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TEOPWS1 UH)XXEHEPHbIX COOPY)XEHUM.

CTPOUTEJIbHBIE KOHCTPYKLN

VK 699.841 DOI: 10.33979/2073-7416-2024-115-5-4-22

3. K. ABAEB!, 11. IEHITYP?

'BnagukaBkasckuii Hayunslil uentp PAH, r. Biaaukaskas, Poccust
MHHHECTEPCTBO MH(PACTPYKTYPHI M TPAHCIIOPTa, T. TXUMIXy, ByTan

OLIEHKA CEfICMOCTOP'IKOCTH PA3/IMYHBIX KOHCTPYKTHUBHBIX
PEHIEHUU TUITOBOI'O KEJIE3OBETOHHOI'O KNJIOT'O 3JIAHUA
HEJUHEVHBIM CTATUYECKUM U JMUHAMUYECKUM METOJAMUA

Annomayusn. Ilpedcmagneno cpagnumenvHoe UCCICO08AHUE CEUCMOCHMOUKOCMU MUN0B020
HAMUIMAICHO20  JHCENe300eMOHHO20 JHCUN020 30anus 6 2. Txumnxy, Byman, cnpoekmupogannozo
CO2NACHO CMAPbLIM U HOBbIM UHOUNUCKUM HOpMAM. [ aHAIU3A UCHONb306ANUCH 08¢ HEIUHEliHble
Modenu  obwvekma  uccredosanus, paspabomaunvie 6 npoepamme STERA  3D. Oyenka
CelicMOCMOUKOCIU NPOU3800UILACH C NOMOWBIO Memooa Cnekmpa Hecyujell cnocobnocmu (capacity
spectrum method, CSM) u neuneiino2o ananusza ucmopuu omxauxa (response history analysis, RHA)
0151 mpex 3anucetl 3eMiempsiCeHUl.

Koncmpyxmuenvie nogpesicoenus s1emenmos u smaoiceli 30anull, OYeHUB8AOmcs ¢ HOMOUWbIO
UHOEKCO8 NOBPeNCOAEMOCU C UCHONb306AHUEM MACUMAOUPOBAHHBIX 3aNUCell  3eMIempsCeHull.
Pesynvmamol noxaswiearon, ymo 30anus, CHPOEKMUPOSAHHBLE 8 COOMBEMCMBUL C HOBLIMU UHOULLCKUMU
HOpMamu, obradarom  6orbuwlell  CEUCMOCMOUKOCMbI)  NO  CPABHEHUr)  CO  30aHUsMU,
CHPOEKMUPOBAHHLIMU 8 coomeemcmeuu  co  cmapvlmu. bonee  moeo, oyenka uHOeKcos
nogpesicoaemocmu Oisi 30aHusl, CHPOEKMUPOSAHHO20 C UCNOLb30GAHUEM HOBHIX HOPM, NOKA3bIEAEN,
umo 30anue umeem 0oee pagHOMEPHOe pacnpedeieHue NOBPENCOeHUL NO IMAICAM U NPedOmepawaem
KOHCIMPYKMUGHbIE NOBPENCOCHUs HA YPOGHe O0OpPYUIEHUS NpU PACCMAMPUBAEMOM MAKCUMATLHOM
MacumabHoM 08UICEHUU 2PYHMA.

Knwuesvie cnosa: oyenka celicmMoOCmouKocmu, HEIUHEUHbIN CMAMUYECKUNl  AHATU3,
HeMUHEeUHbII OUHAMUYECKUL AHANU3, CHeKMP Hecyujell CROCOOHOCMU, UHOEKC NOBPENCOAeMOCTU.

Z.K. ABAEV!, T. DENPUR?
'Vladikavkaz Scientific Centre of the Russian Academy of Sciences, Vladikavkaz, Russia
Ministry of Infrastructure and Transport, Thimphu, Bhutan

SEISMIC PERFORMANCE EVALUATION OF DIFFERENT DESIGN
OPTIONS OF TYPICAL REINFORCED CONCRETE RESIDENTIAL
BUILDING BY NONLINEAR STATIC AND DYNAMIC ANALYSES

Abstract. A comparative study on the seismic performances of typical five-story RC residential
buildings designed with old and new Indian codes is presented. Accordingly, two three-dimensional
models of a building designed with the old and new Indian codes are developed using STERA 3D
software. The seismic performances are evaluated using the Capacity Spectrum Method (CSM) and
non-linear Response History Analysis (RHA) for three input ground motions, in addition, the structural
damage estimates given by damage indices are compared under scaled ground motions.

Results show that the building designed with the new Indian codes provide reduced structural
responses when compared to that designed with old Indian codes. Furthermore, the assessment of the
damage indices for the building designed using the new codes shows that the building has a more even
damage dispersion over the floors and prevents collapse-level structural damage under the considered
maximum scaled ground motion.

Keywords: seismic performance evaluation, nonlinear static analysis, response history
analysis,

capacity spectrum, damage index.
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IEPEPACHPEJEJEHUE YCUJIUN B HEPA3ZPE3HBIX
’KEJIE3OBETOHHBIX BAJIKAX, YCUJIEHHBIX YIVIEILNIACTUKOM
IMOJ HATPY3KOH

Annomayusn. B dannoii cmamee npugedersl pe3yibmanmul SKCNEPUMEHMATbHBIX UCCIe008AHULL
nepepacnpeoenenusi U3LUOAIOWUX MOMEHMOE 6 O8YXNPOJEMHbIX HEPA3PEIHBIX AHCENe300emMOHHbIX
06anKax, YCuieHHvlX YeIeniacmuKom noo HAZpy3KOU, a UMEHHO, NAMHAOYamu OAaloK Namu cepull.
IHepsas cepusi 6anox (BM) - smanonnvie obpasyer 6e3 ycunenus. Ko emopoii cepuu 6anox (BMY)
OMHOCUNUCL 00PA3YbL, YCUTIEHHblE YeleniacmuKomM nymem NPUKIEUSAHUs e20 K PACHAHYMOl 30He 8
nponemax ¢ U-06pasnoli ankeposKoil Ha NPUONOPHBIX Y4aACmKax 6e3 nped8apumenbHO20 HA2PYICEHUS.
Tpemvsi (BMY B), uemeepmas (BMY I) u namas (BMY ][]) cepuu 6arox — obpasysi, ycuienuvie
yenennacmuxom npu 30%, 50% u 70% om npeononazaemoil paspywiaroujeli Hacpy3Ku dMATOHHbIX
00pasyos, aHAI02UYHO 6MOpPOU cepuu 6anok. i packpelmus CMAmuyeckou HeonpeoeiumMocmu 8
Hauane u KOHYe Kaxcoo2o IMand KCHePUMEHMATbHO20 UCCAEO08AHUSL CHUMANUCL NOKA3AHUS ONOPHbIX
Oounamomempos. Ha ocHoeanuu nonyuenHviX OAHHBIX ObLIU NOCMPOEHbL CpedHue NO KaxCOol cepuu
onvimuvle 3M0psl useubawux momenmos. Kpomwe moeo, 6 pesyromame uccinedosarnus ObLIO GbIsABNIEHO,
4Umo ycuneHue yenenjacmukomM OKA3vlédem 6GilusHue HA Xapakmep nepepacnpeoeneHusi ueubanujux
MOMEHMO8 8 Hepa3Pe3HbIX O6ANKAX, USMEHAA COOMHOWEHUs ONOPHO20 Mo, u nporemmuvix M, momenmos.
Taxkum o0bpazom, ¢ HOMOWDBIO UCNONL30BAHUS CUCMEMbl GHEWHE20 APMUPOBAHUS HA OCHO8E
NOAUMEPKOMNOZUYUOHHBIX MAMEPUATIO8 MONCHO CKOPPEKMUPO8Ams npu HeobXxo0uMocmu xapakmep
nepepacnpeoenenus Uzubawux MOMEHMO8 6 HepaspesHvlx Oankax. B wacmuocmu, 6uInoaHus
ycuneHue npoemHuixX 30H, MOXCHO pa3zpy3ums ONOPHYIO.

Kniwouegvie cnosa: nepaspesnas oicene3obemonnas 0anka, nepepacnpeoeienue YCuauil,
ycunenue noo Hazpy3Koll, CUCIEMA GHEUHe20 apMUPOBAHUSL, YeNenAACIUK

Y. L. OBERNIKHINA!, G. A. SMOLYAGO!
"Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russia

REDISTRIBUTION OF FORCES IN CONTINUOUS REINFORCED
CONCRETE BEAMS REINFORCED WITH CFRP UNDER LOAD

Abstract. This article presents the results of experimental studies of bending moment
redistribution in two-span continuous reinforced concrete beams reinforced with CFRP under load.
Namely, fifteen beams of five series. The first series of beams (CB) are reference specimens without
reinforcement. The second series of beams (MSB) included specimens reinforced with CFRP by gluing
it to the tension zone in spans with U-shaped anchorage in the support sections without preliminary
loading. The third (MSB C), fourth (MSB D) and fifth (MSB E) series of beams are specimens
reinforced with CFRP at 30%, 50% and 70% of the expected breaking load of the reference specimens,
similar to the second series of beams. To reveal static indeterminacy, readings of support
dynamometers were taken at the beginning and end of each stage of the experimental study. Based on
the data obtained, average experimental bending moment diagrams for each series were constructed. In
addition, the study revealed that carbon fiber reinforcement affects the nature of the redistribution of
bending moments in continuous beams, changing the ratio of the support Msu and span Msp moments.
Thus, by using an external reinforcement system based on polymer composite materials, it is possible to
adjust, if necessary, the nature of the redistribution of bending moments in continuous beams. In
particular, by reinforcing the span zones, it is possible to relieve the support.

© Obepnuxuna A.JI., Cmonsaeo I A., 2024

Ne 5 (115) 2024



CTpouTeNbCTBO U PEKOHCTPYKIHUS

CIIMCOK JIMTEPATYPbI

1. Kpbuios C.M., T'yma IO.I1., AdakanoB M.C. [IpouHOCTb CTaTHYECKH HEONpPEIECITUMBIX OaJloK,
apMHPOBaHHBIX CTalsIMH 0Oe3 1iomankd Ttekydectn // CoOopamk HUWMXKB: IIpodHOCTH, JKECTKOCTH U
TPEIIMHOCTOMKOCTD 7keJ1e300eTOHHBIX KOHCTpyKuuit. 1979. C. 40-41.

2. Cmomsro T'.A., XpmanoB A.E., [pokun C.B., [dponoB A.B. Pacuer MHOrompoieTHBIX
KeJIe300€TOHHBIX 0aJIoK Mo MeToAy 3aAaHHbIX Aedopmanuii / [IpoMbIIIEeHHOE U IpaXKAaHCKOE CTPOUTENbCTBO. 2014,
Nel2. C. 59-61.

3. Tampazss AT, Caiten W.AK. DKcrepuMeHTalbHOE  HCCIENOBaHHE  Kod(pQHIHEHTa
nepepacipeieICHus MOMEHTOB B CTAaTHYECKH HEOINPEACTMMBIX Kene300eToHHBIX Oanmkax // CTpOHWTENsCTBO W
pexorcTpyknus. 2023. Ne 5. C. 24-35. doi.org:10.33979/2073-7416-2023-109-5-24-35

4. Caiien M.AK. HccnenoBanue mnepepacnpencieHUs] MOMEHTOB B CTaTHYECKHU HEOIPENETHUMbIX
KOPPOMPOBAaHHBIX JKeJIe300eTOHHBIX Oankax // HxeHepHblil BecTHUK JJoHa. 2024. Ne 1.
5. T'mne AW, JIa3oBckuil E.JI. AHanu3 pe3ynpTaToB SKCIEPUMEHTAIbHBIX UCCIEI0BAaHUI HEPa3pe3HBIX

KeJIe300€TOHHBIX OaJIOK ¢ KOMOMHHPOBaHHBIM APMUPOBaHHEM KOMIIO3UTHOU M CTAJIbHOM apMaTypol pacTsHyTOMH 30HBI
HaJI IPOMEKyTOUHOU oropoii // Bectank BpI ' TY. 2023. Ne2(131). C. 3-8. doi.org:10.36773/1818-1112-2023-131-2-3-8

6. Mauwnsn JI.P. [lepepacnpeencHue yCuinii B CTATHYECKH HEOMPEICICHHBIX JKeJIe300€TOHHBIX Oankax
// I3BecTus BBICIINX y4eOHBIX 3aBeeHUH. CTpOUTEIbCTBO U apxuTekTypa. 1983. Ne 4. C. 6.
7. Huxynua A.M., CoraukoB J[.}O., Kazaxor [I.B. IlepepacmpenencHue ycHIMi B CTaTHYECKHX

pacuérax Hepas3pe3HbIX Kelne300eToHHBIX Oanok // W3Bectnss OpIIOBCKOTO TOCYJapCTBEHHOTO TEXHHYECKOTO
yauBepcureta. Cepus: CtpoutensctBo U TpaHcnopt. 2008. Ne 17. C. 34-37.

8. Cvomsro T.A., OOGepuuxmnra S.JI., OOepuuxun JI.B. Brnusame BHemHET0 apMHpPOBAaHUSA
YITEIIACTUKOM Ha IIepepaclpesieficHHe YCHIMH B HEpaspesHbIX JKelIe300eTOHHBIX Oankax // ApXUTeKTypa.
CrpoutensCcTBo. HhopManmoHHbIe TexHomorun - 2023 (ACUT-2023). 2023. C. 33-34.

9. IToros /I.C. YucneHHbIe HCCIEIOBAHUS Nepepactpeie/IeHH yCUIUi B CTaTHUECKH HEOMPEeAETUMbIX
KOPPO3HOHHO-TIOBPEKICHHBIX KeTe300eTOHHBIX Oankax // mkeHepHsIit BecTHUK JJora. 2023. Ne 4 (100). C. 591-610.
10. Grace N.F., Sayed G.A., Saleh K.R. Strengthening of continuous beams using fibre reinforced

polymer laminates // Fourth International Symposium on FRP Reinforcement for RC Structures. ACI. 1999. Pp. 647-
657.

11. Grace N.F. Strengthening of negative moment region of RC beams using CFRP Strips // ACI Struct. J.
2001. Vol. 98(3). Pp. 347-357.

12. El-Refaic S.A., Ashour A.F., Garrity S.W. Sagging and hogging strengthening of continuous
reinforced concrete beams using carbon fibre-reinforced polymer sheets // ACI Struct. J. 2003. Vol.100. Pp. 446-453.
doi.org/10.14359/12653

13. El-Refaie S.A., Ashour A.F., Garrity S.W. CFRP strengthened continuous concrete beams //
Proceedings of the ICE - Structures and Buildings. 2003. Vol. 156 (4). Pp. 395-404.
doi.org/10.1680/stbu.2003.156.4.395

14. Aly H.A., Nasr E.A., El-Ghandour A.A., Abdelrahman A. A. Moment redistribution in RC continuous
beams strengthened in flexure by CFRP laminates / FRP Composites in Civil Engineering — CICE. 2004. Pp. 227-235.
doi.org:10.1201/9780203970850.ch22.

15. Aiello M.A., Valente L., Rizzo A. Moment redistribution in continuous reinforced concrete beams
strengthened with carbon-fiber-reinforced polymer laminates // Mech. Compos. Mater. 2007. Vol. 43. Pp. 453-66.
doi.org/10.1007/s11029-007-0043-x

16. Maghsoudi A.A., Bengar H. Moment redistribution and ductility of RHSC continuous beams
strengthened with CFRP // Turkish J. Eng. Env. Sci. 2009. Vol. 33. Pp. 45-59. doi.org/10.3906/muh-0901-6
17. Akbarzadeh H., Maghsoudi A.A. Experimental and analytical investigation of reinforced high strength

concrete continuous beams strengthened with fiber reinforced polymer // Materials and Design. 2010. Vol.31. Pp. 1130-
1147. doi.org/10.1016/j.matdes.2009.09.041

18. Araba A., Ashour A. Flexural performance of hybrid GFRP-steel reinforced concrete continuous
beams // Composites Part B. 2018. Vol. 154. Pp. 321-336. doi.org/10.1016/j.compositesb.2018.08.077.

REFERENCES

1. Krylov S.M., Gushcha Yu.P., Abakanov M.S. Prochnost' staticheski neopredelimykh balok,
armirovannykh stalyami bez ploshchadki tekuchesti [Strength of statically indeterminate beams reinforced with steels
without a yield plateau]. Sbornik NIIZHB: Prochnost', zhestkost' i treshchinostoykost' zhelezobetonnykh konstruktsiy.
1979. Pp. 40-41. (rus)

2. Smolyago G.A., Zhdanov A.E., Drokin S.V., Dronov A.V. Raschet mnogoproletnykh
zhelezobetonnykh balok po metodu zadannykh deformatsiy [Calculation of multi-span reinforced concrete beams using
the method of specified deformations]. Promyshlennoe i grazhdanskoe stroitel'stvo. 2014. Vol. 12. Pp. 59-61. (rus)

No 5 (115) 2024


http://dx.doi.org/10.36773/1818-1112-2023-131-2-3-8
https://doi.org/10.14359/12653
https://ui.adsabs.harvard.edu/link_gateway/2007MCM....43..453A/doi:10.1007/s11029-007-0043-x
http://dx.doi.org/10.3906/muh-0901-6
https://doi.org/10.1016/j.matdes.2009.09.041
https://doi.org/10.1016/j.compositesb.2018.08.077

CTDOI/ITeJII)HbIe MaTepuajJbl U TCXHOJOIHH

3. Tamrazyan A.G., Sayed Y.A.K. Eksperimental'noye issledovaniye koeffitsiyenta pereraspredeleniya
momentov v staticheski neopredelimykh zhelezobetonnykh balkakh [Experimental study of the coefficient of moment
Redistribution in statically indeterminate rc beams]. Stroitel'stvo i rekonstruktsiya. 2023. No. 5. Pp. 24-35.
doi.org:10.33979/2073-7416-2023-109-5-24-35. (rus)

4. Sayed Y.AK. Issledovaniye pereraspredeleniya momentov v staticheski
neopredelimykhkorrodirovannyye zhelezobetonnyye balki [Study of moment redistribution in statically indeterminate
corroded reinforced concrete beams). Engineering Bulletin of the Don. 2024. No. 1. (rus)

5. Gil AL, Lazovsky E.D. Issledovaniye pereraspredeleniya momentov v staticheski neopredelimykh
korrodirovannykh zhelezobetonnykh balkakh [Analysis of experimental research results of continuous reinforced
concrete beams with combined reinforcement of the tensile zone above the intermediate support with composite and
steel reinforcement]. Bulletin of BrSTU. 2023. No. 2. Vol. 131. Pp. 3-8. doi.org:10.36773/1818-1112-2023-131-2-3-8.
(rus)

6. Mailyan L.R. Pereraspredeleniye usiliy v staticheski neopredelennykh zhelezobetonnykh balkakh
[Redistribution of forces in statically indeterminate reinforced concrete beams)]. News of higher educational institutions.
Construction and architecture. 1983. No. 4. Pp. 6. (rus)

7. Nikulin A.L, Sotnikov D.Y., Kazakov D.V. Pereraspredeleniye usiliy v staticheskikh raschotakh
nerazreznykh zhelezobetonnykh balok [Redistribution of forces in static calculations of continuous reinforced concrete
beams). Bulletin of the Oryol State Technical University. Series: Construction and transport. 2008. No. 17. Pp. 34-37.
(rus)

8. Smolyago G.A., Obernikhina Ya.L., Obernikhin D.V. Vliyaniye vneshnego armirovaniya
ugleplastikom na pereraspredeleniye usiliy v nerazreznykh zhelezobetonnykh balkakh [Influence of external
reinforcement with carbon fiber on the redistribution of forces in continuous reinforced concrete beams]. Architecture.
Construction. information technologies - 2023 (ASIT-2023). 2023. Pp. 33-34. (rus)

9. Popov D.S. Chislennyye issledovaniya pereraspredeleniy usiliy v staticheski neopredelimykh
korrozionno-povrezhdennykh zhelezobetonnykh balkakh [Numerical Investigations of Stress Redistributions in
Statically Indeterminate Corrosion-Damaged Reinforced Concrete Beams). Engineering Bulletin of the Don. 2023. No.
4. Vol. 100. Pp. 591-610. (rus)

10. Grace N.F., Sayed G.A., Saleh K.R. Strengthening of Continuous Beams Using Fibre Reinforced
Polymer Laminates. Fourth International Symposium on FRP Reinforcement for RC Structures. ACI. 1999. Pp. 647-657.

11. Grace N.F. Strengthening of Negative Moment Region of RC Beams Using CFRP Strips. ACI Struct.
J.2001. Vol. 98. No. 3. Pp. 347-357.

12. El-Refaie S.A., Ashour A.F., Garrity S.W. Sagging and hogging strengthening of continuous
reinforced concrete beams using carbon fiber-reinforced polymer sheets. ACI Struct. J. 2003. Vol. 100. Pp. 446-453.
doi.org/10.14359/12653 13.

13. El-Refaie S.A., Ashour A.F., Garrity S.W. CFRP strengthened continuous concrete beams.
Proceedings of the ICE - Structures and Buildings. 2003. Vol. 156. No. 4. Pp. 395-404.
doi.org/10.1680/stbu.2003.156.4.395 14.

14. Aly H.A., Nasr E.A., El-Ghandour A.A., Abdelrahman A.A. Moment redistribution in RC continuous
beams strengthened in flexure by CFRP laminates. FRP Composites in Civil Engineering - CICE. 2004. Pp. 227-235.
doi.org:10.1201/9780203970850.ch22.

15. Aiello M.A., Valente L., Rizzo A. Moment redistribution in continuous reinforced concrete beams
strengthened with carbon-fiber-reinforced polymer laminates. Mech. Compos. Mater. 2007. Vol. 43. Pp. 453-66.
doi.org/10.1007/s11029-007-0043-x 16.

16. Maghsoudi A.A., Bengar H. Moment redistribution and ductility of RHSC continuous beams
strengthened with CFRP. Turkish J. Eng. Env. Sci. 2009. Vol. 33.Pp. 45-59. doi.org/10.3906/muh-0901-6 17.
17. Akbarzadeh H., Maghsoudi A.A. Experimental and analytical investigation of reinforced high strength

concrete continuous beams strengthened with fiber reinforced polymer. Materials and Design. 2010. Vol.31. Pp. 1130-
1147. doi.org/10.1016/j.matdes.2009.09.041 18.

18. Araba A., Ashour A. Flexural performance of hybrid GFRP-steel reinforced concrete continuous
beams. Composites Part B. 2018. Vol. 154. Pp. 321-336. doi.org/10.1016/j.compositesb.2018.08.077.

HNudpopmanus o6 apTopax:

Oo6epuuxuna SIna JleoHugoBHa

OI'BOY BO «benropoackuii TocyaapcTBeHHBIH TexHONorndeckuil yauBepeutet uM. B.I'. Illyxosa (BI'TY um. B.T.
IIyxoa)», r. benropox, Poccus,

cTapmmii npenogasarens kadeapsl CTpOUTETHCTBA U TOPOACKOTO XO3SIHCTBA.

E-mail: yana.ishuk@yandex.ru

Cmoasro I'enHaguii AjiekceeBHY

OI'BOY BO «benropoackuii rTocyaapcTBeHHBIH TexHONorndeckuil yauBepeutet uM. B.I'. lllyxosa (BI'TY um. B.I'.
[Iyxosa)», r. benropox, Poccus,

JIOKTOp TEXHUYECKUX HayK, podeccop, mpodeccop kadenpsl CTpOUTENBCTBA H TOPOJICKOTO X03SHCTBA.

E-mail: str-exp@mail.ru

Ne 5 (115) 2024


http://doi.org:10.33979/2073-7416-2023-109-5-24-35
https://doi.org/10.14359/12653%2013

CTpouTeNbCTBO U PEKOHCTPYKIHUS

Information about authors:

Obernikhina Yana L.

Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russian Federation,
Senior Lecturer of the Department of Constraction and Urban Economics.

E-mail: yana.ishuk@yandex.ru

Smolyago Gennadiy A.

Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russian Federation,

D.Sc. in Technical Sciences, Professor, Professor of the Department of Constraction and Urban Economics,
E-mail: str-exp@mail.ru

No 5 (115) 2024


mailto:yana.ishuk@yandex.ru
mailto:str-exp@mail.ru

CTDOI/ITeJII)HbIe MaTepuajJbl U TCXHOJOIHH

VYK 699.844.1 DOI: 10.33979/2073-7416-2024-115-5-31-43

C.H. OBCJIHHUKOB!?, A.C. CAMOXBAJIOB!?
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3BYKOIIEPEJJAYA YEPE3 OI'PAXKJIAEHUSA C MAJIBIMUA
TEXHUYECKHUMMU DJIEMEHTAMM,
BKJIIOUAS BO31YXOOBEMEHHBIE YCTPOUCTBA

Annomayusn. Hccnedosanace 36yKOU30NAYUSL  CNOJNCHBIX — 02PAICOAIOWUX  KOHCMPYKYUL,
BKIIOUAIOWUX MATble MEXHUYecKue dNeMEeHmbl, 6 MOM Yucie 6030yX0800bl, NpOXodsujue uepes
BHYMPpEHHUEe KOHCMPYKYUl, U 6030YX00OMEHHble YCMPOUCMBA 6 HAPYICHbIX KOHcmpykyusax. Ha
npumepe 6030yx000MeHHbIX Kananog u kianana «KUB 125» nokazano ux eiusnue Ha 36YKOU3ONSAYUIO
MHO2OCTOUHBIX — ocmeKneHull.  [Ipedcmaegienvl  pe3yibmamvl — UBMEPEHUs  36VKOU3OAUPYIOUeli
CROCOBHOCMU 0OHO- MPEXCIOUHBIX OCMEKIEHUN ¢ 8030YX000MeHHbIMU yempoticmeamu. Mcnonb306anbi
cmanoapmHvle  Memoobl  USMEPEHUSl  36YKOUSONAYUU — 02PANCOAIOUWUX  KOHCMPYKYUL U MATbIX
MEeXHUYeCKUx 9aemeHmos.  HM3zmepenue 36yKOu30iayul 0OHO- U MHO2OCIOUHbIX OCMEKIeHUl ¢
6030YXO0OMEHHBIMU  DNIEMEHMAMY  NO360IUIL0  BbIAGUMb  GIUAHUE B030YXOOOMEHHO20 KAHAIA U
KOIUYEeCm8a JJIeMEHMO8 OCMEKIEHUs. HA 38YKONEpeoauy uepe3 OAHHbI Mun KOHCIMPYKYUU U
paspabomams MemoOUKy npoeKmMupOSAHUst WYMO3AUUMHBIX OKOH 6 COYEMANHUU ¢ 6EHMUAYUOHHBIMU
KAHALAMU UAU 8030YX00OMEHHLIMU YCMPOUCTEAMU.

Knwoueevle cnosa: 3ByKOM3ONSNMS, NPOXOXKICHUE 3BYyKa, MHOTOCIOWHBIE OCTEKIICHUS
BO3JyX0OOMEHHBIE YCTPOUCTBA.

S.N. OVSYANNIKOV!? A.S. SAMOKHVALOV!?

'Tomsk State University of Architecture and Building, Tomsk, Russia
2 Research Institute of building physics, Moscow, Russia

SOUND TRANSMISSION THROUGH ENCLOSING STRUCTURES WITH
SMALL TECHNICAL ELEMENTS, INCLUDING
AIR EXCHANGE DEVICES

Abstract. The sound insulation of complex enclosing structures, including small technical
elements, including air ducts passing through internal structures and air exchange devices in external
structures, was studied. Using the example of air exchange channels and the KIV 125 air exchange
device, their effect on the sound insulation of multilayer glazing is shown. The results of measuring the
sound insulation ability of single- and three-layer glazing with air exchange devices are presented.
Standard methods for measuring the sound insulation of enclosing structures and small technical
elements were used. The measurement of sound insulation of single- and multi-layer glazing with air
exchange elements made it possible to identify the influence of the number of glazing elements and the
air exchange channel on sound transmission through this type of structures and to develop a
methodology for designing noise-proof windows in combination with ventilation ducts or air exchange
devices.

Keywords: sound insulation, sound transmission, multilayer glazing, air exchange device.
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®UIIBbTPAIITMOHHASI YCTOMYUBOCTH I'PYHTOBBIX IHEPEMBIYEK
IIJIOTUH KAK BPEMEHHBIX THIPOTEXHUYECKHUX COOPYXEHUUA

Annomayusn. Uzyuenue GuusiHusi KOHCMPYKMUBHO-MEXHOIOSUYECKUX DEUeHUll YCmpoucmea
nepemplieKk  CYOOXOOHbIX 2UOPOMEXHUUECKUX COOPYICEHUIl HA  (QUIbMPAyUOHHble Npoyecchl U
YCMOUYUBOCHb HACKINU A0PA NIOMUHBL NPU IKCIIYAMAYUOHKBLX 8030eticmeusix. Memoo uccredosanus
npedcmagisiem coboll HUcIeHHOe MOOEIUPOSAHUE NPOYECCO8 U AHATUMUYECKUE MEeMOoObl UCCIeO08AHUS
NO360MUNU  NONYYUMb  Pe3yIbmamsl  NOCMAGIEHHOU yelu. B pesyriomame  usyuenusi GRusHus
KOHCIMPYKMUGHO-MEXHOIO2UYECKUX PEUeHUTl YCMPOUCmed Nepembliex, KAK 6PeMEHHbIX CYOOXOOHbIX
2UOPOMEXHUYECKUX COOPYIICEHU HA DUILIMPAYUOHHBIE NPOYECChbl U YCMOUYUBOCTb HACHLINU 0pa
HIOMUHBL NPU IKCHIYAMAYUOHHBIX 8030€liCTNEUSX 8bINOIHEH AHAIU3 KOHCHPYKIMUBHO-MEXHON02UYECKUX
peutenuti yCmpoucmea nepemuviuek Cy0OoX0OHbIX 2UOPOMEXHUYECKUX COOPYIHCEHUU, aHAIu3 cnocobos
nepexpulmus pycia peKku, KaK npoyeccos noCmeneHHo2o obacamusi NOMoKa 00 NOSGIAEHUs. CKOPOCmell
meyenusi, pamvléarowux pycio peku u Mamepuanl omcuinku. Buvisenenvt kpumepuu, obecneuusaiowue
DUILMPAYUOHHYIO NPOYHOCMb 2PYHmMA Ol OMCHLINKU  50pa  2pyHmogou niomunel. IIposedeno
ucciedosanue NOMEHYUAIbHO20 pPA3PYUWEHUsT NePeMbluKy Npu pacyeme HA OCHOBHOe COYemaHue
HA2PY30K C NOMOWbIO  YUCIEHHO20 —MOOeIuposanusi. Beinoanen —anmanuz  gurbmpayuonnoi
VCMOUYUBOCU NEPEMBIYKU MEMOOOM KOHEYHbIX INEMEHMO8 NPU OUHAMUYECKUX BO30€lCMEUSX.
Paspabomanl npednoscenust 05k UCKTIOYEHUs. CKONJIEHUsSL NPOPUIMPOSABUENCs 00bl Uepe3 Meo
nepemoluky.  QUILMPAYUOHHASL  YCMOUYUBOCHb — 2DYHMOGOU — NEPEeMbIYKU,  KAK — 8PEMEHHO20
2UOPOMEXHUYECKO20 COOPYICEHUsL 0becneuusaemcs, no Oeucmeylouemy 2paoueHmy Hanopa Ha
Koumakme 08YX 2PYHMOB 3HAYUMENbHO MeHble OONYCIMUMO20 2pAdueHma, m.e. pa3Mble
omcymemayem. Ilonyuennvie pe3yibmamol YUCIEHHO20 MOOEIUPOBAHUSL NO36OIAIOM HAOII0Oamb bonee
MOYHBLIL MEXAHUZM pa3pyuleHus. nepemviyex naomut. Ipouzeooums pabomvl no 3amene pemMoHMHbIX
60pPOM WI03a NOO 3AWUMOU 2PYHMOBOU NEPEMBIUKU 803MONCHO MOJILKO C COOI00eHUeM mpeboeanutl
HOPMAMUGHO-MEXHUYECKOU OOKYMEHMAYUU U NPOBeOeHUEM HEODXOOUMbBIX PACYEMO8.

Knrouesvie cnosa: qbuﬂbmpauuoumm ycmoﬁwueocmb, KOHCMPYKMUBHO-MEXHOI02UYeCKue
peuienus, nepemviuku, 6pemMeHHble 2u0pomexnuuec;<ue COODPYIHCEHUSA, CONPAINCEHUSl C 2CPYHMOBbIM
OCHOBAaHUem
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FILTRATION STABILITY OF SOIL BRIDGES OF DAMS AS TEMPORARY
HYDRAULIC STRUCTURES

Abstract. Study of the influence of design and technological solutions for the construction of
bulkheads of shipping hydraulic structures on filtration processes and the stability of the embankment
of the dam core under operational impacts. The research method is a numerical modeling of the
processes and analytical research methods made it possible to obtain the results of the set goal.

© @éoopos B.C., Kynuuxosa H.B., Pexynog C.C., ®edociok U.B., 2024
As a result of studying the influence of design and technological solutions for the construction of
bulkheads, as temporary shipping hydraulic structures, on filtration processes and the stability of the
embankment of the dam core under operational impacts, the following were completed: analysis of
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design and technological solutions for the construction of bulkheads of shipping hydraulic structures,
analysis of the methods of blocking the river bed, as processes of gradual compression of the flow until
the appearance of flow velocities that wash away the river bed and the backfill material. Criteria were
identified that ensure the filtration strength of the soil for backfilling the core of the earth dam. A study
was conducted of the potential destruction of the bulkhead when calculating for the main combination
of loads using numerical modeling. Analysis of the filtration stability of the bulkhead using the finite
element method under dynamic impacts has been carried out. Proposals have been developed to prevent
the accumulation of filtered water through the bulkhead body. The filtration stability of the soil
bulkhead as a temporary hydraulic structure is ensured by the current pressure gradient at the contact
of two soils, which is significantly less than the permissible gradient, i.e., there is no erosion. The
obtained results of numerical modeling allow us to observe a more accurate mechanism for the
destruction of dam bulkheads. It is possible to carry out work on replacing the repair gates of the sluice
under the protection of the soil bulkhead only in compliance with the requirements of regulatory and
technical documentation and performing the necessary calculations.

Keywords: filtration stability, structural and technological solutions, bridges, temporary
hydraulic structures, interfaces with the soil base.
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MOJIEJIb AE®@OPMHUPOBAHUSA BETOHA NPOLIEALIEI'O
JUVIMTEJIbHBIA CPOK DKCILTYATALIMU

Annomayusn. B npoyecce Onumenvno2o cpoka IKcnayamayuu 6 Oemone HaApyulaemcst
coomeemcemeue MedHcoy NPOYHOCMbIO U HAYAIbHbIM MOOYIeM Oedhopmayuu, ROIMOMY Olsl paciemad
IKCHILYAMUPYEMBIX  JICee300€MOHHbIX  KOHCIMPYKYULL  mpedylomesi  0epopMayuontvle  Kpusble,
coomeemcmeyowue npoucueOwmuM usMeHeHusIM. Bulpascenue na ocnoge ypaenenusi Appenuyca
HO36051eM NOCMPOUNb MOOeIb 0ePOPMUPOBAHUs DEMOHA HA OCHO8E IKCNEPUMEHMANbHBIX OAHHbIX.
Takas modenvb coomeemcmsyem YCmMaHOGIEHHbIM Kpumepusam. [ noomeepicoerusi adekeamnocmu
NOJYYEeHHOU MOoOenu, NpedCmasieHbl pe3yibmamvl CPAGHeHUs1 Npeodnazaemou Mooenu ¢ MOOenblo
Odeghopmuposanusi 6emoHa, 3an0HCEHHOU 8 HOPMbL, O PAIUYHBIX Kiaccoe bemonos. Ilonyyennvie
pe3yipmamol HOOMBEEPHCOAIOM AOEKEAMHOCHb NPEONIONCEHHOU 0ehOPMAYUOHHOU MOOeNU

Knroueevie cnosa: ouacpamma Oeghopmuposanus OemoHa, pPeKOHCMPYKYUS, Hcene300emoH,
omHocumenbHule dehopmayui.

V.G. MURASHKIN!

! Samara State Technical University, Samara, Russia

DEFORMATION MODEL OF CONCRETE AFTER
PROLONGED USAGE

Abstract. The relationship between the strength of concrete and tangent modulus gets broken
during its prolonged usage, so deformation curves matching the changes that occurred are required for
the calculation of reinforced concrete structures. The formula based on the Arrenius equation enables
the creation of concrete deformation model based on experimental data. Such model matches the
criteria set. For validation of the model adequacy the results of comparing the model being proposed
with the concrete deformation model used in the standards for different concrete classes are presented
in graphical and tabular form. The results obtained confirm the adequacy of the deformation model
proposed.

Keywords: stress-strain diagram of concrete, reconstruction, reinforced concrete, compressive
strain.
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HOPMUPYEMBIE 3BHAYEHUSA BEPOATHOCTHU OTKA3A
CTPOUTEJIbHBIX KOHCTPYKIIUIA

Annomayusa. Yyumvleas usMeHuugyro npupoody Hecywjeu CcnocoOHocmu u 8030elicmeutl,
nposepKa NPOeKmHOU HAOEHCHOCHU CMPOUMENbHBIX KOHCIMPYKYULL C800UMCS K 00ecnedeHuio mozo,
4Umo BepOAMHOCMb HACMYNIEHUS NPeOeNbHO20 COCMOAHUSA He O00JJCHA NPesblluams  yenesoe
(Oonycmumoe) 3Hauenue. Imom memoo u38ecmeH KaxK 8epOSMHOCIHbIL Memo0 NPOBEPKU NPedesbHbIX
cocmosinuii. Cywecmeylom 6onee npocmvle Memoobl NPOGEPKU NPedeNbHblX COCMOSHUU 075
UHDICEHEPHBIX PACYemos, Haubojee NONYIAPHLIM U3 KOMOPBIX AGIAEMC Memoo Kodpduyuenmos
Haoéxcnocmu. OOnako 6 Mou Ul UHOU CMeneHy 6ce Cyuecmeylouue mMemoobl nposepKu NPeodenbHbix
COCMOAHUI U, COOMEEMCMBEHHO, Memoobl obecneuenus NPOeKMHOU HAOeHCHOCU CMPOUTNENbHBIX
KOHCMPYKYUll OCHO8AHbI HA  BEPOAMHOCIHOM Memode. [lo dmoil npuuune uUCCIe006aHUs U
HOpMamueHoe  3aKpenienue — OONYCTMUMbIX — 8epOAMHOCEN  OmKa3ad — AGNAIOMCA  O0HOU U3
NepeOCMEeNeHHbIX 3a0ay HAYYHO20 COoodujecmsa U HAYUOHATBHLIX Op2aHo8 6 001acmu paspabomxu
cmpoumenvuvix Hopm u npasui. Ha ocnosanuu ananumuieckoeo 0630pa uccie008anuti npeoCcmagieto
onucanue BepOAMHOCMU OMKA3A U UHOEKCA HAOeHCHOCMU KAK Mep HNPOEKMHOU HAOeHCHOCHIL,
3auKcuUpoBanbl NONOJHCEHUS, HA OCHOBAHUU KOMOPBIX HEOOXOOUMO HA3HAUAMb Yenesoe 3HAUeHUe
BEPOAMHOCIU  OMKA3A, 6KIIOYAA NpsAMble U KOCGEHHble NOCAeOCMBUs OMKA3A, Npeocmasienbl
pe3yibmamyl CpAGHEHUs. YUCIEHHbIX 3HAYeHUll UHOeKco8 Haodedchocmu. Haubonee nonnas memoouka
onpeoenenus Yenesvlx 3HAUeHUll 6ePOAMHOCIU OMKA3A USNONCEHA 8 MeNCOYHapoOHom cmandapme 1SO
2394. Jannolii cmanoapm coOepaicum YKA3aHus no ONPeOeieHuo Yenegblx UHOeKC08 HAOeHCHOCMU Hd
OCHOBE IKOHOMUHECKOU ONMUMUAYUYU, AHATU3A UHOUBUOYANLHO20 UIU ODWECMBEHHO20 PUCKd, a
maxoice unoexca xavecmea dcusiu. OOHAKO OanHas Memoouxa U, 6 O0COOeHHOCMU, YUCTeHHble
3HAUeHU UHOEKCO8 HAOEHCHOCMU mpeOyiom adanmayuu ¢ y4emom IKOHOMUYecKux ocobennocmell
KOHKPEMHOU CIMpPaHbi.

Kntouesvie cnosa: eepoamuocmv 0mMKA3Q, UHOEKC HAOEMHCHOCMU, opmam Oe3onacHocmu,
8EPOSIMHOCIHBIIL MemOo0, KOdgh@uyuenmol HadexcHocmu, HeonpedereHnocmu, Eepokoo.

V.V. NADOLSKI!?

! Brest State Technical University, Brest, Republic of Belarus
2 Belarusian National Technical University, Minsk, Republic of Belarus

STANDARDIZED VALUES OF THE FAILURE PROBABILITY OF
BUILDING STRUCTURES

Abstract. Taking into account the variable nature of load-bearing capacity and loads, checking
the design reliability of building structures leads to ensuring that the probability of occurrence of the
limit state should not exceed the target (permissible) value. This method is known as the probabilistic
limit state verification method. There are simpler methods for checking limit states for engineering
calculations, the most popular of which is the method of reliability factors. However, all existing
methods for checking limit states and, accordingly, methods for ensuring the design reliability of
building structures are based on the probabilistic method. For this reason, research and the normative
consolidation of acceptable failure probabilities are one of the primary tasks of the scientific
community and national authorities in the field of developing norms and rules. Based on an analytical
review of the research, a description of the probability of failure and the reliability index as measures
of design reliability is presented and provisions are fixed on the basis of which it is necessary to assign
a target value for the probability of failure, including direct and indirect consequences of failure.
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The conditions for assigning target failure probabilities in regulatory documents are
systematized and the results of comparing the numerical values of reliability indices are presented. The
most complete methodology for determining the target values of the probability of failure is set out in
the international standard ISO 2394. This standard contains guidelines for determining target
reliability indices based on economic optimization, analysis of individual or public risk, as well as the
quality of life index. However, this methodology, and in particular the numerical values of reliability
indices, require adaptation taking into account the economic characteristics of a particular country.

Keywords: probability of failure, reliability index, safety format, probabilistic method,
reliability factors, uncertainties, Eurocode.
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JTAHAMUWYECKHA OTKJIUK )KEJE30BETOHHOI'O KAPKACA
3JAHUSA IIPU CHEHAPUMU YJAJIEHUSA KOJIOHHBI

Aunomauus. B cmamve npedcmasien npocmou, HO 3PGeKmueHvll Memoo OYeHKU
OUHAMUYECKO20 OMKIUKA JHCENe300eMOHHOU KOHCMPYKYUU NPU 6HE3ANHOM YOANeHUU HeCYUell KOTOHHbL.
Jloxkanvnas obracme HAO paAspyuleHHOU KOJLOHHOU MOOeIupyemcs 6 eude O08YXNPONemHOU OaIKu ¢
COCPEOOMOUEHHOU MACCOU M, PACNOJIONCEHHOU 6 cepedune banku. [Ipoyecc yoanenus necyujeli cpeoneti
KONOHHbL MOOETUPYEeMCs NYymeM CHUIICEHUSL 3HAYeHUsT BHympeHHe2o ycunus R(t) @ 0anHoll KoloHHe 00
HYJISL 30 ONPEOeNeHHbII KOPOMKUL NPOMENCYMOK epemenu tr. OCHO8bIBASCH HA NPEONOICEHHOU MOOEU,
HAXo0um OUHAMUYECKOe NepeMeujenue 60 6PeMenU MOoYKU, 8 KOMOPOU HAX0OUMCs COCPEOOMOYeHHAs
macca. Tlonyuennvie pezyrbmamvi npedcmagnsiom unmepec ONsi peuleHuss NPUKIAOHbIX 3a0ad,
CBSA3AHHBIX C NPOONEMOU JICUBYUECHIU, 3AUUMblL 30AHULL U COOPYIICEHUI OM NpPOSPecCUpyiomezo
00pyUieHUsl, 6 HACMHOCMU Npu Onpedelenuu Kpumepues O0ehopMamueHOCmU AHCene300enOHHbIX
KOHCIMPYKYUL NPU 0COOOM HANPSICEHHOM COCHOSHUU.

Kniouegwvie cnoea: ounamuueckas oyenxa, Mooeivb ¢ 00HOU cmeneHvio c60600bi (SDOF),
yoanenue KoI0HHbI, npozpeccupyiowjee oopyuenue, Kodppuyuenm ounamuuHocmu, oemnpuposanue.

VU NGOC TUYEN!, N.V. FEDOROVA!
' Moscow State University of Civil Engineering, Moscow, Russia

DYNAMIC RESPONSE OF REINFORCED CONCRETE BUILDING FRAME
UNDER COLUMN REMOVAL SCENARIO

Abctract. The paper presents a simple but effective method for assessing the dynamic response
of a reinforced concrete structure under sudden removal of a load-bearing column. The local region
above the failed column is modeled as a two-span beam with a concentrated mass m located in the
middle of the beam. The removal process of the load-bearing middle column is modeled by reducing the
value of the internal force R(t) in this column to zero in a certain short period of time t.. Based on the
proposed model, we find the dynamic displacement in time of the point where the concentrated mass is
located. The obtained results are of interest for solving applied problems related to the problem of
survivability, protection of buildings and structures from progressive collapse, in particular in
determining the criteria for the deformability of reinforced concrete structures under a special stress
State.

Keywords: dynamic response, single-degree-of-freedom (SDOF) model, column-removal
scenario, progressive collapse, dynamic amplification factor, damping, column removal time.
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METO/JAbI N3YYEHUA UCTOPUUN APXUTEKTYPbI HA OCHOBE
3D MOJAEJINPOBAHUSA

Annomayusn. Llupposvie mexnonocuu u UCKyCCmEeHHblI UHMELIEKM CIMAHOBAMCS 6CE boaee
AKMYATbHBIMU 6 PA3IUYHLIX 001ACMAX YeN0BeYeCcKOU OesimenbHOCMUY, 6 YACMHOCMU, 6 HAYYHbIX
uccneoosanuax. Ecau eogopumb 06 ucmopuu apxumexkmypul, MO MEXHONOSUU PACUUPEHHOU
peanvhocmu (AR/VR) u 3D moldenuposanus moivbKO HAYUHAIOM AnpoOupo8amscs 8 3mom pasodese
nayku. Cmagka denaemcs Ha 3D peKOHCMPYKYyUo KAk 0moenbHbIX UCOPUYECKUX NAMAMHUKOS, MAK U
bonee KpynHuix 00wekmos. B cmamwve onucvigaromcs cnocobvl 3D pekoncmpykyuu — pyuHOe
MoOenupogarue, paziuyHvle eapuanmsl 3D ckanupoganus, 6 mom uucie QomozpamMmempuyecKull
Mmemoo. OyeHUBArOMCc B03MONCHOCIU NPUBTEYEHUS UCKYCCMBEHHO20 UHMEeNLNeKma OJid pa36Uumusl
mexHonozuu. Paccmampusaromesi cnocobwsl 60cco3danus 8 Yugposoti cpede CIONHCHBIX APXUMEKNYPHBIX
KOMNJIEKCO8 6NIOMb 00 20P0008 NPUMEHUMENbHO K PA3HbIM ucmopuieckum snoxam. Kax omoenvnas
6emMKA UCCIe008AHUL NPUBOOUMNCS BAPUAHM  PEKOHCMPYKYUU HEPealu308aHHbIX aApPXUMEKMypPHbIX
NPOEKMO8 U3BeCMHbIX a8mopos. B kauecmee pabouux npumepos npugoosmcs yugposvie 3D moodenu
Mocxevl nau. XIX u XX eexos, Canxm-Ilemepoypea nau. XVIII eexa, Apocnasns nau. XX eexa u
anemepHamuenotl mooenu Mockewl ¢ peanuzosanuvimu obvekmamu Pycckozo asanzapoa nau. XX eexa
u cennaana 1935 2. Oyenusaromes nepcnekmugsl OanbHeue20 pa3eumusl ONUCbIBAEMOU MEXHOI0SUU.

Kniwouegvie cnosa: navamuuk apxumexmypsl, 3D moodenuposanue, pacuupennas peaibHoChb,
@omoepammempus, 3D 20pod, asaneapo, arbmepHamueHas UCMOPUsL.

S.V.RASTORGUEV!

Yaroslavl State Technical University, Yaroslavl, Russia

METHODS OF STUDYING THE HISTORY OF ARCHITECTURE
BASED ON 3D MODELING

Abstract. Digital technologies and artificial intelligence are becoming increasingly relevant in
various areas of human activity, in particular, in scientific research. If we talk about the history of
architecture, then the technologies of extended reality (AR/VR) and 3D modeling are just beginning to
be tested in this section of science. The focus is on 3D reconstruction of both individual historical
monuments and larger objects. The article considers 3D reconstruction methods — manual modeling
and various 3D scanning options, including the photogrammetric method. Artificial intelligence can
also be used in different ways to advance technology. The article examines methods for recreating
complex architectural objects, including cities, in a digital environment, in relation to different
historical eras. As a separate area of research, a variant of reconstruction of unrealized
architectural projects of famous authors is given. As working examples, digital 3D models of Moscow of
the early 19th and 20th centuries, St. Petersburg of the early 18th century, Yaroslavl of the early 20th
century and an alternative model of Moscow with implemented objects of the Russian avant-garde of

the early 20th century and the general plan of 1935 are given. The prospects for further development of
the described technology are assessed.

Keywords: architectural monument, 3D modeling, extended reality, photogrammetry, 3D city,
avant-garde, alternative history.
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PEIIUKJIMHI CIIUTOI'O ITOJIMDTUJIEHA JISA CO3AAHUA
KOMITIO3ULIUOHHBIX CTPOUTEJIBHBIX MATEPUAJIOB

Aunnomayun. Paspabomano mexHonio2uueckoe peuieHue obecneuusaioujee NOLyUeHue
KOMRO3UYUOHHO20 CMPOUMENbHO20 MAMepudid HA OCHO8e OMX0008 CULUMO20 NOAUIMUIEHA U 005
Kepamuueckoeo Kupnuua. Buiaenen xapaxmep 6iusiHus cuiumoeo noaudmMuieHa Ha NPOYHOCMHbIE U
depopmamusnvie xapaxmepucmuxu xomnosuma. I[Iposedeno cpasHenue xapakmepa paspyuileHus:
KOMNO3UMOB HA OCHO8E NOJUIMULEHOBLIX 2PAHYI, OMX0008 CUUUMO20 NOJUIMUTIEHA, KOCMPOOEemOoHa U
mpaouyuorHo2o bemona. Buissieno, umo xapakmep paspyuieHusi npedideaemblx KOMIo3umos boaviue
coomeememeayem mpaouyuoOHHOMY OemoHy, npu 3Mom npeoeil NPOYHOCMU HA CHCAMUe COCMAGIsem
20-40 Mlla 6 3asucumocmu om cooepaicanust cutumozo noaudsmunena. Oyenena adeesust 3anoIHUmens 8
sUde CUUMO20 NOAUIMUNEHA K YeMeHMHOU mampuye. YCMAHOBIEHO, YMO 3aNOIHUMENb 8 6ude
CUUMO20 NOAUIMULEHA 001a0aem Xopowium CyenieHuem ¢ YeMeHmHOU mampuyeli 3d cyem
HeNnpasuibHoU (opmbl wacmuy, WepoXo8amoCmu NOBEPXHOCMU U HAIUYUL 8 COCHA8e CUIUNO20
NOAUIMUNEHA TMEeXHUYECKOo20 yenepood. Hamepennoe 3Hauenue adze3uu NOGEPXHOCMU YaCMUY CULUMO20
noausmuieHa K yemeHmuou mampuye cocmasuio 0,98 MIla, umo conocmagumo c aodeesuetl
YeMEeHMHOU Mampuysbl K HOIUPOBAHHOU NOBEPXHOCMU KAMEHHbIX 3anoixumenell. /[ano oOvbsacHeHue
dopmuposanuio 2emepoceHHOU NPOYHOU CMPYKMYPbl 34 CUEem MEeXAHU4ecKko20 U XUMUYECKO20
683AUMO0eLCMBUsT KOMINOHEHNOB.

Knroueewvte cnoea: peyuxiune, cutumolii NOIUIMUICH, KUPRUYHLLL OO, NPOYHOCMb, MOOYIb
Odeghopmayuu, xapaxmep paspyuwienus, aoee3us.

A.A. BARUZDIN!, L.V. ZAKREVSKAYA!
! Vladimir State University named after Alexander Grigoryevich and Nikolai Grigoryevich Stoletov, Vladimir,
Russia

RECYCLING OF CROSS-LINKED POLYETHYLENE TO CREATE
COMPOSITE BUILDING MATERIALS

Abstract. A technological solution of the production of composite building material based on
waste cross-linked polyethylene and ceramic brick has been developed. The nature of the influence of
cross-linked polyethylene on the strength and deformation characteristics of the composite is revealed.
The nature of the destruction of composites based on polyethylene granules, waste of cross-linked
polyethylene, hempcrete and traditional concrete is compared. It was revealed that the nature of the
destruction of the proposed composites corresponds more to traditional concrete than to hempcrete,
while the compressive strength is 20-40 MPa, depending on the content of crosslinked polyethylene. The
adhesion of the aggregate in the form of cross-linked polyethylene to the cement matrix was evaluated.
It was found that the aggregate in the form of cross-linked polyethylene has good adhesion to the
cement matrix due to the irregular shape of the particles, surface roughness and the presence of carbon
black in the composition of cross-linked polyethylene. The measured value of adhesion of the surface of
cross-linked polyethylene particles to the cement matrix was 0.98 MPa, which is comparable to the
adhesion of the cement matrix to the polished surface of natural aggregates. An explanation for the
formation of a heterogeneous durable structure due to the physical and chemical interaction of the
components is given.

Keywords: recycling, cross-linked polyethylene, brick scrap, strength, modulus of deformation,
nature of destruction, adhesion.
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N.A. IIMAPOB!, B.B. 3EMIIOB!

'®T'BY Hayuno-uccie10BaTeNbCKuii MHCTUTYT CTPOUTENBHOM (Gu3nkn POCCHICKOl akaeMUK apXUTEKTYPhI 1
CTpPOUTEINBbHBIX HayK, I. MockBa, Poccust

BJIMSIHUE FOPU30HTAJIBHOM CTALIMOHAPHOI COJTHIE3ALLUTHI
HA OCBEIIEHHOCTH NOMEIIEHUIA.

Aunnomayusa. B cmamve paccmampusaemcs 6nusHue 2OPU3OHMANLHBIX CIMAYUOHAPHBIX
CONIHYE3AWUMHbIX  YCMPOUCME HA  OCBEUWEHHOCMb NOMeWjeHUll ¢ Y4emoM UX OpUeHmayuu
OMHOCUMENbHO CMOPOH C8ema U Y2lo80l 8blcombl COMHYd. H3mepenus nposoounucs noo
ecmecmeeHHbIM  HebOCBO0OOM HA MmMpanchopmupyemoli mooeiu nomewenus. Hsmensnaco enybuna
nomewjeHuss U pasmepsvl CMayuoOHApHO20 CONHYe3awumno20 ycmpoticmsa. Ha ocnosanuu nonyyennvix
Ppe3yibmamos 0anbl peKOMeHOayUY o NPOEKMUPOSAHUIO IPDEKMUSHBIX CONHYE3AUWUMHBIX YCMPOUICME
6 yensix obecneyeHuss HAULyuue20 6ananca mexcoy 3auumoi Om NPIMO20 CONHEUHO20 UZTYYEeHUs U
docmamoyHoll  ecmecmgenHou  oceeweHHocmyio. Hcnonvzoeanue pesynbmamos pabomel  npu
npoexmuposanuy  6yoem cnocobcmeosams YayuuleHulo MUKpPOKIUMAMA NOMEWEHUL, CHUICEHUTO
Menn06oll HA2PY3KU HA OMONIEHUE U NOBLIULEHUIO dHEP20IPdexmusHoCmiL.

Knroueesvie cnosa: CoHye3awyuma, y2noeas evicoma COJHYd, ecmecmeennasl OCGQWéHHOCmb,
3qbqbel<muenocmb CONIHYe3auumHblX CUCmeM.

LA. SHMAROV!, V.V. ZEMTSOV!
INFLUENCE OF HORIZONTAL STATIONARY SUN PROTECTION ON
ROOM DAYLIGHTING

!'Federal State Budgetary Institution Research Institute of Building Physics of the Russian Academy of Architecture and
Building Sciences, Moscow, Russia

Annotation. The article examines the influence of horizontal stationary sun protection devices
on the illumination of rooms, taking into account their orientation relative to the cardinal directions
and the angular height of the sun. Measurements were carried out under the natural sky on a
transformable model of the room. The depth of the room and the dimensions of the stationary sun
protection device were changed. Based on the obtained results, recommendations are given for the
design of effective sun protection devices in order to ensure the best balance between protection from
direct solar radiation and sufficient daylighting. Using the results of the work in the design will help
improve the microclimate of the premises, reduce the heat load on heating and increase energy
efficiency.

Keywords: sun protection, angular height of the sun, daylighting, daylight factor, effectiveness
of sun protection systems.
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'Hayuno-uccnenoBarebekuii MHCTUTYT cTpouTenbHol pusuku PAACH, Mocksa, Poccuiickas @enepanust

COBPEMEHHBIE UCCJIEJOBAHUS UCITOJIB30BAHUS CUCTEM
UHTEJVIEKTYAJBHOI'O YIIPABJEHUSI UH)KEHEPHBIMU
CUCTEMAMM JIJIS1 3IAHUM U COOPY KEHUI

Annomayun. B pabome npeocmasien 0630p UCnONb3YeMbIX UHMEIIEKMYATAbHBIX CUCHEM 8
PA3IUYHbIX  UHIICEHEPHBIX — CUCMeMAax — 30aHull, KOmopvle HA  OAHHbIL ~ MOMEHM  AKMUBHO
paszpabamui8aiomcs UHICEHEPaMu 6 Paziudnbix cmpauax. Ilpusedenvi dannvle ucmopuu pa3eumus u
NPUMEHEHUs PaAcCMAmMpPUBAemMsblx CUCEM O PA3IUYHbIX Ompaciell HapoOHo20 xosalicmea. Onucanbl
pe3yibmamul NPAKMUYecko20 NPUMEHEeHUs U 603HUKWUe 0COOEHHOCMU JIKCNIYyamayuu yCmpoucme
YRpaGNeHus 6 pasiuyHblX UHIICEHEPHbIX cucmemax obecnedeHus MUKPOKAUMama (omonieHus,
BEHMUNAYUA, KOHOUYUOHUPOSAHUA 8030yXa). 1100pobHO 8bidenenvl sapuanmel pecyauposanus CUcHem
JHcusneobecneyenuss 30aHUs ¢ NOMOWDBIO COBPEMEHHLIX KOHMPOINEPOs, d MAKHCce 6aApuanmol ux
unmezpayuu 6 cosmecmuylo eoumylo cucmemy. Onpedenenvl npeononazaemvle Kiouesvble MOYKU
Pazeumus cucmem HeUpoOynpaeieHus UHNCEHEPHbIM 000pyO0o6anuem 6 30aHUAX U COOPYICEHUSX.
Onucanvl  603MOJICHbIC — BAPUAHMbBL  6HEOPEHUA — HEUPOKOHMPONNEpos 6 30anue (6 m.4. U
MHO20CHYneHYamoe 6HeOpeHue HelUpoKOHmMpPOLLepa OOHOU Ccucmemvl 6 2100anbHYI0 CUCmeMmy-
HeUPOKOHMPONNEp € HECKONbKUMU UHIICEHepHbIMU — cucmemamu). Pesynemamoul  uccredosanus
npeocmaegiaom unmepec Oisi COBEPULEHCMBOBAHUA CUCEM YNPABIEHUS UHIICEHEPHBIM 000PYO08aAHUEM
30aHULl U COOPYICEHUTI PA3IUYHO20 HAZHAYEHUS C UCHONb306AHUEM INEMEHMOE UCKYCCMBEHHO20
UHmenneKma.

Kniouegvie cnoea: umndcenepnvie cucmemsl, agmomMamuieckue Ccucmemvl YNpagieHus,
UCKYCCMBEHHbIl UHMELNIEKM, HeUpoynpasieHue, HeUpoKOHMpOJLIep.

LL. SHUBIN!, A.S. STRONGIN!, M.A. RAZAKOV'!

'Building Physics Institute, Moscow, Russian Federation

MODERN RESEARCH OF INTELLIGENT CONTROL SYSTEMS USE FOR
BUILDING AND STRUCTORES ENGINEERING SYSTEMS

Abstract. There is an overview of the intelligent systems use in different engineering systems of
buildings which are designing in different countries. It has been presented the history of considered
systems development and application for different sectors on national economy. Authors have described
the results of practical application and control devices operation features in different engineering
systems for providing microclimate (heating, ventilation and air conditioning). It has been detailed
highlighted the options for regulating the building life support systems with modern controllers and
integration them to joint unified system. Authors have determined the proposed key points of neural
control systems development for engineering equipment in building and structures. Researchers have
described possible options for introducing neurocontrollers to a building (including multi-stage
introduction of single system neurocontroller to a global system neurocontroller with several
engineering systems). The results of the research will be interested for the services operating
engineering equipment of buildings and structures for different purposes. Also this information could be
used by the planning services and developing companies which use modern automated control systems
for engineering systems.

Keywords: engineering systems, automatic control systems, artificial intelligence, neurocontrol,
neurocontroller.
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