keHuii. TBopueckne KOHIENIHH
APXHTEKTYPHOIi 1esiTeJIbHOCTH (apXuTeKTypa); 2.1.13. — I'paocTPOHTEIHCTBO, IIAHUPOBKA CEJIbCKHX HACETEHHBIX MYHKTOB (APXHTEKTYpa).
Hnpexcupyercs 8 PUHIL, RSCI (Russian Science Citation Index nanmaatdopme Web of Science)

14

22

41

52

61

71

82

91

103


http://www.pressa-rf.ru/
http://www.akc.ru/

Scientific and technical journal
The journal is published since 2003.
The journal is published 6 times a year.

Ne 4 (120) 2025

Editor-in-Chief
Kolchunov V.1., doc. sc. tech., prof. (Russia)

Editor-in-Chief Assistants:

Gordon V.A., doc. sc. tech., prof. (Russia)
Korobko V.1., doc. sc. tech., prof. (Russia)
Savin S.Yu., candidate sc. tech., docent
(Russia)

Finadeeva E.A., candidate sc. tech., docent
(Russia)

Editorial Board

Akimov P.A., doc. sc. tech., prof. (Russia)
Bakaeva N.V., doc. sc. tech., prof. (Russia)
Bock T., doc. sc. tech., prof. (Germany)
Bulgakov A.G., doc. sc. tech., prof. (Germany)
Erofeev V.T., doc. sc. tech., prof. (Russia)
Esaulov G.V., doc. arc., prof. (Russia)
Karpenko N.I., doc. sc. tech., prof. (Russia)
Kolesnikova T.N., doc. arc., prof. (Russia)
Kolchunov VL.1., doc. sc. tech., prof. (Russia)
Korobko A.V., doc. sc. tech., prof. (Russia)
Korol E.A., doc. sc. tech., prof. (Russia)
Krivoshapko S.N., doc. sc. tech., prof. (Russia)
Kudryashov N.N., candidate arc., prof.
(Russia)

Lafhaj Z., doc. sc. tech., prof. (France)
Melkumov V.N., doc. sc. tech., prof. (Russia)
Orlovic R.B., doc. sc. tech., prof. (Poland)
Ptichnikova G.A., doc. arc., prof. (Russia)
Rebolj D., doc. sc. tech., prof. (Slovenia)
Rimshin V.1, doc. sc. tech., prof. (Russia)
Tamrazyan A.G., doc. sc. tech., prof. (Russia)
Travush V.1, doc. sc. tech., prof. (Russia)
Treschev A.A., doc. sc. tech., prof. (Russia)
Tur V.V., doc. sc. tech., prof. (Belorussia)
Fedorov V.S., doc. sc. tech., prof. (Russia)
Fedorova N.V., doc. sc. tech., prof. (Russia)
Schach R., doc. sc. tech., prof. (Germany)
lakovenko I.A., doc. sc. tech., prof. (Ukraine)

Managing Editor:
Amelina M.A.,. (Russia)

The edition address:

302030, Oryol region., Oryol,
Moskovskaya Street, 77
+79065704999
http://oreluniver.ru/science/journal/sir
E-mail: str_and_rek@mail.ru

Journal is registered in Russian federal service for
monitoring communications, information
technology and mass communications

The certificate of registration:

TI1 Ne®C 77-67169 from 16.09.2016 r.

Index on the catalogue of the «Pressa Rossii»
86294 on the websites www.pressa-rf.ru and
www.ake.ru

© Orel State University, 2025

BUILDING
AND RECONSTRUCTION

The founder — Federal State Budgetary Educational Institution
of Higher Education
«Orel State University named after 1.S. Turgenev»
(Orel State University)

Contents

Theory of engineering structures.
Building units

Antonov A.l, Gusev V.P, Ledenev V.I., Matveeva l.V. Evaluation of the
acoustic efficiency of a sound-absorbing curtain wall system.......................
Kanev N.G., Dolger A.R. Noise reduction by a barrier in the form of a solid
PIALE GIi. ..o
Kabantsev O.V.,, Krylov S.B., Trofimov S.V. Experimental research
methodology for punching shear strength of thick reinforced concrete slabs....
Ovsyannikov S.N. Development of the methodology for calculating sound
insulation using the method of statistical energy analysis............................
Selyaev V.P, Utkina V.N., Babushkina D.R., Arkhipov I.V. Methodological
principles of constructing the theory of concrete destruction........................
Troshin M.Yu., Korobko A.V. Method for assessing the load-bearing capacity
of cross-laminated timber floor structures with variable section
J = = T 1= (= £
Fedorov V.S., Lazutkin Yu.V., Kupchikova N.V. Planning an evaluation
experiment effect of the complexity of the combination of dynamic impacts from
surface and Underground..................oue i e

Building and structure safety

Matseevich T.A., Andreev I.F. Assessment of the endurance of a crane beam
in corrosion of reinforcemMent roPeS.............c..ccuuiuiuiriiiiieieiiieiiiie e,
Savin S.Y. Robustness and technical condition of reinforced concrete frame
structures as a result of accidental action.....................cccoooviiiiiiiiiiiiiin,

Architecture and urban planning
Fedorovskaya A.A., Kalaicheva E.S., Sheina S.G. Methodology of
information support of barrier-free environment in hotel real estate.................

Construction materials and technologies

Fedosov S.V., Pulyaev I.S., Alexandrova O.V., Mityagina A.N. Modeling of
heat transfer processes in concreting of massive reinforced concrete
SHUCTUIBS ...t

14

22

41

52

61

71

82

The journal Building and Reconstruction (Stroitel'stvo i rekonstruktsiya) have being included by Higher Attestation Commission in the List of peer-
reviewed scientific journals, in which the main scientific results of dissertations for the degree of candidate and doctor of science should be published, for
the group of scientific specialties 2.1. - Construction and architecture: 2.1.1. — Building constructions, buildings and structures (technical sciences);
2.1.2. - Soils and foundations, underground structures (technical sciences); 2.1.5. — Building products and construction materials (technical sciences);
2.1.7. — Construction technology and organization (technical sciences); 2.1.9. — Structural mechanics (technical sciences); 2.1.10. — Environmental safety
in construction and urban economy (technical sciences); 2.1.11. — Theory and history of architecture, restoration and reconstruction of historical and

architectural heritage (architecture); 2.1.12. — Architecture of buildings and structures. Creative concepts of architectural activity (architecture);

2.1.13. — Urban planning, planning of rural settlements (architecture). The journal is indexed in RSCI, RSCI on the Web of Science.


http://www.pressa-rf.ru/
http://www.akc.ru/

Teopusi HHKEHEPHBIX COOPY:KeHni. CTpouTeIbHbIE KOHCTPYKIIHA

TEOPUS1 NH)XEHEPHBLIX COOPY)XEHUM.

CTPOUTEJIbHBIE KOHCTPYKLUN

VJIK 534.2 DOI: 10.33979/2073-7416-2025-120-4-3-13

AV. AHTOHOB!, B.I. T'YCEB!, B.W. JIEJIEHEB!?, 11.B. MATBEEBA?
IDI'BY «Hay4Ho-HCCie0BaTENBCKUI MHCTUTYT cTpouTenbHOiM Gpusnkn PAACH (HUMC® PAACH)», Mocksa, Poccust

2OI'BOY BO «TamMG0BCKHi TOCY1apCTBEHHBII TEXHUYECKUH yHUBEPCHTET», TamGoB, Poccus

OIIEHKA AKYCTHYECKOH Y®®EKTUBHOCTHU CUCTEMBbBI
3BYKOIIOTJIOMAIOHIUX KYJUC KECCOHHOI'O THUITIA

Annomauyus. B npakmuke CHUdNCEHUS WYMA 6 NOMEWEHUSIX KpOMe OObIYHbIX WIOCKUX
38YKONO2IOWAIOWUX 0OIUYOBOK NPUMEHSIOMCS MAK#Ce KOHCIMPYKYUU KVAUCHO20 MUna, pameujaemvle
Ha NOMOJKAX NOMeweHull 8 ude pasIudHelX cucmem. B nacmoswee spems omcymcmsyom npocmoie
Memoobl OYeHKU aKyCmu4eckol 3@@ekmugHoCmu mMaxkux cucmem, 4mo 6 3HAYUMETbHOU Mepe
o2paHuyusaem ux npuMeHeHue, U 6 YACMHOCMU, NPUMEeHeHUe KYIUCHBIX CUCHeM KeCCOHHo20 mund. B
cmamove Npeonazaencs YUCIeHHbIl Memoo pacuema aKycmuyeckol 3¢@dexmusHocmu KecCOHHOU
cucmembsl KYIUC, OCHOBAHHDBIL HA 2e0Mempuieckom Mmemooe RPOCLeHCUBAHUS Jyuell NpUu pa3iudHoM
Xapaxmepe ompagicenusi 36yka om ocpadcoenuil. Ilokazano, umo memoo Modxicem UcChoIb306amsbCsi NPU
8b100pEe pazmMepo8 KeCCOHHOU CMPYKMYpbl KYJAUC UCXO00SL U3 36YKONONOWAIOUUX XAPAKMEPUCIUK
NEMEHMO8 KYIUC U 36YKONO2IOWEHUsT NOMONKA. Memood Ha panHux cmaousix npoeKmupo8aHus
00beKMO8 NO38ONUN  NPOU3BOOUNDb NPEOSAPUMENLHYIO OYEHKY 6GAUSHUS PA3IUYHbIX NAPAMEMPOs
KEeCCOHHbIX CUCTEM KYAUC HA UX aKYCIUYECKYI0 U IKOHOMUUECKYIO dPDEKMUSHOCHb.

Kniouegvie cnoea: 3gykonoznowaiowue KOHCMPYKYUu, 36yKON0210Warouue Kyaucvl, paciem
aKycmu4eckou 3hexmusHocmu 36yKON02N0WeHUs, 3auWuma om uyma.

A.l. ANTONOV?, V.P. GUSEV?, V.I. LEDENEV??, V. MATVEEVA?
! Research Institute of Building Physics of Russian Academy of Architecture and Construction Sciences, Moscow,
Russia
2Tambov State Technical University, Tambov, Russia

EVALUATION OF THE ACOUSTIC EFFICIENCY OF A SOUND-
ABSORBING CURTAIN WALL SYSTEM

Abstract. In the practice of noise reduction in rooms, in addition to conventional flat sound-
absorbing linings, rocker-type structures are also used, placed on the ceilings of rooms in the form of
various systems. Currently, there are no simple methods for evaluating the acoustic efficiency of such
systems, which significantly limits their use, and in particular, the use of rocker systems of the caisson
type. The article proposes a numerical method for calculating the acoustic efficiency of a coffered curtain
wall system based on a geometric ray tracing method with different types of sound reflection from fences.
It is shown that the method can be used when choosing the dimensions of the coffered structure of the
wings based on the sound-absorbing characteristics of the curtain elements and the sound absorption of
the ceiling. The method at the early stages of object design will allow for a preliminary assessment of the
impact of various parameters of the curtain wall systems on their acoustic and economic efficiency.

Keywords: sound-absorbing structures, sound-absorbing wings, calculation of acoustic
efficiency of sound absorption, noise protection.

© Aumonos A.U., I'yces B.11., Jleoenee B.U., Mameeesa U.B., 2025
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H.I'. KAHEB'?, A.P. JIOJITEP?

'Hayuno-uccneopaTenbCKuil HHCTHTYT CTpOUTEIbHOM (Gu3uku Poccuiickoil akaaeMun apXUTEKTYpPbl U CTPOUTENLHbIX
Hayk, I. Mocksa, Poccus
2MocKOBCKHit TOCYIapCTBEHHBIN CTPOMTENBHBINM yHUBEPCHUTET, T. MockBa, Poccus

CHMXEHUE ITYMA 9KPAHOM B BUJIE PEIIETKH TBEPAbIX
INJIACTUH

Annomayusn. Benmunupyemvle 36yKou3018YU0OHHbIE KOHCMPYKYUU CE200HS 80CHPEO08aHbl 0151
3auumel 30aHULL U MEPPUMOPUTE OT WYMA MEXHOIOSUYECKO20 000pY008aHUsL, OISl WMAMHOU pabombl
Komopozo mpebyemcs nodaua 6030yxa. Ilpoexmuposwuxamu yoeusiemcs: 3Ha4umenbHoe 6HUMAHUE
paspabomxe npoOy8AEMbIX WYMOZAUUMHBIX IKPAHO8, XOW CMAHOAPMU308AHHBIX U CHPABOYHBIX
MEmoOUK no pacyemy ux aKycmuueckou 3¢@exmusnocmu npakmudecku uem. B ceazu ¢ smum
AKMYanbHbIMU AGNAIOMCA UCCIe008AHUA IKPAHOS JAMENbHO20 MUNG, NO380AAI0WUE peuums 3a0ayy
WYMONOHUMNCEHUSL U 8030YX000Mena. Hacmuvim cryuaem 1aMenbHO20 KPAHA AGNAEMCs peulemKkd ¢
NapanieibHbIMU NPOPe3simMu, pacuemy NpPOXOHCOeHUs 368YKAd Hepe3 MAKYI KOHCMPYKYUIO NOC8AueHd
Odannas cmamos. CHUdCeHUe Wyma S3KPAHOM 8 8U0e MOHKUX NIACMUH, DACNONIONCEHHbIX HA 00UHAKOBOM
paccmoanuu opye om opyed, paccuumvléaemcs MemooomM KOHeYHbIX 2ieMeHmos. B pabome onucana
NOCMAHOBKA YUCIEHHO20 JKCNepuMenmd, 68edeH napamemp, Xapaxkmepusyrouwull 3¢gexmusnocms
CHUDICEHUSL WYMA IKPAHOM U NPEOCMAsienbl pe3yibmamyl paciema 3mo20 napamempa 8 3a8Ucumocmu
Om 2eomMempudecKux pasmepos peuwemku u yacmomaul 36yka. Iloxkasano, umo s¢ghpexmusnocms sxpana
onpeodensaemcs COOMHOUWEHUEM MeXHCOY WUPUHOU NAACMUH U 3A30POM MedcOy HUMU: deM IMmo
OmHoOwenue MeHbule, mem gvluie dPpexmusnocms. Onpedenenvl napamempuvl peuwemku, npu KOmopvix
obecneuusaemcs cuudicenue wiyma He menee 10 0B. Pezynbmamer pabomvl Mo2ym HenocpeocmeeHHo
NPUMEHAMbCA 0N NPOEKMUPOBAHUS 38YKOUZOIUPYIOWUX BEHMUNAYUOHHBIX PEeUlemor U npooysaemslx
UWYMO3AUUMHBIX IKPAHOS.

Knrouesvie cnosa: wymosauwumubwlii 3KpaH, 36YKOU3ONAYUS, MeNOO KOHEUHbIX 3JeMEHIMOs,
ougparyusi.

N.G. KANEV!? A.R. DOLGER?
Scientific Research Institute of Building Physics of the Russian Academy of Architecture and Building Sciences,
Moscow, Russia
2 Moscow State University of Civil Engineering, Moscow, Russia

NOISE REDUCTION BY A BARRIER IN THE FORM OF A SOLID PLATE
GRID

Abstract. Ventilated Soundproofing Structures are widely used today to protect buildings and

adjacent areas from noise generated by industrial equipment that requires air supply for normal
operation. Designers pay considerable attention to the development of ventilated noise barriers, even
though standardized or reference methods for calculating their acoustic performance are virtually
nonexistent. In this context, research on louver-type screens, which provide both noise reduction and
airflow, is highly relevant. A specific case of a louvered screen is a grille with parallel slits—this article
focuses on the calculation of sound transmission through such a structure. The noise reduction provided
by a screen consisting of thin plates spaced at equal intervals is calculated using the finite element
method. This paper describes the numerical experiment setup, introduces a parameter characterizing the
noise reduction efficiency of the screen, and presents the calculated results of this parameter depending
on the grille’s geometric dimensions and sound frequency.
It is shown that the screen’s efficiency is determined by the ratio between the plate width and the gap
between them: the smaller this ratio, the higher the efficiency. The study identifies grille parameters that
ensure noise reduction of at least 10 dB. The results can be directly applied to the design of soundproof
ventilation grilles and ventilated noise barriers.

Keywords: noise shield, sound insulation, finite element method, diffraction.
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METOJIUKA SKCIHEPUMEHTAJIbHBIX UCCJEJTOBAHUM
INPOYHOCTH TOJICTBIX KEJIE3OBETOHHBIX ILTAT ITPH
JAEUCTBHUU ITPOJABJ/INBJIUBAIOLIEN HAT'PY3KHU

Aunnomayusn. B cmamve  paccmampugaromcsi  6ONPOCbL  MemOOUKU — GblNOJHEHUs!
9IKCHEPUMEHMATIbHBIX UCCAEO08AHULL 0CODEHHOCMEN CULOB020 CONPOMUBTICHUS HCeNe300enOHHbIX NAUM
VEEIUUCHHOU MOAUUHBL («MOJCIBIXY NAUmM) 6e3 YCmpoucmea nonepeyHo20 apMupO8aHUsl C Pa3IUYHbIMU
Xapakmepucmukam apMuposanust pacmsauymou 30Hvl 6emona. Ilposeden Kpumuueckuil aHaiu3
HopmamusHvlx memooos (CII 63.13330, Eurocode 2, ACI 318, Model Code 2020), sviasuswiuii ux
PACXodicoenue ¢ IKCHEPUMEHMANbHBIMU Pe3YIbMamam npu OMHOWeHUY npoiema cpe3a K pabouetl
ebicome ceuenuss <2,0. Ha ocHoge pe3yibmamog CcONOCMABUMENIbHO20 AHANU3A  NPAKMUKU
OMEeYeCmBEeHHbIX U 3aPYOEICHBIX UCCIeO08AHUTL U BLINOIHEHHbIX YUCTIEHHbIX PACYemOo8 NPeoCmasieHo
000CHOBANUE  XAPAKMEPUCTIUK — IKCHEPUMEHMANbHBIX  00pa3yo8 Olsl  BbINOJHEHUs. UCCIe008AHUL
APOUHOCMU, MPEUWUHOOOPAZ08AHUSL U MEXAHUIMO8 DA3PYUWLEHUSL  JICeNle300eMOHHbIX  NAUM  NpU
npooaemueanuu.  Paspabomana  memoouxa — Hazpysicenus — IKCNEPUMEHMANIbHLIX — 00paA3yos,
obecneuusarowasi co30anue npooasiusaroweco dpgexma 6 onopHoi 30He. Pazpabomanvi memoowvi
KOHMPOJISL HANPSAANCEHHO-0ePOPMUPOBAHHO20 COCMOSIHUSL 0OPA3YO08 NPU NOIMANHOM HASPYICEHUU.

Knrwuesvie cuosa: Jicene30bemonmble niaumeol, npodaeﬂueaHue, HANpANCeHHOo-
()ed)op/wupoeaimoe cocmosHnue, MemoouKa IKCnepumernmalbHblx uccie0oB8anuil.

O.V. KABANTSEV?, S.B. KRYLOV?, S.V. TROFIMOV?*?
!National Research Moscow State University of Civil Engineering, Moscow, Russia
2Research Institute of Concrete and Reinforced Concrete (N11IZHB) named after A.A. Gvozdev, JSC Research Center
"Construction™, Moscow, Russia

EXPERIMENTAL RESEARCH METHODOLOGY FOR PUNCHING SHEAR
STRENGTH OF THICK REINFORCED CONCRETE SLABS

Abstract. This article examines methodological approaches for experimental studies of load-
bearing behavior in thick reinforced concrete slabs (without shear reinforcement) with varying tensile
zone reinforcement characteristics. A critical analysis of regulatory standards (SP 63.13330, Eurocode
2, ACI 318, Model Code 2020) reveals their inconsistency with experimental data when the shear span-
to-effective depth ratio is <2.0. Through comparative analysis of domestic and international research
practices and numerical simulations, the study establishes justification for test specimen parameters to
investigate strength, crack formation, and failure mechanisms under punching shear. The developed
loading methodology ensures punching effect generation in the support zone, complemented by
comprehensive stress-strain monitoring techniques during incremental loading stages.

Keywords: reinforced concrete slabs, punching shear, stress-strain behavior, experimental
methodology.
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C.H. OBCSIHHHKOB!?

'Tomckuii rocyJapcTBEHHbIH apXUTEKTYPHO-CTPOUTENbHEIH yHUBEepcuTeT, ToMmck, Poccus
?HayuHo-HcCleI0BaTENbCKUI HHCTUTYT CTPOMTENLHON pusuku, Mocksa, Poccus

PA3BBUTUE METOJOJIOTUU PACYETA 3BYKOU3O0JALNN
C UCITIOJIB3OBAHUEM METOJA CTATUCTHYECKOI'O
JHEPTETUYECKOI'O AHAJIN3A

Annomayua. Hccredosanace Hepe3oHAHCHAA U PE3OHAHCHAS  38YKonepedaua uepes
ozpasicoarouyio koncmpykyuio. Hcnonvsosancs memoo cmamucmuyeckozo sHepeemuiecko20 ananusd,
8 cucmemy ypasHeHull dHepeemuuecko2o 6aianca 0006aeieHvl Hepe3oHANCHble dHepemuyecKue CesA3uU.
Paccmompen uszeecmuyill sapuanm npedcmagienus Hepe30HAHCHOU 38yKonepedai Henocpeocmeeno
U3 nomewjeHus 6 NoMewjeHue, MUHYA 02padicoarowylo KoHcmpykyuwo. IIpednojicena cxema
9HEP2eMUYECKUX C65A3€l MeducOy INeMEHMAaMU, 8 KOMOPOU NOKA3AHA HEPE3OHAHCHAS 36YKOnepeoaia om
nomewjeHuss K Rnameny, NpeonodceHvl Qopmyavl paciema  KoIQHuyuenmos Hepe3OHaAHCHOU
9HEP2eMU4ecKoll C8A3U OM NOMeWjeHUs K NaHeau Yepe3 GbluUucieHue UMNne0anca nonepeyHblx Koaeoanutl
namenu ¢ yuemom uUMneOaHca MAccol, U3eUOHOU dcecmkocmu u nomepv 6 nawenu. Ilpedcmasnenvl
pe3yibmamyl pacuema u usmepeHus yposHell 36VKa 8 peaepoepayuoHnbIX Kamepax u 6UubpoycKopeHust Ha
CmeKasAHHOU  naacmune medxncdy Humu. Ilokazana yooenremeopumenvHas CcX00UMOCHb MeHcOy
pesyiomamamu paciema U UMEPEeHus, 4mo NO0360JAem UCNONb306aMb NPUTONHCEHHYIO MemOOUKY
pacyema napamempos 38yKa u subpayuu 6 6oee CloHCHbIX 8UOPOAKYCINUYECKUX CUCEMAX.

Knrouegvie cnosa: 36YKOU301AYUSA, HEPEZOHAHCHAA 36yK07’l€p€0(ll{(l, Memoo Cmamucmu4ecko2o
IHepeemudecKko2o anaiusa, UMNEOaHc.

S.N. OVSYANNIKOV?*?
1 Tomsk State University of Architecture and Building, Tomsk, Russia
2 Research Institute of building physics, Moscow, Russia

DEVELOPMENT OF THE METHODOLOGY FOR CALCULATING
SOUND INSULATION USING THE METHOD OF STATISTICAL
ENERGY ANALYSIS

Abstract. Non-resonant and resonant sound transmission through the enclosing structure was
investigated. The method of statistical energy analysis was used, non-resonant energy links were added
to the system of energy balance equations. A well-known variant of representing non-resonant sound
transmission directly from room to room, bypassing the enclosing structure, is considered. A scheme of
energy connections between the elements is proposed, which shows non-resonant sound transmission
from room to panel, formulas for calculating the coefficients of hon-resonant energy connection from
room to panel are proposed by calculating the impedance of transverse vibrations of the panel, taking
into account the impedance of mass, bending stiffness and losses in the panel. The results of calculating
and measuring sound levels in reverberation chambers and vibration acceleration on a glass plate
between them are presented. A satisfactory convergence has been shown between the calculation and
measurement results, which makes it possible to use the applied methodology for calculating sound and
vibration parameters in more complex vibroacoustic systems.

Keywords: Sound insulation, non-resonant sound transmission, statistical energy analysis
method, impedance.
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B.II. CEJISIEBY, B.H. VYTKUHA?, JI.P. BABYIIIKMHA®, 11.B. APXUIIOB!

®I'bOY BO «HauuoHanbHblil uccnenopaTeabekuii MopaoBckuil rocynapcteeHHbli ynusepcureT um. H.II. Orapésay,
r. Capanck, Poccust

METOJOJIOT'MYECKHUE ITPUHLMUIIBI IIOCTPOEHUA TEOPUN
PA3PYHIEHUA BETOHA

Annomayua. B npedcmasnennoii cmamve usnacaromcs pe3yibmamuvl IKCHEPUMEHNATbHBIX
uccned08aHull, KOMopule CIyHCam 8eCKUM NOOMEEPHCOEHUEM 8bIOBUHYMOL cUNOMESbL O PPAKMATLHOL
npupode cmpykmypuvl bemoua. Aemopamu padbomsl 0610 YCMAHOBNEHO, YMO MPAOUYUOHHbIE MemOoObl
aHanu3a He 8 NOHOU Mepe OMPANXCAIOM CIONCHOCMb CIMPOEHUS FMO020 KOMNO3UMHO20 Mamepuana. /s
A0eKBaAMHOU U KOMNJIEKCHOU OYeHKU e20 CIPYKMYPHOU HeOOHOPOOHOCMU U Npucywel emy
MHO2OMACUWIMADHOCTNY  HACTOAMENLHO PEKOMEHOYeMCs. NPUMEHAMb MAmeMamuyeckuli  annapam
@paxmanvholi eeomempuu. B xo0e sxcnepumenmos 6bi10 HAIAOHO NPOOEMOHCIMPUPOBANO KIIOYesoe
GIUAHUE BbIAGIECHHOU CIMPYKMYPHOU HEOOHOPOOHOCMIU HA MEeXAHU3M PA3pyuieHus 6emoHHbIX 00PA3Yo8.
bvino ycmanosneno, umo npoyecc decmpyKyuu He A6IAemMCs NOKATUZ08AHHBIM U OOHOYPOBHESbIM,
HANPOMUB, OH HOCUM APKO BbIPANCEHHBI MHO2OMACWMAONLIIL Xapakmep, 4mo o03Hayaem e2o0
CNOCOOHOCMb PA36UBAINLCA U NPOMEKANb OOHOBDEMEHHO HA PA3NUYHBIX CHPYKIYPHBIX YPOGHAX — OM
MAKPOCKONUYECKUX mpewur 00 Mukpoodeghekmos. B kauecmee meopemuueckoui 0cHO8bl 0l ONUCAHUSL
OAHHO20 CIOACHO20 Npoyecca 8 cmamve Npedaasarmcs HO8ble Memoooao2uiecKue nPUHYunsl. Imu
RPUHYUNBL CUHIMESUPYIOM 8 cebe YHOAMEHMANbHbLE NOJIONHCEHUS MEXAHUKU PA3PYUEHUS U COBDEMEHHbLE
n00X00bl (PpaKmanvbHol 2eomempuu, 4mo no36ojsiem co30ams Oonee NOIHYIO U AOeKE8AMHYI0 MOOeb
NPOHO3UPOBAHUS NOBEOCHUs OEMOHA NOO HASPY3KOIL.

Kniouesvie cnosa: bemon, ppaxman, MHOZOMACWUMAOHOCIb, UHBAPUAHMHOCMb, PA3PYULEHUE,
cmpyKkmypa.

V.P. SELYAEV?, V.N. UTKINA?, D.R. BABUSHKINA?, I.V. ARKHIPOV*
!National Research Mordovia State University, Saransk, Russia

METHODOLOGICAL PRINCIPLES OF CONSTRUCTING THE THEORY
OF CONCRETE DESTRUCTION

Abstract. This paper presents the results of experimental studies that provide strong
confirmation for the proposed hypothesis on the fractal nature of concrete's structure. The authors
established that traditional analysis methods fail to fully capture the complexity of this composite
material's architecture. For an adequate and comprehensive assessment of its structural heterogeneity
and inherent multi-scale nature, the application of fractal geometry's mathematical framework is strongly
recommended. The experiments clearly demonstrated the critical influence of the identified structural
heterogeneity on the failure mechanism of concrete specimens. It was found that the fracture process is
not localized or single-scale; on the contrary, it is distinctly multi-scale. This means it develops and
propagates simultaneously across different structural levels—from macroscopic cracks to micro-defects.
As a theoretical basis for describing this complex process, the article proposes new methodological
principles. These principles synthesize the fundamental tenets of fracture mechanics with modern
approaches of fractal geometry, enabling the development of a completer and more adequate model for
predicting the behavior of concrete under load.

Keywords: concrete, fractal, multiscales, invariance, fracture, structure.

© Censies B.I1., Ymxuna B.H., babywrxuna /[.P., Apxunos U.B., 2025

Ne 4 (120) 2025 19




CTpouTeNbCTBO U PEKOHCTPYKIUSI

CIIUCOK JIMTEPATYPbI

1. Bonpmapenko, B.M. /lnanektnka Mmexanuku xene3oderona / B.M. bornmapenko // beton n xene300eToH. —
2002. — Nel. - C. 24-27.

2. Kapnenxko, H.W. O6mue monmenn mexannku sxene3oderona / H.U. Kapnenko. — Mocksa: Ctpoitmsaart, 1996.
—412c.

3. Bepr, O.f1. ®usnueckue OCHOBHI TEOpPHH NPOYHOCTH OeToHa M kenezoberona / O. S. bepr. — Mockaa:
Crpoituzaar, 1961. — 96 c.

4. Yanpmmes, A.M. brnouno-mepapxmueckas MoIenb NehOPMHUPOBAHMSA H PA3PYLUICHHS TOPHBIX ITOPOI.
DKcneprMeHTaNbHas IpoBepka U Teoperndeckuil ananus / A.W. Yansnues, O.E. benoycosa / @TITPIIN. — 2003. — Ne3.
—C. 73-84.

5. CkopoGoraroB, C.M. Karactpodsl u XHBy4YecTb >KeJIe300€TOHHBIX COOpY)XeHHH (Kinaccudukanus u
anemenTsl Teopun) / C.M. CxopoboraroB. — Exarepun0Oypr: Ypansckuii ['YIIC, 2009. — 511 c.

6. Censes, B.I1. ®u3nko-xuMudeckre OCHOBBI MEXaHUKH pa3pylIeHHs eMeHTHBIX koMno3nuTos / B.I1. Censes,
I1.B. CensieB. — Capanck: UznatenbctBo MopaoBckoro yauepeutera, 2018. — 220 c.

7. YepnsimeB, E.M. HeogHOpomHOCTH CTPYKTYphl M COIPOTHBIICHHE pa3pyIICHHIO KOHTIOMEPaTHBIX
cTpouTenbHbIX Komno3utos / E.M. Uepnsiues, E.W. [Ipsiuenko, A.W1. Makees. — Boponex: 'ACY, 2012. — 224 c.

8. Comomaros, B.1. TeopeTndeckue OCHOBEI CO3/1aHHSI KOMIIO3UTOB 110 MPHUHIMITY 00pazoBaHust « CTPYKTYpPbI
B CTpykType». B kuure CoBpeMeHHBIE CTPOUTENbHBIC KOMIIO3MTHI M UX TeXHoorus: [IpoGnembl M HEepCHEeKTUBBI
passutus / B.M. Comomaros, B.II. Censes u ap.; [loxg pen. B.II. CenseBa. — Capanck: M3natensctBo MopmoBcKoro
yHHBepcuTeTa, 1994. — 175 c.

9. Caposckwuit, M.A. O cBoiicTBe auckpeTHOCTH ropHBIX opon / M.A. Camosckuit, JI.I'. BoinxosutuHoB, B.®.
IMucapenko // ®usuka 3emmn. — 1982. — Ne12. — C. 3-18.

10. Mannens6port, b. ®paxranpras reometpus npupoxasl / berya b. Margens6port; [lep. ¢ anra. A.P. JloryHoBa.
— MockBa: IHCTHTYT KOMIBIOTEPHBIX HccienoBaHui, 2002. — 656 c.

11. Kypnerss, M.B. O wmacmTabHOM (akTope SBICHHS 30HANBHOH AE3MHTETPAlMd TOPHBIX IOPOI U
KaHOHMYECKUX PSAZIOB aTOMHO-HOHHBIX paauycoB / M.B. Kypaens, B.H. Onapun // @TIIPIIN. — 1996. — Ne12. — C. 3-14.

12. Censes, B.Il. Xumudeckoe CONMPOTHBIICHIE HATIOJHEHHBIX IIeMEHTHBIX kommo3uTtoB / B.I1. Cemnses, B.U.
Conomaros, JI.M. Omikuna. — Capanck: MopnoBckuii rocynapcrBeHHblii yausepcureT uM. H.I1. Orapesa, 2001. — 150
c.

13. Kynpusmkunaa, JI.UM. HamonHeHHbIC IeMEHTHBIC KOMITO3UThI: MoHorpadus / JLU. Kympusinkuha. —
Capanck: HaunonanbHbIi uccnenoBarenbckuii MopaoBckull rocynapctBeHHbld yauBepeuteT uM. H.IT. Orapéaa, 2007.
—180c.

14. Griffith, A.A. The theory of rupture // In: Proc., Ist., Int., Congr., Appl., Mech. — Delft. 1924. — P. 55-63.

15. ®enram, I1. Jedopmanus u npounocts marepuanos / [lep. ¢ anrn. H. 3. Ileprosckoro ; ITox pex. M. T
Jlo3unckoro. — Mocksa : Meramnyprus, 1968. — 120 c.

16. banxanos, B. K. OcHoBbI dpakransHoi reomerpun U ppakransHoro ucuncienus / B. K. banxanos ; UH-T
¢usnaeckoro Matepuanosenenns CO PAH. — Ynav-Yo : Usn-so BI'Y, 2013. — 223 c.

REFERENCES

1. Bondarenko V.M. Dialectics of reinforced concrete mechanics. Concrete and Reinforced Concrete.
2002. No. 1. Pp. 24-27.

2. Karpenko N.I. General models of reinforced concrete mechanics. Moscow: Stroyizdat, 1996. 412 p.

3. Berg O.Ya. Physical foundations of the theory of strength of concrete and reinforced concrete. Moscow:
Stroyizdat, 1961. 96 p.

4. Chanyshev A.l., Belousova O.E. Block-hierarchical model of deformation and destruction of rocks.
Experimental verification and theoretical analysis. FTPRPI. 2003. No. 3. Pp. 73-84.

5. Skorobogatov S.M. Disasters and survivability of reinforced concrete structures (classification and
elements of theory). Yekaterinburg: Uralsky GUPS, 2009. 511 p.

6. Selyaev V.P., Selyaev P.V. Physico-chemical foundations of the mechanics of destruction of cement
composites. Saransk: Mordovian University Press, 2018. 220 p.

7. Chernyshev E.M., Dyachenko E.l., Makeev A.I. Heterogeneity of structure and resistance to destruction
of conglomerate building composites. Voronezh: GASU Publ., 2012. 224 p.

8. Solomatov V.1., Selyaev V.P. et al. Theoretical foundations of the creation of composites based on the

principle of "Structure within structure” formation. In: Modern building composites and their technology: Problems and
prospects of development. Ed. by V.P. Selyaev. Saransk: Mordovian University Press, 1994. 175 p.

9. Sadovsky M.A., Bolkhovitinov L.G., Pisarenko V.F. On the discreteness property of rocks. Physics of
the earth. 1982. No. 12. Pp. 3-18.
10. Mandelbrot B. Fractal geometry of nature. Moscow: Institute of Computer Research, 2002. 656 p.

20 N 4 (120) 2025



Teopusi HHKEHEPHBIX COOPY:KeHni. CTpouTeIbHbIE KOHCTPYKIIHA

11. Kurlenya M.V., Oparin V.N. On the large-scale factor of the phenomenon of zonal disintegration of
rocks and canonical series of atomic—ion radii. FTPRPI. 1996. No. 12. Pp. 3-14.

12. Selyaev V.P., Solomatov V.I., Oshkina L.M. Chemical resistance of filled cement composites. Saransk:
Ogarev Mordovian State University, 2001. 150 p.

13. Kupriyashkina L.l. Filled cement composites: a monograph. Saransk: Ogarev National Research
Mordovian State University, 2007. 180 p.

14, Griffith A.A. The theory of rupture. Proc., Ist., Int., Congr., Appl., Mech. Delft, 1924. Pp. 55-63.

15. Feltam P. Deformation and strength of materials. Moscow: Metallurgiya Publ., 1968. 120 p.

16. Balkhanov V.K. Fundamentals of fractal geometry and fractal calculus. Ulan-Ude: Publishing House of
BSU, 2013. 223 p.

HNudpopmanus 06 apTopax:

Censies Bnagumup IaBnosuy

OI'bOY BO «HaunonanbsHsl nccnenoBaTensckuii MoproBckuil rocynapctenssiil yausepceureT uM. H.IT. Orapésay,
r. Capanck, Poccus,

JIOKTOp TEXHUYECKUX Hayk, mpodeccop, akagemMuk PAACH, 3aBenyromuii kadenpbl CTPOUTENBHBIX KOHCTPYKIIHH.

E-mail: ntorm80@mail.ru

Yrkuna Bepa HukosaeBHa

OI'BOY BO «HanumonanbeHeIi nccnenoBaTenbckuii MopoBckuil rocygapctBeHHbli yauBepceureT uM. H.I1. Orapésay,
r. Capanck, Poccus,

KaHIU/IaT TEXHUYECKUX HayK, JOLEHT, JOLEHT KadeIpbl CTPOUTEIBHBIX KOHCTPYKIIUH.

E-mail: uvn27@mail.ru

Badymxuna Jleasmupa Padpukosna

®I'bOY BO «HannonanbHeIHM nccnenoBaTenbckuii MoprnoBckuit rocysapcteeHHsli yausepeureT uM. H.IT. Orapénay,
r. Capanck, Poccust, acnupasr.

E-mail: delmira2009@yandex.ru

Apxunos Urops Bragumuposuy

OI'BOY BO «HanumonanbeHeli nccnenoBaTenbckuii MopoBckuil rocygapctBeHHbli yauBepceureT uMm. H.I1. Orapésay,
r. Capanck, Poccust, acnupasr.

E-mail: arhipov_igor2000@list.ru

Information about authors:

Selyaev Vladimir P.

National Research Mordovia State University, Saransk, Russia,

doctor of Technical Sciences, Professor, Academician of the Russian Academy of Architectural and Construction
Sciences, Head of the Department “Building Structures”.

E-mail: ntorm80@mail.ru

Utkina Vera N.
National Research Mordovia State University, Saransk, Russia,
Candidate of Technical Sciences, Associate Professor of the Department of “Building Structures”.

E-mail: uvn27@mail.ru

Babushkina Delmira R.

National Research Mordovia State University, Saransk, Russia,
postgraduate student of the Department of “Building Structures”.
E-mail: delmira2009@yandex.ru

Arkhipov Igor V.

National Research Mordovia State University, Saransk, Russia,
postgraduate student of the Department of “Building Structures”.
E-mail: arhipov_igor2000@list.ru

Crates noctynmia B penakuuo 19.07.2025 The article was submitted 19.07.2025
Onobpena noce perenzupoBanus 09.08.2025 Approved after reviewing 09.08.2025
[Tpunsra k myoaukammu 11.08.2025 Accepted for publication 11.08.2025

Ne 4 (120) 2025 21


mailto:ntorm80@mail.ru
mailto:uvn27@mail.ru
mailto:delmira2009@yandex.ru
mailto:arhipov_igor2000@list.ru
mailto:ntorm80@mail.ru
mailto:uvn27@mail.ru
mailto:delmira2009@yandex.ru
mailto:arhipov_igor2000@list.ru

CTpouTeNbCTBO U PEKOHCTPYKIUSI

YJIK 624.074.1 DOI: 10.33979/2073-7416-2025-120-4-61-70

M.IO. TPOIIINH?, A.B. KOPOBKO*!

I®I'BOY BO «Oprosckuii rocynapcTsenHbli ynusepcurer umenu M.C. Typrenesay, r. Opein, Poccus

METO/IMKA OLIEHKHW HECYIEN CIOCOBHOCTH
MEPEKPBITHII N3 TPEBECUHBI TEPEKPECTHO KJIEEHOM
C BAPBUPYMBIMH NAPAMETPAMM CEYEHMIA

Annomayus. B cmamve npedcmaenena memoouxa oyeHKu peaibHoll Hecyuel CnocoOHocmu
nepekpoimuil uz opegecunvl nepekpécmuo kieénou (JIIK) c sapvupyemvivu napamempamu ceyeHuil.
Memoo ocnosan Ha QYHKYUOHATLHOU 3A6UCUMOCHIU MENCOY HACOMOU COOCMEEHHBIX KOAOAHUL U
MAKCUMATbHBIM BPOSUOOM KOHCMPYKYUU, CE3aHHOU Kodpduyuenmom nponopyuonaivhocmu K. /s
uccnedosanust Guliu UCNBIMAHBL NAMb Munos oopasyos JIIK nium ¢ pasnuynbiMu 2eoMempuieckumu
napamempamu Cioég: MmpExciolnbie CHIOUIHbIE, C VMOMYEHHBIMU NPOOOIbHbIMU U HONEPeUHbIMU
CNLOSIMU, C 3A30PAMU 68 NONEPEUHbIX CILOSIX, A MAKdce NAmuciounas nauma. Mrozociotinvle naumvt ObLIU
npueeoenvl K IKEUSALCHMHOU 00OHOCIOUHOU OPMOMPONHOU HAACMUHE C UCNONb308AHUEM PPHEKMUBHBIX
yunuHopudeckux owcécmrocmei. Pacuém maxcumanvhozo npoeuba u HOPMATbHBIX HANPANCEHUL
BbINOIHEH NO (OPMYIAM Meopul NIACMUK U NposepeH IKcnepumenmanoro. OmKioHenus pacuémmbix
BHAYeHUl npoeuba om IKCREPUMEHMANbHLIX cocmasuau He bonee 10%, nanpsiscenuii — He b6onee 13%,
umo noomeepIHcOaenm BblCOKYI0 MOYHOCMb NPeONOANCeHH020 Memoda. OcobeHHOCmbIO MemoOuKu
ABNIAEMCA 603MONCHOCHIL OYEHKU Hecyujell CROCOOHOCMU KOHCMpPYKyuu 6e3 3HaHus Gaxkmuieckoll
AHCECMKOCMU, UCHONB3YSL MONLKO 00HY OUHAMUYECKYIO XAPAKMEPUCHUKY — OCHOGHVIO YACHONY
cobcmeeHHbIX Koebanuil. dmo denaem memoo 66icmpuim, 6€30NACHbIM U IKOHOMUYECKU D PeKmusHbIm
07151 HamypHwvIx ucnvimanuil. [peonosicennviii no0xX00 Modcem Obimb NPUMEHEH NPU OYeHKE KOHCMPYKYUTL
HO 8MOPOIL 2PYNNe NPedebHbIX COCIMOIHULL U 8 Psi0e MUNOBLIX CIyYAe8 — N0 NePEOll 2pYNNe, Pu YCI08UU
npenedpedcenus KACAMeIbHbIMU HANPSIICEHUSMU U KOHYeHmpayusimu nanpsicenuil. Ilepcnexmuenvim
HanpagieHuem OAIbHetuux UCCIe008aHUll A6IsLeMCsl pacuperue 001ACmu nPUMEHEHUst MEMOOUKU HA
opyaue yciogusi ONUPAHUsL U COOTMHOUWENUS. CMOPOH NAUM.

Knroueswvie cnosa: oepessntvie KOHCMPYKYUUL, Ope8ecUra NepeKpecmuo Kieenas, HanpaxceHHo-
OdeghopmuposanHoe cocmosanue, Hecyujas cnocoOHOCMb.

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

METHOD FOR ASSESSING THE LOAD-BEARING CAPACITY
OF CROSS-LAMINATED TIMBER FLOOR STRUCTURES
WITH VARIABLE SECTION PARAMETERS

Abstract. This paper presents a method for assessing the actual load-bearing capacity and
stress-strain state (SSS) of cross-laminated timber (CLT) floor structures with variable section
parameters. The method is based on a functional relationship between the natural frequency of
oscillations and the maximum deflection of plates, expressed through a proportionality coefficient K. This
coefficient remains constant for a given type of support conditions and has been numerically validated
for multi-layer orthotropic CLT plates with various geometric configurations. Five different CLT panel
types were tested in the study, each with varying layer geometries: three-layer solid sections, thickened
longitudinal layers, thickened transverse layers, panels with gaps in transverse layers, and five-layer
solid panels. All samples were simply supported along two sides. Natural frequencies, maximum
deflections at the center of the structure, and normal stresses along the span under uniformly distributed
loads were recorded experimentally. The multi-layer CLT structures were converted into an equivalent
single-layer orthotropic plate using effective cylindrical stiffness values.

© Tpowun M .FO., Kopobxro A.B., 2025
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Calculations of maximum deflection and bending moments were performed using classical plate
theory and verified against experimental data. Deflection deviations did not exceed 10%, while normal
stress deviations remained within 13% for most cases, confirming high accuracy of the proposed method.
A key feature of the method is its ability to assess structural performance without requiring precise
knowledge of actual stiffness, relying solely on one dynamic parameter — the fundamental frequency of
natural oscillations. This makes the method fast, safe, and cost-effective for field testing. It is particularly
suitable for evaluating structures under the second group of limit states and, under certain conditions
(e.g., neglecting shear stresses and stress concentrations), can be applied to the first group as well.
Further research is recommended to expand the applicability of the method to different support conditions
and aspect ratios of CLT panels.

Keywords: timber structures, cross-laminated timber, stress-strain state, load-bearing capacity.
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®EJIOPOB B.C.}, JIA3YTKHH 10.B.}, KYITUMKOBA H.B.'?

1®rAOY BO «Poccuiickuii yHMBEpCUTET TpaHciopTa», Mocksa, Poccust
2PpI'6OY BO «HaumoHanbHbIH MCCeN0BaTeNECKUH MOCKOBCKHI TOCY 1apCTBEHHBINH CTPOMTENBHBINH YHUBEPCHTET,
Mocksa, Poccus

INIAHUPOBAHHUE 3KCIIEPUMEHTA 11O OUEHKE BJIMSIHUSL
KOMINVIEKCHOCTHU COYETAHUSA TUHAMHWYECKHUX BO3JIEUCTBUHA
OT HABEMHOI'O 1 ITOJA3EMHOI'O TPAHCITIOPTA

Annomayus. B cmamve npedcmagieHo WIAHUPOGAHUe U paspabomka Npocpammvl HO
NPOBEOEHUIO HATYPHBIX UCCLEO08AHU BIUAHUS BUOPAYUY HA 30AHUSL U COOPYICEHUS, BO3HUKAIOWUE OM
KOMNJIeKCA OUHAMUYECKUX 6030€lCMBULl  HA3EMHO20 U NOO3EMHO20 20POOCKO20 MPAHCHOPMA.
Paccmompena deiicmsyiowas nopmamueno-npagoeas 6aza 6 obracmu mpaHchopmuol euopayuu,
NPOAHATUZUPOBAHBL UMEIOWUECS. 8 NPAKIMUKE PE3YIbMambl 6IUSHUSL 6UOPAYUL OM KAICO020 UCHOYHUKA
6030elicmaust N0 OMOebHOCMU (MPameail, agmooyc, Mempo) u ¢ KOMNJIEKCHbIM 8030eticmeuem subpayuu
(00HOBpeMenHo) om mpex 6u008 mparcnopma. Bulsieiena 3aKOHOMepHOCHb NpU aHalu3e KOMNIeKca
OUHAMUYECKUX 8030€liCMEUll 0151 NPOSHO3UPOBAHUSL OYOYWUX COOLIMULL 8 YACU PACKPLIMUSL MPEeUjUuH
30aHUll, HAXOOAWUXCSL 8 HeNOCPEOCHEEHHOU OIU30CU K UCTOYHUKAM MEXHO2EHHO20 B030€lCHEUSL.
Hcemounuxamu  8UuOpayuuoHHo20 6030€licmeust AGNAI0MCs 8A20HbL MEmpo, mpameau u asmooycul,
pacnonodcentvie 8 HeNnoCpeOCmeeHHou Oauzocmu om 30anuti. [na 3amepos subpayuu nodoobparHo
CReyuanuzuposannoe 060py0osane; AHaIU3amop wWyma u suopayuu, pecucmpamop u eubpomecm. /s
6b100pA  HAMYPHOU NIOWAOKU U NPOBeOeHUsl IKCNEPUMEHMA NPOBEOEH AHAU3 3A2PYIHCEHHOCHU
MPAHCROPMHBIX MASUCMPATEll HA3eMHO20 U N003eMHO20 mpancnopma 6 Mockee. Buvlbpansi mpu
Haubonee 3azpydicennvie meppumopuu 0Jisi 0OHOBPEMEHHO20 3amMepa UOPAyUL Om Mempo, mpameds u
aemompancnopma no yauyam Kpacnonpyonas, Ilaseneyrkas u baymanckast.

Kniouesvie cnosa: mpancnopmuas eubpayus, 6uobl MPAHCNOPMA, Mempo, MmMpaMeau,
ABMOMPAHCROPM, NAAH NPOBEOEHUs. IKCHEPUMEHNA, CPeOCmEd MeXaHusayuu, noobop o6opyoosanus,
Mpewunsl  CMpOUMENbHbIX KOHCIMPYKYUSIX.

FEDOROV V.S.}, LAZUTKIN Yu.V.}, KUPCHIKOVA N.V.1?

'Russian University of Transport, Moscow, Russia
2National Research Moscow State University of Civil Engineering, Moscow, Russia

PLANNING AN EVALUATION EXPERIMENT EFFECTS OF THE
COMPLEXITY OF THE COMBINATION OF DYNAMIC IMPACTS FROM
SURFACE AND UNDERGROUND TRANSPORT

Abstract. This article outlines the planning and development of a program for conducting field
studies to investigate the impact of vibration on buildings and structures caused by the combined dynamic
loads from surface and underground urban transport systems. The existing regulatory framework
concerning transportation-induced vibration is reviewed. The paper analyzes available practical data on
the vibrational impact from individual sources (tram, bus, metro) as well as the combined effect of
simultaneous vibration from all three transport types. An identified correlation from the analysis of the
complex dynamic loads allows for predicting future events related to crack propagation in buildings
located in immediate proximity to the sources of man-made impact. The sources of vibrational impact are
metro trains, trams, and buses operating in close vicinity to the structures. Specialized equipment was
selected for vibration measurements: a noise and vibration analyzer, a data recorder, and a vibration
test system. To select the field site and conduct the experiment, an analysis of traffic load on surface and
underground transport arteries in Moscow was performed. Three areas with the highest traffic load were
chosen for simultaneous vibration measurements from the metro, trams, and road transport along
Krasnoprudnaya, Paveletskaya, and Baumanskaya streets.

Keywords: transport vibration, modes of transport, metro, trams, motor transport, experimental

plan, means of mechanization, selection of equipment, cracks in building structures.
© @edopos B.C., Jlazsymkun FO.B., Kynuuxosa H.B., 2025
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T.A. MAIIEEBUYY, 1.®. AHJIPEEB!

'HanunonansHbIH HcCIe0BaTENbCKUI MOCKOBCKHUIA FOCy 1apCTBEHHBII CTPOMTENLHBINA YHHUBEPCHTET,
Mocksa, Poccus

OIIEHKA BBIHOCJIMBOCTH INOJKPAHOBOM BAJIKH ITPU KOPPO3UHN
APMATYPHbBIX KAHATOB

Annomayus. B cmamve uccnedyemcs enusiHue KOppo3uu apMAamypHblx KaHamos Ha
VCMANOCHYIO  BbIHOCIUBOCMb  JHCene300emOoHHbIX  NoOKpaHoswblx banok muna bBK 12-7 K7T.
Paccmompenvt ocHogHble MexanuzMbl KOppO3uu, 6KIIOYAs XJIOPUOHYIO, KapOOHuzayuio 6Gemoua u
2aNIbBAHUYECKYIO KOPPO3UIO, KOMOpble Haubonee axmyaibHbl Olsl NPOMBIUIEHHBIX COOPYICEHUIL.
Ipeonosicena Memoouxa oyenKu OCMamoyHo20 pecypca baloK ¢ Y4emom nomepu Ce4eHus AapMamypHbIx
KaHaAmos, OONOJIHEHHAsSI 6EPOSIMHOCMHON MOOENbl0 NIOMHOCMU MOKA KOPPO3UU, YMO NOSbIUAem
mounocms npocHo3uposanus. Ilposedenvl pacuemvl uucia yuxkios 00 paspyuieHust Oisk PA3IUYHbIX
cmenenetl kopposuu (5%, 10%, 20%), noxkazasuue, umo npu 20% xoppo3suu pecypc 6aiKu cokpaujaemcst
6 2,5 pasza. Pezynomamol ucciedosanus 0eMOHCMPUPYIOn 3HAYUMEIbHOE CHUJICEHUE YCMAI0CMHOU
00J1208€4HOCIU KOHCMPYKYUU NPU YBETUYEHUU CIENeHI KOPPO3UlL, Yo nOJYepKusaem Heobxoo0umMocb
yuema KOPPO3UOHHBIX (PAKMOpPos npu NPOEKMUPOSAHUU U IKCHIYaAmayuu noOKPAHOBbIX OalOK.
Memoouka modcem Obimb noiesHa 0Nl UHICEHEPO8 U CHEeYUANUCTNO8, 3AHUMANOWUXCS OYEHKOU
COCMOSIHUSL U PEMOHIMOM NPOMBIULIEHHBIX COOPYIHCEHUL.

Kniouegvie cnoea: nooxkpanoeas 0anxa, Kopposus, apMAamypHulll KAHAm, GbIHOCIUBOCHb,
Jrcene306emonHble KOHCIMPYKYUU.

T.A. MATSEEVICH?!, I.F. ANDREEV!
! National Research Moscow State University of Civil Engineering, Moscow, Russia

ASSESSMENT OF THE ENDURANCE OF A CRANE BEAM IN
CORROSION OF REINFORCEMENT ROPES

Abstract. The article examines the effect of corrosion in prestressing strands on the fatigue
endurance of reinforced concrete crane beams of type BK 12-7 K7T. The main corrosion mechanisms are
discussed, including chloride-induced corrosion, carbonation of concrete, and galvanic corrosion, which
are most relevant for industrial structures. A methodology is proposed for assessing the residual service
life of beams, taking into account the loss of cross-sectional area in the prestressing strands,
supplemented by a probabilistic model of corrosion current density, which improves prediction accuracy.
Calculations of the number of cycles to failure were performed for different degrees of corrosion (5%,
10%, 20%), showing that at 20% corrosion, the beam's service life decreases by 2.5 times. The study
results demonstrate a significant reduction in fatigue durability with increasing corrosion levels,
highlighting the need to account for corrosion factors in the design and operation of crane beams. The
proposed methodology can be useful for engineers and specialists involved in condition assessment and
repair of industrial structures.

Keywords: overhead crane beam, corrosion, reinforcing rope, endurance, reinforced concrete
structures.
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C.JO. CABUH!

1OI'BOY BO «HauuoHabHbI HecleoBaTeNnbekuii MOCKOBCKHIA TOCY JapCTBEHHBIN CTPOUTENBHBIA YHUBEPCUTET,
r. Mocksa, Poccns

KUBYYECTb U TEXHUYECKOE COCTOSIHUE KEJE3OBETOHHbBIX
KOHCTPYKLMU KAPKACA 3JAHUSA B PE3YJBTATE OCOBOI'O
BO3JIENCTBUSI

Annomayusn: Pucku, ceéazanmnvlie ¢ 0coObiMu, 8 MOM HUCAE ABAPULIHBIMU, BO30€UCMEUIMU HA
30aMUsi U COOPYIUCEHUs, NPUBOOSIM K HeOOXOOUMOCMU NpedyCMAmpueams Npu NpOeKmupo8aHuu
Meponpusmusa no 3awume om npozpeccupyioujeeo obpyuwienus. Ilpu smom axmyanvholl 3adayel
A6/ OYeHKA 00CMAamoYHOCmU U IPHeKmueHocmu KOHCMPYKMUBHBIX MEPONPUAMUL No 3auume
KAK 6HO8b NPOEKMUPYEeMbIX, MAK U PeKOHCMPYUPYeMblX 30aHULL U COOPYI*CeHUll 0TI NPeOdomepajeHus ux
obpyuenus 8 agapuiinou cumyayuu. Pewenue 5moil 3a0auu 603MOHMCHO ¢ UCNOTb308AHUEM KPUMEPUES U
mep orcusyuecmu. Ilpeonodcen eapuanm OMHOCUMENbHO20 UHOEKCA JHCUBYYUECTNU, YYUMbIEAIOUEe20
cmeneHb NOBPeN’COeHUsi INeMEHMO8 KOHCIMPYKMUBHOU cucmeMbl 30aHus 8 npoyecce OAUMenbHOU
IKCNIyamayuy u yposeHs oeticmayiowjell Hazpysku. Paccmompena cgsa3b medicoy OmHoCUMenbHOU Mepotl
AHCUBYUECTNU U MEXHUUECKUM COCMOAHUEM KOHCcmpyKyuil. 1Ipusedenvl pe3ynibmamol OyeHKuU Hcugyuecmu
JHCeNe300€MOHHO20  MHOZ0IMAIICHO20 —KAPKACA 30aHus ¢ WIOCKUMU  0e30a104HbIMU  NAUmMamu
nepexpuimuil, 68 KOMOpPLIX 6 Kauecmee KOHCIMPYKMUBHO2O MEPONpUAMUs No  3aujume Om
npozpeccupyiouje2o 00pyuienus npedycMOmpeHvl nepumempuieckue, npoooJbHble U NonepeyHvle
B6HYMpEHHUe  CBA3U, N0O00OpaHHble NO  Memody ceéazesvix ycunutl. IIpooemoncmpuposana
aghpexmusHoCmsb UCNONBL308AHUA CUCTEMbl OONOIHUMENbHBIX C8A3ell 04 0OecneveHus 3auumsl om
npoepeccupyioujeco odpyuienus. Ilokaszano, wmo npu NPOeKmMHOM YPOBHe HASPY3KU HAUMEHbUIUL
OMHOCUMENbHBII UHOEKC JHCUBYYECTU COOMEEeMCmEyem A8aApUliHOU CUMYayul, 8bl36aHHOU nomepeu
Hecyuell CHOCOOHOCMU Y2N08OU KOJIOHHbL 30AHUs, 4 HAubOIbwull — cpeoHell KOIOHHbL. B pesynomame
CHUDdICeHUs. npouHocmu bemona u apmamypul Ha 30% (unu SKEUBANEHMHO2O0 CHUNCEHUS I PeKmuUBHbIX
pasmepos  ceuenuti @ pezyabmame  OeUCmEuUsi AcpecCUBHOU  cpedbl) OMMEYeHO  CHUJICEeHUe
omnocumenvro2o unoexca odcueywecmu 0o RRI = 0,65 npu Oeilicmeuu nocmosnuvix u OaUmMenbHbIX
HOPMAMUBHBIX HAZPY3KAX U NPUHAMBIX HOPMAMUSHBIX XAPAKMEPUCIUKAX MAMEPUATO8 KOHCMPYKYULL.

Kniouesvie cnoea: ocoboe 6ozdelicmeue, npozpeccupyioujee 0OpyuIeHUe, HCUBYUECHb,
OMHOCUMENbHBIL  UHOEKC — JICUBYHECMU, MEXHUYecKoe COCMosHUe, JHcene300emonnblll  KapKac,
O00NOHUMENbHbLE CES3U

S.Y.SAVIN!
'National Research Moscow State University of Civil Engineering, Moscow, Russia

ROBUSTNESS AND TECHNICAL CONDITION OF REINFORCED
CONCRETE FRAME STRUCTURES AS A RESULT OF ACCIDENTAL
ACTION

Abstract. Risks associated with accidental actions on buildings and structures lead to the
demand for design measures aimed at protection against progressive collapse. In this case, the actual
task is to assess the sufficiency and effectiveness of structural measures to protect both newly designed
and reconstructed buildings and structures to prevent their collapse in an accidental situation. The
solution of this problem is possible with the usage of criteria and measures of robustness. A variant of
the relative robustness index, which takes into account the degree of damage to the elements of the
structural system of the building during long-term operation and the level of the current load, has been
proposed.
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The relation between the relative measure of robustness and technical condition of structures is
examined. The results of robustness check of reinforced concrete multistorey building frame with plane
beamless floor slabs, in which perimetric, longitudinal and transverse internal ties, selected by the
method of tie forces, are provided as a structural measure to protect against progressive collapse. The
effectiveness of using a system of additional ties to provide protection against progressive collapse has
been demonstrated. It is shown that at the design load level the lowest relative robustness index
corresponds to the accidental situation caused by the loss of bearing capacity of the corner column of
the building, and the highest - to the middle column. As a result of concrete and reinforcement strength
reduction by 30% (or equivalent reduction of effective cross-sectional dimensions as a result of
aggressive medium action), the relative robustness index decreased to RRI = 0.65 under the action of
constant and long-term characteristic loads and accepted characteristic properties of construction
materials.

Keywords: accidental actions, progressive collapse, robustness, relative robustness index,
technical condition, reinforced concrete frame, tie force
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METOAUKA UHOOPMALIMOHHOI'O CONIIPOBOKIEHUA
BE3BAPBEPHOMUM CPE/Ibl B I'OCTUHUYHOU HEJABU/KNMOCTH

Annomayusa. B cmamve paccmampusaemcs —axmyanvnas —npobiema  obecneyenus
docmynHocmu 06beKmo8 20CMUHUYHOU HeOBUNCUMOCTIU O MATOMOOUTIbHBIX 2PYNN HAceleHUs (Oaiee-
MI'H). Asmopamu paspabomana KOMNIAEKCHAS MeMmOOUKA UHDOPMAYUOHHO2O CONPOBOHCOCHUS
be36apveproli  cpedbl, BKNIOYAIOWAS CeMb NOCIE00BAMENbHbIX DMAN0E: OM  CUCHMEMAMU3ayuUU
20CMUHUYHBIX 00BEKMO08 00 POPMUPOBAHUA pellmuHea UX OOCMYNHOCIU U pA3PAOOMKU PEeKOMEeHOayul
no aodanmayuu. Ocoboe GHumMaHue YOeusiemcsi GONPOCAM: CMAHOAPMU3AYUU HPOYeOYPbl OYEHKU
00CMYNHOCIU 20CIMUHUY, CO30AHUIO NPOEKMA ¢ NOMOWbIO 2eoutdopmayuonnvix cucmem (Oanee - 'HC)
Onsl  BU3yaIU3aAyUU  OAHHBIX, pazpabomre OOBEKMUBHOU CUCMEMbl PAHICUPOBAHUSL 00BEKMO8
pasmewenus. Paspabomannas memoouxa nosgonsem onpedenims npoodiemHvie Mecma 6 obecneyenuu
MI'H Ooocmynunocmvlo 00beKmMo8 20CMUHUYHON HeO8UNCUMOCIU 6 KpYHnHOM 2opode. Kpome moeo,
pe3yabmam  peanuzayuy  paspabomanHoli MemoOuKu npeocmagisiem peumuHz 20CMUHUY No
obecnevenuio MI'H. B komye npeocmagnennoco uccie008anus HOTYHeHbl Nepevle pe3yabmanivl
o6cnedosanusn 2ocmunuy 2opooa Pocmos-na-Lony: cmpykmypuposannulii nepevenb odwvekmos (80
2ocmunuy) ¢ 6a308biMU  XAPAKMEPUCMUKAMU, OUASPAMMbI, NOCMPOCHHbIE HA AHAIU3e OAHHbIX
00beKmos, u 1eKmMpoHHAsE Kapma, cgopmuposannas c¢ nomoupio, I UC-mexronoeuti. Ocosnanue
SHAUUMOCIU OOCMYNHO20 OOCAYICUBAHUA 8 0OBLEKMAX SOCHMUHUYHOU HEeOBUNCUMOCU OMKpbI8aem
HOGble 20pU30HMbL OISl NPUGLEHeHUsT PAZHOO0OPA3HOU ayOumopuu 8 20pood, YKpenieHue cOYuaibHo-
9KOHOMUUECKO20 NOMEHYUAN.

Kniouesvie cnosa: 6ez36apvepnas cpeda, 20CmMuHuybl, UHKIIO3UBHOCHIb, MEMOO0I02USL OYEHKU,
cmanoapmel  OYenku,  buocgepocosmecmumblii.  20p00,  MALOMOOUNbHLIE — 2PYNNbI  HACELeHUs,
00CmynHocms 20CMuHUY

A.A. FEDOROVSKAYA!, E.S. KALAICHEVA! S.G. SHEINA!
! Don State Technical University, Rostov-on-Don, Russia

METHODOLOGY OF INFORMATION SUPPORT OF BARRIER-
FREE ENVIRONMENT IN HOTEL REAL ESTATE

Abstract. The article deals with the urgent problem of ensuring accessibility of hotel real estate
objects for low-mobility groups of population (further-MGP). The authors have developed a complex
methodology of information support of barrier-free environment, including seven consecutive stages:
from systematisation of hotel objects to formation of their accessibility rating and development of
recommendations for adaptation. Special attention is paid to the following issues: standardisation of the
procedure for assessing the accessibility of hotels; creation of a project using geographic information
systems (further-GIS) for data visualisation; development of an objective system for ranking
accommodation facilities. The developed methodology makes it possible to identify problem areas in
providing MGN with accessibility of hotel real estate objects in a large city. In addition, the result of the
implementation of the developed methodology is a rating of hotels on the provision of MGN. At the end
of the presented research the first results of the survey of hotels in the city of Rostov-on-Don were
obtained: a structured list of objects (80 hotels) with basic characteristics; diagrams based on the
analysis of these objects, and an electronic map formed with the help of GIS-technologies. Realisation of
the significance of accessible service in hotel real estate objects opens new horizons for attracting a
diverse audience to the cities, strengthening the socio-economic potential.

Keywords: barrier-free environment, hotels, inclusiveness, assessment methodology, assessment
standards, biosphere-compatible city, low mobility groups, accessibility of hotels
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MOJAEJIUMPOBAHUE MPOLUECCOB TEIIVIOIIEPEHOCA IIPH
BETOHUPOBAHUU MACCHUBHBIX KEJIE3OBETOHHBIX

KOHCTPYKLIU
Annomayun. Maccusuvie dicene300emonnble KOHCMPYKYuU — @DYHOAMEHMbL, CIEHb,
nepekpoimus, puceiiu, mena mMocmoevlx onop, NnJa1oOmuHbsl — nod@epwceHbz SHAYUMmMeIbHbiM

memnepamypHoiM 0eopMayusm u3-3a dK30mepmuu OemoHa U GHEUWHe20 MeNni08020 6030elUCmBUsL.
Hepasnomeproe pacnpedenenue memnepamyp no MAaccugy KOHCMPYKYUU NPpUEOOUM K GO3HUKHOBEHUIO
MEMNEPAMYPHLIX HANPAICEHUL, KOMOPble MO2YM Gbl36amb MPeWuHoobpazoeanue 6 Oemone u
nPUBOOUMb K CHUJICEHUIO 0o208eunocmu koncmpykyuu. Tennogusuueckoe MoOeruposganie no3goisem
¢ 6onbULOT 00JIell 8ePOSIMHOCIU NPOSHOZUPOBANb MEMNEPAMYPHbIE NOJISL 603600UMbIX KOHCIMPYKYUL U
HANPSIICEHUsL HA dmane NpoeKmupo8anusl, ONMUMUIUPYS MEXHOA02UU OGemOoHUpOB8anusi (CKOpoCmb
obopauusaemocmu  onaiyoKu,  mepmoodopabomky,  cocmas  OemOHHOU  cMecu U Npoy.).
Memoodonozuueckylo 0CHOBY UCCIEO08AHUSL COCMAGIAION. MEOPUs HECMAYUOHAPHO20 HETUHEHO20
MENIOMACCONEPeHocd, NoOX00bl MeXAHUKU — O0ehopmupyemozo meepoo2o meid, HO380JsI0wue
MOOenuposams  HaAnNpsCEHHO- Oehopmupyemoe COCMOSIHUE MACCUBHBIX KOHCMPYKYUL ¢ yuyemom
CONPSAINCEHHBIX MEPMULECKUX, (PA308bIX U XUMUYECKUX npoyeccos. [Ipu meepoenuu 6emona npoucxooum
IKZ0MEPMULECKAsl PeaKyust 2Uu0pamayuyl KOMROHEHMO8 YeMeHmd, CONPOBOACOAIOUASCS 8blOEEHUEM
menia. B Maccusnbix KOHCMPYKYUSIX U3-3a HUZKOU MENI0nPO8OOHOCHU OEMOHA MENI0 AKKYMYIUPYemcs,
YUMo NPuUBOOUM K: HEPAGHOMEPHOMY NPOSPesy, MeMNEPAmypHuiM Oedhopmayusim (pacuupenuo npu
Hazpege U Cocamuu npu OCMbI6AHUL), BO3HUKHOBEHUIO HANPSNCEHUT U3-34 OZPAHUYEHHOU C80000bL
Oeghopmuposanusi.  Modenuposanue npoyeccogd MenIonepeHoca No360Jsen  NPOSHO3UPOSAMb
memnepamypHole NOASL U HANPSJICEHUs, ONMUMU3UPOEAMb  MEXHON02UU  OEeMOHUPOSaHUs. U
npedomapawiams pazpyuienue koncmpykyuil. CogpeMeHHble blHUCTUMENbHbLE MENOObl 00ecneuuaiom
BbICOKYIO MOYHOCMb PACHEMO8, YO OCOOEHHO BAICHO OISl OMBEMCMBEHHBIX COOPYICEHUL (NIOMUH,
mocmos, pynoamenmos AIC).

Knwoueevie cnoea: sicene3obemonuvie KOHCMPYKYUU, HNPOYECcul MenioMacconeperocd,
mexHono02Us DEMOHUPOBANUS, HANPAICEHHO-0ehopMUpyemoe coCmosiHue.

S.V. FEDOSOV?, I.S. PULYAEV?, O.V. ALEKSANDROVA!, A.N. MITYAGINA?
! National Research Moscow State University of Civil Engineering, Moscow, Russia

2 Federal State Autonomous Educational Institution of Higher Education Moscow Polytechnic University,
Moscow, Russia

MODELING OF HEAT TRANSFER PROCESSES IN
CONCRETING OF MASSIVE REINFORCED CONCRETE
STRUCTURES

Abstract. Massive reinforced concrete structures — foundations, walls, floors, crossbars, bridge
support bodies, dams — are subject to significant temperature deformations due to concrete exothermy
and external thermal effects. Uneven temperature distribution over the structure leads to the occurrence
of temperature stresses, which can cause cracking in concrete and lead to a decrease in the durability of
the structure. Thermophysical modeling makes it possible to predict with a high degree of probability the
temperature fields of structures under construction and stresses at the design stage, optimizing concreting
technologies (the rate of turnover of the formwork, heat treatment, the composition of the concrete
mixture, etc.).
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CTpouTebCTBO M PEKOHCTPYKIUA

The methodological basis of the research consists of the theory of unsteady nonlinear heat and mass
transfer, approaches of mechanics of deformable solids, which allow modeling the stress-strain state of
massive structures, taking into account the associated thermal, phase and chemical processes. When
concrete hardens, an exothermic reaction of cement hydration occurs, accompanied by the release of
heat. In massive structures, due to the low thermal conductivity of concrete, heat accumulates, which
leads to: uneven heating; temperature deformations (expansion during heating and compression during
cooling); stress due to limited freedom of deformation. Modeling of heat transfer processes makes it
possible to predict temperature fields and stresses, optimize concreting technologies, and prevent
structural failure. Modern computational methods ensure high accuracy of calculations, which is
especially important for critical structures (dams, bridges, foundations of nuclear power plants).

Keywords: reinforced concrete structures, heat and mass transfer processes, concreting
technology, stress-strain state.
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YBaxaemble aBTOPbI!
IIpocum Bac 03HaKOMHTBCS ¢ OCHOBHBIMHU TPe0OOBaAHUSIMU
K 0()OpPMJICHMIO HAYYHBIX cTaTeil

e JlpexacraBisemblii MaTepuan AOJDKEH ObITh OPUTHHAJIBHBIM, He ONYOJMKOBAHHBIM paHee B APYIHX
MEYaTHBIX U3AaHUSIX.

e OO0bpeM Marepraia, MpeIIaraeMoro K ITyOJNWKaIlliu, U3MEPSETCS] YHCIOM 3HAKOB C yYETOM IPOOEINOB.
Pexomennyemelit 00bem ctareii: ot 15000 10 45000 3HaKoB ¢ mpodenamu.

e CraTbs n0KHA ObITH HaOpaHa Ha yuctax ¢opmata A4 mpuprom Times New Roman, pasmep 12 pt c
OJMHAPHBIM WHTEPBAJIOM, TEKCT BBIPABHUBAETCS IO IIUpPUHE; ad3auHblid orcTyn — 1,25 oM, mpaBoe moie —
2 cM, JIEBOE TIOJIe — 2 CM, TIOJISl BHA3Y U BBEpPXY — 2 CM; BCE CTPAHMIIBI PYKOIIMCH JOJDKHBI UMETh CIUTOLTHYTO
HyMepaLuio.

e Crarbs MPeNOCTABISAETCS B SIEKTPOHHOM BHJIE TIO DJICKTPOHHOW MOYTE WM Yepe3 CHCTEMY DIJIEKTPOHHOM
pelaKIuH.

e B omHOM cOOpHUKE MOXET OBITh OMyOJIMKOBaHa TOJBKO OAHA CTAaThsi OJHOIO AaBTOpA, BKIIOYAs
COABTOPCTBO.

e Ecnu ctaThst BO3BpalaeTcsi aBTOPY Ha 10paboTKy, UCIIPABICHHBIA BApHAHT CJIEAYET IPUCIATh B PEIAKLHIO
MOBTOPHO, MPHJIOXKHMB MHCBMO C OTBETAaMHM Ha 3aMeuyaHHs pereH3eHTta. JlopaboTaHHBIN BapHaHT CTaThU
pPELIEH3UPYETCA U PacCMaTpUBAETCS PEJAKIIMOHHOM KOJUlerueil BHOBb. [laTol mpencTaBieHUs MaTepuana
CUMTAETCS 1aTa NOCTYIUICHHUS B PEAAKINIO OKOHYATEIHHOTO BapHaHTa UCIIPABICHHOM CTaThU.

e AHHOTaIMM BCEX IYONMKYEMBIX MAaTEpUAJIOB, KIIIOYEBBIE CIIOBAa, MHPOpManus 00 aBTOpaxX, CIHUCKH
JIUTEpaTypsl OYAyT HaXOAUTHCS B CBOOOJHOM JOCTYIE Ha CaiiTeé COOTBETCTBYIOIIETO JKypHalla M Ha caiire
Poccuiickoii HayuHOl 31ekTpoHHON OubnroTekn — PYHOB (Poccuiickuii MHIEKC HAYYHOTO IIUTUPOBAHUS).

B TekcTe cTaTbU HE peKOMEHTyeTCs TPUMEHSTH!

- 000pOTHI pa3rOBOPHOM peUH, TEXHUINU3MBIL, TPO(eCCHOHATN3MBI;

- 7151 OTHOTO U TOTO )K€ MOHATHS PAa3INYHbIC HAyYHbIE TEPMUHBI, OJIN3KHE 110 CMBICTY (CHHOHHMBI), & TAKXKE
WHOCTpaHHbIE CJI0BA U TEPMHUHBI IIPU HATMYUH PABHO3HAYHBIX CIIOB U TEPMUHOB B PYCCKOM S3BIKE;

- IPOU3BOJIbHBIE CIOBOOOPA30BAHUS;

- COKpalIeHHs CJIOB, KPOME YCTAHOBJCHHBIX IPAaBUIAMU PYCCKOM opdorpaduu, COOTBETCTBYIOIUMHU
CTaHJIapTaMHu.

e CoxkpareHus 1 a00OpeBHaTypbI 10JDKHBI paciIi(POBHIBATHCS IO MECTY IIEPBOT0 YIIOMUHAHUS (BXOKICHUS )
B TEKCTE CTaThH.

O0s3aTebHbIC 3JICMEHTDI:
- 3aryiaBue (HA PYCCKOM W aHIJIMICKOM fI3bIKe) MyOJIMKyeMOro Marepuaia JOJDKHO ObITh TOYHBIM H
€MKHM, CJI0BA, BXOJSIINE B 3arJIaBUE, OJDKHBI OBITh SICHBIMU CaMH 110 ce0e, a He TOJIbKO B KOHTEKCTE; CIeIyeT
n30eraTh CI0KHBIX CHHTaKCHYECKHX KOHCTPYKIIMH, HOBBIX CIOBOOOPAa30BaHHI U TEPMHHOB, a TaKXKe CIIOB
y3KOTpo(ecCHOHATLHOTO U MECTHOTO 3HAUCHHUS;
- aHHOTAUUs (HA PYyCCKOM M aHIJIMICKOM fI3bIKe) KPAaTKO OMUCHIBAECT OOBEKT UCCIIEAOBAHNS, MOTHBALHIO
K TPOBEJCHUIO WCCIIEJIOBAHUS, PE3yJbTaThl HCCIENOBaHMUS (PEKOMEHIyeTCs YKa3blBaThb KOHKpPETHBIE
pe3yIbTAThI U 3aBUCUMOCTH, TIOJTyYEHHBIE B UCCIIEIOBAHUH ), BBIBOJIBI (KPATKO); PEKOMEH/IyEeMBbIii 00beM — OT
200 mo 250 cnos;
- KJI04YeBble €J10Ba (HA PyCCKOM M AHIJIMIICKOM sI3bIKe) — 3TO TEKCTOBBIE METKH, 110 KOTOPBIM MOXKHO
HANTH CTATBIO TPU TIOUCKE W OINPEJENUTh MPEIMETHYI0 001aCTh TEKCTa; OOBIYHO MX BHIOMPAIOT M3 TEKCTa
myOIMKyeMOro MaTepHaa, J0CTaTOYHO 5-10 KII0UeBBIX CIIOB.
- CIHCOK JIMTePaTyphl, HA KOTOPYIO aBTOP CCHUIACTCS B TEKCTE CTaThU; PEKOMEHAYEMBbIH 00beM CITUCKa
JTUTEepaTypsl — He MeHee 20 HCTOYHUKOB.

B nndopmanmu 06 aBropax pekomenayetcs ykassiBatb ORCID, Scopus ID u SPIN-koza, npucBOeHHBIH B
PUHILI.

Penakius HE B3WMaeT TUIaTy C aBTOPOB 3a IOATOTOBKY, PEIEH3UPOBAHHE U Pa3MEUICHHE B OTKPHITOM
JIOCTYTIE CTaTEH.

[IpaBo ucnonp30BaHUs MPOU3BENECHUN MTPEJOCTABICHO aBTOPaMHU Ha OCHOBaHMH 1II. 2 cT. 1286 YerBepToit
yactu ['paxxtanckoro Kogexca Poccuiickoit @enepanuu.

C nosHoii Bepcueii TpedoBaHMIl K 0(pOPMIIEHHIO HAYYHBIX CTaTel
BbI MoskeTe 03HAKOMHUTBLCA Ha caiite https://construction.elpub.ru/jour/index




Aopec uzoamens:
benepanbHOE TOCYIapCTBEHHOE 010/ IKETHOE 00pa30oBaTeNIbHOE YUPEKICHUE
BhIcIero oOpa3oBanus «OpioBCcKHii rocyapcTBeHHbIN yHIUBepcuTeT uMenu 1.C. Typrenesay»
302026, OpnoBckas oomacts, r. Opén, yi1. Komcomonbckas 1. 95
+7 (4862) 75-13-18

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

Adpec peoakyuu
denepanbHOE TOCYIaPCTBEHHOE OO KETHOE 00pa30BaTeIbHOE YUPEKICHUE
BhIcIero oOpa3oBanus «OpioBCKHii TOCyqapcTBeHHbIN yHIBepcuTeT nMeHu M.C. TypreneBa»
302030, OpnoBckas obmacte, T. Opén, yia. MockoBckas, 77.
+79065704999
http://oreluniver.ru/science/journal/sir
E-mail: str_and_rek@mail.ru

[TpaBo ucnonp30BaHUs IPOU3BEICHUIN MPEJOCTABICHO aBTOPAMU Ha OCHOBAHHH
. 2 ct. 1286 YetBepToii yactu ['paxaanckoro Kogekca Poccuiickoit deneparuu

Texunueckuit pegaktop M.A. AmennHa
KomnberorepHas Bepctka M.A. AMmenuHa

IMoxamnucano B euats 22.08.2025 1.
Jara Berxoxa B cBet 25.09.2025 1.
®dopmar 70x108/16. I1eu. n. 12,4
Ilena coboanas. Tupax 500 7x3.
3aka3 Ne 207

OTneyaTaHo ¢ TOTOBOTO OpUTHHAI-MaKeTa
Ha nonurpadudeckoit 6aze ®PI'BOY BO «OI'Y umenu U.C. Typrenesa»
302026, r. Opén, yn. Komcomonbckas, 95.


mailto:info@oreluniver.ru

