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K 70-NEJHIO AKADEMHKA PAACH T.B. ECAYA0BA

Kak-to na 3acemanun npesuanyma PAACH Anexcannp IlerpoBuu KyapsiBieB B cBsizu ¢
00CYKJICHHEM OTpaHUYCHUN Bo3pacTta s ydactus B KoHKypce PAACH Ha 3amenieHue BakaHCUI
CKa3zaJl, YTO TBOPYECKUU TAJAHT apXUTEKTOpa packpbiBaeTcs ToJibko K 60-70 romam. Tak BOT, k
I'eopruii BacunseBuuy EcaynoBy 3T0 BpsiJt 1M OTHOCUTCS, TaK KakK K cBoemMy 50-71eTHI0 OH IOJ01IEN
C COJIMTHBIM HayYHO-TBOPYECKUM Oarakom. Yxke B 50-nmetHem Bo3pacte ['eopruii BacunseBud crain
[JIaBHBIM YY€HBIM CeKpeTapeM AKaJeMuu, K KOTOPOMY Mbl, YJI€Hbl PETHMOHAIBHBIX OTICICHUH,
4acTO MNPUXOJWIM 3a COBETOM B T€ HEMNPOCThbIE Tojbl cTaHOBiIeHUs Akanemuu. M Bcerna,
BCTpPEUasiCh 3a KpPYIJbIM CTOJIOM B €ro KaOuMHETe, MOIJM TNOJYy4UTh COBET [0 JII0OOMYy
npodeccnoHaIbHOMY BOIIPOCY, a MpU HEOOXOAMMOCTH U MOMOIIb B PEIIEHNH KOHKPETHBIX 3aj]ad.
Emé no cBoeill nestenbHOCTH B poiu TriaBHoro yuyéHoro cekperaps PAACH, Bo BpemeHa
BBITNIOJIHEHUS] OOJIbIION MMHMCTEPCKOM HaydHOW mporpaMmbl «CTpOUTENBCTBO U apXUTEKTYpay,
BO3rIaBisieMoil B koH1e 90-b1x ro10B akagaeMukoM JI.C. JIsixoBuuem, y4aCTHUKH 3TOW MpPOrpamMMbl
oOpaTuiii BHUMaHHE Ha MOJIOJIOTO MpoeKTopa POCTOBCKOTO apXUTEKTYpPHOIO MHCTUTYTA, KOTOPBIN
c co0oll Ha coBellaHue, MPOXOJUBIIEe, HAPUMEp, Ha TEIJIOXOJle, IUIbIBYIIeM Mo Bonre, Gpan
MoibOepT. 3areM, mocie 3HakomcTBa ¢ ['eopruem BacunbeBnueM HeCMOTpst Ha TO, 4YTO
OOJIBIIMHCTBO M3 YYaCTHUKOB JTOM NporpaMMbl ObIIM HE apXUTEKTOPhl, a MPEACTaBUTENN
CTPOUTENIbHBIX HAYK, OHU C YAOBOJIBCTBUEM C HUM OOIIANIKCH U OOLIAIOTCS B HACTOAIIEE BpeMs IPU
pELIeHNH MHOTUX NMpoQecCUOHANbHBIX 3a/1a4. Ero BiausHUE Ha CTPOUTENBbHYIO HAYKY B LIEJIOM ObLIO
M 0CTaeTcs TIIyOOKHM U BBICOKO TIPO(eccHoHaIbHBIM. JTO KacajaoCh U €r0 MHOTOJIETHEH pabOTHl B
skcrieptHoM coBere BAK Poccum, roe on, Oymydnm 3amecTuTeneM TMpejcenaresss SKCIEePTHOTO
COBETa, BBICOKO JiepiKaj IJIaHKy YpPOBHS aTTECTAllMOHHBIX TPEOOBAHMN K MOJIOJBIM YYEHBIM M
ONpeNENsi YPOBEHb apXUTEKTYPHON HAyKH, U €ro JEATEIbHOCTH B Ka4eCTBE IJIABHOI'O pENaKTOpa
Hallero 3aMedaTesIbHOrO JKypHalla «AKaJIeMHs», KOTOpBIM MpH HEM CTal OJAHUM U3 BEAYIIMX
YKYPHAJIOB CTPaHBbI.

l'eopruii  BacunbeBnu  sBISETCS BCErAa OT3BIBUMBBIM B BOIIPOCAX  MOJATOTOBKH
BBICOKOIIPO(ECCHOHANBHBIX APXUTEKTOPOB U BBICOKOKBaIM(UIIMPOBaHHBIX YueHbIX. Korma B
Hayaine 2000-bIX B psife BY30B CTpaHbl Ha4aJld OTKPBIBATHCS APXUTEKTYPHBIE CIIELMAIBHOCTU OH
BECbMa TUIATEJIBHO MOJAXOAWI K PEUICHUI0 3TUX BOIPOCOB, BCEr/la OCHOBBIBASACH HA HAJIMYUU
cnenuanucToB. Tak, Hampumep, C €ro AESITeIbHBIM Y4acTHUeM ObUIM OTKPBITHI MPO(UILHBIE
Kadeapbl U HayaTa MOJATOTOBKA apXuUTEKTOpoB B benropoze, B Opne u apyrux peruonax Poccuu.
[Ipu ero monaaep:xke B 3TOT ke nepuo] B psae BY30B Obliu co3naHbl akaeMUYECKUE HAY4HO-
tBOpueckue neHTpel PAACH. B wacTocTH, Takoi# 1ieHTp ObLI cO3/1aH U YCIEeNTHO (DYHKIIMOHUPOBAI
B OpJOBCKOM TOCYIapCTBEHHOM TE€XHUYECKOM YHUBEPCUTETE M AKTUBHO IPOBOJMUI B KU3Hb
MHOTME HauMHaHUS AKaJeMUU U MOJATOTOBMUJI Psii MHTEPECHBIX MPOEKTOB, BKIKOYas, HapuMmep,
peanuzoBannblil B Opie B nepuon ryoepuaropersa E.C. CtpoeBa mpoekt HabepexxkHoil pek Oka u
Opnuk. Takyro ke AesTelbHy0 noMollb [ 'eopruii BacunbeBruY oka3blBasl U OKa3bIBAET TENEPh YXKE
B poiu Bune-npesuneHta PAACH u npoexkropa MAPXM B moarotoBke OyayIux apXUTeKTOPOB U
YUEHBIX  apXUTEKTYpHbIX crneunaibHocTe.  CryneHTsl  OpJOBCKOTO  TOCYAapCTBEHHOTO
TEXHUUYECKOTO YHHMBEpPCUTETa C OOJBIION TEMI0TOW BCIOMUHAIOT 3aMedaTellbHbIe MacTep-KiIacchl,
npoBea¢HHble ['eopruem BacunbeBuueM, Ha KOTOPBIX OH MOKa3ajl MHTEPECHEUIIHN Mpumep, Kak
CaMH CTYyJIEHTBHI MOTYT OLIEHWBATh CBOU TBOpUECKHE paboThl. CEroHSAIIHIM dKCIEpTaM B 00JIacTH
00pa30BaHUs M HAYKHU 3TOT OMBIT ObLIT ObI HE OE3BLIHTEPECHBIM.

Bri3biBaroT Oolbllioe yBakeHHe TUYHBIE KauecTBa ['eoprus BacunbeBuua, KoTopbie 0000
sapko mposBunuck B padbore BAK Poccumn, koraa Hajgo ObLI0 MpUHUMATh pelIeHHe O CyIbOe TOTo
WIM HHOTO MOJIoAOro ydeHoro, ['eopruii BacuibeBudY BHHMMATENBHO CIyIIAT KOJUIET IO
HKCIIEPTHOMY COBETY, BCEr/la COBETOBAJICS M apryMEHTUPOBAHO OOOCHOBBIBAJ NPUHUMAaEMbIe
pelIeHus.

[Ipodeccuonansubie 3acayru ['eoprus BacunbeBrua BecbMa 3HaYMMBI U IIUPOKO M3BECTHBI
cnenuanuctaM. Ha ocHOBe MpOBENEHHBIX UM HAay4YHBIX HCCIIEIOBAHMI JaHAa XapaKTepUCTHUKA U
MpeioKeHa TepUuoaM3aIlusl apXUTeKTypbl W rpagoctpoutensctBa FOra Poccum, paspaborana
KOHIIENIUS KYJIbTYPHO-3KOJOTUUECKON TAKCOHOMHUM HACIIEIUs, BBEJEHO MOHSATUE TPETHErO IJIacTa



B ApXHUTEKType, psAA ero NyOJIMKanmuid TOCBSIIEH TEHJICHIHMSIM B COBPEMEHHOW apXHUTEKTYpE,
TBOPYECTBY POCCHICKUX apxuTekTopoB. EcaymoB I'.B. — aBtop Oosee 400 myOnukamnmii, B TOM
yrcae 12 aBTOPCKUX M KOJUICKTHUBHBIX MOHOTpaduii, cepuu pa3pabOTOK Ui JOBY30BCKOTO U
BBICILIETO apXUTEKTYPHO-XYI0’KECTBEHHOTO M JU3aiHEPCKOro oOpa3oBaHus. ABTOpP MY3€HHBIX U
BBICTABOYHBIX JKCIIO3ULMUH, NPOU3BENCHHUH >XUBOMHUCH U Tpaduku. OH HarpaxieH MHOTHMHU
Harpanamu, cpeau kotopeix Opnen Ilowera, Opaen [pyxOs1, ['pamora Ilpesunenra Poccun,
biaromapuocts [peacenatens Cosera ®eneparmun ®C PO, menans «100 rogunu IlneBeHckas
snoniest 1977» (bonrapust), «Camapckuii kpect» (bosrapus), 3onoteie Mmeganun PAACH u PAX u
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OILIEHKA MEXAHUYECKNX XAPAKTEPUCTUK KAMEHHOM KJIATKH
CYHIECTBYIOIIUX 31AHUI

Annomayusn. Bvinoninen ananiuz uzeecmHuix Memoo08 OYEHKU NPOYHOCU HA Colcamue U
MOOYNISL  YNPY2OCmu  CYWECMEYIOuux KaMeHHbiXx Koncmpykyuil. [Ipuseden memood onpedenenus
MEXAHUYECKUX XAPAKMEPUCUK KAMEHHOU KIAOKU, OCHOBAHHbBII HA UCTILIMAHUSX, GbIPE3AHHbIX U3 Med
KAaOKU 00pasyos & 6ude mpeyeoibHblX Npu3M. Bulnonneno conocmasieHue npoyHoCmu Ha cicamue,
HAYanbHOU NPOYHOCMU NpU CO8U2e U Yeld GHYMPEHHe20 MpPeHUs, NOJYYEHHbIX N0 pe3yibmamam
UCNBIMAHULL 06PA3YOG-NPUM, C PE3VALINAMAMY UCHBIMAHULL 00pA3Y08 KAAOKU, 8 COOMEENCMEUL CO
cmandapmamu CTH EN 1052-1 u CTH EN 1052-3. [loxazano yooeremeopumenvHoe co2nacosaue
SHAYEHUL NPOYHOCTNU KIAOKU HA CHCAMUE U CeKYUe20 MOOYISL YAPY2OCHiL ROTYHEHHbIX UCTIbIMAHUAMU
npusM  CocUMaiowell  Hazpy3kotl, O0eticmeyiowell.  NepReHOUKVIAPHO NIOCKOCHU  20PU3OHMAbHBIX
PAacmeopHuix w608, ¢ pesyromamamu ucnvimanuti no memoouxe CTH EN 1052-1. Hauanvnas
NPOUHOCMb HA COBUS KAMEHHOU KIAOKU, NOIVHEHHAs NO pe3ylbmamam UCHbIMAHUL CO2NACHO
CTh EN 1052-3, omauuanacs 6 mMeHbuyo cmopony om npouHoCmu, YCMaHoGIeHHOU No pe3yibmamam
ucnelmaHull  06pA3YO6-NPU3M HA cocamue, NPU OMOM 3HAYEHUs. Y2id GHYMPEHHE20 MPeHus,
onpeodenenHble 08YMsi Memooamu, ObLiu OIU3KU.

Kniouesvie cnosa: cywecmeyiowue 30aHus, KAMeHHAs KIAOKA, NPOYHOCMb HA CxHcamue,
MOOYb YNPYeoCcmu, NPOYHOCHb HA COBUL.

A.V. HALALIUK!, V.N. DERKACH!
!Branch office of the RUE «Institute BeIN11S» - Scientific-Technical Center, Brest, Republic of Belarus

EVALUATION OF THE MECHANICAL CHARACTERISTICS OF THE
MASONRY IN EXISTING BUILDINGS

Abstract. An analysis of known methods for evaluation the compressive strength and modulus
of elasticity of existing masonry structures have been carried out. A method for determining the
mechanical characteristics of masonry, based on tests of the specimens cutted from the body of the
masonry in the form of triangular prisms have been given. Comparison of compressive strength, initial
shear strength and angle of internal friction, obtained from the results of tests of prism specimens, with
the results of tests of masonry specimens in accordance with the standards STB EN 1052-1 and STB EN
1052-3 has been carried out. Satisfactory agreement between the values of the compressive strength of
the masonry and the secant modulus of elasticity obtained by testing the prisms with a compressive load
acting perpendicular to the plane of the horizontal mortar joints with the test results according to the
STB EN 1052-1 method has been shown. The initial shear strength of masonry, obtained from the
results of tests according to STB EN 1052-3, differed downward from the strength established from the
results of tests of prism specimens for compression, while the values of the angle of internal friction
determined by the two methods were close.

Keywords: existing buildings, masonry, compressive strength, modulus of elasticity, shear
strength.

© lranamox A.B., [lepxau B.H., 2023

M 6 (110) 2023



CTponTe/IbCTBO H PEKOHCTPYKIHSI

CIIMCOK JIMTEPATYPbI

1. 3wmua C.C., KokorkoBa O.[l., bBecmamor B.B. ComguaThle KOHCTPYKIUH HCTOPHICCKHUX 3MaHUHA //
CTpouTenbeTBO YHUKAIBHBIX 31aHUN U coopyxkeHnit. 2015. Ne 2(29). C. 57-62.

2. becmanos B.B., 3umun C.C. [IpoyHOCTh KaMEHHOH KJIAJIKH CBOAYATHIX KOHCTPYKIH // CTpOUTETHCTBO
YHUKQJIBHBIX 3[aHui 1 coopyxeHuid. 2016. Ne 11(50). C. 37-51.

3. Opnosuu P.B., becranoB B.B., CemenoBa M.Jl. O coBMecTHOH paboTe KaMEHHBIX apoK W CTeH //
CrpowurenbctBo 1 pekoHcTpykius. 2018. Ne 5(79). C. 32-40.

4.  Opnosuu P.B., 3umun C.C. YCTpoHCTBO CKBO3HBIX MPOEMOB B KAMEHHBIX CBOJaX MCTOPHYECKUX 3/IaHHUN
/! CtpoutenscTBO U pekoHCTpyKIms. 2022. Ne 6(104). C. 69-77.

5. Lourenco P.B. Computational strategies for masonry structures: PhD Dissertation // Delfi University of
Technology. Delfi University Press. The Netherlands. 1996. 210 p.

6. Malyszko L. Modelowanie zniszcenia w konstrukcyach murowych z uzglednieniem anizotropii.
Olsztyn: UWM, 2005. 158 p.

7. Kabanmer O.B. CTpykTypHBIH aHamu3 mpolecca IUIACTUYECKOrOo IeGOPMHUPOBAHUS M pa3pyIICHHUS
KaMEHHOH KJIaJKH B YCJIOBHAX JBYXOCHOI'O HAMpPsHKECHHOTO cocTosHus // International Journal for Computational Civil
and Structural Engineering. 2015. ISSUE 3. Vol. 11(4). Pp. 36-51.

8. Ilamraece B.B., Ambayr I'.., demopor A.B., TabanioxoBa M.B. MonenbHble HUCCIICAOBAHUS
HaIpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI KAMEHHOM Kianku mpu cxatuu // M3B. Bysos. Crtpoutenscto. 2003.
Ne 2. C. 24-29.

9. CokonoB b.C., AnrtakoB A.b. MccnemoBaHusi cxXaTblX 3JEMEHTOB KaMEHHBIX M apMOKaMEHHBIX
koHcTpykimii. M: ACB, 2010. 104 c.

10. Kamesaposa I'.I"., 3o00aueBa A.}0. MozaenupoBanue nporecca pa3pyiieHus KUpIUYHON Kiaaku // BecTH.
[Tepm. Haw. uccnen. nonuTexH. yH-Ta. CtpoutenbeTBo U apxurekrypa. 2010. Ne 1. C. 106-116.

11. Koztowski M, Galman I, Jasinski R. Finite Element Study on the Shear Capacity of Traditional Joints
between Walls Made of AAC Masonry Units // Materials. 2020, 18, 4035. 23 p. doi:10.3390/ma13184035.

12. Derkach V., Galalyuk A. Calculation model of the Anisotropy of Strength at Compression of Masonry //
Research, Design & Cad in Construction: Theory and Practice (RDCAD 2021): MATEC Web of Conferences 350,
00003 (2021), Brest, Belarus, December, 2021. 6 p.

13. Marepuansl creHoBble. MeTOAbI ONpeeeHuUs] MPEAeIoB MPOYHOCTH Hpu cxatuu U usrude: [OCT
P 58527-2019. Been. 01.01.2021. M.: Crangaptundopm, 2019. 12 c.

14. PactBopsl  crpoutenbHble.  Metoabl  ucnbiTanmii:  [OCT — 5802-86. Beem.  11.12.1985.
M.: T'ocynapctsennsiit komurer CCCP o genam crpourtensctsa, 1985. 22 c.

15. Testing of mortars containing mineral binders - Part 9: Determination the compressive strength of
hardened mortar: DIN 18555-9: 2019. Published 04.01.2019. Berlin: Deutsches Institut fiir Normung, 2019. 14 p.

16. [epxau B.H. Kamennsie u apMokaMeHHbIe KOHCTPYKIMU. OLEHKa TEXHUYECKOrO COCTOSIHUS, PEMOHT U
ycewienue. Munck: CtpoitMenuallpoekt, 2021. 256 c.

17. UIC — International Union of Railways: UIC Code. Recommendations for the linspection, Assessment,
Reliability and Maintenance of Masonry Arch Bridges. final draft, 2008. 16 p.

18. Meroap! ucnbITaHU# KaMeHHON Ki1aaku. Yacts 1. Onpenenenune npounoctu npu ckatuu: CTh EN 1052-
1-2015. Been. 01.11.2015. Munck: PYII «Crpoitrexaopmy», 2015. 12 c.

19. Gaber K., Kupper R. Vorschlag fur ein neues Verfahren zur Priifung der Druckfestigkeit von
bestehendem Mauerwerk // Mauerwerk. 2012. No. 16. Heft 6. Pp. 297-300.

20. Meronp! uctibiTaHU# KaMeHHOHN Kiaaku. Yacte 3. Onpenenenue HadaibHO# npouHocty npu casure: CTh
EN 1052-3-2017. Ben. 01.08.2018. Musnck: PVII «Crpoiitexuopmy», 2013. 17 c.

21. Tanamok A.B. [IpouyHOCTh KAMEHHOMN KJIaJIKH HPH CKATUH TOJ] PA3THYHBIMU YIiaMU K TOPU30HTABHBIM
pactBopHeiM mBam // CtpourtenpHas Hayka. 2014: teopus, oOpa3oBaHHe, IpaKTHKA, HHHOBAIMH (TIOCBSIIAETCS 55-
neruto UCuA CADY). COopHHK TPYIOB MEKIYHAP. HAYIHO-TEXH. KOH(., T. ApxXaHrenbek, 22-23 mast 2014 r. Ilox pexn.
Jlabynuna b.B. Apxanrensck: U3a-80 OO0 «Tumorpadus «TOUKA». 2014. C. 68-73.

22. Jlepkau B.H. OreHka aHH30TPONMHM MPOYHOCTH MPU CKATHM KAMEHHON KKK TpPU OOCIICTOBAHUHU
3maHuil crapoit moctpoiiku // Becrauk BpI' TY. CtpoutensctBo u apxutekrypa. 2019. Ne 1. C. 58-61.

23. Nowak R., Kania T., Derkach V., Ortowicz R., Halaliuk A., Ekiert E., Jaworski R. Strength Parameters of
Clay Brick Walls with Various Directions of Force // Materials. 2021. No. 14(21), Pp. 6461.
https://doi.org/10.3390/mal4216461

Ne 6 (110) 2023


https://pubmed.ncbi.nlm.nih.gov/32932936/
https://pubmed.ncbi.nlm.nih.gov/32932936/

Teopusi HHKEeHEPHBIX coOpY:KeHHH. CTpouTeIbHbIE KOHCTPYKITHHI

REFERENCES

1.  Zimin S.S., Kokotkova O.D., Bespalov V.V. Svodchatye konstrukcii istoricheskih zdanij [Vaulted
structures of historic buildings]. Stroitel'stvo unikal’'nyh zdanij i sooruzhenij. 2015. Vol. 29. No. 2. Pp. 57-62. (rus)

2.  Bespalov V.V., Zimin S.S. Prochnost' kamennoj kladki svodchatyh konstrukcij [The strength of vaulted
masonry structures]. Stroitel'stvo unikal'nyh zdanij i sooruzhenij. 2016. VVol. 50. No. 11. Pp. 37-51. (rus)

3. Orlovich R. B., Bespalov V.V., Semenova M.D. O sovmestnoj rabote kamennyh arok i sten [About the
joint work of masonry arches and walls]. Stroitel'stvo i rekonstrukciya. 2018. Vol. 79. No. 5. Pp. 32-40. (rus)

4. Orlovich R.B., Zimin S.S. Ustrojstvo skvoznyh proemov v kamennyh svodah istoricheskih zdanij.
[Arrangement of through openings in the masonry vaults of historical buildings]. Stroitel'stvo i rekonstrukciya. 2022.
Vol. 104. No. 6. Pp. 69-77. (rus)

5. Lourenco P.B. Computational strategies for masonry structures: PhD Dissertation. Delfi University of
Technology. Delfi University Press. The Netherlands. 1996. 210 p.

6. Malyszko L. Modelowanie zniszcenia w konstrukcyach murowych z uzglednieniem anizotropii.
Olsztyn: UWM, 2005. 158 p.

7. Kabancev O.V. Strukturnyj analiz processa plasticheskogo deformirovaniya i razrusheniya kamennoj
kladki v usloviyah dvuhosnogo napryazhennogo sostoyaniya [Structural analysis of the process of plastic deformation
and destruction of masonry under biaxial stress conditions]. International Journal for Computational Civil and
Structural Engineering. 2015. ISSUE 3. Vol. 11(4). Pp. 36-51. (rus)

8. Pangaev V.V., Al'baut G.1., Fedorov A.V., Tabanyuhova M.V. Model'nye issledovaniya napryazhenno-
deformirovannogo sostoyaniya kamennoj kladki pri szhatii [Model studies of the stress-strain state of masonry under
compression]. lzv. Vuzov. Stroitel'stvo. 2003. No. 2. Pp. 24-29 (rus)

9. Sokolov B.S., Antakov A.B. Issledovaniya szhatyh elementov kamennyh i armokamennyh konstrukcij
[Studies of compressed elements of masonry and reinforced masonry structures]. M: ASV, 2010. 104 p. (rus)

10. Kashevarova G.G., Zobacheva A.YU. Modelirovanie processa razrusheniya kirpichnoj kladki [Modelling
of the process of destruction of masonry]. Vestn. Perm. nac. issled. politekhn. un-ta. Stroitel'stvo i arhitektura. 2010.
No. 1. Pp. 106-116. (rus)

11. Koztowski M, Galman I, Jasinski R. Finite Element Study on the Shear Capacity of Traditional Joints
between Walls Made of AAC Masonry Units // Materials. 2020, 18, 4035. 23 p. d0i:10.3390/mal13184035.

12. Derkach V., Galalyuk A. Calculation model of the Anisotropy of Strength at Compression of Masonry //
Research, Design & Cad in Construction: Theory and Practice (RDCAD 2021): MATEC Web of Conferences 350,
00003 (2021), Brest, Belarus, December, 2021. 6 p.

13. Materialy stenovye. Metody opredeleniya predelov prochnosti pri szhatii i izgibe: GOST R 58527-2019
[Masonry materials. Methods for determining the ultimate strength in compression and bending: GOST R 58527-2019.]
/' Vved. 01.01.2021. M.: Standartinform. 2019. 12 p. (rus)

14. Rastvory stroitel'nye. Metody ispytanij: GOST 5802-86. [Building mortars. Test methods: GOST 5802-
86] // Vved.11.12.1985. M.: Gosudarstvennyj komitet SSSR po delam stroitel'stva. 1985. 22 p. (rus)

15. Testing of mortars containing mineral binders - Part 9: Determination the compressive strength of
hardened mortar: DIN 18555-9: 2019. Published 04.01.2019. Berlin: Deutsches Institut fiir Normung, 2019. 14 p.

16. Derkach V.N. Kamennye i armokamennye konstrukcii. Ocenka tekhnicheskogo sostoyaniya, remont i
usilenie [Masonry and reinforced masonry structures. Assessment of the technical condition, repair and strengthening].
Minsk: StrojMediaProekt. 2021. 256 p (rus)

17. UIC — International Union of Railways: UIC Code. Recommendations for the linspection, Assessment,
Reliability and Maintenance of Masonry Arch Bridges. final draft, 2008. 16 p.

18. Metody ispytanij kamennoj kladki. CHast' 1. Opredelenie prochnosti pri szhatii STB EN 1052-1-2015
[Test methods for masonry. Part 1. Determination of compressive strength: STB EN 1052-1-2015]. Vved. 01.11.2015.
Minsk: RUP «Strojtekhnorm». 2015. 12 p. (rus)

19. Gaber K., Kupper R. Vorschlag fur ein neues Verfahren zur Priifung der Druckfestigkeit von
bestehendem Mauerwerk. Mauerwerk. 2012. No.16. Heft 6. Pp. 297-300.

20. Metody ispytanij kamennoj kladki. CHast' 3. Opredelenie nachal'noj prochnosti pri sdvige: STB EN
1052-3-2017 [Test methods for masonry. Part 1. Determination of the initial shear strength: STB EN 1052-3-2017].
Vved. 01.08.2018. Minsk: RUP «Strojtekhnorm». 2013. 17 p. (rus)

21. Galalyuk A.V. Prochnost' kamennoj kladki pri szhatii pod razlichnymi uglami k gorizontal'nym
rastvornym shvam [Compressive strength of masonry at different angles to horizontal mortar joints]. Stroitel'naya
nauka. 2014: teoriya, obrazovanie, praktika, innovacii (posvyashchaetsya 55-letiyu ISIA SAFU). Shornik trudov
mezhdunar. nauchno-tekhn. konf., g. Arhangel'sk, 22-23 maya 2014 g. Pod red. Labudina B.V. Arhangel'sk: lzd-vo
00O «Tipografiya «TOCHKAx». 2014. Pp. 68-73. (rus)

Mo 6 (110) 2023



https://pubmed.ncbi.nlm.nih.gov/32932936/
https://pubmed.ncbi.nlm.nih.gov/32932936/

CTponTe/IbCTBO H PEKOHCTPYKIHSI

22. Derkach V.N. Ocenka anizotropii prochnosti pri szhatii kamennoj kladki pri obsledovanii zdanij staroj
postrojki [Evaluation of anisotropy of compressive strength of masonry in the inspection of old buildings]. Vestnik
BrGTU. Stroitel'stvo i arhitektura. 2019. No. 1. Pp. 58-61. (rus)

23. Nowak R., Kania T., Derkach V., Ortowicz R., Halaliuk A., Ekiert E., Jaworski R. Strength Parameters of
Clay Brick Walls with Various Directions of Force. Materials. 2021. No. 14(21), Pp. 6461.
https://doi.org/10.3390/mal4216461.

HNndopmanus 00 apTopax:

TI'anamox AnToH Biagumuposuv

@Ounnan PYII «Mucturytr benHUMC» - Hayuno-texnuueckuii neHtp, T. bpect, Pecnyonuka benapycs,
HaYaJbHUK OT/eNa.

E-mail: Halaliuk@mail.ru

Jepkau Banepuii HukonaeBuu

@Ounnan PYII «MucturyTr BenHUMCy» - Hayuno-texHuueckuii eHTp, r. bpect, Pecniydnuka benapycs,
JIOKTOp TEXHUYECKUX HAYK, TUPEKTOP.

E-mail: v-derkatch@yandex.ru

Information about authors:

Halaliuk Anton V.

Branch office of the RUE «Institute BeINIIS» - Scientific-Technical Center, Brest, Republic of Belarus,
head of department.

E-mail: Halaliuk@mail.ru

Derkach Valery N.

Branch office of the RUE «lnstitute BeINIIS» - Scientific-Technical Center, Brest, Republic of Belarus,
doctor of technical sciences, director.

E-mail: v-derkatch@yandex.ru

Ne 6 (110) 2023


mailto:Halaliuk@mail.ru
mailto:v-derkatch@yandex.ru
mailto:v-derkatch@yandex.ru

Teopusi HHKEeHEPHBIX coOpY:KeHHH. CTpouTeIbHbIE KOHCTPYKITHHI

VK 624.046.2 DOI: 10.33979/2073-7416-2023-110-6-15-24

B.A. TTIAJIKM X!, E.B. JOMAPOBA!, JI.C. IIOIIOB?, 1.C. IIIAKAJIOBA!

1®Irb0Y BO «HaumoHanbHbIN HCCIen0BaTeNbCKiii MOCKOBCKHUI TOCYAapCTBEHHbIN CTPOUTENBHBINA YHUBEPCHTETY,
r. MockBa, Poccus

YCWJIEHME TOPKPET-BETOHOM HECYIINX CTEH N3 KAMEHHO
KJIAJKHA

Annomauyun. Buinoimen amaiuz  munog NoBpedCOeHUll  8ePMUKAIbHBIX — HECYUUX
NEMEHMOB U3 KAMEHHOU KIAOKU OM G3PbIGHBIX 8030€UCMBUL, ONUCAHbI OCHOGHbLE NPUSHAKU MAKUX
nospesicoenuti, mpedyrowux — cneyuanvbhvblx  cnocobog  ycunenus. Cogpemennvle  Memoobl
680CCMAHOGICHUSL HeCywel CROCOOHOCMU KAMEHHOU KIAOKu mpebyiom 0opabomku u aoanmayuu
npuU paccMompeHuu Ciyuaes 83puleHulx 6o30eticmsutl. Ilpedmemnoe obcredosanue necywux cmem
BBISGUIIO CHUJICEHUE CUL CYENNeHUs] (A02e3ult) MeXcOy KUPRUYOM U PACIEOPOM, 0e2padayuio cessell
MedHCOY HAPYIICHOU 8EpCMO U OCHOBHBIM MACCUBOM KAAOKU. /[ eoccmanoeienus Hecywei
CHOCOOHOCTUL NOBPENCOCHHBIX INEMEHMO8 NPEONONCEH COBPEMEHHBINL MEMOO, 3AKTIOYAIOWUICS 6
yempoticmee 0OHOCHOPOHHUX ANIIUKAYUTE U3 THOPKPem-0emona, NO380JAI0WULL 80CCTNAHOBUMb
paspyuleHuvle Ces3u 6Hympu KIAOKU U 00ecneyusarowull 6bICOKUL yPoBeHb MeXaHu3ayuu mpyod.
s onpedenenusi  PuU3UKO-MEXAHUUECKUX — XAPAKMEPUCUK — MOpPKpem-6emona, a makoice
A02e3UOHHOU NPOYHOCIU MedICOY OEeMOHOM ANNAUKAYUU U KUPNUYOM KAAOKU, obecneuugaiouje
COBMECTNHOCTNL  pabOmbl  KOHCMPYKYUU YCUNEHUsL U3 MOPKpem-0emona u cyujecmeyloujell
KAMEHHOU  KAAOKYU, ObLiu  NpoBedeHbl  IKCHEPUMEHMATbHble  ucciedosanus.  Hcnvimanus
nposodunucy Ha 20 0bpasyax ¢ OCHOBAHUEM U3 KEPAMUYECKO20 KUPRUYA 0I5l ONnpedenetus (pusuko-
MEXAHUYECKUX XAPAKMEPUCUK, UCTBIMbIGAIUCL NPUSMbL U  YUIUHOPbL, U320MOGIEHHblE U3
mopxpem-demona. OnpedeneHo, 4mo MmexHONI02Usl HAHeCeHUuss MOPKpem-0emona co CKopOCmbio
150 m/c npueodum k ymeHbueHUIO YOeIbHO20 eCa CMeCU 3d Cuem ee YNIOmHeHus. Ycmanoeneno,
Umo npu OOUHAKOBOM MOOYJle YAPY2OCHU MOPKpem-0emona u maxiceio2o 6emona npusmMenHas
NPOYHOCHb MOPKpem-bemona 3Havumenvio 6oavuwe. 1lo pezyrbmamam ucciedo8anuil nowyuensl
MOOynb ynpyeocmu mopkpem-bemona 26400 Mlla, cpeousisi npuzmennasi npoyHOCMb MOPKpent-
bemona 42 MIla. Ilonyuennvie xapakxmepucmuku Mo2ym Oblmb UCTONb306AHbL O/l YUCTEHHO20
MOOeUPOBaHUsL U pacuemHnozo 0O0CHOBAHUsL NPU Pa3pabomKe NPOEKma yCuieHust KOHCMpYKYuil.

Knrwoueswvie cnosa: rxamennas ma()Ka, 63pbleHblE 60306120”1814}1, ycuieHue, mopkKpem-
6€m0H, IKcnepumenmalbHbvle MCC]ZQOOGCZHM}Z, aoze3uonHas npoYyHoCnts.

V.F. GLADKIKH!?, E.V. DOMAROVA?, D.S. POPOV?, I.S. SHAKALOVA!
'National Research Moscow State University of Civil Engineering, Moscow, Russia

REINFORCEMENT OF LOAD-LOADING MASONRY WALLS WITH
SHOTCRETE

Abstract. The analysis of the types of damage to vertical load-bearing elements of masonry
from explosive impacts is carried out, the main signs of such damage requiring special
reinforcement methods are described. Modern methods of restoring the bearing capacity of
masonry require refinement and adaptation when considering cases of explosive impacts. A
substantive examination of the load-bearing walls revealed a decrease in the adhesion forces
between the brick and mortar, degradation of the connections between the outer verst and the main
masonry array. To restore the bearing capacity of damaged elements, a modern method is
proposed, consisting in the device of one-sided applications of shotcrete, which allows to restore
the destroyed connections inside the masonry and provides a high level of mechanization of labor.
Experimental studies were conducted to determine the physical and mechanical characteristics of
shotcrete, as well as the adhesive strength between the concrete of the application and the masonry

© Iaokux B.A., [Jomaposa E.B., Ilonos /[.C., llakanosa U.C., 2023
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brick, which ensures the compatibility of the reinforcement structure of shotcrete and existing
masonry. Tests were carried out on 20 samples with a ceramic brick base to determine the physical
and mechanical characteristics, prisms and cylinders made of shotcrete were tested. It is
determined that the technology of applying shotcrete at a speed of 150 m/ s leads to a decrease in
the specific weight of the mixture due to its compaction. It is established that with the same modulus
of elasticity of shotcrete and heavy concrete, the prismatic strength of shotcrete is significantly
greater. According to the research results, the modulus of elasticity of shotcrete is 26400 MPa, the
average prismatic strength of shotcrete is 42 MPa. The obtained characteristics can be used for
numerical modeling and computational justification when developing a structural reinforcement
project.

Keywords: masonry, explosive effects, reinforcement, shotcrete, experimental studies,
adhesion strength.
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VL.I. KOLCHUNOVl, S.B. KRYLOVZ, S.S. FEDOROV?
!Moscow State University of Civil Engineering (NIU MGSU), Moscow, Russia
2Gvozdev Research Institute of Reinforced Concrete, JSC SIC Construction, Moscow, Russia.

STIFFNESS OF REINFORCED CONCRETE STRUCTURES UNDER
BENDING CONSIDERING SHEAR AND AXIAL FORCES (PART 1)

Abstract. The paper provides a physical and computational model for determining the
parameters of limit states of reinforced concrete structures under complex stress state such as
bending with effect of axial and shear forces. The forward and backward transitions for
determining the stiffness matrix coefficients of reinforced concrete bar structures with inclined and
normal cracks have been constructed on the basis of the adopted cross-section discretization
scheme and the duality theorem between force and deformation parameters by A.R. Rzhanitsyn.
Determination of the stiffness of structures in the zone of inclined cracks was performed on the
basis of the model of composite strips into which the zone with inclined cracks is divided. It is
assumed a hypothesis about the character of deformation distribution in a complexly stressed
reinforced concrete element with inclined cracks. For this model the effective shear modulus has
been obtained. It allows to determine the average relative linear and angular strains of concrete
and reinforcement at the point adjacent to the shear joint between inclined cracks. Using this model
and the experimentally obtained value of the relative shear in the inclined crack, the dowel forces in
the reinforcing bar crossed by the inclined crack were determined. The use of the obtained
analytical dependences in the practice of designing reinforced concrete structures allows to clarify
significantly the definition of displacements and width of opening of inclined and normal cracks, as
well as to bring the calculation and physical model based on experimental data as close as
possible.

Keywords: reinforced concrete, stiffness, physical model, computational model, inclined
crack, shear, dowel effect, composite bar.

BJL.U. KOJIYYHOB?, C.B. KPBIJIOB?, C.C. ®EJJOPOB!

'HanuoHanpHbIH HecenoBaTenbckuii MOCKOBCKMIA roCy1apCTBEeHHBbIH cTpouTenbHbli yrusepcuter (HIY MI'CY),
r. MockBa, Poccus
HUMXDB um. A.A. Tosaesa AO «HULL «CTpouTenscTBo»», I. Mocksa, Poccus

’KECTKOCTbH KEJIE3OBETOHHBIX KOHCTPYKIIUH ITPHU N3TUBE C
YYETOM HONEPEYHOM U MPOJOJBbHOM CUJI (HACTH 1)

Annomauus. Ilpugsedenvl Gusuueckas u pacuémuas mooeis Osi OnpedeieHusi napamempos
NPeOeibHbIX COCMOSHUL JHCENe300eMOHHbIX KOHCIPYKYUN NPU CLOHCHOM HANPAICEHHOM COCMOAHUU-
uzeube ¢ NpoooabHOU U nonepeuHvimMu cuiamu. Ha ocnoee npunamoii cxemsl Ouckpemusayuu
NONepPeuHo20 CeyeHuss U meopembl O0BOUCMBEHHOCHU MedHCOy CUNOBbIMU U OepOoOpMAYUOHHBIMU
napamempamu A.P. Poycanuyvina nocmpoeHnvl npsamot u o00pamuulii nepexoo 011 onpeoeieHus
KOIGhPuyuenmos  mMampuysl  JHCECMKOCMU  JHCENC300EMOHHBIX  CINEPIHCHEBLIX  KOHCMPYKYUL  C
HAKAOHHLIMU U HOpMATbHbIMU  mpewunamy. Onpedenienue HcECMKOCMU KOHCMPYKYULL 6 30He
HAKJIOHHBIX MPewur GbiNOJHEHO HA OCHOBe MOOelU COCMAGHbIX NOJOCOK, HA KOMOopble pazousaemcs
30HA C HAKAOHHbIMU mpewgunamu. IIpu smom npunsama zsunomesa O Xapakmepe pdacnpeoeneHus
odeghopmayuii 8 CIONHCHO HANPSIHCEHHOM JHCENe300eMOHHOM INeMeHme C HaKIOHHLIMU mpewunamu. [l
MOl MOOenU NOJY4eH YCI08HbIL MOOYIb CO8U2A NO3BONAIOWULL ONpedesamb CpeoHUe OMHOCUMEeNbHbLE
JIUHElIHble U Yenogble Oehopmayuu 6emoHbl U apmMamypsl 8 mouke npuiearujel K wey cosuea mexcoy
HAKAOHHLIMU mpewunamu. Ha ocroge smotl modenu u ¢ UCHOAL30BAHUEM IKCHEPUMEHMANLHO
NOMYYEHHO20 3HAYEHUs cO8Ued 6 HAKIOHHOU mpewjune onpeoeneHvl HAeNbHble YCUNUs 6
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apMamypHOM CMEpXCHe, NepecekaemMom HAKIOHHOU mpewunou. Hcnonv3osanue nomyyeHHbIX
AHATUMUYECKUX 3A8UCUMOCHE 6 NPAKMUKe NPOeKMUPOBAHUS  JHCeNe300eMOHHbIX  KOHCIMPYKYULL
NO360J5lem He MOJbKO CYUWECMEeHHO YMOYHUMb OnpedeieHue nepemeujenull U WUpuHsl packpulmisl
HAKJIOHHBIX U HOPMATLHBIX MPEWun, HO U MAKCUMATLHO COMUUMb PACUEMHYIO U DUBUYECKYIO MOOEb,
bazupyrowyIocs Ha SKCNEPUMEHMATIbHBIX OAHHBIX.

Knrouesvte cnoea: odicenezobemon, scecmkocmo, Quszuyeckas mMooeiv, pacuémuas Mooelb,
HAKJIOHHAS MPEWUHA, COBUS, HA2ENbHbIU D PEKMm, COCMABHOL CMEPIHCEHD.
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Annomayusn. Ilpu Oeticmséuu 20puU3OHMANILHOU GeMPOBOU U  CEUCMUYECKOU HAPY3KU 8
HEeCUMMEMPUIHBIX HECYIYUX CUCEMAX MHOL0IMAICHBIX 30aHUll 803HUKaem Kpyyenue. Ilpuuuna Kpyuenus
3aKAIOYAEMCS 8 NOABNIECHUU IKCYSHMPUCUMEMA NPUTIONHCEHUS. 20PU3OHMATLHOU HASPY3KU MENHCOY YeHMPOM
Mace u yenmpom sicecmrxocmei. Bepmukanvnvie necywue snemenmol naHeabHbiX 30aHUL COCOUHSIOMCS 8
NPOCMPAHCIBEHHYIO CUCTNEMY PASTUYHBIMU Ces3sMU cosuea. Tlooamausocms NIOMHbBIX C8APHBIX C6s3ell 8
HeUHeiHOl NOCMAaHOBKe DAUPYEMCsl Ha IKCNEPUMEHNATbHbIX OQHHbIX HA Oelicmeue cO8U2arouux yCunul.
Tpunumasn 6o eHumanue, Ymo NOOAMAUBOCTNL 3ABUCUM HE MOTILKO OM COBULAIOUe20 8030eUCmEUs, HO U
saeusiemcst  QQyHKyuel — 6vlcomvl  30QHUs,  Heobxoouma  NOAHAs — ouazpamma  0eqopMuposaHus
paccmampusaemol niomuoll cesizu. Bausnue kpymsaweeo eozdeticmeusi Ha nooamiu8oCmb NIOMHBIX
ces13ell panee He paccmampuganoch.

B dannoti pabome npedcmasiiena KOHEUHO-IIEMEHMHASL MOO€eIb, PeANU308ANHASL 8 NPOSPAMMHOM
xomnnexkce ANSYS  ¢pacmenma nanmenvnoco 30anus. Dpacmenm 30anusi onpeodensiics U3 YCio8Us
npo6eoeHUss OANbHEUUUX IKCNEPUMEHMATbHBIX UCCIeO08AHUL NO NPOYHOCMU U  0eDOPMAMUSHOCTU
CBAPHO20  CMBIKA,  COCOUHAIOWE20 08¢  GePMUKATbHblE — Hecywue  KOHCMpyKyuu.  Huciennvim
MOOEUPOBaAHUEeM ONPedeNeHO HANPINCEHHO-0eQOPMUPOBAHHOe COCMOSHUE BEPIMUKAILHOZO NIAOMHO20
CMbIKA NAHENbHbIX 30anuil npu Oeticmeuu cosuea u Kpyuweuus. Lllacoeoe nazpyoicenue uccrnedyemozo
00pasya 6e10ch 6 GePMUKAILHOU U 20PU3OHMANLHOU NaocKocmu. Hcmopusi Hazpyscenuss npunsama 6
nepeomM NpubIUdiCEeHUU camas Npocmas - NponopyuoHamvhas. OnpedeieHa Hecywyas cNOCOOHOCMb U
dehopmamusnocms cmulka npu deticmeuu coguea u kpydenus. Ilonyuenvt ouazpammol deopmuposanus
niomnoz2o cmuika. Onpedeiena npedeivbHdass HAZPY3KA, NPU KOMOPOU CcOeOUHeHUue npespaujaemcs 6
wapnup. Kpymswee sozoeticmgue npugooum K ygeauteHuio no0amuugocmuy niomHou cessu. Pesyiomamut
NPOBEOEHHO20  AHAIU3A  MO2ym  OblMb  UCHONBL308AHBI  NPU  OUASPAMMHOM — Memoode — pacyema
JHCene300emMOHHbIX KOHCIMPYKYUL NAHEbHBIX 30AHULL NOOBEPIHCEHHBIX KPYUEHUIO.

Kniouesvle cnosa: nanenvhvle 30anus, KpyueHue, YeHmp #ecmKocmetl, YyeHmp Macc, Hecyuas
cnocobnocme.

V.A. LYUBLINSKIY?, V.S. STRUCHKOWV!
!Moscow State University of Civil Engineering (National Research University) (MGSU), Moscow, Russia

STRENGTH AND FLEXIBILITY OF VERTICAL JOINTS OF PANEL
BUILDINGS IN SHEAR AND TORSION

Abstract. Under the action of horizontal wind and seismic loads, torsion occurs in asymmetric
load-bearing systems of multi-storey buildings. The reason for torsion is the appearance of an eccentricity
between the center of mass and the center of rigidity of the application of a horizontal load. Vertical load-
bearing elements of panel buildings are connected into a spatial system by various shear bonds. The
deformability of welded butt joints in a nonlinear formulation is based on experimental data on the action
of shear forces. Considering that the deformability of a shear connection depends not only on the shear
force, but is also a function of all forces and stresses along the height of a multi-story building, a complete
deformation diagram of the shear connections under consideration is necessary. The influence of torsional
action on the deformability of shear bonds has not been previously considered.

This paper presents a finite element model realized in the ANSYS software package of a fragment of
a panel building. The building fragment was determined under the condition of further experimental studies
on the strength and deformability of the welded joint connecting two vertical load-bearing structures.

© Jloonunckuu B.A., Cmpyuxos B.C., 2023
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Numerical simulation determined the stress-strain state of a vertical dense joint of panel buildings under
the action of shear and torsion. Step loading of the investigated fragment was carried out in the vertical
and horizontal plane. The loading history adopted in the first approximation is the simplest — proportional.
The bearing capacity and deformability of the joint under the action of shear and torsion are determined.
Diagrams of the deformation of a dense joint are obtained. The ultimate load at which the joint becomes a
hinge is determined. The torsional effect leads to an increase in the deformability of the dense bond. The
results of the analysis can be used in the diagrammatic method of calculation of reinforced concrete
structures of panel buildings subject to torsion.

Keywords: panel buildings, torsion, center of stiffness, center of mass, load capacity.
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INPOI'PAMMA U METOJUKA OKCIIEPUMEHTAJIBHBIX
UCCJIEJJOBAHUM )KEJE30BETOHHBIX JIEMEHTOB C BHEIIIHUM
APMHUPOBAHUEM KOMIIO3UTHBIMU MATEPUAJIAMMU ITPHU NU3I'NBE
C KPYUEHHUEM

Annomauyua. Bhewnee apmupoganue #cene300emoHHbIX KOHCMPYKYUU KOMNO3ZUMHbIMU
MAmepuanamu yCneuHo nPUMeHsIemcs, npu YCUiIeHuu nogpelcoentsvlx snemenmos. Ilpu smom kpyuenue
€ U32UOOM MAKUX JICeNe300eMOHHbIX KOHCMPYKYUL MA0 U3Y4eHO U mpebyem npogedenus
IKCHEPUMEHMATLHO-MEOPEMUYECK020  UCCIe008anus. B wuayunoii  numepamype npedcmaenenvi
pe3yibmamyl  UCCIe008aHUs.  NPOYHOCMU U Oepopmamusnocmu  npu  useube ¢ KpyueHuem
JHCene300eMOHHbIX INeMEHMO8 PA3IUYHOU (OPMbl CedeHUss NPU CMAMU4ecKkom U npu OUHAMUYECKOM
Oelicmeusix HAaspy30K, JIEeMEHmO8 COCMABHO20 cedenus. [l oicene300emonnblx KOHCMpPYKYull,
VCUNEHHbIX — GHEWIHUM — APMUPOBAHUEM  KOMNOZUMHbIMU — MAMEPUALamMy, makue Uccied08anus
BbINOJIHEHSLIUCD UL OJIS U3UOAEMBIX DNIeMEHMOo8. Agmopamu pazpabomana npospamma u Memoouxa
IKCHEPUMEHMATbHBIX — UCCICO08ANHUL  MAKUX  KOHCMpYyKyuti. Pe3yibmamuvl  9KCHepUMEHMANbHbIX
uccnedo8anuil. no npednazaemMou MemoouKe NO360JsM NPOGepPUMb NPEONONA2aeMyio  PACYEHYIO
MoOenb, NONOJCEeHHble 6 ee OCHOBY pabouue NPeOnOCLLIKU U  BbIAGUMb  3AKOHOMEPHOCMU
Odehopmuposanus dicere300emMOHHbIX KOHCIPYKYUL ¢ 6HEUWHUM KOMHOZUMHBIM APMUPOBAHUEM HpU
conpomueneHuy u3eudy ¢ KpyueHuem.

Knioueevie cnosa: owcenezobemonnvle KOHCMpPpYKYyuu, 6HeutlHee apmuposaHue, KOMNO3UMMHbLLL
mamepuai, KpyueHue ¢ M32M60M, IKCnepumernmajibHasl yCmaHoeKdad.

S.I. MERKULOV?, S.0. KASHUBA?, S.M. ESIPOV?

!Kursk State University, Kursk, Russia
2Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russia

PROGRAM AND METHODOLOGY OF EXPERIMENTAL STUDIES OF
REINFORCED CONCRETE ELEMENTS WITH EXTERNAL
REINFORCEMENT WITH COMPOSITE MATERIALS IN BENDING WITH
TORSION

Abstract. External reinforcement of reinforced concrete structures with composite materials is
successfully used for strengthening of damaged elements. At the same time, torsion with bending of such
reinforced concrete structures is poorly studied and requires experimental and theoretical
investigation. The scientific literature presents the results of the study of strength and deformability in
bending with torsion of reinforced concrete elements of different cross-sectional shapes under static
and dynamic loads, elements of composite cross-section. For reinforced concrete structures
strengthened with external reinforcement by composite materials, such studies were carried out only for
bending elements. The authors have developed a program and methodology of experimental studies of
such structures. The results of experimental investigations according to the proposed methodology will
allow us to verify the assumed design model, the working assumptions put in its basis and reveal the
regularities of deformation of reinforced concrete structures with external composite reinforcement
under bending with torsion.

Keywords: reinforced concrete structures, external reinforcement, composite material, torsion
with bending, experimental installation.
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H.H. ALZAMILI*, A M. ELSHEIKH!?

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia
2Mansoura University, Mansoura, Egypt

NUMERICAL STUDY OF THE BEHAVIOR OF RC BEAM AT HIGH
TEMPERATURES

Abstract. The numerical study focuses on analyzing the structural response of reinforced
concrete (RC) beams at high temperatures. Gaining more insight into the behavior of reinforced
concrete (RC) structures at high temperatures and the material properties of steel reinforcement and
concrete are the main goals of this research. To conduct this analysis, finite element analysis (FEA)
using the ABAQUS software package is adopted. FEA allows for the simulation of the behavior of the
RC beam under fire by inputting relevant parameters, such as material properties, dimensions, and
temperature. The program calculates the temperature distribution within the structure and predicts the
resulting structural responses. Two phases are applied: before and after exposure to fire. Both normal-
strength concrete (NSC) beams and high-strength concrete (HSC) beams are considered. The results
indicate that high temperatures have a detrimental effect on the overall behavior of concrete beams. At
600°C, the residual strength of HSC beams is shown to be twice that of NSC beams.

Keywords: beam, concrete, fire, strength, ABAQUS.

X.X. AJIb3AMWINY, A M. DJIBIIENX"?
Poccuiickuii ynusepcurer apy#x6nl Haponos (PY JIH), Mocksa, Poccust
2Mancypa ynusepcuret, Mancypa, Eruner

YUCJIIEHHOE UCCJIEJOBAHME ITOBEJIEHMUS KEJIE3OBETOHHBIX
BAJIOK ITPU BBICOKUX TEMIIEPATYPAX

Annomayun. Hucrennoe uccredoganue cocpeOOmo4eHo Ha aHauze CmpyKmypHoU peakyuu
arcenezobemonnvix (RC) 6anox npu evicokux memnepamypax. Llenvio 95moeo uccne0o6anusn A61Aemcs
Oonee 2nyboKoe NOHUMAHUE 020, KAK JHcene300eMmoHHble KOHCMPYKYuUu 6e0ym cebs npu 6030eticmeui
NOBBIULEHHBIX MeMNepamyp U Kax Mo 6lusem Ha C8OUCTNEA Mamepuanos OemoHa u CmanbHOU
apmamypwl. [na nposedenus 3mo20 aHAIu3a UCNOIb3YeMca aAHATU3 MeMOOOM KOHEUHbIX DNIeMEHMO8
(FEA) c¢ ucnonv3oganuem naxkema npocpammuozo obecneuvenus ABAQUS. FEA noseonsem
Mmooenuposams nogederue RC-6anku noo noxcapom nymem 68004 COOMEEHCMEYIOWUX NAPAMEmMPOs,
mMakux Kak ceolicmea mamepuana, pasmepvl u memnepamypa. Ilpoepamma paccuumvigaem
pacnpeoenenue  memnepamypbl  GHYMpU — KOHCMPYKYUU U NPOSHO3UpYEm  pe3yavmupyroujue
cmpykmypuvle  peakyuu. Ilpumenaromes 0ee gaszvi: 0o u nocie  B030elcmBuUs  noxcapd.
Paccmampusaromes banku xax us Hopmanvrozo 6emona (NSC), max u u3 evicokonpounozo 6emoua
(HSC). Pesyromamol noxaszeieaiom, 4mo GbiCOKUe MeMNepamypbl OKA3vleaion nazybHoe GusiHue Ha
0bwee nosedenue bemonnvix banox. Iokazano, umo npu 600°C ocmamounas npounocms 6anoxk HSC ¢
06a pasza eviue, yem 6arox NSC.

Knrwouessle cnosa: banxa, scenezobemon, noscap, npounocms, ABAQUS.
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160V BO «KaszaHckuil rocy1apCTBEHHBINM apXUTEKTYPHO-CTPOUTENLHBINA YHUBEPCHTET, T. Kazanb, Poccus

SALIATA ®ACAJIOB OBBEKTOB KYJIbTYPHOI'O HACJIEUS
OT BO3JIEMICTBHSI KOCOT'O JIOAKI:
OB30P DKCITEPUMEHTAJILHBIX UCCJIEJIOBAHMIA

Annomayusn. Axmyanvnocms uccie008anus 00YCI0GICHA MeEM, YMO 9PO3Us NOBEPXHOCMU
CMPOUMENLHBIX MAMEPUANO8 AGNACMC PACNPOCMPAHEHHBIM SI6leHUeM, HAOIo0deMbiM Ha pacadax
ucmopuueckux 30anuil. Knumamuueckue usmeHeHuss MO2ym RPUSeCMu K VECIUYEHUIO YACMOmbl U
UHMEHCUBHOCTNU IKCIMPEMATIbHBIX 0CAOK08, YMO MONCem YCUIUMb IPO3UOHHbIE dpghexmbl Ha hacadax
30aHull  u3-3a  8030etcmeus  Kocozo 00dcos. Llenvlo  uccredoeanus  A6semcs  CpasHeHuUe
OKCHEPUMEHMATLHBIX MEMOO008 OYEHKU CMENeHI 3PO3UL NOBEPXHOCIIU UCTOPUHECKUX CIPOUMENbHbIX
Mamepuanog noo e030elcmeuem Kocvlx 00xcoel. 3adauamu  Ucciedosanus SAGIIOmcs 0030p
COBPEMEHHBIX MEMOO08 UIMEPEHUS SNUAHUE 00HCOSL C BEMPOM HA NOBEPXHOCHIHYIO dPO3UIO U CHUICEHUE
NPOUHOCIU KUPRUYA U U3BCCMHAKA, KPUMUYECKULl QHANU3 HAuboLee U3BECHbIX Memo008 OYECHKU
Cmenenu 3po3uL HOBEPXHOCMU CINPOUNEIIbHBIX MAMEPUATIO8, NPEONONCEHUE PeKOMEHOAYUTL N0 3auiume
U pecmaspayuu ROBPeNCOCHHbIX Pacados 00bEKMOo8 KyIbmypHO20 HACIeOUs. U334 8030€LCTNEUSL KOCO20
0001COs1.

Buauumocmos nonyHeHHbIX pe3yibmamos 05k APXUMEKMOPO8 U NPOCKMUPOSUIUKO8 COCTIOUN. 6
MOM, UMO UCNONL306AHUE MemOO08 OYCHKU CMEneHu NoepexcoeHus Gacaoos namMsamHuKos
apxumexmypbl U3-3a KOC020 6030€UCMBUsL 00HCOell NO360IAI0M  OCYWeCMBIAMb MOHUMOPUHS U
8bIPAbOMams Mepvl N0 3auume 00bEKMO8 KyibmypHO20 HACLeOUsL.

Knruessle cnosa: xocoti 00cOb, 9po3usi KAMEHHOU KIAOKU, 3auuma acaos namsmuuKos
apxumexmypbi.

[ V.N. KUP_RIYANOV|1, A.G. KHABIBULINA?!, A.M. SULEYMANOV!
!Kazan State University of Architecture and Engineering, Kazan, Russia

PROTECTING FACADES OF CULTURAL HERITAGE OBJECTS FROM
THE WIND-DRIVEN RAIN: A REVIEW OF EXPERIMENTAL STUDIES

Abstract. The relevance of the study is due to the fact that erosion of the surface of building
materials is a common phenomenon observed on the facades of historic buildings. Climatic changes can
lead to an increase in the frequency and intensity of extreme precipitation, which can increase the
erosion effects on the facades of buildings due to the wind-driven rain. The purpose of the study is to
compare experimental methods for assessing the degree of surface erosion of historic building
materials under the influence of wind-driven rainfall. The objectives of the study are to review modern
methods for measuring the effect of rain with wind on the surface erosion and reduction of the strength
of brick and limestone; to critically analyze the best-known methods for assessing the degree of erosion
of the surface of building materials; to offer recommendations for the protection and restoration of
damaged facades of cultural heritage objects due to the wind-driven rain.

The significance of the obtained results for architects and designers is that the use of methods
to assess the degree of damage to the facades of architectural monuments due to wind-driven rainfall
makes it possible to monitor and develop measures to protect objects of cultural heritage.

Keywords: wind-driven rain, erosion of masonry, protection of facades of monuments.
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MOJIEJIb AHAJIN3A HCTOPUKO-APXUTEKTYPHBIX OBBEKTOB

Annomayusn. Paccmampusaemcs KIaccuueckas Mooelb aHaIu3a apxXumeKknmypHo2o 06bekma,
npedcmasisiiowerl  cobou  MpueouHCcmeo MpAOUYUOHHBIX  (VHUBEPCATIbHBIX), NPOYeCcCUOHATbHBIX
(cospemenHbIX) U 0OWEeHAYUHBIX MEMO008 UCCACO08AHUSL (MEMOObl CMeNCHbIX HAyK). Tpaouyuonnsie
MEMoObL UCCAEO08AHUSL BKIIOUAIOM 6 CeOsl AHANU3 U UHMEPNPEmayuio UCOPUYECKUX UCCLe008aHUl,
apPXUBHLIX OOKYMEHIMOS, pyKonucei u opyeux ucmounuxos. Ipogeccuonanshvie memoost ucciedyiom
KOMROSUYUOHHBLE,  XYOONCECBEHHbIE,  2PA0OCMPOUMEbHble,  APXUMEKNYPHO-MEKMOHUYecKue U
Mopghonozuueckue acnekmol apXumekmypHo20 00bekma ¢ NPUMEHEHUEeM COBPEMEHHBIX MEXHON02UL.
Obwenayunvle Memoovl UCHOb3YIOM MENCOUCYUNTUHAPHbIE MEMOObl UCCIe008AHUSL U3  OpYUX
obnacmell 3HAHUL, MAKUX KAK UCMOPUS, apPXe0No2us, apXUMEeKMYPHAs Meopus U NpaKmuka,
COYUON02USL, NCUXONL02USL, IKOHOMUKA U Opyeue. TIpoyecc hopmuposanust Kiaccuweckux ananumuieckux
MeMo008 usyueHusi 00beKmos apxumekmypvl HPOMeKal 6 PAMKAX AHMUYHOU UIOCOPUU U dcmemuKy
— @peMsl CIMAHOBNICHUA U PA3GUMUSL MemOOUuKYU ananusa. Ilpumenenue maxkozo nooxooa npu uzyyeHuu
HAyuH020 Memooa 060CHOBbIBACMCS CIONCHOCMbIO €20 Opeanusayuu. Yoensemcs eHUMAaHUe aHauu3zy
acnekmog — GOCHpusmus  NAMAMHUKOS — apxumexkmypsl. Haubomvwas —croscnocms  ucmopuxo-
APXUMEKMYPHO20 AHAAU3A COCTOUM 8 OMPANCCHUU NPUHYUNA eOUHCMBA UCTNOPUYECKUX SEIeHUL U
cobLIMULL U NOSAGIEHUU APXUMEKIMYPHBIX NAMAMHUKOS, OMPAdCAIOWUX URMEHeHUs 6 obracmu
IKOHOMUKU, COYUATILHOM CIMPOe U KYIbmype, NOKA3bI8AWUX Cmiiedble 0COOEHHOCTU UCMOPULECKO20
nepuooa 6 apxumexmype. AHAU3 MEHOCHYUT PA3GUMUSL APXUMEKMYPHO20 0ObEeKMA 603MOINCHO HA
OCHOBE GbIAGNICHUS DNICMEHMO8 U CMPYKMYD, OKA3LIGAIOWUX GIUAHUC U He OKA3bIEAIOWUxX, m.e.
BBIAGICHUC MEPMEbIX U HCUBLIX MKAHEU APXUMEKMYPHO-SPAOOCHMPOUMENbHbIX  00bekmos. B
BAKTOUEHUU CTNAMbY NOOUEPKUBACTNCSL BANCHOCb NPOBEOCHUS AHAUZA UCMOPUKO-APXUMEKINYDHBIX
00beKkMOo8 0I5 COXPAHEHUS. UCHOPULECKO20 HACAEOUS. U KYJIbIMYPHOU YEHHOCTU COOPYHCeHUL.

Kniwoueewvie cnoea: memoouxa ananusza, mooenb, 0ObEKMUBHBIU AHANU3, KOJIUUYECMEEHHbIU
AHANU3, KAYeCMBEHHbII AHANU3, CUCTNEMA BOCTPUSIINUSL.
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!National Research University Moscow State University of Civil Engineering, Moscow, Russia
2\Voronezh State Technical University, Voronezh, Russia
3South-West State University, Kursk, Russia

MODEL OF ANALYSIS OF HISTORICAL
AND ARCHITECTURAL OBJECTS

Abstract. The purpose of the study is to consider the classical model of the analysis of an
architectural object, which is a trinity of traditional (universal), professional (modern) and general
scientific research methods (methods of related sciences). Traditional research methods include the
analysis and interpretation of historical research, archival documents, manuscripts and other sources.
Professional methods include examination, engineering analyses and research using modern
technologies. General scientific research methods include the use of knowledge from various scientific
disciplines, such as history, archaeology, architectural theory and practice, sociology, psychology, and
others. The process of formation of classical analytical methods for studying architectural objects took
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place within the framework of ancient philosophy and aesthetics. formation and development of the
analysis methodology. Structural analysis involves the consideration of the scientific method as a
system of its constituent elements and the principles of interaction of these elements, the study of their
interrelationships. The application of this approach in the study of the scientific method is justified by
the complexity of its organization. Attention is paid to the analysis of aspects of the perception of
architectural monuments. The structure of the method of historical and architectural research allows us
to show the theoretical foundations of a special research method that establishes a link between the
categories of general and particular in the methodology of architectural monuments, analyze historical
and architectural data in the context of their general significance and specific features. In conclusion,
the article emphasizes the importance of analyzing historical and architectural objects for the
preservation of historical heritage and cultural value of buildings.

Keywords: analysis technique, model, objective analysis, quantitative analysis, qualitative
analysis, perception system.
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CUCTEMHBIA MOJIXO0J] K OPTAHU3AIINN KNJIOU 3ACTPOMKH HA
T'OPOJICKHUX TEPPUTOPHUSIX B OCOBBIX IPUPOJHBIX YCJIOBUAX
IMAJIECTUHBI

Annomayun. B cmamve paccmampugaiomes npoonemvl NOGbIUEHUS KAYeCMEa HCUNOU cpeobl
8 o0cobvix ycaosusax Ilanecmunvl, a maxdce meopemuiecKue OCHO8bI NPOPAMM  (6eKMOPO8)
MPAHCHOPMAYUY  HCUTLIX  MEPPUMOPULl 68  POpMUPOBAHUU — APXUMEKMYPHO - JAHOWAPMHO020
KOMNIEKCA, HA OCHO8e MOOenu KOMNIEKCHbIX cxeM cpedopezyrupyioueli cucmemul. IIpupoousvie
XapaxmepucmuKy U yeao6e4eckds 0essimenbHOCMb AGNAIOMCA OCHOSHLIMU INEMEHMAMU IMOL CUCTEMD,
MaK KaKk ux 63aumooelicmeue Aeiaemes ycioguem npeodpazosanuii 6 coomeemcmsuy ¢ RPUHYUnRAMu
apXumexmypHo-2padocmpoumenbHOl Op2aHU3ayUY HCUAOU 3ACMPOUKYU NPU COXPAHEHUU CXOO0CmEd,
yenrocmHocmu u dhpexmueHocmu 83auMo0eicmautl, ONUPAIOWUXCA HA  NPUHYUNDL B3AUMOBTUAHUS U
83AUMO3ABUCUMOCTIY CMAPO20 U HO08020. Cryuau npomueopedus U pasiuius blAGIAIOMCA HA OCHO8e
KOMNIEKCHOU OYeHKU Mecma 3aCmpoliKu 6 NAAHUPOBOYHOM, (QYHKYUOHATLHOM U KOMROZUYUOHHOM
acnekmax, no NPUHYUNAM 63aAUMOOeliCmeus cmapozo u Hoeozo. Ilpu smom onpedensemcs, KaKum
006pazom  copmuposanHvie dieMeHmbl cpedbl 6 pe3Vabmame  Yea08edecKoll  0esmeIbHOCmu
dyHKyuoHUpYIOM NOO B030€UcCEUEM NPUPOOHBIX XAPAKMePUCMUK. B pesyivmame 6viA61a10mcs 30Hbl
sHympennezo  ouckompopma. Paspabomxa npospammvl  yeneHanpasieHHvX  NpPeoOpaz08aHull
Xapakmepucmux HCunoli 2opoOckoli cpedvl HA OCHOBE NOIMANHO20 AHAIU3A  83AUMOOENCINGUs
OCHOBHULIX DNIEMEHINO08 CUCMEMbl, KOHEUHOU Uelblo KOMOPbIX AGNACMCA NOGblUleHIe KA4ecinsd
20p00CK020 npocmpancmed. Buisgnenue cpedoobpasyioujeco nomeHyuaia meppumopuu onpeoeisiem
cucmemy Meponpuasmull 8 COOMEemMcmeul ¢ KIUMAMU4ecKuMu, CMemuyecKumMu U dK0A02U4ecKuMu
UBMeHeHUAMY 20poOCKOll meppumopuu. HMcxo0s u3 npuHyunos apxumexmypHo-padocmpoumensHoco
NPOEKMUPOBAHUS. KOMPOPMHBIX HCUTLIX MEPPUMOPULL, NO NPUHYUNY YEeHHOCU U NPUHYUNY AHATIOUU,
onpedensiemcsi  Cpedoobpasylowuii  nomeHyuan meppumopuu. Dmo Oenaemcs nymem aHaIu3d
83AUMOBTUAHUS NPUPOOHBIX XAPAKMEPUCMUK U OeAmeTbHOCU YelogeKkd. B sakmoyenue, Ha ocHo8anuu
UCCTIeO08AHUA, ONPeOeTAIOMC MEeHOSHYUU O VAVHWIeHUA DPA36UmMus U NOGbluleHUs KOoMpopma
3acmpoiiKy, pacnonaearueics 6 coomeemcmseu ¢ NPUHAMbIMY NPpUOpUMemamt U KOHKpemHuiMu
mpebosanuamu. Bce npeonodcennvie memoovi U NPUEMBL  APXUMEKNY PHO-TAHOUADMHOL0
npeodpazoeanus 20pOOCKOU cpedbl NOBbICAM IPPeKmueHoCmy  HOPMUPOBAHUL MUKPOKAUMAMA 8
coyemaHuu ¢ 61a20yCMpPotCIBOM OKpYHcarowell cpeobvl U ee CMpPYKIMYpPHOU 2apMOHU3AYUEl.

Knrouegwle cnosa: cucmemuslii n00xXo0, cpedopezyiupyrowas CUucmemd, opeanu3ayus H#Uuiot
3ACMPONKU, ONMUMUZAYUSL HCUTLOLL CPeObl.

A.E. ENIN!, M.M.H. ABUASAD!
Voronezh State Technical University, Voronezh, Russia

A SYSTEMIC APPROACH TO THE ORGANIZATION OF RESIDENTIAL
DEVELOPMENT IN URBAN AREAS IN THE SPECIAL NATURAL
CONDITIONS OF PALESTINE

Abstract. The article discusses the problems of improving the quality of the living environment
in the special conditions of Palestine, as well as the theoretical foundations of programs (vectors) for
the transformation of residential areas in the formation of an architectural and landscape complex
based on a model of complex schemes of the environment-regulating system. Natural characteristics
and human activity are the main elements of this system since their interaction is a condition for
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transformation in accordance with the principles of architectural and urban planning organization of
residential development while maintaining the similarity, integrity, and effectiveness of interactions
based on the principles of mutual influence and interdependence of old and new. Cases of
contradictions and differences are identified on the basis of a comprehensive assessment of the
development site in planning, functional, and compositional aspects, according to the principles of
interaction between old and new. At the same time, it is determined how the formed elements of the
environment as a result of human activity function under the influence of natural characteristics. As a
result, areas of internal discomfort are identified. Development of a program of targeted
transformations of the characteristics of the residential urban environment based on a step-by-step
analysis of the interaction of the main elements of the system, the ultimate goal of which is to improve
the quality of urban space. Identification of the environment-forming potential of the territory
determines a method of measures in accordance with climatic, aesthetic, and environmental changes in
the metropolitan area. Based on the principles of architectural and urban planning of comfortable
residential areas, according to the principle of value and the direction of analogy, the environment-
forming potential of the territory is determined. This is done by analyzing the mutual influence of
natural characteristics and human activities. In conclusion, based on the study, trends are identified to
improve the development and comfort of products located in accordance with accepted priorities and
specific requirements.

Keywords: systemic approach, urban planning, organization of residential development,
optimization of the living environment, landscape.
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C.H. KPUBOIIIATIKO?!

Poccuiickuii ynuBepcureT apyxkObl HApOOB, I. MockBa, Poccust

IMPUMEPHI APXUTEKTYPHBIX CTUJIEN, HAITIPABJIEHUI 1
CTWIEBBIX TEYEHUH 1JI1 CTPOUTEJBHBIX COOPYKEHUN
KPUBOJMUHENHON ®OPMBbI

Annomayus. /lanvl onpedenenusi noHsmuu «ApxumexmypHolil cmuiivy, «ApxumexmypHoe
nHanpasnenuey u «Cmuieeoe meueHue». YCmanognienvl nsAMb ApPXUMEKMYPHbIX 2PYNN, d UMEHHO,
«Asaneapoy, «Ap-oexoy, «Modeprusmy, «Ixoapxumexmypa» u «Hoseliwmue cmuiuy, cooepiicaujux
COOpYIIcenUst KPUBOTUHEUHOU (hopmbl, 0000YeUHble CMPYKMYPbl U MOHKUE 000I0UKU CIPOUMENbHO20
HaszHayenusi. B pabome enepsvie cobpanvl u npournlOCMpUposanvl HA KOHKPEMHbIX HPpUMepax 6ce
uzeecmmvle apXUMeKnypHvle CMUIU U UX HOOBUObL NPUMEHUMETbHO MONbKO K COOPYIHCEHUIM
KPUBOIUHEUHOU (hopmbl, 8 MOM yucie, K 000J104eUHbIM CIPYKMYPAmM U MOHKOCMEHHbIM 000I0UKAM.
[Ipeocmaenenvl usgecmuvie onpedenenusi Ojsk APXUMEKMYPHLIX CMuiel, HaAnpasieHuil U CMuiebix
meyenull, Komopwvle Hauboiee MOYHO oOmpadxcaiom codepoycanue omux nouwsmui. Ilpusedena
COOMBEMCMBYIOWAsE XPOHON02USL 603HUKHOBEHUSL APXUMEKNYPHbIX Cmueli U ux noosudos. OmmeueH,
3aMemHublll pocm unmepeca K NpOeKmuposaHuio u CMpoumenscmey OOIbUENnpOIemHblX 000I0YeK U
obonoueunvix cmpykmyp 6 XXl-om eexe. Ilocie uzyuenus onyonuKO8aHHbIX MAMEPUANO8 ObLIO
yemanosieno, umo ¢ XX|-om eexe apxumexmopamu 6vliu Ucnoavbsosanvl 16 apxumexmypuvix cmuetl.
IIpeocmasnennvie mamepuaibl MO2ym NOMOYb NOSGIEHUIO HOBbIX UCCACO08AHULL NO KIACCUDUKAYUU
APXUMEKMYPHLIX CMuetl, Ux CUCTEMamu3ayuy, YIMOo4HeHUuIo OnpeoesieHull U XPOHOI02UU UX NOSI6TIEHUSL.

Knrouesvie cnosa: apxumexmypuas epynna, apXumekmypHuiili Cmuib, 000104Ka, 00004eynbvle
CMPYKmypal, 30anust KPUSOIUHEUHOU (opMbL.

S.N. KRIVOSHAPKO?!

Peoples’ Friendship University of Russia, Moscow, Russia

THE EXAMPLES OF ARCHITECTURAL STYLES, DIRECTIONS, AND
STYLE FLOWS FOR BUILDING ERECTIONS OF CURVILINEAR FORM

Abstract. The definitions of concepts “drchitectural style”, “Architectural direction”, and
“Style flow” are given. Five architectural groups that are “Vanguard”, “Ar-deco”, “Modernism”,
“Eco-tech”, and “the Newest Styles” containing erections of curvilinear form, shell structures, and thin
shells of building purposes were determined. In the work, all known architectural styles and their sub-
semblances as applied only to erections of curvilinear form including shell structures and thin-walled
shells were firstly gathered and illustrated for concrete examples. The known definitions for
architectural styles, directions, and style flows that reflect exactly the content of these concepts are
presented. The proper chronology of origin of architectural styles and their sub-semblances are
adduced. Marked rise of interest to designing and building of large-span shells and shell structures in
the 21% century is mentioned. In the 21% century, architects used 16 architectural styles. The materials
presented can help to the researchers in the carrying of new investigations devoted to classification of
architectural styles, their systematization, more accurate definition and chronology of their
appearance.

Keywords: architectural group, architectural style, shell, shell structure, erection of
curvilinear form.
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AJI. AITBIHEEKOBA!, P.E. JIVKITIAHOB?, /1.C. IIOCEMBHMHOB?, J1.B. LIbIT'YJIEB?,
C.b. EHKEBAEB!, H.K. EP)KAHOBA!

'HAO «EBpasuiickuil HanvoHanbHbIH yHHBepcuTeT uMenn JIL.H. T'ymuneBa», . Acrana, Kazaxcran

PA3PABOTKA KOMIIJIEKCHOM JOBABKH JIJISI ITPON3BOICTBA
BYPOHABHUBHBIX CBAUT

Annomayusn. B cmamve  npedcmagienvl  pesyibmamvl  GuUsHUA ~ 006a6Ku  HA
B000HENPOHUYACMOCTb, MOPO3OCMOUKOCMb U YOOBOYKIAObIBAEMOCMb, KOMOPbIE SAGNOMCS OOHUMU U3
OCHOBHBIX noKazamenell QU3UKO-MexaHuueckux ceoticme 6emona. B Oannoui pabome aemopwl
UCNONL306ANU  PA3PADOMAHHYIO KOMIIEKCHYIO 000a6KY, GKIIOUAIOWYI0 Weaodb (KAyCmUu4ecKkas cood
NaOH), nociecnupmosyio 6apoy (0mxo0 chupmogo2o npou3e00Ccmea) u YCKopumeb meepoenust (2unc) 6
DA3HbIX NPOYEHMHBIX coomHowienusix. Tlokazano, 4mo npumenenue KOMWIEKCHOU 000asKku 6 cocmag
OemoHa 3HAYUMETLHO NOBLIUAEMCS 6000HENPOHUYAEMOCTb U MOPO30CHOUKOCHb NO CDAGHEHUIO C
koumpoavhoimu  oopasyamu  (Tun 1).  Hccnedosano — enusnue  KOMNAeKcHou — 000aeéku  Ha
YO0060yKIa0bI8AEMOCT  OEMOHHOU  CMecU. Ycmanoeneno, 4mo KoMnieKcHas 000asKka No3oJsom
RONYYamb 8bICOKONOOBUIICHBIE BEMOHHbIE CMECU U CHUSUMb UX 80000MOeeHUe, 06eCneuusas 8bICOKYIO
coxpanHocmb 6emoHHbIx cmecell. Booonenponuyaemocms 6emona maxice CyWecmeeHto Yayuuaemes: —
MapKa no 6000HENnPOHUYAEMOCTY NOBbIULAEMCs HA 4 MApKu 6 cpasHeHuu ¢ Gemonom 6Ge3 006asKu
(Tun 1).  Ilpeonodicennviii  MemoO  YCKOpsiem — Hpoyecc — onpeoeieHus Mapku — 6emoHa  no
6000HENPOHUYACMOCTY, NO30JIAEN HA OCHOBe NOJVYEHHBIX 3d6UCUMOCHEN Onpedeisimb MApKy U
cmenenv nponuyaemocmu bemoua. Ilpu esedenuu KOMHAEKCHOU Oobasku 6 xonuuecmee 00 7 % om
Maccvl yeMenma 6ospacmaem Mapka no moposocmouikocmu. [lokazano, umo 6emon ¢ ucciedyemol
KOMIIEKCHOU 000asKkou  obnadaem 6biCOKUMU  (DU3UKO-Mexanudeckumu nokazamensimu. Haiioenoi
ONMUMANbHbIe O03UPOBKU PACCMAMPUBAEMOU 006ABKYU, KOMOPbIe UCROLb308AIUCH 8 HACMOsIell pabome.

Kniouesvie cnosa: bemow, xomniexcrhas 006agka, nociecnupmosas 6apoa, OypoHabusHas
c8ast, y0oOOYKIAObI8AEMOCHb, B000HENPOHUYACMOCTb, MOPO30CHOUKOCHIb.

A.D. ALTYNBEKOVA!, R.E. LUKPANOV?, D.S. DYUSSEMBINOV?, D.V. TSYGULYOVY,

S.B. YENKEBAEV?, N.K. YERZHANOVA!
!L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

DEVELOPMENT OF A COMPLEX ADDITIVE FOR BORED PILE
PRODUCTION

Abstract. The article presents the results of the effect of the additive on water resistance, frost
resistance and workability, which are one of the main indicators of the physical and mechanical
properties of concrete. In the presented work the authors used a complex additive containing alkali
(caustic soda), post-alcohol bard and hardening regulator (gypsum) in different % ratios. It is shown
that the use of a complex additive in the composition of concrete significantly increases the water
resistance and frost resistance compared with the control samples. The influence of the complex
additive on the workability of concrete mixture has been studied. It has been established that the
complex additive allows obtaining highly workable concrete mixtures and reducing their water
separation, providing high preservation of concrete mixtures. The water impermeability of concrete is
also significantly improved - the water impermeability grade increases by 4 steps in comparison with
the concrete without additive. The proposed method speeds up the process of determining the concrete
water impermeability grade and allows you to determine the water resistance grade and the degree of
permeability of concrete on the basis of the obtained dependencies. When adding a complex additive in
an amount of up to 7 % of the weight of cement increases the brand on frost resistance. It is found that

© Anmuvinoexosa A /., JIyknanog P.E., [Jocembunos /1.C., Llvicynes /].B., Enkebaes C.B., Epocanosa H.K., 2023
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the concrete with the studied complex additive has high physical and mechanical properties. The
optimum dosages of the considered additive were found and used in the present work.

Keywords: concrete, complex additive, post-alcohol bard, bored pile, workability, water
resistance, frost resistance.
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AKNJINIHO-KOMMYHAJIBHOM XO34AUCTBE»

ABTODBI:
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1.T.H., mpod. lyown N.JI., k.1.H., mou. C.B. Bonkosa

[IpencraBnenHoe Ha peneH3uio yueoHoe nocodue nmeet 0ovem 416 ctp.

Wrororoit mnenpto nudpoBoii TpaHchopManuu B
Hamle crpaHe sBisercs oOecrieyeHue 3PPEKTUBHOMN
MHPOPMAITMOHHOM MOJICPKKH YYaCTHHUKOB
CTPOMTENHHOTO M KHIJIUIIHO-KOMMYHAIIFHOTO KOMILIEKCOB
Y WX B3aUMOOTHOILIEHUI B paMKax OpPraHU3allMy Tpoliecca
MoJIyueHus: 00pa3oBaHUs U yIpaBlieHUs oOpa3oBaTeIbHOU WH®OPMALIMOHHOE MOJIEJINPOBAHUE
JEeSITENIbHOCTBIO. W VICKYCCTBEHHbIA UHTENNEKT

B 5Toll cBA3M MarepuWanbl, NpeACTapicHHbIe B [REASUURUL LIRS LIUALZ LI
yaeObHoM mocobun «MHbopmamoHHOEe MOIETUPOBAaHUE U _)'fo);(ﬂ”;cﬁ'#;:(?;ﬁmmyHA"bHOM
HCKYCCTBEHHBIN WHTEJUIEKT B COBPEMEHHOM g0kt
CTPOMTENHCTBE M JKUAJIHMITHO-KOMMYHAIBHOM XO3SICTBE) ; ‘
SIBIISTIOTCSL aKTYQIBHBIMH W BaXHBIMH W TPEICTABISIOT
Hay4HBIN MHTEpEC.

ABTOpBI, C COBPEMEHHBIX MO3ULUH, PACKPBIBAIOT
BOIPOCHI OpPraHU3alMd CTPOUTENbCTBA, B  KOTOPBIX
aHATIM3UPYETC COCTOSIHME JIel, a TaKkKe CTPOUTCS
MEepCIEeKTUBa, TMOCBsIIeHHas TexHojorun BHMM B

CTPOMTEIBCTRE. 3nech xKe JaroTCs UCTOPHS
BO3HUKHOBEHHUS HMH(MOPMAIIMOHHOTO MOJICIIMPOBAHUS, B
KOTOpOH pacKpbIBaeTCs OTIBIT 3apy0eKHOTO

MIPOrPaMMHOTO OOecreueHus], a TAKXKE ATAIbI KU3HEHHOTO
LIMKIAa OT MPOEKTUPOBAaHUA [0 JKCIUlyaTauuud. B crienyromiel riaBe mpencTaBieHa CHCTEMa
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MH(OPMALIMOHHONW MOJIENIM, KOTOpas TO3BOJSET OCYIIECTBUTH CO3JaHHE U OSKCIUIyaTalHio
MH(OPMALIMOHHOTO MOJETUPOBaHUA OOBEKTa B CTPOMUTEILCTBE. 3AECh K€ MPEJCTaBICH
KJIaCCU(UKATOP CTPOUTEIBHBIX PECYPCOB.
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pa3MelieHHbIe B TEKCTE, MO3BOJSIOT YUTATEI0 OBICTPO YCBAaUBaTh MH(MOPMALIUIO, MPEATIOKEHHYIO
aBTopamMu. [71aBbl M BaXKHblE HMX pa3Jeibl COMPOBOXKIAIOTCA BOMPOCAMHU JUIsI CaMONPOBEPKH,
MO3BOJIAIOIINE YHUTATEN0 MPOBEPUTh CBOM 3HAHMSA. TakkKe JIOTMYHO MaTepuaibl TEKCTa
conpoBoxaatoTcs [IpunoxeHusmu.
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K 0)OpMJICHMIO HAYYHBIX CTaTel
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COaBTOPCTBO.
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CTaTbU PEUEH3UPYETCA W PacCMaTpUBAETCS PENAKIMOHHOM Kojulerued BHOBBL. JlaTod mpeacTtaBieHUs
MaTepHala CYMTAeTCsl aTa MOCTYIUICHHS B PEIAKINI0 OKOHYATEIBHOTO BapHaHTa UCTIPABIICHHOW CTaThU.

e AHHOTanMM BceX NYOJMKYeMbIX MAaTEpUaIOB, KIIOYEBbIC CiIOBa, WMH(oOpMmaims o0 aBTopax, CIIHCKU
JUTEPaTypbl OyIyT HaXOAUTHCS B CBOOOJHOM JIOCTYII€ HA CAalTe COOTBETCTBYIOIIETO XKYpHaja M Ha caiTe
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