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0.B. KABAHIIEB?, C.b. KPBIJIOB?, C.B. TPO®UMOB??
1OI'bOY BO «HaumnoHanbHbIH UCCeN0BaTeNbCKHA MOCKOBCKMIH TOCY1apCTBEHHbIN CTPOUTENBHBIA YHHUBEPCHTETY,
r. Mocksa, Poccus
2Hay4Ho-HMCCIIEI0BATENLCKHIA, TPOEKTHO-KOHCTPYKTOPCKHI M TEXHOJIOTMYECKUH MHCTUTYT GETOHA H JKENE300eTOHa
(HUIMXDB) um. A.A. I'Bo3neBa AO «HUIL] «CrpoutensctBo», r. Mocksa, Poccus

SKCIHEPUMEHTAJIBHBIE UCCJIEJOBAHUS TIPOYHOCTHU HA
MPOJABJINBAHUE MOHOJIUTHBIX )KEJIE30BETOHHBIX IIJIAT
BOJIBIION TOJIIIUHBI

Annomauyus. B cmambe npedcmagienvl pe3yibmamsl IKCNEPUMEHMANbHbIX UCCAe008aHUL
NPOYHOCMU HA NPOOAGIUBAHUE MOHOJIUMHBIX JCelle300emOHHbIX naum 6oavuiot moawursl (600 mm) 6e3
nonepeunozo apmupoganus. Hccredosano enusnue Kkospguyuenma npoooIbHOZO PACHAHYMO20
apmuposanus (is = 0,56% u 1,12%) na necywyio cnocobnocms u xapaxkmep paspyuieHus. Y cmanogieHo,
YUMo ygenuyenue npoyeHma apmMuposans 8 2 paza npusooum K pocmy NPOYHOCMU HA NPOOAGIUsanue
auws Ha 10,8%, umo ceudemenvbcmeyem 0 CHUMCEHUU BIUAHUS IMO020 pakmopa Onisk K MOACMbIXY NAUM
no cpasHeHuro ¢ «MOHKUMUY. IIPOAHATUBUPOBAHO CIOJHCHOE HANPANCEHHO-0epopMUposanHoe
cocmosHue Oemona 6 NPUONOPHOU 30He U pacnpeleieHue Hanpsdxcenutl 8 apmamype. IIposeden
CPABHUMENbHBIN AHANU3 IKCNEPUMEHMANbHBIX OAHHBIX C pACYemami o HOPMAMUGHBIM OOKYMEHmMam
(CII 63.13330, EC2, ACI 318, MC2020), xomopwiti noxazan 3HAYUMENbHYI0 NePeoyeHKy Hecyujell
cnocobrocmu no memoouxe CII 63.13330, ocobenno Onst naum ¢ MaibiM RPOYEHMOM APMUPOBAHUSL.
Coenan 6b1800 0 HEOOXOOUMOCMU YHema NPOOOIbHO20 APMUPOBAHUSL 8 PACYEMHBIX MOOESIX.

Knroueevte cnosa: owcenezobemonuvie naumel  OONbULOU  MOTWUHBL,  NPOOAGTUSAHUE,
HANPSANCEHHO-0eOPMUPOBAHHOE COCMOsHUE, IKCHEPUMEHMATbHbLE UCCTIe008AHUSL.

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

EXPERIMENTAL STUDIES ON THE PUNCHING SHEAR STRENGTH OF
THICK REINFORCED CONCRETE SLABS

Abstract. This paper presents the results of experimental studies on the punching shear strength
of thick reinforced concrete slabs (600 mm) without shear reinforcement. The influence of the tensile
reinforcement ratio (us = 0,56% and 1,12%) on the load-bearing capacity and failure mode was
investigated. It was found that a two-fold increase in the reinforcement ratio leads to an increase in
punching shear strength of only 10,8%, indicating a reduced influence of this factor for "thick™ slabs
compared to "thin" ones. The complex stress-strain state of concrete in the support zone and the stress
distribution in the reinforcement were analyzed. A comparative analysis of the experimental data with
calculations based on regulatory documents (SP 63.13330, EC2, ACI 318, MC2020) was carried out,
which showed a significant overestimation of the load-bearing capacity according to the SP 63.13330
methodology, especially for slabs with a low reinforcement ratio. It is concluded that it is necessary to
account for the longitudinal reinforcement in the design models.

Keywords: thick reinforced concrete slabs, punching shear, stress-strain state, experimental
studies.

© Kabanyes O.B., Kpvinos C.b., Tpoghumos C.B., 2025
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METO/I PEIIEHUS 3AJAY CTPOUTEJBbHOM MEXAHHUKHMU,
OCHOBAHHBII HA TEOPEMAX KOIIH

Annomayua. Ilpeocmaenen memoo peuteHus 3a0a4 CMPOUMENbHOU MEXAHUKU, 6 OCHOBY
KOMopo2o nonoicenvl meopemvt Kowu. Memoo usnazaemcsa Ha npocmeix npumepax: uszeud 6anox Ha
VNPY20M OCHOBAHUU U KOLEOAHUAX CcUcmeMbvl C OOHOU CmeneHvio c80000vl. Hugpgepenyuanvhvie
VpaeHeHus npedcmagiaomcs 6 0000UEHHBIX DYHKYUAX, MEMOO NO3GONAEN YHUMbIBANb 6 YPASHEHUAX
2paHUUHble U HAYATbHblE YCIOSUA. B npasvix uacmax 3anucamMuiX maxum 06pa3oM ypasHeHuil
HAXOOAMCA NApamempyl, onpeoenaoujie Kak 3a0auHvle epaHuiHble YCl08uUs, max u Heusgecmuule. Ilpu
peuienuy uchob3yemes unmezpanivioe npeobpaszosanue Pypove.

s onpedenenusn neusgecmHulXx SPAHUYHBIX YCAOBUL UCNOTLIYEMCS YCI08Ue AHATUMUYHOCIU
uzobpaxcenuii Pypve Gynxyuu nepemewjenuii 8 6epxueti KOMNIEKCHOU NOJYNIOCKOCU (UHINESPATbHA
meopema Kowwu). Taxum obpasom noryuaemcs cucmema ypasnenuti O NOAVYEHUSA HEU3BECMHBIX
epanuunblx yenoguil. Ilpu evinonnenuu o6pamuozo npeobpasosanus Dypbe UCNOIbIVEMCs meopema
Kowwu o sviuemax. B kauecmee npumepa npugeoeHo pewienue KoneOanui cucmemsl ¢ 0OHOU CIeneHbio
€800000b1 ¢ paziuuHbiMU Ko3puyuenmamu oemnpuposanusi.

Knroueewie cnosa: meopemvr Kowiu, 0606wénnvle hynkyuu, npeobpasosarue @ypve, banka Ha
VAPY20M OCHOBAHUU, UOIUPOBAHHBIE 0COObIE MOYKU, GblUembl, COOCMBEHHAS YACMOma

E.N. KURBATSKY?, I.I. ZERNOV?
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2A0 «Mosgiprotrans», Moscow, Russia

A METHOD FOR SOLVING PROBLEMS OF STRUCTURAL
MECHANICS BASED ON CAUCHY'S THEOREMS

Abstract. A method for solving problems in structural mechanics is presented, based on Cauchy's
theorems The method is presented using simple examples: beam bending on an elastic foundation and
vibrations of a system with one degree of freedom. Differential equations are presented in generalized
functions, which allows taking into account boundary and initial conditions in the equations. The right-
hand sides of the equations written in this way contain parameters that determine both the specified
boundary conditions and the unknowns. The integral Fourier transform is used in the solution.

To determine the unknown boundary conditions, the conditions for the analyticity of the Fourier
images of the displacement function in the upper complex half-plane are used (the Cauchy integral
theorem). Thus, a system of equations is obtained for obtaining unknown boundary conditions. When
performing the inverse Fourier transform, the Cauchy residue theorem is used. As an example, the
solution of oscillations of a system with one degree of freedom with different damping coefficients is
given.

Keywords: Cauchy's theorems, generalized functions, Fourier transform, beam on elastic
foundation, isolated singularities, residue, natural frequency

OKypbayxuii E.H., 3epnos U.U., 2025

N 5 (121) 2025



CTpouTeNbCTBO U PEKOHCTPYKIUSI

CIIMCOK JIMTEPATYPbI

1. Bnagumupos B. C. Muxaiinos B.I1. Bamapun A.A. u np. COOpHHK 3a/1a4 110 YpaBHEHUSM MaTEMaTHIeCKOMH
¢usuke // N3a-Bo «Haykay, rmaBHast peakius GU3NKO-MaTeMaTHIECKOM inteparypbl. Mocksa. 1981. C. 256.

2. Bagumupos B. C. O606miénnble pyHKINE B MaTeMaTHaeckoit puswkwn // U3n-Bo «Hayka» riiaBHast peqaxiust
¢u3nKo-MaTeMaTHIeckoi mureparypsl. Mocksa. 1979. C. 318.

3. Apamanosud W.T', JIynn I'.JI. @yHKIIMH KOMIUIEKCHOTO TIepeMeHHOT0. OnepalnoHHOe HCUUCIIeHHe. Teopus
ycroitanBocTr // U3n-Bo «Haykay, riaBHast penakuust GU3HKO-MaTeMaTHdecKoi murepatypsl. Mocksa. 1968. C. 416.

4. Mapxkymiesnd A.W. Kpatkuit kypc Teopun anamutnueckux ¢ynkimii // [ocyqapcTBeHHOE H3IaTEIbCTBO
(bu3nKo-MaTeMaTH4ecKon TuTepatypbl. Mocksa. 1961.

5. Copokun E. C. K Teopurm BHYTpEeHHEro TpeHHsI MpH KosebaHusx ynpyrux cuctem // Axamemus
crpoutenbeTBa U apxutekTypbl CCCP.IIHUUC crponTenbubix koHeTpyKumid. ['ocerpoiinzaar. 1960. C. 131

6. Cun X. b u Unpucc U. M. Moaymnu rpyHTa ¥ KO3(QQUIUEHTH! 3aTyXaHHs JUIs aHaln3a AMHAMHYECKOTO
orknuka /[ Tlpem. Ne. 70-10, LleHTp wucciegoBaHHH CEHCMOCTOMKOIO CTPOMTENbCTBA, HKEHEPHBIH KOJUICIK,
Kamudopuuiickuii yausepcuret, bepxim, Kamudopuans. 1970.

7. Kpamep C. JI. 'eotexanueckoe ceiicMocToiikoe crpoutenscTBo. [Ipentuce Xomi, ToponTo, Kanama. 1996.

8. Cranmapt ASCE/SEI 4-16. CrangapT no ceficMHYECKOMY aHAIU3y SIIEPHBIX COOPY)KEHHH, CBSI3AHHBIX C
6e3omacHOCThIO // AMepHKaHCKOe 00IIeCTBO HHXKEHEPOB-cTpouTeneil. Pecron, Bupmxunust, 2017.

9. Tenbdann U. M., Illunos I'. E. O606ménHbIe GyHKIUK U neiicTBus Hag HUMH // dusmar, rus. 1958.

10. 3enpaoBuy S.b., Mbiikuc A.J]. DnemenTsl npukiagHoi Mmatematuku // U3n-Bo «Haykay, raBHas peJaKkius
¢du3nKo-MaTeMaTnuecko mureparypbl. Mocksa. 1972. C. 592.

11. Kypomr A. T'. Kypc Boiciieii anre6psr // U3n-Bo «Haykay, rmaBHas pemakims (HH3HKO-MaTeMaTHUECKOM
nutepatypsl. Mocksa. 1971. C. 431.

12. Xyprun 5. U., Sxoenes B.II. ®unutHbie GyHkimu B ¢usuke u texuuke // M3n-so «Haykay, rmaBHast
penakuus pU3NKO-MaTeMaTHUECKOM tuTepaTypbl. Mocksa. 1971. C. 408.

13. Jadbdu dum I'. Beiciast umkenepnas maremaruka // CRC Press. 1998.

14. Yompa A. K. JluHamuKa KOHCTPYKIMH: TEOpHUs] M MPHIOKEHUsI K CEHCMOCTOMKOMY CTpoUTenbCcTBY //
[perTtice Xomn, Ammep Caommn Pusep, Hero-/Ixepcn. 2001.

15. Bunep H., IIanu P. TIpeobpazoBanune Pypre B kKoMIuiekcHO# miockoctu // M3n-Bo «Haykay, riaBHas
penakuus QU3NKO-MaTeMaTHIeCKon tuTepaTypsl. Mocksa. 1964.

16. Kypb6anxkuit E. H. MeTon pemieHns 3amad cTpOUTEIHHON MEXaHUKH M TCOPHUU YIIPYTOCTH, OCHOBAaHHBIN Ha
cBoiicTBax m3o00paxenuit ypoe puautHbIx GyHKuwit // Juc. 1ok Tex. Hayk. MUWUT, Mocksa. 1995. C. 205.

17. KorenpuukoB B.A. O npomyckHOU CHOCOOHOCTH «3(Upay» W MPOBOJIOKH B 35eKTpocBszu // M.:Pen.ymp.
cesizu PKKA. 1938.

REFERENCES

1. Vladimirov V.S., Mikhailov V.P., Vasharin A.A. et al. Collection of problems on equations of
mathematical physics. Moscow: Nauka, 1981. 256 p. (In Russian)

2. Vladimirov V.S. Generalized functions in mathematical physics. Moscow: Nauka, 1979. 318 p. (In
Russian)

3. Aramanovich I.G., Lunts G.L. Functions of a complex variable. Operational calculus. Stability theory.
Moscow: Nauka, 1968. 416 p. (In Russian)

4, Markushevich A.l. Brief course in the theory of analytic functions. Moscow: State Publishing House of
Physical and Mathematical Literature, 1961. (In Russian)

5. Sorokin E.S. On the Theory of Internal Friction during Oscillations of Elastic Systems. Moscow:
Gosstroyizdat, 1960. 131 p. (In Russian)

6. Seed H.B., Idriss .M. Soil moduli and damping factors for dynamic response analysis. Report No.
EERC 70-10. Berkeley: Earthquake Engineering Research Center, University of California, 1970.

7. Kramer S.L. Geotechnical earthquake engineering. Toronto: Prentice Hall, 1996.

8. American Society of Civil Engineers. Seismic analysis of safety-related nuclear structures (ASCE/SEI
4-16). Reston: American Society of Civil Engineers, 2017.

9. Gelfand 1.M., Shilov G.E. Generalized functions and actions on them. Moscow: Fizmatgiz, 1958. (In
Russian)

10. Zeldovich Ya.B., Myshkis A.D. Elements of applied mathematics. Moscow: Nauka, 1972. 592 p. (In
Russian)

11. Kurosh A.G. Course in higher algebra. Moscow: Nauka, 1971. 431 p. (In Russian)

8 N 5 (121) 2025




Teopusi HHKEHEPHBIX COOPY:KeHni. CTpouTeIbHbIE KOHCTPYKIIHA

12. Khurgin Ya.l., Yakovlev V.P. Finite functions in physics and engineering. Moscow: Nauka, 1971. 408
p. (In Russian)
13. Duffy D.G. Advanced engineering mathematics. Boca Raton: CRC Press, 1998.

14. Chopra A.K. Dynamics of structures: theory and applications to earthquake engineering. Upper Saddle
River: Prentice Hall, 2001.

15. Wiener N., Paley R. Fourier transform in the complex plane. Moscow: Nauka, 1964. (In Russian)

16. Kurbatskiy E.N. Method of solving problems of structural mechanics and elasticity theory based on the

properties of Fourier images of finite functions. Dissertation of Doctor of Technical Sciences. Moscow: MIIT, 1995. 205
p. (In Russian)

17. Kotelnikov V.A. On the capacity of the "ether" and wire in telecommunications. Materials for the First
All-Union Congress on Questions of Technical Reconstruction of Communications and Development of the Low-Current
Industry. Moscow: Communications Department of the Red Army, 1938. (In Russian)

HNudpopmanus o6 apTopax

Kypo6ankuii Esrennii Hukosaesna

akagemMuk PAT, mokrop TexHMYECKHX Hayk, mpodeccop kadempbl «MOCTBI M TOHHENIN», POCCHICKMIT yHUBEPCUTET
tparcnopta (MUNT), Poccmiickas @eneparust, 127994, I'CII-4, r. Mocksa, yi. O6pasnosa, 1. 9;

e-mail: dynamic.miit@gmail.com

3epuos UBan Uropesuu
AO «Mocrumpotpanc», Poccuiickas @eneparist, 129626, r. Mocksa, yi. [1apna Kopuaruna, 2;
e-mail: zernovivig@gmail.com

Information about authors

Kurbatskiy Evgeny N.,

Doctor of Sciences in Technology, Academician of the Russian Academy of Transport, professor Department of Bridges
and Tunnels, Russian University of Transport (MIIT), 15, Obraztsova St, GSP-4, Moscow,

e-mail: dynamic.miit@gmail.com

Zernov lvan 1.,
Mosgiprotrans JSC, 2, Korchagina St, Moscow, 129626, Russian Federation;
e-mail: zernovivig@gmail.com

Cratbst moctynuia B penakiuio 11.09.2025 The article was submitted 11.09.2025
Ono6pena nocie penenszupoBanus 09.10.2025 Approved after reviewing 09.10.2025
[Mpunsra x myomukanun 11.10.2025 Accepted for publication 11.10.2025

N 5 (121) 2025 9



CTpouTeNbCTBO U PEKOHCTPYKIUSI

VK 624.072.2 DOI: 10.33979/2073-7416-2025-121-5-42-56

B.U. TPABVIII, /1.B. KOHMH? A.C. KPBIJIOB? I1.J]. APJIEHUHOB?, JI.C. POXKKOBA?,

A.A. XKIJAHOBA?, J1.H. TABPMJIOB?, M.U. BEJSIKOB?
13A0 «'OPITPOEKT», r. MockBsa, Poccust
2 [lenTpanbHbIid Hay4HO-MCCIIEA0BATENLCKHI HHCTHTYT CTPOMTENbHBIX KoHCTpykimii (LIHUUCK) umenu B.A.
Kyuepenko AO «HUI] «CrpoutensctBon, . Mocksa, Poccus
% HayuHo-uccienoBarenbCKuii, MPOEKTHO-KOHCTPYKTOPCKHUI M TEXHOJIOTUYECKHiT MHCTHTYT GETOHA U KeJe300€ToHa
(HUIMXDB) um. A.A. I'Bo3neBa AO «HUI] «CrpoutensctBo», . Mocksa, Poccus

IMPOYHOCTDb 1 JIE®@OPMATUBHOCTDH U3I'MBAEMbIX
CTAJIEXKEJIE3OBETOHHBIX 3JIEMEHTOB C JIMCTOBBIM
APMHUPOBAHMEM C YYETOM TPEIIINH

Annomayun. Paccmompenvi 6onpocel pabomul cmaneicene300emoHHbIX KOHCMPYKYULl ¢
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mpewun. /lana oyenka cyuecmsyiomux HOpMamueHsiX n00X0008 NPUMEHUMENbHO K KOHCIMPYKYUAM C
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STRENGTH AND DEFORMABILITY OF ELEMENTS WITH STEEL-
PLATE REINFORCEMENT WITH BENDING CRACKS

Abctract. The features of the work composite steel and concrete structure with steel-plate
reinforcement during bending are considered. The models are described, the features of the models,
materials and their characteristics are given. The description of experimental equipment, schemes of
testing and loading of structures is given. Schemes and types of fracture, graphical results of bending
tests of models are presented. A comparison of theoretical and experimental data on the first and second
groups of limiting states — strength, deflections, and crack opening width, has been performed. An
assessment of the existing regulatory approaches in relation to composite steel and concrete structure
with steel-plate reinforcement is given. Correction coefficients are proposed for the calculation for the
second group of limit states of steel and concrete structure with steel-plate reinforcement.

Keywords: concrete, steel, reinforced concrete, composite steel and concrete structure, steel-
plate reinforcement.
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A.B. AJIEKCENLIEB!, K.B. OPYCOB!

'HanunonansHbIH HcCle0BaTENbCKUI MOCKOBCKHUIA FOCy 1apCTBEHHBII CTPOMTELHEINA YHHUBEPCHTET,
Mocksa, Poccus

NMPAKTUYECKH METOJI PACUETA
11O HOPMAJIBHOMY CEYEHHIO KOPPO3UOHHO
INOBPEXKJIEHHBIX KOJIOHH IIPU I'OPU30OHTAJIBHOM Y/JIAPE

Annomayus. Bonpocwl dcugyuecmu Hecywjux KOHCMPYKYUL NPU MEXHOZEHHLIX ABAPUTIHBIX
8030€liCMBUsX 8 HACOosAUjee 8pemMsl nPUObpemaiom 6ce 6OIbULYI0 AKMYATbHOCTG KAK 8 0MeYeCmEeHHO,
MAax u 8 MUPOGOT CMPOUMenbHOU HayKe. B ocobennocmu 2mo xacaemcs cocamvix u CoHcamo usubaemvix
9NIeMEHIOs, 6 MOM Yucie KONOHH 30anutl. 30aHUA CO 3HAYUMENLHLIM NepUOOOM IKCHIYyamayuu
HAKAnAu8aiom KOPPOIUOHHbIE NOBPENCOeHUs, KOMopble NPUBOOAmM K MeCmHol —Oespadayuu
MEXAHUYECKUX Xapakmepucmux Mamepuailos, Ymo MOxHcem CYueCmeeHHo CKA3ambcs HA NpeoenbHOu
Hecywjell CHOCOOHOCU U JICUBYHECU KOHCHPYKMUGHLIX CUCEM 6 YeloM NpU OUHAMUHECKUX
soszoelicmeusx. Paspabamvieaemca nooxo0 x onpedenenuio NPOYHOCMU HOPMANLHLIX ceueHull O/
BHEYEHMPEHHO CICAMBIX KOJOHH 8 CAyHae MAN020 HAYAIbHO20 IKCYEHMPUCUMEMAa Npu NonepeuHom
yoape. Koppo3sus paccmampusaemcs 8 guoe «moyeyHo2oy» oyaza, 6 npeoeiax Komopozo mo2ym 0viimb
0e2paouposanbl Mexanuieckue Xapakmepucmuxu kax bemouna, max u apmamypul. Cmenens decpadayuu
MEXAHUYECKUX XAPAKMEPUCIUK MAMePUaio8 Onpeoeisiemcs no IKCHePUMEHMATbHbIM OaHHbIM,
NONYYAeMbIM HA OCHOBE CXeM YCKOPEHHOU Kopposuu. B 3asucumocmu om ee cmenenu yuumuleaemcs
enuAHUe cmecHenus oepopmayuli 6emona 6 HanpasIeHuu, NePReHOUKYIAPHOM cocamuio. IIpusooumes
sepuukayuontoe cpasHeHue paspabOmMAaHHOU MemOOUKU C IKCNEPUMEHMANbHLIMU — OAHHBIMU
OUHAMUYECKUX UCHbIMAHULL KOJIOHH npu nonepeunom yoape. Paccmompen npumep pacuema
KOPPO3UOHHO-NOBPENCOCHHOU KONOHHDYL.

Kniwouegvie cnosa: nonepeunviii yoap, KOPpO3UOHHbIE NOBPENCOEHUs, JiCene300emonHble
KOHCMPYKYUU, KOTOHHA, OUHAMUYECKUE 8030elCmBUs, MexaHuieckas 6e30nacHocmb.

A.V. ALEKSEYTSEV?, K.V. YURUSOV?
! National Research Moscow State University of Civil Engineering, Moscow, Russia

A PRACTICAL CALCULATION METHOD FOR
THE NORMAL SECTION OF CORROSION-DAMAGED COLUMNS
UNDER TRANSVERSE IMPACT

Abstract. The issues of the robustness of load-bearing structures under technogenic emergency
impacts are currently becoming increasingly relevant in both domestic and global structural engineering.
This is particularly true for compressed and compression-bent elements, including building columns.
Buildings with a significant service life accumulate corrosion damage, which leads to local degradation
of the mechanical properties of materials. This can substantially affect the ultimate load-bearing capacity
and overall robustness of structural systems under dynamic loads. An approach is being developed to
determine the strength of normal sections for eccentrically compressed columns with a small initial
eccentricity under transverse impact. Corrosion is considered as a localized "spot" defect, within which
the mechanical properties of both concrete and reinforcement may be degraded. The degree of
degradation of the materials' mechanical properties is determined from experimental data obtained using
accelerated corrosion schemes. Depending on the degree of corrosion, the effect of confinement on
concrete deformations in the direction perpendicular to compression is taken into account. A verification
comparison of the developed methodology with experimental data from dynamic tests of columns under
transverse impact is provided. A calculation example for a corrosion-damaged column is considered.

Key words: transverse impact, corrosion damage, reinforced concrete structures, column,
dynamic loads, structural safety
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PACYET TAPAMETPA )KUBYUYECTHU H(EHE3OEETOHHOfI PAMHOM
CUCTEMBI ITP OCOBOM BO3JIEMCTBUH

Annomauus. Ilpusedena npaxmuieckas Memoouxa 0is onpeoeseHus napamempa Hcugyyecmu
JHCeNe300eMOHHO20  PAMHO20 — KAPKACA ~ MHO20IMANCHO20 — 30AHUSL  CO  CONCHOHANPANCEHHBIMU
INeMEHMAaMU NPU CIMAMUKO-OUHAMUYECKOM 0ehopMUPOBAHUY, BbI36AHHOM 0COOBIM 6030elicmeuem u
AN2OPUMM  YUCTEHHO-AHATUMUYECKOU Peanu3ayuu 3ot MemoouKky. 3HAueHus napamempuyecKkoll
HAZpy3Ku, Npu  KOmMopolu 6 Hauboiee HANPA’CEHHOM  NPOCMPAHCMGEHHOM  CeYeHuu  npu
PACCMAMPUBAEMOM pedCUMe HASPYHCEHUs. HACHYnaem OOUH U3 Kpumepueg 0c06020 NpedenbHO20
COCMOAHUA, NOTYYEHbI U3 PEUleHUs CUCEMbL KAHOHUYECKUX YPASHEH ULl 6apUAHMA CMEWAHHO20 Memood.
B coomeemcmeuu ¢ smum memooom, pewienue 3a0aui HeuHelHo20 0eopMUpo8aUs pamHol CUCHIEMb
ROCMPOEHO € UCHONb308AHUEM MOOETU NOOKOHCMPYKYUY PAMHOU CUCTEMbl, ONUCLIBAEMOU WUAPHUPHO-
CMEPIHCHEBOTl MOOEIbIO, 8 KOMOPOU MeCHA 803MOICHO20 BbIKNIOYEHUS CEA3CU 3AMEHAION CLOACHIMU
WApHUPAMU, HeU3BeCMHLIMU Y2N08bIMU U TuHelnbiMu ceasamu. lIpednoxcennas memoouxa paciuema
ACUBYHECTNU  IHCENE300EMOHHBIX PAM CO CIONCHOHANPANCEHHLIMU DNEMEHMAMU YOO IeMBOPUMETLHO
onucvieaem npoyecc ux 0ehopmMupo8arus U UCHEPNAHUS Hecywjeil CNOCOOHOCMU KOHCMPYKMUGHO
HeNUHENHOU PAMHOU CUCIEMbl NPU PACCMAMPUBAEMBIX OCODBIX 6030€UCBUSIX.

Kniouegvie cnoea: dicene300emonnas pama, ClOJMCHOE HANPANCEHHOE COCMOsHUe, 0c0b0e
8030eticmaue, paciemuds Mooeib, Napamemp HCugyyecmu

V.S. MOSKOVTSEVAL?
! Moscow State University of Civil Engineering, Moscow, Russian Federation
2Scientific Research Institute of Construction Physics of the Russian Academy of Architecture and Construction
Sciences, Moscow, Russian Federation

CALCULATION OF ROBOSTNESS PARAMETER OF
REINFORCED CONCRETE FRAME SYSTEM UNDER SPECIAL
IMPACT

Abstract. A practical technique for determining the survivability parameter of reinforced concrete frame
frame of a multi-storey building with complex-stressed elements under static-dynamic deformation caused by a
special impact and an algorithm for numerical and analytical realization of this technique are presented. The values
of parametric load, at which one of the criteria of special limit state occurs in the most stressed spatial section under
the considered loading mode, are obtained from the solution of the system of canonical equations of the mixed method
variant. In accordance with this method, the solution of the problem of nonlinear deformation of the frame system is
constructed using the model of the substructure of the frame system described by the hinge-bar model, in which the
places of possible disconnection of links are replaced by complex hinges, unknown angular and linear links. The
proposed method of calculation of survivability of reinforced concrete frames with complex stressed elements
satisfactorily describes the process of their deformation and exhaustion of bearing capacity of a structurally
nonlinear frame system under the considered special impacts.

Keywords: reinforced concrete frame, complex stress state, special impact, calculation model,
survivability parameter
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TEOPETHYECKASA MOJAEJIb
OBPA30OBATEJBHOI'O KOMIIVIEKCA ITOJIHOI'O JIHA

Annomayun. Omcymcemesue pazpadomanHol HAYyYHO-000CHOBAHHOU MEOPEeMUYECKOU OCHOBbI
07151 hopMuUpoBanus apxumexkmypvl COBPEMEHHO20 00PA308AMENLHO20 KOMIIEKCA, 3AMPYOHSIEm Npoyecc
nepexooa wWKoOn 6 00pazosamenbHbie KOMIIEKCbl, KOMOPbIL Ce200Hs SGIAEMCs 00beKMUBHbIM
UCOPUYECKUM NPOYECCOM, HMO NOOMBEPAHCOAEMC NPOBEOCHHbIM AHAIUZOM MUPOBO2O ONbIMA
NPOEKMUPOBAHUsL U CMPOUMENbCMBA 00bEKmMo8 00we20 00pa308anus ¢ YCay2ol NOIHOOHEeBHO20
obyuenus. Llenv uccredosanus cocmoum 8 paspadomie meopemuyeckol Mooeiu 06pa30eamenbHO20
KOMNIeKCa NOIHO20 OHs O NOCAe0Yloue2o ee 8HeOPEeHUs 8 apXUMeKmypHYyI0 NPOEKmMHYI0 NPAKMUKY
CO30aHUsL HOBbIX UNIU PEHOBUPYEMBIX 00BEKMO8 — KOMNLEKCO8 OJi 60CHUMAHUS U 00YYeHUs POCCULICKUX
WIKOILHUKOS, UX COYUATU3AYUY, (POPMUPOBAHUS SPANCOAHCKOU NAMPUOMUYECKO NO3UYUU U PA3GUMUSL
meopuecKkol uHuyuamuegvl. B pabome npedcmagnenvl pe3yibmamsl meopemuiecko2o MoO0eIupo8aHUs
NOAHOOHEBHO20 00PA306AMENLHOZ0 KOMNIEKCA — aApXUMeKmypHo20 0bvekma obujezo obpazoseanus
H0B020 noxonenusi. Teopemuueckas MoOenb KOMNAEKCA NpeOCmagiend 6 6ude mpexyacmuoll
CMPYKMYpol, KAK COBOKYNHOCMb COUUATLHOZO, (DYHKYUOHALLHO20 U MUNoLo2uieckozo yposneu. Ha
COYUAILHOM YPOGHE OnpedeieHbl 2pynnbl iodell, Komopbvie 6y0ym Ucnonib308ams OaHHbll 00beKm 0Jis
peanusayuu ceoell OeAmenbHOCmU 8 CcoCcmase Meppumopuanbhsvlx obpazogamenvhvix epynn. Ha
DYHKYUOHATLHOM — YPOBHE — NPEeONodCcenbl  (DYHKYUOHANbHBIE — NPOSPAMMbL,  CHOPMUPOBAHDL
@DYHKYUOHAIbHBIE 30HbL U SPYNNbL NOMeweHUll 015 peanusayuu npozpavm. Ha munonozuueckom yposgre
paspabomarvl apxumexmypHo-niIaHUPOBOYHble U 00BEMHO-NPOCMPAHCINBEHHbIE MOOEU CIPYKINYDHbIX
9NeMEHmMOo8 U KOMNIEKco8 6 yeiom. B pabome onpedenenvi 6azogvie nowsamus ucciedo8auus
«BHEYPOUHAsl OesiMeNbHOCMbY, «00PA308AMENbHbI KOMNIEKC NOIHO20 OHA», «YEHMp BHEYPOUYHOU
OdessmenbHOCMU U OONOJHUMENbHO20 00pA308aHUAY, pa3pabomansl 0000ujeHHble MeppUMOPUATbHO-
munonozuyeckue — Mooenu  NOIHOOHeBHbIX  0bpazosamenvHvlx  Komniaekcos.  Ilpednooicennas
meopemuueckas MoOeib 00PA308aMeNbHO20 KOMIIAEKCA NOIHO20 OHSL MOJICem Oblmb NPUMEHEHd KAK npu
HOBOM CMpOUMenbcmee, max u npu PeHOSaAyuU CYWeCmayIouux WKOIbHbIX 30aHUll. Ycnoeus 106020
CMPpOUmMenbCmea U PeHO8AYUlU CYWEeCMEEHHO USMEHSIOM MpPebOo8aHUsL U NPUEMbl NPOEKMUPOBAHUSL, HO
pe3yibmamsl OaGHHOU pabombl, Haweouue OmpaiceHue 6 ChOpMUpOSaHHOl MmeopemuiecKol Mooel,
NO36ONIOM  Peanu308ams ee npu  paziuuusblx cumyayusx. Teopemuueckas moodenv, Komopas
npednrazaemcsi K 00CyducOenuio 6 OanHOU pabome, ompajxcaem UOeaIUCUYecKoe NpeoCcmasieHue
asmopog 0 mom, Kakum O00JdceH Ovlmb 00ujeobpazo8amenvhbili. KOMHIEKC HOB020 NOKOAEHUS 6
cogpemennoii Poccuu.

Knrouegvie cnosa: obpazosamenvbuviii KOMNIEKC NOJHO20 OHA, APXUMEKMYPHbI 00beKm
006pa308aHUsL HOBO20 NOKONIEHUS, MEOPEMUUECKAs MOOETb, dIeMEHMbL MPEXUACMHOU CIMPYKIMYPbL.
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!National Research Moscow State University of Civil Engineering” (NRU MGSU); Moscow, Russia
2P, Lumumba Peoples' Friendship University of Russia (RUDN University); Moscow, Russia
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THE ORETICAL MODEL OF AN ALL-DAY EDUCATIONAL
COMPLEX

© Bonuuenko O.B., Yeuenv U.11., 2025
Abstract. The absence of a scientifically-grounded theoretical framework for shaping the
architecture of modern educational complexes impedes the transition of schools into such complexes.
This transition represents an objective historical trend, as confirmed by our analysis of global experience
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in the design and construction of general education facilities offering all-day schooling services. The
research aims to develop a theoretical model of an all-day educational complex for its subsequent
implementation in the architectural design practice for both new and renovated facilities. These
complexes are intended for the upbringing and education of Russian schoolchildren, their socialization,
the development of a civic and patriotic stance, and the nurturing of creative initiative. This paper
presents the results of theoretical modeling of an all-day educational complex—a new-generation
architectural entity for general education. The theoretical model of the complex is structured as a
tripartite framework, comprising social, functional, and typological levels. At the social level, user groups
are identified, defined as territorial educational communities that will utilize the facility to carry out their
activities. At the functional level, functional programs are proposed, leading to the formation of
functional zones and clusters of spaces for program implementation. At the typological level,
architectural-planning and volumetric-spatial models are developed for both the structural elements and
the complexes as a whole. The study defines the core concepts of the research: “extracurricular
activities,"” "all-day educational complex,” and "center for extracurricular and supplementary
education.” Furthermore, generalized territorial-typological models of all-day educational complexes
have been developed. The proposed theoretical model of an all-day educational complex can be applied
in both new construction and the renovation of existing school buildings. While new construction and
renovation impose significantly different requirements and design approaches, the findings of this work,
encapsulated in the formulated theoretical model, allow for its implementation under varying conditions.
The theoretical model presented for discussion in this work reflects the authors' idealistic vision for what
a new-generation general education complex in modern Russia should be.

Keywords: a full-time educational complex, an architectural object of a new generation of
education, a theoretical model, elements of a three-part structure.
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Hnemepbype, pacnonosicennozo ¢ Kanununepaockoil obnacmu Poccuu. Paccmampusaemcesi 6ajicHocms
COXpaHenust 2mo2o 06beKma KyibmypHO20 HACLeOusi U npedideaemcs Gapuanm e2o0 aoanmayuu O
COBPEMEHHO020 UCNONB3068aAHUS. [Ip06EOEHHII ananu3 6KuOUaem usyyeHue MexHUYecKko20 COCMOSHUSL
3aMKA, OYEHKY BO3MOJNCHOCMU €20 PEeKOHCPYKYUU U pa3pabomKy npeoiodcenull no COXpaHeHuio u
DYHKYUOHATLHOMY NpUMeHeHul0. B cmamue paccmampueaiomcs pasiuuHsle no0xo0bl K peKOHCIMpPYKYuu,
sKnIOYas  My3eepurkayuio U  QYHKYUOHATbHOE NEPeOCMbiCIeHue, a MAaKice apXumeKmypHo-
NAAHUPOBOYHbIE peuletUs, OCHOBAHHbIE HA NPUHYUNAX umumayuu u Kommpacma. Baowcnoe mecmo
3anumMaem o06cylcoeHue HeobXOOUMOCHU COYEMANUsl UCIOPULECKO20 HACTEOUs. C COBPEeMEHHbIMU
onemeHmamu ONisl CO30AHUSL 2APMOHUYHO20 aPXUMEKMYPHO20 00pasza. s peKoHCmpYKyuu 3aMKd
Hncmepbype npeonosicen KOMRAEKC APXUMEKMYPHbIX U KOHCMPYKMUGBHBIX peuleHull. Cco30anue
CMEKISIHHO20 KYROJIA HA MEMAIUYECKUX KOTOHHAX, 8036e0eHUe BHEUHUX CHIeH U YCHMPOUCMEO ampuyma
U3 GUMPAIICHO20 OCMEKNEHUsl, YO NPUOACT KOHCIMPYKYUU 6030YUHOCHb U HCIMEMUYHOCHb, d MAKICE
RO380UM CHU3UMb HAZPY3KY HA OCHOBAHUE; YCULEHUE UCHOPULECKUX CIEHOBbIX KOHCIMPYKYULL, peuleHue
npobaemuvl yHOamenma nymém noogedeHuss cmuiobama, KOmopulil COeOUHUM COXPAHUBUUECS CINEHbl
3aMKa ¢ HOBLIMU KOHCMPYKYusmu. [lannvie mepbl 0becnewam pabomy KOHCMPYKYUll KaK eOUH020 yenozo,
HOBLICAM 00WYI0 YCMOUYUBOCHb U HAOEHCHOCMb 00beKma U NO36015AmM Nnepedasams HAZPy3Ky Ha
ceaiinoe ocHogauue. B pacuémmuou uacmu npouzsedén cOOp HASPYy30K U OnpedeneHbl Nnapamempol
WNYHMO0B020 02padicOenusi U C8aliHoeo ocHosanus. IlIpednoojicennvle pewleHus HaAnNpasieHvl Ha
COXpaHeHue UCMOPUYecKo20 00IuKa 3amKa, obecneyenue €20 (QYHKYUOHATbHOCMU U AOANMAyuo K
COBDEMEHHBIM YCILOBUSIM IKCHILYAMAYUL.

Kniouegvie cnosa: o0vexmvl KyaibmypHO20 Hacieous, @QYHKYUOHAIbHOE UCNOAb308AHUE,
PEKOHCMPYKYUS, apXUMEKMYPHO-NIAHUPOBOYHbIE pEeUeHUs, CIMUL00am.

N. V. ROZANTSEVA!
1 Saint Petersburg State University of Architecture and Civil Engineering, Saint Petersburg, Russia

RECONSTRUCTION OF INSTERBURG CASTLE WITH
ADAPTATION FOR MODERN USE

Abstract. This article addresses the problem of reconstructing the medieval Insterburg Castle,
located in the Kaliningrad region of Russia. It examines the importance of preserving this cultural
heritage site and proposes a variant for its adaptation to modern use. The conducted analysis includes a
study of the castle's technical condition, an assessment of its reconstruction feasibility, and the
development of proposals for its preservation and functional application. The article explores various
approaches to reconstruction, including museumification and functional reinterpretation, as well as
architectural and planning solutions based on the principles of imitation and contrast. Significant
attention is given to the discussion of the need to combine historical heritage with contemporary elements
to create a harmonious architectural image. A set of architectural and structural solutions is proposed
for the reconstruction of Insterburg Castle: the installation of a glass dome on metal columns; the erection
of external walls and the construction of an atrium with stained-glass glazing, which will give the
structure a sense of lightness and aesthetic appeal while also reducing the load on the foundation; the
strengthening of the historic wall structures; and addressing the foundation problem by introducing a
stylobate that will connect the preserved castle walls with the new structures. These measures will ensure
the structures work as a single unit, enhance the overall stability and reliability of the facility, and enable
the transfer of loads to the pile foundation.

© Poszanyesa H.B., 2025

The calculation section includes the determination of loadings and the definition of parameters
for the sheet pile enclosure and the pile foundation. The proposed solutions are aimed at preserving the
historical appearance of the castle, ensuring its functionality, and adapting it to modern operational
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conditions. These solutions are aimed at preserving the historical appearance of the castle, ensuring its
functionality and adapting to modern operating conditions.

Keywords: cultural heritage sites, functional use, reconstruction, architectural and planning
solutions, stylobate.
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! HauponansHelit uccnenopatenbckuii MoCKOBCKHUI FOCY 1apCTBEHHbIN CTPOUTEbHBINA YHUBEPCUTET,
r. MockBa, Poccus

IMPUHILMIBI PECTABPAIIMOHHOM JAESTEJIBHOCTHU B KOHLEIILIUU
NAPAJIUTMbI BUOC®EPHOCOBMECTHUMBIX T'OPOJIOB 1
IOCEJIEHUN

Annomauus. . CogpemenHvle meopemuxo-menmoo0r02udeckie Mooeu pecmaspayuu 00ekmos
APXUMeKmypHO20 HACLeOUsi ONUPAIOMCS, KAK NPAGUIL0, HA Y3KONPOQpeCcCUOHATbHbIE HAYYHbIE NPUHYUNDL,
onpeoensiiowue  UCMOPUIM,  MAKCUMATLHYIO  0OBLEKMUBHOCHb — 80CCMAHOGICHUSL  OPUSUHATLHOO
COCMOSIHUAL, COXPAHEHUe ayMmeHmudyHOCmu (ROONUHHOCIMU), Onpedelenue YeHHOCMU BCex Nepuodos
JHCUBHEHHO20 YuKaa u opyeue. B cmamve paccmompen nosbvili n00X00 K COOEPIHCAHUIO U NPUHYUNAM
CO30aHUsL U NPAKMUYECKOU Peanu3ayu npoSpamm pecmasgpayuu 00bekmos apxumekmypHo20 Hacaeous.
6 20pOOCKOI cpede, OCHOBAHHBLI HA 00uell napadueme COXPAHEeHUs. U Pa36Umusi COYUo-mexHo-6uocgepuol
cospemento2o 2opoda. Iloxasano, umo ycneuinoe npoOguUdCeHUe NPpoSPamm U NPOeKmos8 pPeHo8ayuu
20POOCKOU CPedbl, BKIIOUAsL 00BEKMbl PECMASPAYUU U PEKOHCIMPYKYUU APXUMEKTYPHBIX NAMSIMHUKOS, 6
onpeodensiioujeil CmeneHu Cé3aH0 ¢ CO30aHUeM OeliCMBEeHHbIX MEXAHUIMO8 UX Pedaru3ayuu Ha OCHO8e
NPUHYUNUATBHO HOB020 Memood — eOUHO20 2PA0OCHPOUMENbHO20 N00X00ad K OpeaHu3ayuu
APOCMPAHCMBEEHHOU 20POOCKOU CIMPYKMypbl. B npakxmuueckom niane, Kax nokazamo 6 npueeoeHHom
npumepe peKoHCmpyKyuu u pecmagpayuu namamuuxa konempykmugusma 20—-30-x 20006 npowinozo éexa
— 30aHUsL KUHOmMeampda, MO MNO360JUM peuamv NpobiemMvbl pecmaspayuu 6 eOuHOM KOHMeKCme
COXPAHEHUs. UCOPUYECKOU YEeHHOCIU 00beKmos 0Jisi Oy0yuux noKoLeHUll, COXPAHEeHUS HAYUOHAIbHOU
ApXUMeKmypbl i UOCHMUYHOCTNU, YIYHUIEHUS KAYeCMBa 20pOOCKOU CPeObl U YeNI08eYeCKO20 NOMEHYUALd,
UCNONB3YSL 06PA308AMENbHLIL ACNEKM 8 U3YYEHUU UCTOPUL U KYTbMYPHO20 HACTEOUs 20PO0Jd.

Kntouesvie cnosa: napaouema 6uocgepHoii cogmecmumocmu, NPUHYUNLL PeCmaspayiloHHoU
0esAmenbHOCMU, apXumeKmypHoe Hacieoue, aymeHmuyHOCHb, 20pOOCKas cpeod, UHHOBAYUU, KAYeCTNEO
20pOOCKOU Cpedbl

T.S. FEDOROVA!, N.V. FEDOROVA!
! National Research Moscow State University of Civil Engineering, Moscow, Russian Federation

PRINCIPLES OF RESTORATION ACTIVITY WITHIN THE
CONCEPT OF THE BIOSPHERE-COMPATIBLE CITIES AND
SETTLEMENTS PARADIGM

Abstract. Contemporary theoretical and methodological models for the restoration of architectural
heritage sites are typically based on specialized scientific principles. These principles define historicity, the maximum
objectivity in recovering the original state, the preservation of authenticity, the assessment of the value of all stages
of the asset's life cycle, among others. This article examines a novel approach to the content and principles for
developing and practically implementing architectural heritage restoration programs within an urban context. This
approach is founded on the overarching paradigm of conserving and developing the socio-techno-biosphere of the
modern city. It is demonstrated that the successful advancement of urban renewal and environmental programs and
projects, including the restoration and reconstruction of architectural monuments, is critically dependent on
establishing effective implementation mechanisms. These mechanisms are based on a fundamentally new method: a
unified urban planning approach to organizing the city's spatial structure. From a practical standpoint, as illustrated
by the case study of the reconstruction and restoration of a Constructivist-era cinema building from the 1920s-1930s,
this integrated strategy enables addressing restoration challenges within a unified context. This encompasses
preserving the historical value of assets for future generations, safeguarding national architectural identity,
enhancing the quality of the urban environment and human potential, and leveraging the educational aspect of
studying urban history and cultural heritage.

Keywords: biosphere compatibility paradigm, principles of restoration, architectural heritage,
authenticity, urban environment, innovations, quality of the urban environment
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AM. ABJIVJIJTIAEB?, C.-A.JO. MYPTA3AEB!?, M.A.-B. ABJIYJIJIAEB!, M.C. CAIIJTYMOB?,
P.M. ABJIYJUIAEB!?

! KommekcHblii HayuHO-UCCIeN0BaATENbCKUM HHCTUTYT uM. X. . M6parumoBa Poccuiickoii akageMun Hayk, [ po3HBbIiA,
Poccus
I'po3HeHCKuii rocyjapcTBeHHbINH HeTAHOM TexHuYeckuil yHuBepeuTeT uM. akaf. M.JI. Mummonmukosa, I'posHsiii,
Poccus

BJIMSTHUE KOMILJIEKCHOM JTJOBABKHA HA MMOBEPXHOCTHOE
HATSKEHHUE BO/Jbl U OCHOBHBIE CBOUCTBA HEMEHTHOI'O
KAMHS

Annomayus. Obocnogana axKmyanbHOCMb paspaboOmKy KOMHROSUYUOHHBIX CHPOUMENbHBIX
Mamepuanog HA OCHOBe NPUpoOHO20 benmonuma mecmopodcoenuil Yeuenckoii Pecnybnuxu.
Yemanoenena — namnopasmepnocms - mooughukamopa  Ha  OcHO8e  OEHMOHUMOB020 — NOPOUIKA
mecmopooicoenus Yeuenckoti Pecnybauku, 8 komniexce ¢ eunepniacmuguxamopom Frem Giper S-TB,
NOCPeOCmeoM NPUMEHEHUs. COBPEMEHHbIX MeXHoA02ull U 06opydosanusl. Llenv pabomol - uzyyenue ponu
NOBEPXHOCMHO20 — HAMAJCeHUs  OEHMOHUMOBbIX — CYCHeH3Ull OmOelbHO U 8 KOMNWIeKce ¢
eunepniacmughukamopom Frem Giper S-TB na npounocms u niomuocmos yemMenmno2o Kamus, a maxoice
ux gzaumosagucumocmu. B kauecmee mamepuanoe ucnonvzosanuce eunepniacmugurxamop Frem Giper
S-TB (cmpana npouszeooumenv Pecnybruxa benapycy) u npupoownviii Oenmonum, 000vieaembvlii 6
Yeuenckoti Pecnybauke. [{ns nposedenuss 3KCNepUMEHMANbHbIX UCCIeO08AHULL 8 KAYeCh8e OCHOBHO20
ssicywe2o npumensiics nopmianoyemenm AO « Yewenyemenmy LIEM I 42,5 H. Iokazano crhudicenue
so0oyemenmuoco omuouenus (B/L]) 0o 24%, nocpedcmgom CHUdCEHUs 3HAYEHUU NO8EPXHOCMHO20
HAMANCEHUsL 800bl 3AMBOPEHUSL, UCTIONb3OBAHUEM KOMIIEKCHO20 HAHOMOOUDUKAMOpPA HA OCHOGe
npupooHozo cbipbs. Hcnonvsosanue KOMNIEKCHO20 HAHOMOOUDUKAMOPA NOKA3AN0 3HAYUMENbHOe
CHUDICEHUE NOBEPXHOCMHO20 HAMAICEHUS C ONpedeleHuemM MUHUMYMA npu Konyenmpayusx 2-4% om
maccewt 800bl. [JocmuzHymvl MUHUMAIbHbIE 3HAYEHUS. NOBEPXHOCMHO20 HAMAdCeHUs 8006l pagHbie 40-41
MH/m. Yemanoeneno, wumo npounocms obpasya npu coemecmuom 8éedenuu 0ooasox Frem Giper S-TB
0,4% u 0,4% 6enmonumo6o20 NOPouiKa, N0 CPABHEHUIO C KOHMPOTbHLIM 00PA3YOM, YEBEAUUUBACTNC HA
22%. [lanvHetiuee ygenuuenue KOHYeHMpayuu 6eHmoHuma u 2unepniacmu@ukamopa ompuyamenbHo
enusem HA NPOYHOCMHbIE XAPAKMEPUCTNUKU YEMEHMHO20 KAMHA, UYMO ABNAEMCsA pe3yibmamom
ype3mMepHo20 OUCNEPSUPOBAHUS YeMEeHMAd 8 Npoyecce 3dMeuUuBanus MoOUGUUUPOBAHHOU 60001 ¢
HU3KUM NOBEPXHOCMHBIM HAMANCEHUEM U CHUICEHUs NIOMHOCMU YEeMEHMHO20 Mecma pas308udtCKoll
3epeH yemeHma oopazyouumucs muyeiiamu ¢ eunepniacmuguxamopom Frem Giper S-TB.

Knrouesvlte cnosea: romnaexchuiii HaHOModuqbuKamop, NOBEPXHOCMHOE  HamsdicerHue,
L[@MeHn’leluv KdMeHb, NJIONMHOCNtb, NPOYHOCNb, IKOJA02UA, MUYELIbl.

ABDULLAEV A.M.}, MURTAZAEV S.-A.YU.}?, ABDULLAEV M.A.-V.}, SAIDUMOV M.S .2,
ABDULLAEV R.M.}

Integrated Research Institute named after Kh.I. Ibragimov of the Russian Academy of Sciences, Grozny, Russia
2Millionshchikov Grozny State Oil Technical University, Grozny, Russia

POROUS FILLER BASED ON METALLURGICAL SLAG AND LIQUID-
GLASS COMPOSITION

Abstract. The relevance of developing composite construction materials based on natural
bentonite from deposits in the Chechen Republic is substantiated. The nanoscale size of the modifier
based on bentonite powder from the Chechen Republic deposit, in combination with the hyperplasticizer
Frem Giper S-TB, was confirmed using modern technologies and equipment. The objective of this work
is to investigate the role of the surface tension of bentonite suspensions, both individually and in
combination with the hyperplasticizer Frem Giper S-TB, on the strength and density of cement stone, as

© Ab6oynnaes A.M., Mypmazaee C.-A.FO., Aboyinaee M.A.-B., Caudymoe M.C., A6oyrnaee P.M., 2025
well as their interdependence. The materials used were the hyperplasticizer Frem Giper S-TB
(manufactured in the Republic of Belarus) and natural bentonite extracted in the Chechen Republic. For

38 N 5 (121) 2025



https://удк.xyz/widget

CTpouTebCTBO M PEKOHCTPYKIUA

the experimental research, Portland cement CEM | 42.5 N produced by JSC «Chechencement» was used
as the primary binder. A reduction in the water-cement ratio (W/C) by up to 24% was demonstrated. This
was achieved by lowering the surface tension of the mixing water through the use of a complex
nanomodifier based on natural raw materials. The use of this complex nanomodifier showed a significant
reduction in surface tension, with a minimum identified at concentrations of 2-4% by mass of water.
Minimum surface tension values of 40-41 mN/m were reached. It was established that the strength of the
sample with the combined introduction of 0.4% Frem Giper S-TB and 0.4% bentonite powder increased
by 22% compared to the control sample. A further increase in the concentration of both bentonite and
the hyperplasticizer adversely affects the strength characteristics of the cement stone. This is a result of
excessive dispersion of cement during the mixing process with modified low-surface-tension water, and
a decrease in the density of the cement paste due to the separation of cement grains by the formed micelles
of the Frem Giper S-TB hyperplasticizer.

Keywords: Complex nanomodifier reduces surface tension, increasing density and strength of
cement stone while improving ecology through optimized micelle formation.
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o Crarbs mowkHa ObITH HabpaHa Ha juctax (¢opmara A4 mpudrom Times New Roman, pasmep 12 pt ¢
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2 cM, JIeBOe TIoNe — 2 CM, TIOJIsl BHU3Y M BBEPXY — 2 CM; BCE CTPaHUIIbI PyKOMHMCH AOJKHBI HIMETh CILIOLIHYIO
HyMEpaLHIO.

e Crarbs MPeIOCTaBISAETCS B SIEKTPOHHOM BHJIE TI0 DJICKTPOHHOW MOYTE WM Yepe3 CHCTEMY DJIEKTPOHHOM
pelaKIuH.

e B oxHOM cOOpHHKE MOXXET ObITh OIyOJMKOBaHa TOJBKO OJHA CTAaThsi OJHOIO AaBTOPA, BKIIOYAs
COaBTOPCTBO.

e Ecnu ctaThs BO3BpaIaeTcsi aBTOPY Ha 10pabO0TKY, UCTIPABIICHHBIH BAPHAHT CIIEAYET MPUCIIATh B PEIAKIIHIO
MOBTOPHO, MPWUJIOXKHB HHCBMO C OTBETAaMHM Ha 3aMeuyaHMs peleH3eHTa. JlopaboTaHHBIN BapHaHT CTaTbU
PELEH3UPYETCST U paccMaTpUBAETCS PENAKLMOHHOM Koyulerueil BHOBb. JlaToil mpenacTaBieHUs MaTepualia
CUHUTACTCA AaTa NOCTYIUICHUA B PCAAKIIUIO OKOHYATCIILHOI'O BaprUaHTa HCHpaBJ’ICHHOﬁ CTaTbu.

e AHHOTaMM BCEX IyONMKYEMBIX MAaTEpUAJIOB, KIIIOYEBBIE CIIOBAa, MHPOpManus 00 aBTOpaxX, CIHUCKH
JTUTEpaTypsl OYAyT HaXOAUTHCS B CBOOOJHOM JOCTYIE Ha caiiTeé COOTBETCTBYIOIIETO JKypHalla M Ha caiire
Poccwiickoit Hay4uHOH 2nexTpoHHOH 6rbmmoTexn — PYHObB (Poccuiickuii nHIEKC HAyYHOTO IIUTHPOBAHUA).
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