I5SN 2073-7416

POMTE/NLCTBO
M PEKOHCTPYKLMS

BUILDING AND RECONSTRUCTION Ne2 (118) 2025

| Teopua MHKEHEPHBIX COOPYKEHWI.
CTpouTensHeLIe KOHCTPYKUWK

The theory of engineering
constructions. Construction

design

Be3onacHocTsL 3aaHnin
1 COOPYKEHUA

Building and structure
safety




HayuHno-TexHuueckuii xypHain
Wznaercs ¢ 2003 rona.
BeIxoaut mecTs pas B rof.

Ne 2 (118) 2025

CTPOUTEJIBCTBO
N PEKOHCTPYKIUSA

VYapeautens — GeaepanbHOe TOCYyJaAPCTBEHHOE OI0KETHOE 00pa30BaTeIbHOE
YUPEKACHNE BBICIIETO 00Pa30BAHHS
«OpaoBckuii rocynapersennblii yuusepeurer umenu U.C. Typrenesay

(PIr'bOY BO «OI'Y um. U.C. TvEreHeBa»)

I nagnwiii peoakmop:

Komuynos B.U., akao. PAACH, 0-p mexn. nayx, npog.
(Poccus)

3amecmumenu 2nagnoeo pedakmopa:

Topaon B.A., cosemnux PAACH, 0-p mexH. Hayk,
npog. (Poccusi)

Kopo6xo B.U., 0-p mexn. nayx, npogp. (Poccus)
Casun C.10., kano. mexn. nayx, ooy. (Poccus)
®unaneesa E.A., kano. mexn. nayx, doy. (Poccus)
Peokonnezus:

AxnmoB ILA., akad. PAACH, 0-p mexu. nayk, npog.
(Poccus)

Bakaesa H.B., cosemnux PAACH, 0-p mexn. nayx,
npog. (Poccusi)

Bok T., 0-p mexn. nayk., npogh. (I'epmanus)
ByarakoB AT, 0-p mexu. nayx., npop. (['epmanus)
Epodees B.T., akaod. PAACH, 0-p mexn. nayx, npog.
(Poccus)

Ecayaos I'.B., akao. PAACH, 0-p apx., npog. (Poccus

Kapnenko H.U., akao. PAACH, 0-p mexn. nayx, npog|

(Poccus)

Koaecuukosa T.H., 0-p apx., npog. (Poccus)
Kouauynos BiaW., 0-p mexn. nayx, npog. (Poccus)
Kopo6xo A.B., 0-p mexu. nayx, npog. (Poccus)
Kopoas E.A., ur.-xopp. PAACH, 0-p mexn. nayx,
npogh. (Poccus)

Kpusomanxo C.H., 0-p mexn. nayx, npog. (Poccus)
KynpsimioB H.H., xano. apx., npog. (Poccus)
Jledaii 3., 0-p mexn. nayx, npog. (@panyus)
MenbkymoB B.H., 0-p mexn. nayk, npogh. (Poccusi)
Opaosnu P.B., 0-p mexu. nayx, npog. (Ilonvwa)
Truunukosa I'.A., 0-p apx., npog. (Poccus)
Pedosk 1., 0-p mexn. nayx, npogh. (Cnosenus)
Pumumn B.W., ur.-kopp. PAACH, 0-p mexn. nayk,
npog. (Poccusi)

Tampazsau A.I'., ur.-kopp. PAACH, 0-p mexu. nayx,
npogh. (Poccus)

Tpasyui B.W., akao. PAACH, 0-p mexH. nayx, npog.
(Poccus)

TpeuieB A.A., ur.-kopp. PAACH, 0-p mexn. nayk,
npog. (Poccusi)

Typ B.B., 0-p mexn. nayx, npog. (Benopyccus)
®enopos B.C., akao. PAACH, 0-p mexu. nayx, npog.
(Poccus)

Denop H.B., co
npog. (Poccusi)
Mlax P., 0-p mexn. nayx, npoep. (I'epmanus)
Hcnoamumenshuiil pedaxmop:

Awmesnna MLA., (Poccus)

PAACH, 0-p. mexn. nayx,

Adpec pedaryuu:

302030, OproBckast 0611, T. Opén,
yi1. MockoBcekas, 1. 77.

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

3apeructpuposano B DeziepaibHoii Ciryxoe
110 HAJ30py B cepe CBsA3H, HHPOPMALIMOHHBIX
TEXHOJIOTHH U MAaCCOBBIX KOMMYHUKAIIUH.
Caupnerenbctso: [T NedC 77-67169

ot 16 centsOps 2016 .

TToanucHoii nunexc 86294
10 o0berHeHHOMY KaTanory «IIpecca Poccrim
Ha caiitax www.pressa-rf.ru u www.akc.ru

© OrI'Y umenu U.C. Typrenesa, 2025

CopepxaHue

Teopusi UH)XeHEePHbIX COOPYKEeHUU.
CmpoumersnbHble KOHCMPYKUUU

Konyynoe Bn. W. Modens pacyema napamempos peoeribHbIX

cocmosiHul )Kerne306emoHHbIX
KOHCIMPYKUUU . ... et

Kpueowanko C.H. CmepxHesbie u cemdyamsie 060/104€4HbIE CMPYKMYpPhbI
8 XXI-m
BOKE ..ttt

KypHasuHa C.O., Uauyynuu MW.B. [eomempuueckasi eaunomesa O0Ons
HOpMarbHbIX — ceqyeHul  u3subaemblx U  BHEUEHMPEHHO  CxxambiX
KE/1I€300€MOHHBIX SNTEMEHIMIOB. . ... ettt ea e

Tpasyw B.U., Hukughopoe C.B. TexHonozusi 6emoHuUpo8aHuUsi MacCUBHbIX
KoHCmpykuyul ¢gpyHOameHmoes 30aHull MOK «flaxma LleHmp»...................

Be3zonacHocmb 30aHutll u COopyXeHul

Hepkay B.H., Oemyyk W.E., Mamsic [1.UM. [IpedenbHbie 3Ha4YyeHUs

npoyHocmu npu  cdsuze KaMeHHOU KrnadKu U3  KepaMu4yecKux
10puU308aHHbIX
BITOKOB. ...t e e et et

CaesuH C.1O., lapunoe M.3., Mockoeyesa B.C. OkcriepumeHmarbHo-
meopemudyeckoe uccriedosaHue Hecyuleli crnocobHocmu OnumeribHO
HazpyXEeHHbIX Xerne306eMmOHHbIX CXambIX 371eMEeHMOo8 rpu OUHaMU4YeCKOM
BOBOCUICITIBUU. ...ttt e et e ettt ettt ettt e e eeens
TampassH A.l., Kydpsisyee M.B. BriusiHue KOPPO3UOHHbIX rogpexoeHull
apmamypbl Ha OUHaMUYECKOE COMOSIHUE CXambiX Xere306eMmOHHbIX
KOHCIMIPYKUUU .. ... eseeeeee ettt

CmpoumernbHble Mamepuarbl U mexHosro2uu

Mypma3saee C-A.lO., Canamanosa M.IU., Mypma3aee WU.C-A.
leononumepsbi Ha asnMocunuKamHoM
CBIPBE ...

14

33

44

56

65

81

94

)Kypl-lan BXOJIHUT B «l'lepeqel-lb PeUeH3HPYEMbIX HAYYHBIX M3/1aHUI, B KOTOPBIX T0/IZKHBI OBITH OHyﬁJIHKOBaHLI OCHOBHBIC HAYYHBIC Pe3y/IbTAaThI

mlccep"rauuﬁ Ha COMCKaHHe yqenoﬁ CTeNEeHU KaHAUAAaTa HAYK, HA COUCKaHUe yqenoﬁ CTeNEHH JOKTOPAa HAYK» BAK no rpynmne Hay4YHbIX cneuuaabHoCTe i

2.1. - CtpouresibcTBO H apxurekTypa: 2.1.1. — CTponTesibHble KOHCTPYKIIMH, 31aHUS U COOPYKeHHUs (TeXHUYecKue Haykn); 2.1.2. — OcHOBaHus U
(yHramMeHTbl, O3eMHbIE COOPY:KeHUs (TeXHHYeCKHe HayKH); 2.1.5. — CTpouTe/ibHbIe MaTepHAJIbl H U3/1e1us (TeXHHueckue Hayku); 2.1.7. — TexHoJiorus u

OpraHu3alusi CTPONTEILCTBA (TeXHHUYecKHe HaykH); 2.1.9. — CTpouTebHAsi MeXaHUKA (TexHHYeckHe Hayku); 2.1.10. — Dkosioruyeckas 6e30MacHOCTb
CTPOUTEILCTBA H IOPOJICKOI0 X03sliicTBa (TeXHHYecKkne HaykH); 2.1.11. — Teopusi M HCTOPHUSI APXHUTEKTYPbI, PECTABPALUS H PEKOHCTPYKIHS HCTOPHKO-
APXMTEKTYPHOIo Hacequsl (apxuTeKTypa); 2.1.12.— ApXuTeKTypa 31aHuii U coopykeHUii. TBOpUecKHe KOHUENIMH APXUTEKTYPHOI 1eATeJIbHOCTH

(apxuTekTypa); 2.1.13. — 'paiocTpOUTEbCTBO, INIAHMPOBKA CeJIbCKUX HACEJIEHHBIX MYHKTOB (APXUTEKTYpa).
HNupexcupyercs B PUHIL, RSCI (Russian Science Citation Index naniardgopme Web of Science)


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

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

Ne 2 (118) 2025

BUILDING
AND RECONSTRUCTION

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

(Orel State Universitx)

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

Editor-in-Chief Assistants:

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

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

Editorial Board

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

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

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

The edition address:

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

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

The certificate of registration:

T Ne®C 77-67169 from 16.09.2016 r.

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

© Orel State University, 2025

Contents

Theory of engineering structures.
Building units

Kolchunov V.I. Model for calculating the limit state parameters of reinforced
CONCIete SIUCKUIES....... ..o

Krivoshapko S.N. Grid and Reticulated Shell Structures in the 21st

Kurnavina S.0., Tsatsulin I.V. Geometric Hypothesis for Normal Sections of
Flexural and Eccentrically Compressed Reinforced Concrete Members.........
Travush V.1, Nikiforov S.V. Technology of concreting massive structures of
the foundations of the Lakhta Center multifunctional
complex

Building and structure safety

Derkach V.N., Demchuk I.E., Matyas P.l. Limit Values of Shear Strength for
Masonry Made of Porous Ceramic BIOCKS...............c.coviiiiiiiiiiiiiiiiiea,
Savin S.Yu., Sharipov M.Z., Moskovtseva V.S. Experimental and
theoretical study of the performance of long-term loaded reinforced concrete
members in compression under dynamic
QCHION ...

Tamrazyan A.G., Kudryavitsev M.V. Effect of Reinforcement Corrosion
Damage on Dynamic Behavior of Compressed Reinforced Concrete
SHTUCIUIES ...

Construction materials and technologies

Murtazaev S-A.Yu., Salamanova M.Sh., Murtazaev I.S-A. Geopolymers
Based on Aluminosilicate Raw Materials.................c.cccoovieiiiiiiiiiiiiiiaiennn,

4

14

33

44

56

65

The journal Building and Reconstruction (Stroitel'stvo i rekonstruktsiya) have being included by Higher Attestation Commission in the List of peer-
reviewed scientific journals, in which the main scientific results of dissertations for the degree of candidate and doctor of science should be published, for
the group of scientific specialties 2.1. - Construction and architecture: 2.1.1. — Building constructions, buildings and structures (technical sciences);
2.1.2. — Soils and foundations, underground structures (technical sciences); 2.1.5. — Building products and construction materials (technical sciences);
2.1.7. — Construction technology and organization (technical sciences); 2.1.9. — Structural mechanics (technical sciences); 2.1.10. — Environmental safety
in construction and urban economy (technical sciences); 2.1.11. — Theory and history of architecture, restoration and reconstruction of historical and
architectural heritage (architecture); 2.1.12. — Architecture of buildings and structures. Creative concepts of architectural activity (architecture);

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


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

No3A4PABJIEHUE C 90-JIETHUM FOBUITIEEM

AKALEMWKA PAACH B.B. [IETPOBA

13 mapra 2025 r. akagemuxky PAACH,
3aciayskeHHOMY JesiTelsi HAYKH M TeXHHMKH
PC®CP, IloyerHOMy pa0OTHHMKY BBICIICIrO
o0pa3zoBanusi Poccuu, Ilouernomy crpouTesnio
P®, xaBanepy opaeHoB «3HaK moOYeTa» H
«/Ipyx6a HapoaoB», IOKTOPY TeXHHMYECKHX
HayK, npogeccopy Buaaauiaeny BacuiabeBuuy
IlerpoBy ucnoaunsiercs: 90 Jet!

B.B. IlerpoB B 1957 roagy oOxkoHYMJI
MockoBckuit HHKEHEPHO-CTPOUTEIbHBIN
HHCTUTYT (B HacTosimee Bpemss HUY MI'CY) u
NOCTYIMJI B aCOMPAaHTYPY K  4WIeHy-
koppecnongenty AH CCCP  Bacuiamio
3axaposuuy BuacoBy. Tpynoas Oumorpadus
Buaanniaena BacuibeBuua Hepa3pbIBHO
ceazaHa ¢ CapaToBCKHM TrocyJapcTBEHHbIM
TeXHU4ecKkMM YyHuBepcuretom wuMmenu FO.A.

I'arapuna (panee CaparoBckuii
NOJMTEXHUYECKHI MHCTUTYT), B KOTOPbIA OH
ObLI pacnpeaesieH nocjie 3aIUThI

kanauaarckon  auccepranum  «Hekxoropbie
BONPOCHI pacyeTa IMOJIOTHMX 000/109eK MpH
KOHEeYHBbIX nporudax» B 1961 roxay.

Hayuynbie uHTepechl B.B. IlerpoBa cBsi3aHbl HeJHMHEHHON MeXaHUKON TBEpPAOro
aepopMupyeMoro Tesia, CO3JaHHEM METOJAOB PaCYéTa TOHKOCTEHHBIX NMPOCTPAHCTBEHHBIX
CHCTEM C YYE€TOM reoMeTpuYecKoil M (pU3HYeCKOl HeJMHEHHOCTH M arpecCMBHON BHeIIHel
cpeabl. C umeHeM BuaamieHa BacuibeBH4Ya TEeCHO CBSI3aH NPEIVIOKEHHBI UM MeTOJ
NocJieI0BaTeIbHbIX HATPYKeHWH, M3JI0:KeHHbI B 3ammmieHHoil B 1969 roay aokropckoii
auccepranmuu U 3ateM 0000meHHbId B 1975 1. B moHorpadum «Metoa mocjieqoBaTeIbHbIX
HArpPY:KeHUil B HeJIMHEHHOI TeOPUHU MJIACTHH M 000J104eK». 3HAKOBBIMH CTAJIU BbIlIEAIINE B
cBeT B 1989 rogy monorpaguu «/lepopmupoBanue 371eMEeHTOB KOHCTPYKIUI U3 HEJTUHEHHOIO
Pa3HOMOAYJIbHOTO HEOJAHOPOIAHOr0 MaTepuaia» M «MexaHUKA JJIMHHOMEPHBIX 3J1€MEHTOB
rJ1yOOKOBOAHBIX KOMILICKCOB», a Tak:ke Bbimenmass B 1996 roxy monorpadus «Teopus
HABeJIeHHOW HEOAHOPOJAHOCTH M ee NMPHJIOKeHHs K MpodjeMe YCTOHYMBOCTH MJIACTHH H
000/104eK», B KOTOPOW MOJYYHWJ Ppa3BUTHE KJACC 33/1a4 HEJIUHEHHOW MeXaHHMKH,
YUYHUTBHIBAOIIAX COBMECTHOE MNPOTEKAHHE HeOOPaAaTHUMbIX MNPOLECCOB aAe(opMHUPOBAHUSA
MaTepHaJia M Jerpajaumu ero pu3nKo-MeXxaHu4ecCKuX CBOMCTB.

Baanniaen BacuibeBu4Y siBjsieTcsi aBTOPOM cBbilie 200 HAy4YHBIX U MeETOAUYECKHX
TPYAOB, BKJIOYas 7 MoHorpadmuii, moaroroBua 64 xanauaara u 12 JOKTOPOB HayK.
Co31aHHasi UM HayyHasi WIKOJa Pa3BUBAaeTcsl U MO ceil JeHb, 3aHMMAsICh BONPOCAMHU
HEJIMHEHHON MeXaHMKH CTPOMTEIbHbIX KOHCTPYKIIHIA.

YBaxkaemblii Baaguien BacuibeBHY, KO/UIEKTHB peJaKIUM HAYYHO-TEXHHYECKOI0
)KypHaia «CTpPOMTEJBLCTBO U PEKOHCTPYKUMSA» OT Beell AymM mo3apasJisier Bac ¢ ro0mnieem,
JKeJIaeT KPemnKoro 3JA0pOBbsi, 0JIaromoJiy4usi U HOBBIX TBOPYECKHX YCIEXOB B HAY4HO-
NeJaroru4ecKoi JeATeJJbHOCTH M BO Bcex Bammx HaumHaHUAX BO 0J1aro 0Te4eCTBEHHOIO
CTPOMTEIBHOT0 00pa30BaHUs U HAYKHU!

Peoakyusa nayuno-mexnuueckozo xcypuana « Cmpoumenbcmeo u peKOHCmMPYKUua»
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CTPOUTEJIbHBIE KOHCTPYKLUN

VK 624.045.12 DOI: 10.33979/2073-7416-2025-118-2-4-13

BJL.U. KOJITYYHOB !
"MocKkoBCKui TOCYIapCTBEHHBIN CTpoUTeNbHEIH yHuBepcuTeT (HUY MI'CY), r. Mocksa, Poccus
2Hay4HOo-HMCCIEN0BATENLCKAN HHCTUTYT CTPOUTENBLHON (hu3uku POCCHIICKON aKaIeMUu apXUTEKTYPBI U CTPOUTENBHBIX
Hayk (HUUC®), r. Mocksa, Poccust

MOJIEJIb PACYETA MIAPAMETPOB IPEJEJBbHBIX COCTOSIHUM
’KEJE30BETOHHBIX KOHCTPYKIUI

Annomayusn. B cmamve na ocnoge amanuza u 00606wenus uUCcie008aHUll 3aKOHOMEPHOCEl
Ooeghopmuposanus  dicene300emona ¢ mMpewuHamu npugedeHa Memoooao2us pacyema packpblmus
mpewur ¢ UCHOIb308AHUEM YCMAHOBIEHHO20 A8MOPOM Ipdexma oicene300emona - KaxK pe3yiomama
8030eticmeusi apmamypul Ha deghopmayuu bepe2oé MaucmpaibHoOU mpewjurvl npu ee packpvimuu. Ilokasano,
YUMo npu HAPYWeHUU CRIOWHOCIU PACMSIHYMOU OeMOHHOU Mampuybl U deghopmuposanuu bepezos bemona 6
mpewune, nepecekaemoll pPaAcmsHymvIM APMAMYPHLIM CIMEPICHEM, UIMEHSAEMCsl Npouis mpewjunsl U
COOMBEMCMBEHHO ee DPACKPbIMUe HA YPOGHE apMamypHo2o cmepdichs.  Packpuimue edunuunou uiu
MA2UCMPATLHOU  MPewutsbl  MOOEIUPYemcs. MaK HA3bl6AeMbIM  VHUBEPCANIbHOIM — O8YXKOHCOIbHbIM
anemenmom ([[KD), xomopwiii noszgoasem yuumvleamv ommedeHHblll Oepopmayuonuslii 3¢ppexm u
00beOUHUMDb OedOoPMAYUOHHbBIE NAPAMEMPDL, UCNOTb3YeMble 8 MPAOUYUOHHOU MeOPUU Jceae300emona u
Mexanuku paspyuienus scenezobemona. Ilooamnusocmo JJKD cesizana kak ¢ ee packpvimuem, max u ¢
nepemeweHUsIMU 6cell Hcele300emMoHHOU KOHCMPYKYUU U ee 060bugennoll scecmrocmpio. Ioxasano, umo
Ooehopmayuu GemoHa 6 OKONO apMAMYPHOU 30He MEHIOM 3HAK OM PACWANCEHU. K COICATMUIO U MO
KAYeCmBeHHO U3MEHsIem Kapmuny OMHOCUMENbHbIX G3AUMHbIX CMewjeHull 6emoua u apmamypsl Ha
VUACMKAX MENCOY MPEUUHAMU.

Knrouesvte cnosa: s¢gpexm oicenezobemona, eunomesvl, NPUHYUNbL,  dcele306emoHa.
OBYXKOHCOMbHBIL DNEMEHM, USOMPONHAsL CPedd, MEXAHUKA pAaspyuwleHus, DACKPbImMus - 3aKpblmus
MPEWUH, HcecmrKoCcmo

V.L.I. KOLCHUNOV'2
"Moscow State University of Civil Engineering (National Research University, MGSU), Moscow, Russia
2Research Institute of Building Physics, Russian Academy of Architecture and Construction Sciences (NIISF),
Moscow, Russia

MODEL FOR CALCULATING THE LIMIT STATE PARAMETERS
OF REINFORCED CONCRETE STRUCTURES

Abstract. Based on the analysis and generalization of research on the deformation behavior of
cracked reinforced concrete, the article presents a methodology for calculating crack width using the
author’s established reinforced concrete effect—resulting from the influence of reinforcement on the
deformation of the crack edges during crack opening. It is shown that when the continuity of the tensile
concrete matrix is disrupted and the crack edges deform under the action of an intersecting tensile
reinforcement bar, the crack profile and, consequently, its width at the reinforcement level change. The
opening of a single or main crack is modeled using a so-called universal double-cantilever element
(DCE), which accounts for the described deformation effect and combines the deformation parameters
used in traditional reinforced concrete theory and fracture mechanics of reinforced concrete. The
compliance of the DCE is related both to crack opening and to the displacements of the entire reinforced
concrete structure and its generalized stiffness. It is demonstrated that the deformations of concrete in the
reinforcement-adjacent zone change from tension to compression, qualitatively altering the pattern of
relative mutual displacements of concrete and reinforcement between cracks.

Keywords: reinforced concrete effect, hypotheses, principles, reinforced concrete, double-

cantilever element, isotropic medium, fracture mechanics, crack opening-closing, stiffness
© Konuynos Brl., 2025
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I®I'AOY BO «Poccuiickuii YHHBEPCHTET APYKOBI HAPOIOB», I. MOCKBa

CTEPXHEBBIE U CETYATBIE OBOJTOYEYHBIE CTPYKTYPbI B XXI-m
BEKE

Annomayusa. OcHo80lU 015 CO30aHUSA CMPYKIMYPHLIX KOHCMPYKYUL S81emcs CMpPYKmYypPHO
0p2anu308anHOe NPOCMPAHCMeo0. B cmamve npusooumces knaccugurayus cmpykmypHuix KOHCIMPYKYU
HO Muny 2eoMempuyecKux CUcmem, AeHCAWUX 6 UX OCHO8e U NO HAZHAYEHUI) CMEPIHCHEBbIX
obonoueunvix cucmem. Kpamxo onucvigaemcsi ucmopusi 603HUKHOBEHUS CIMPYKMYPHBIX KOHCMPYKYUl,
Hauano Komopou OvLIo NoN0dceHo 8036edenuem Digheneson bawnu ¢ Iapuoce ¢ 1889 200y unu ewé
panbvule, K020a HAYAIOCH U320MOGIEHUE 8 NPOMBIULIEHHOM Macuimabe npokamuulx npoguneil ¢ 1867
200y. Ha konxpemmwvix npumepax nokaszwleaemcs, umo cemuamovie 00010YeUHble CHPYKMYPbL 8
nocneonue 200bl NPUMEHSIOM dauje, deM Jicele300emonnbie monkocmennvle obonouku. Ocoboe
GHUMAHUE 8 CIAMbe YOeNencs CIMEPICHEGbIM, CEMUAMbIM U CemMYamo-CmepICHe8bIM 00010UEUHbIM
CmMpyKmypam, nocmpoeHHoiM 3a nocieonuel5 nem. Ilokasvieaemcs, umo cmepoiicHegble U cemuamobie
060104euHble CMPYKMYypPbl ROCIMPOEHbL 3a MO 6PeMsi NOYMU 80 6CEX CMPAHAX, 34 UCKIIOYeHUEeM
COUHUUHBIX pecuoH08 Mupa. [laemcst kpamkas uHgopmayus no RPOYHOCIMHOMY PACYEny CMePICHEEbIX
U cemuamvix 0OONOYEYHBIX CMPYKMYpP, UX 2ceomempuu u mamepuairy. B nacmoswee epems udym
UHMEHCUBHbIE UCCIe008AHUS IMUX CMPYKMYP 8 pasHuix Hanpaenenusx. OCHOGHble HANpABieHUs.
UCCIe008AHUTI HANPAGIEHbL HA YMOYHEHUe Memoo08 NPOYHOCMHO20 pacyemad, HA Gopmuposanue
ONMUMATLHBIX A4EeK U NOUCK HOBbIX MATNEPUATLO8 CIMEPIHCHEII.

Knwwuegvie  cnoga:  cmepoicHesas — npoOCMPAHCMEEHHAs — CMPYKmMypa, — cemuyamas
NPOCMPAHCMBEHHAs CIMPYKMYpPA, pebpucmo-Koavyesoll Kynoli, Cemuyamvlii Memauiiuyeckuli Kynoi;
MUNbL CMEPICHEGLIX CMPYKIMYP, KIACCUPUKAYUS CINEPICHEBLIX 0O0N0UEUHBIX CIPYKINYD

S.N. KRIVOSHAPKO'!

«The Peoples' Friendship University of Russia», Moscow

GRID AND RETICULATED SHELL STRUCTURES IN THE 21ST
CENTURY

Abstract. Structurally organized space is the base for creation of structural design. In a paper,
classification of structural erections on geometrical systems, lying in their base, and on purpose of grid
shell systems. The history of the appearance of structural erections, the beginning of which was put by
the erection of the Eiffel tower in Paris in 1889, is described briefly. Maybe it was earlier, when
manufacturing of rolled products began in industrial scale in 1867. It is shown on concrete examples
that net shell structures are used at the last years more often than reinforces concrete thin-walled shells.
Special attention is given to grid, net, and net-and grid shell structures that were erected at the last 25
vears. It is shown that at this time, grid and net shell structures were erected almost in all country
except for single regions of the World. Brief information is presented on stress analysis of grid and net
shell structures, their geometry, and materials. Now, intensive research of these structures in different
directions are carried out. The main directions of research are directed at more accurate definition to
the methods of strength analysis, to formation of optimal meshes, and to discovery of grid materials and
covering materials.

Key words: space grid structure, net space structure, curvilinear structural system, rib-and-
ring dome, net metal dome, types of grid structures, classification of grid shell structures.
© Kpusowanko C.H., 2025
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TEOMETPUYECKAS THIIOTE3A JJI1 HOPMAJIbHBIX CEYUEHUI
N3I'MBAEMBIX U BHEHEHTPEHHO C/KATBIX KEJIE3OBETOHHBIX
QJIEMEHTOB

Annomayun. Ilpogedenvl IKCHEPUMEHMANbHbIE U  YUCTEHHble UCCLe008AHUS  GLUAHUSA
niacmuyeckux oegopmayuti apmamypvl Ha HANPAXCEHHO-0ePOPMUPOBAHHOE COCMOAHUE HOPMATLHBIX
ceueHutl uzeubaemvix dHcene300emoHHbIX demMeHmos. Pesynomamul uccie0oganuii noKasany, 4mo umeem
Mecmo usloM Ha adniope Oepopmayuil 6 30He HeumpanvHou ocu. Ilpednrazaemcs Oununeiunas
annpoxcumayus pacnpeoenenus oegpopmayuii no evicome cevenus. Ilo pesynbmamam pacuemos
KOHEUHO-DNIeMEHMHbIX MOOeell nposedena OyeHKa napamempd, Xapakmepusyioujeco cOOMHOUleHUe
Oepopmayuii cocamua u pacmaxcenus. IIposedeno cpashenue ¢ aHATOUUHOU IKCHEPUMEHMATLHOU
3a8UCUMOCIbIO, NOKA3ABUIee UX YO08lemeopumenvroe coenadenue. Jia oyeHKu pacnpedenequs
Oepopmayuii no evicome ceueHus 8 YNpyeou u NIACMUYecKol cmaouu pabomvl apmamypvl npu
OOHOBPEMEHHOM Oelicmeuu u3eubaoueco MomMeHma U NpoOOOTbHOU CULbL NPO8eOeH DO YUCTEHHbIX
Pacyemos GHeYeHMPEHHO CHCAMBIX JHCeNe300eMOHHBIX DNIEMEHMO8 C MeMU JHce XAPAKMePUCHUKAMU.
AHnanuz pesynbmamog pacuemog nokazan Oau3Kuil xapakmep pacnpeoeneHus oepopmayuii no evlicome
ceueHus 6 u3eUbAeMbiX U BHEYEHMPEHHO CHCAMBIX INeMEHMAax OJid CAYHaAsk OOIbUUX FIKCYEHMPUCUMEMOB.

Knroueswie cnosa: niacmuueckue oegpopmayuu, RpOOOIbHbLE CUbL, 2EOMEMPULECKAS 2UNOme3d,
0cobbie 6o30eticmeusl.

S.0. KURMAVINAL 1.V. TSATSULIN?

"Moscow State University of Civil Engineering, Moscow, Russia
“Mosinzhproekt Company group, Moscow Russia

GEOMETRIC HYPOTHESIS FOR NORMAL SECTIONS OF
FLEXURAL AND ECCENTRICALLY COMPRESSED
REINFORCED CONCRETE MEMBERS

Abstract. Experimental and numerical studies of the influence of plastic deformations of
reinforcement on the stress-strain state of normal sections of bent reinforced concrete elements have been
carried out. The results of investigations have shown that there is a fracture in the strain diagram in the
zone of the neutral axis. A bilinear approximation of strain distribution along the section height is
proposed. Based on the results of finite element model calculations, the parameter characterizing the
ratio of compression and tension strains is estimated. Comparison with the analogous experimental
dependence has been carried out, that showed their satisfactory coincidence. To estimate the distribution
of deformations along the section height in the elastic and plastic stages of reinforcement operation
under one-temporal action of bending moment and longitudinal force, a number of numerical
calculations of off-center compressed reinforced concrete elements with the same characteristics were
performed. The analysis of the calculation results showed a close character of deformation distribution
along the section height in bending and eccentrically compressed elements for the case of large
eccentricities.

Key words: plastic deformations, longitudinal forces, geometric hypothesis, special influences.
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! Poccuiickas akajieMust apXUTEKTYpPBI U CTPOMTENBHBIX HayK, T. Mocksa, Poccus,
2AO «Cuneprusy», Cankr-IletepOypr, Poccus

TEXHOJIOTI'YSI BETOHUPOBAHHUA MACCHUBHbIX KOHCTPYKLIU
OYHIAAMEHTOB 3JAHUU M®K «JIAXTA HEHTP»

Annomayusn. B cmamve paccmampusaromcesi mexHoio2uveckue NpUHyunvl OemoHUpoSaHus.
MACCUBHBIX OEMOHHBIX KOHCMPYKYULL HA NpuMepe HUNCHeU NAumvl (QYHOAMenma 6blcCOmMHO20 30aHUs
bawmns rxomnnexca «Jlaxma I[eumpy 6 Canxkm-Ilemepoypee. Ilenv uccaedosanus. Paspabomka
PEKOMEHOayUll NO  OpeaHu3ayuU MexXHOI0SUYECKO20 npoyecca OemoHUpo8anus, 00ecneuusanuyezo
YCMPOUCMBO MACCUBHOU KOHCHMPYKYUU C 300AHHBIMU NPOEKMHbIMU — Xapakmepucmukamu. s
docmudiceHUuss NOCMABNEeHHOU Yyeau Ovbliu  COPMYIUPOBAHbL OCHOBHbIE NPUHYUNBL  OP2AHU3AYUU
MeXHONI02UYEeCK020 npoyecca 6emoHUPOBAHUs U YX00ad 3d KOHCMPYKYUell, OCHOBAHHbIE HA MPeO08AHUAX
obecneueHusi HenpepvleHOCMU OeMOHUPOBAHU U OMCYMCMBU MEeMNePAmypPHO-YCAOOUHbIX MPEUjUH.
OcHosHble pe3ynrbmamsl OAHHO20 UCCIe008aHUS MO2Ym Oblmb NPUMEHEHbl NPU NPOEKMUPOBAHUU U
yempoucmee MAcCUBHbIX PYHOAMEHMHBIX KOHCMPYKYULL YHUKALbHBIX 30aHUL U COOPYHCEHU.

Kniouesvle cnosa: 6emonnvie KOHCMPYKYUl, mexHoio2us, OemoHuposanue, 6emoHHds cMech,
MpewUHOCMOUKOCMb, YX00 3a OEmMOHOM.

V.I. TRAVUSH!, S.V. NIKIFOROV?

! Russian Academy of architecture and construction, Moscow, Russia,
2 JSC “Synergy”, St. Petersburg, Russia

TECHNOLOGY OF CONCRETING MASSIVE STRUCTURES OF THE
FOUNDATIONS OF THE LAKHTA CENTER MULTIFUNCTIONAL
COMPLEX

Abstract The article reviews the technological principles of concreting massive concrete
structures, using the example of the Lakhta Center Tower the lower slab foundation in Saint Petersburg.
Based on the requirement to ensure continuity in the concreting process, recommendations are provided
for organizing the technological process that ensures the construction of a massive structure with
specified design characteristics. The principles of curing the structure are examined to prevent the
occurrence of temperature-shrinkage cracks. The main results of this research can be applied in the
design and construction of massive foundation structures for unique buildings and structures.

Key words: concrete structures, technology, concreting, concrete mix, crack capacity, concrete
curing
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B.H. IEPKAY', N.E. JEMYVYK!, IL.1. MATSIC!
I®unman Hayuno-texanueckuii entp PYIT « CTPOMTEXHOPM», r. Bpecr, Pecriy6nnka bemapychs

MPEJEJBHBIE 3HAYEHUS TIPOYHOCTH ITPU CABUTE KAMEHHOM
KJIAIKHN N3 KEPAMNYECKHUX IIOPU30BAHHBIX BJIOKOB

Annomayus. B cmamve npugedenvl pesyibmamvl IKCHEPUMEHMANbHBIX — UCCLe008AHUL
npouHOCMU Npu cosuce 8 MNIOCKOCMU 20PUBOHMAILHBIX DPACMEOPHLIX UWE08 KAMEHHbIX KIAOOK U3
NOPU30BAHHBIX Kepamuyeckux 010x08. Hccnedosanucy 3uaueHus HA4aIbHOU NPOYHOCMU HPU COBU2e
(npounocmu KacamenvbHo2o Cyenienust) u npedeibHvlie 3HAYeHusi NPOYHOCmuU npu coguee. HMcnvimanus
KameHHbIX Ka1aoox evinoausnucy coenacho CTh EN 1052-3 npu o0nospemenHom 0elicmeuu CocuMaroujux
u cosuearowux ycunuu. B 3aeucumocmu om ypoens oboicamusi paspyuwienue KAMEHHbIX KIAOOK
NPOUCXOOULO BCledcmeue cO8Uea NO SPaAHUYeE KIAOOUHO20 U30eNUsl U PACMEOPHO20 WEd U pa3opobieHus.
nepezopoooK Medncoy nycmomamu 610K08. Ycmanoeieno, ymo npedeibtvle 3HAUeHUs NPOYHOCMU K1AOKU
npu coguze, NpueeoeHHvie 6 HOPMAX HO NPOEKMUPOSAHUIO KAMEHHbIX KOHCMPYKYUL, CYUJeCMEEHHO
npesuiuLaOn IKCHEPUMEHMANbHbIE 3HAUEHUsl. YKA3aHO HA He0OX00UMOCHb KOPPEKMUPOBKU HOTONCEHUS.
HOPMAMUGHBIX OOKYMEHMO8, KACAIOWUECs, NPeOeslbHbIX 3HAYEHUL NPOYHOCMU NpU CO8USE KAMEHHbIX
KAAOOK U3 NOPU30GAHHBIX KEPAMUUECKUX OIOKOE.

Kniouesvie cnosa: rxamennas Kiaoka, KepamuuecKue ROPU308aHHble OIOKU, HENepessi3aHHoe
ceuenue, NPOUHOCMb NPU COBU2E.

V.N. DERKACH!, LE. DEMCHUK!, P.I. MATYAS!
'Branch office Scientific-Technical Center of the RUE "STROYTECHNORM", Brest, Republic of Belarus

LIMIT VALUES OF SHEAR STRENGTH FOR MASONRY MADE OF
POROUS CERAMIC BLOCKS

Abstract. The article presents the results of experimental studies of shear strength in the plane of
horizontal mortar joints of masonry from porous ceramic blocks. The initial shear strength values were
investigated (strength of tangential adhesion), as well as the ultimate shear strength values. Experiments
with masonry were carried out in accordance with STB EN 1052-3 with simultaneous action of
compressive and shear forces. Depending on the compression level, the destruction of masonry occurred
due to a shift along the border of the masonry product and the mortar joint and fragmentation of the
partitions between the voids of the blocks. It has been established that the limiting values of masonry
shear strength, given in the standards for the design of stone structures, significantly exceed the
experimental values. The need to correct the provisions of regulatory documents regarding the ultimate
values of shear strength of masonry from porous ceramic blocks is indicated.

Keywords: masonry, ceramic porous blocks, unbonded section, shear strength.
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3KCHEPUMEHTAJIbHO-TEOPETHYECKOE UCCJIEJJOBAHUE
HECYUWEN CIOCOBHOCTHU JJUTEJBHO HATPYKEHHBIX
’KEJIE3OBETOHHBIX C)KATBIX QJIEMEHTOB IIPU JTUHAMUYECKOM
BO3JIEICTBUHA

Annomayusn. Vcciedyemces enusinue npeobiCmMopuu HA2PYICEHUs. HA HECYUYI0 CNOCODHOCHb
ONUMENbHO  HASPYICEHHBIX COHCAMbBIX U  BHEYCHMPEHHO CHCAMBIX  IHCENe300EMOHHbIX  INEMEHMO8
IKCNIYAMUPYEMBIX  30AHUL U COOPYICEHUL, HNOOBEPICEHHbIX OUHAMUYUECKOMY O002PYIAUCEHUIO 8
pesyibmame  AGAPULIHBLIX BO30€UCMEUN, C Y4emOM USMEHEHUs NPOYHOCMU U OepOpMAmuUeHOCmu
6emona. C ucnonb3oeanuem pasHOBeCHbIX OUTUHEUHBIX OUASPAMM 0edOopMUPO8aHusi Demona noay4eHo
aHaIUMU4ecKoe  Gvlpadicenue Ol OYeHKU Hecyujel CHROCOOHOCMU — GHEYEHMPEHHO  CIICATNbIX
JHCENe300EeMOHHBIX INEMEHIMOG NPU PAZTUYHBIX PENCUMAX Hazpydcenusl. J{isi npogepKu 00CMOSEPHOCMU
NPEONOANCEHHOU  AHATUMUYECKOU  3A6UCUMOCTIL  BbINOJIHEHbL  IKCHEPUMEHMANbHbIE UCCTe008AHUS
Hecyweli CnocoOHOCMU  ONUMENbHO HASPYICEHHBIX CIHCAMbBIX JICeNe300eMOHHbIX DNEMEHMO8 Nnpu
OuHamuyeckom  6o30eticmeuu  cneocmeue  asapuinou  cumyayuu. — Conocmasnenuem ¢
IKCNEPUMEHMANLHOIMU OAHHBIMU NOKA3AHO, YMO 6 001ACMU MATbIX IKCYEHMPUCUMEMO8, OIUSKUX K
CAYHAUHbIM, PACCYUMAHHbIE 3HAYEHUs NPeOelbHbIX U3UOAIOWUX MOMEHMO8 MeHblle, YeM HO
sasucumocmsm uz CIT 63.13330.2018, u npu smom Oaudice K pe3yivbmamam 3KCNEPUMEHMATbHBIX
uccieo08aHui.

Kniouegvle cnosa: dicenezobemon, cocamovitl dAeMeHm, IKCREPUMEHMATLHO-MEOPEMUYECKOe
uccnedogamue, CMamuKo-OUHAMUIECKoe HazpyIceHue, HeCywas cnocobHOCMb

S.YU. SAVIN!, M.Z. SHARIPOV!,V.S. MOSKOVTSEVA!

! Moscow State University of Civil Engineering, Moscow, Russian Federation

EXPERIMENTAL AND THEORETICAL STUDY OF THE PERFORMANCE
OF LONG-TERM LOADED REINFORCED CONCRETE MEMBERS IN
COMPRESSION UNDER DYNAMIC ACTION

Abstract. This study investigates the effect of loading history on the performance of long-term
loaded members in compression subjected to dynamic action as a result of accidental situation. In
addition, it considers changes in the strength and deformability of concrete. Analytical expressions have
been developed to estimate the load-bearing capacity of reinforced concrete members in compression
under different loading modes using equivalent bilinear diagrams of concrete deformation. To verify the
reliability of the proposed analytical relations, experimental studies of the load-bearing capacity of
long-term loaded compressed reinforced concrete members have been carried out under dynamic
action which models accidental situation. Comparison of calculation results with experimental data
shows that in the region of small eccentricities, close to accidental ones, the ultimate bending moments
are smaller than calculated according to the relations presented in SP 63.13330.2018, and at the same
time closer to the results of experimental studies.

Keywords: reinforced concrete, member in compression, experimental-theoretical study,
static-dynamic loading, bearing capacity
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BJIMSIHUE KOPPO3UOHHBIX NOBPEXJIEHUI APMATYPHI HA
JANHAMUYECKOE COTOSAHUE CXKATBIX
’KEJE30BETOHHBIX KOHCTPYKIUI

Annomayusn. Camvlii uacmo écmpeuaemvlii 0eghekm 6 KHcele300emOHHbIX KOHCMPYKYUSX —
9MO KOpPO3UOHHBIE NopedicOenus pabouell apmamypvl 8 mene Oemona. OCHOBHYIO ORACHOCTb
KOPPO3UOHHBIX NOBPENCOCHUTI HECYM HEeCKOIbKO (DaKmopos: yeenuueHnue HPOOYKMOE KOppO3uu 6
00véMe U co30anue OONOTHUMENbHBIX PACMASUBAIOWUX HANPANCEHUN 8 DemoHe No ONUHe CEpPIICHS,
Umo NPUBOOUM K OMKAALIGAHUIO 3AWUMHO20 CIOs, YMEeHbUlenue ouamempa paboyel apMamypbl;
VUACMKU JIOKATBHO20 020]I€HUsL APMAMYpbl 8CAEOCmSUe paspyueHus 3auumuo2o cios. Ilomumo
nomepu obueti Hecywel CnocoOHOCMU KOHCMPYKYULL 8CLeOCMEUEe VMEHbUIEHUsT NI0WAOU CeYenus
apmamypsl U Oemona, UMeHsIOmMcs ewé u ux OuHamuyeckue xapaxkmepucmuku. Hzmenenue
OUHAMUYECKUX XAPAKMEPUCMUK KOHCMPYKYULL GNUIeM HA OYEHKY CEUCMOCMOUKOCMU 30aHUll npu
pacueme no axceilepocPAMMAM HA OOMUHAHMHblIE Hacmombl Konebanuil. B pa6ome npedcmasnen
AHANU3 OMEUeCMEEHHOU U 3aPYOeCHOU TUMEPAmypbl N0 OYeHKe CYENIeHUs. apMamypbl ¢ OemoHOM,
npusedenvl pe3yabmamsl UCHbIMANUL, NPOBEOCHHbIX AGMOPAMU CIAMbU, NO OYeHKe NOMeEPU CYENIeHUs
KOPPO3UOHHO-NOBPENCOCHHO20 APMAMYPHO20 CHEPICHS 8 mejle Oemona U NpueeoeHvl pesyibmambl
UBMEHEeHUsL Nepuo008 U YaCmom KoiebaHuti No8Pe’COeHHbIX KOIOHH.

Knrwouesvie cnosa: xopposust, apmamypul, celicMuxa, OUHAMUKA, KONeOanuUs,, CYenieHue.

A.G. TAMRAZYAN! M.V. KUDRYAVTSEV!

"National Research Moscow State University of Civil Engineering, Moscow, Russia

EFFECT OF REINFORCEMENT CORROSION DAMAGE ON
DYNAMIC BEHAVIOR OF COMPRESSED REINFORCED CONCRETE
STRUCTURES

Abstract. The most common defect in reinforced concrete structures is corrosion damage of the
working reinforcement in the concrete body. The main danger of corrosion damage is caused by several
factors: increase of corrosion products in volume and creation of additional tensile stresses in concrete
along the length of the rod, which leads to spalling of the protective layer; reduction of the diameter of
the working reinforcement, areas of local bare reinforcement due to destruction of the protective layer.
In addition to the loss of the total load-bearing capacity of structures due to the reduction of the cross-
sectional area of reinforcement and concrete, their dynamic characteristics also change. The change of
dynamic characteristics of structures affects the assessment of seismic resistance of buildings when
calculated by accelerograms for dominant frequencies of vibrations. The paper presents the analysis of
domestic and foreign literature on the assessment of the bond of reinforcement with concrete, the
results of tests conducted by the authors of the paper on the assessment of the loss of bond of corrosion-
damaged reinforcing bars in the body of concrete and the results of changes in the periods and
frequencies of vibrations of damaged columns.

Keywords: corrosion, reinforcement, seismic, dynamics, vibrations, bonding.
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I'EOITOJIMMEPBI HA AJIIOMOCHJ/IMKATHOM CBIPBE

Annomayun. Konyenyua ycmouuugozo pazeumusi Mupogoll IKOHOMUKU 6 HACmoswee 6pems
Hanpaeiena Ha O00CMudcenue Y2iepoOHOU HEeUmpanbHOCMU U CEA3aH0 IO € 2100ANbHbIM NOMeNIeHUeM
kmumama Ha naaneme. CO2NACHO  CMAMUCIUYECKUM — OGHHBIM  NPOCMO  00dcuz  OOHOU — MOHHbL
NOPMAAHOYEMEHINHO20 KIUHKEPA NPOBOYUPYEm 6b10POC KAK MUHUMYM HOIMOHHbL Y2NeKUC020 2a3a. B ceasu c
9MUM, OOHUM U3 GAPUAHMOG peuleHUsl 0DO3HAUEHHLIX NpOoONeM ABNACMCA NEePecMOMmp CYUeCMEYIoOuUx
MeXHON02ULl U PA3BUMUE HUZKOY2IEPOOHIX MANO — U OECKIUHKEPHBIX ANACYUUX 8EUECNE C UCHOTb308AHUEM
0mMX0008 NPOMBIUIEHHOCU U HEKOHOUYUOHHO20 Cbipba. Mooupukayus cucmemsl «anOMOCUTUKAIHOE
Cbipbe — WeNOYHOU aKMueamopy OeKazuopamom mempadopama HaAmpus u MOHKOOUCHEPCHOU 006a6KOll
BVIIKAHUYECKOU NPUPOOLI, YIYHUaAenm C80UCMEA YeMEHMHO20 mecma, CIpPYKNypd YAIOMHACMCA, CHUNICAEMC
NOPUCMOCMb  KAMHA, 4MO 6 UMO2e NOJONCUMENbHO OMPANCACMC  HA  aKMUBHOCHU  BAICYU)eO.
Tloocomoenennvle  06pasybl  NO0BePeanUCt  ANEKMPOHHO-OUDPAKYUOHHBIM — UCCIEO08AHUAM, A  MAK’Ce
penmeerogazoeomy auanuzy 30muel (P®A) na ougpaxmomempe ARLX'TRA. Ceoiicmea esdcyweco u
YEeMEHIMHO20 Mecmad UCCIe008anuch coenacHo Hopmamusubim dokymenmam I'OCT 310.3-76 Llemenmor.
Memoodwr onpedenenus HOPMAILHOU 2YCMOMbL, CPOKOB CXBAMBIBAHUS U PAGHOMEPHOCIU USMEHEHUs. 00beMda,
TOCT 310.4-81 Llemenmul. MemoOuvl onpedenenus npedeia NpoyHOCmuU npu uzeube u cocamuu. auuvie
UCCIe008aHUll 8bIASUTU 3ABUCUMOCTTL GIUAHUA XUMUYECKO20 MOOUGUKAMOpA HA CIMPYKMYpPY U CE0UCHmSa
yemenmmno2o kamus. Ipu moougpuxayuu dexazuopamuou cucmemvl mempadopamom HAmMpus 8 003UPOBKAX
0,35 - 0,45% om maccwl wenouHo20 akmueamopa yniomHAEmcs CMpYKmypd, CHUICAECs ROPUCIOCHTb KAMHSL,
umo NONOJICUMENbHO GIUAEM HA AKMUGHOCMb GAJICYWe20 Mamepuand. YcmaHo6neHa nonoiCUmenbHas
KOHYenyusi HAanojHeHusi esicyujeco 0ojiee OUCNEPCHOU  8YJIKAHUYecKou 0obasko 6 Kkoauuecmee 10%,
codeporcawyell  anOMOCUTUKAMHYIO asy. Yayuuunuce ceolicmea yeMenmHo20 mecma, HOMpeOHOCHb 8
wenounom pacmsope cHusunacs Ha 8-10%, cpoku cxeamvianus He cywecmsento, Ho yseaudunuce Ha 10-40
MUHYM 8 3a6UCUMOCHIU OM AKIMUBHO20 KOMNOHEHMA, 8000N02I0WeHue No macce CHU3UIOCL Ha 5%, a
npounocmu 6ospocia na 10-12%. H3yuenue Mukpocmpykmypsl 00pasyo8 noKazano, 4mo OCHOBHYIO MACCy
2eMepOeHHbIX CUCIEM COCMABISIIONT 00beMHble azpecambl U CPOCIKU, MeNIKUEe CKONAEHUS Ha UX NOBEPXHOCHU
C  BbIPAJICEHHOU  CNAUHOCMbIO;,  OCOOEHHOCMU  MUKPOCIMPYKIMYPbL  CGUOEMENbCMEYIon O NPoYeccax
Munepanoobpasosanus. ITlosmomy paspabomka mooeneti HU3KOY21epoOHO20 CHIPOUMETbCMBA  NO360UM
gHecmu 8K1A0 U OMKPbIMG dPPeKkmuenblii nymv K peanusayuu KIUMAmMu4ecKol NOIUMUKU 3a cyem
PAYUOHATLHO20 UCNOTL308AHUA NPUPOOHBIX PECYPCOS, BOGNIEUEHIS 8 NPOUIE0OCTBO NPOMBIULIEHHBIX OTHX0008 U
nPUPOOONOO0OHBIX MEXHONOSULL

Knrwouesvie cnosa: cmpoumeiibHble  KOMNO3Umbl, Huskoyafzepodﬂble mexHoiocuu, UwenovuHas
aKkmueayus, 0mxo0bl NPOMbBIULTIEHHOCMIU, JHcuoKoe CMeKJI0, CmpyKmypa, aKkmueHOoCnb, MeXaHoaKmueayus

MURTAZAEV S.Yu.l’z, SALAMANOVA M.Sh.1°2*, MURTAZAYEV 1.S-A.!
!Grozny State Oil Technical University named after acad. M.D. Millionshchikov, 100, KH. Isaev avenue, Grozny,
364051, Russia
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GEOPOLYMERS BASED ON ALUMINOSILICATE RAW MATERIALS

Abstract. The vision of a sustainable world economy is currently aimed at achieving carbon neutrality
and linked to global warming. According to statistics, simply burning one ton of Portland cement clinker causes
at least a half a ton of carbon dioxide to be emitted.
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Therefore, one of the options to solve the problems identified is to revise existing technologies and
develop low-carbon, low-carbon binders using industrial waste and unconditioned raw materials. Modification
of the system «aluminosilicate raw material - alkaline activatory with sodium tetrabydrate and a fine-dispersed
additive of volcanic nature, improves the properties of the cement clay, compacts the structure, reduces the
porosity of the stone, which in the end positively affects the activity of the binder. The samples prepared were
subjected to electron diffraction studies, as well as X-ray phase analysis of the zone (RFA) on the ARLX'TRA
diffractometer.

The properties of the binder and cement test have been investigated in accordance with the regulatory
documents GOST 310.3-76 Cements. Methods for determining normal density, latch times and uniformity of
volume change; GOST 310.4-81 Cements. Methods to determine the strength of bending and compression.. The

studies revealed a dependence of influence of chemical modifier on structure and properties of cement stone.

When modifying the dehydrated system with tetrabran sodium in dosages of 0.35 - 0.45% of the alkali activator
mass, the structure is compacted, the porosity of the stone is reduced, which positively affects the activity of the
binding material. The positive concept of filling a binder with a more dispersed volcanic additive in a quantity of
10% containing an aluminosilicate phase has been established. The properties of the cement dough improved,

the need for alkali solution decreased by 8-10%, the adhesion times did not increase significantly but increased
by 10-40 minutes depending on the active component, water absorption in mass decreased by 5% and strength

increased by 10-12%. Study of microstructure of samples showed that the main mass of heterogeneous systems

are volumetric aggregates and lattices, small clusters on their surfaces with pronounced spiciness, features of
microstructure indicate mineralization processes.. Therefore, the development of low-carbon construction

models will contribute to and open an effective path for climate policy implementation through the rational use
of natural resources, the inclusion in the production of industrial wastes and environmental-like technologies.

Keywords: construction composites, low carbon technologies, alkaline activation, industrial waste,
liquid glass, structure, activity, mechatronic activation
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