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IKCNEPUMEHTAJIbHbIE UCCJIEOOBAHUA
XEJIEBOBETOHHbIX NOAMNOPHbLIX CTEH

IToonoprvie cmeuKku A682A10MCA 00HUMU U3 HAUbOJIee PACNPOCMPAHEHHbLX COOPYHCeHUL
euopoysnos. Bonvwiurncmeo ocene306emorHnblX  NOONOPHLIX CMEHOK OJilmesibHoe 8pPeMs
Haxooumeces 6 oskcnayamayuu. Ilo paswbiv npuuunam (8 mom uucae U3-3a HenoJHO20
yuema 6cex 0COOeHHOCMeEl MAKUX COOPYHCEHUL NPU UX NPOCKMUPOBAHUU, CMPOUMESbCmae
u sKkcnayamauul), 6 psaode cayuaes nompebosasiocy ux ycusnenue. O0num u3 cnoco6os
YCUTIeHUsL NOONOPHBIX CMEHOK ABJIACMCA YCMPOUCME0 GHKePHbIX mse, YOepHCUBAIULUX
8epx CMEHOK OMm CMeW,eHUS 6 HANPASJEHUlU 0m 2PYHMOoe8ol 3acbinkKu. B nocnednue 200wt
ROJLYUUJL PACNPOCMPAHEHUe ChOCOD YCUSICHUS #Cesle300eMOHHbIX KOHCMPYKUUL PA3IULHO20
HA3HAUEeHUs. NymeM 00NOJIHUMESIbHO20 8HEULHE20 APMUPOBAHUS C NPUMEHEHUEM KOMNOIUMHBLX
MAMepuaos u3 yanepoorno2o gosokrna. C yuemom xaparkmephvlx ocobeHHocmetl MacCU8HO20
2UOPOMEXHUUECK020 dHcese300emoHa Oblia U320MO0BJIeHA JHcesie300emOHHAs M00esib NoONnOPHOL
CMEeHKU Y20JIK08020 MUNQ, YCUJICHHAA QHKEPHOL mA2oll U Yyanepooroli senmot. Ilpu smom
JleMeHMm YCUJICHUS — Y2J1epOOHAsS JIEHMA — HAKJIeUBAJIACh 8EPMUKAJIbHO HA JIUUEEYI0 2DAHDb
mooenu. JInsa KOHMPOJA 3Q COCMOAHUEM XHCee300emOHHOL MO0l 8 X00e IKCNepUMeHmos
YCMAHABNUBANACY — KOHMPOJILHO-USMEPUMESbHASL — ANRNapamypa. OrcnepumernmaJsibHble
UCCNIe008AHUSA NPOBOOUIUCL HA CREUUAIbHO 000pY008AHHOM CUJI080M cmeHde. B pesynvmame
UCNbLMAHUL ONPEOesIANUC, NepeMeuLeHUe 8epXa MO0, WLUPUHA PACKPLIMUSL 20PU30HMATIbHbLX
MENHCOTIOUHBIX ULBO8 U BUIKJIUHUBULUXCS U3 ULB08 HAKJIOHHbLX MPEeULUM, YCUJiue 8 QHKepHOL
msee, Ha2py3Kka paspyuerus mooenu. IIpu ananusze nosyuenHbix pesyibmamos onpeoesisyioch
nOBbIUUEHUE NPOYHOCMU HCeSIe300eMOHHOL MOO0CNL, YCUJIEHHOU Ya/epoOHOl KOMRO3UMHOL
seumoti. Taxum obpazom, 0bLsi0 NOJLYUEHO NOBbLULEHUE NPOUHOCIMU XHCesle300eMOHHOL MOOeil
noonoproti cmeuku 6 1,27 pasa 3a cuem npumeHeHUus Y2aepooHoll KOMNO3UMHOL JIeHMbL.

T'uopomexruueckue coopyxcenus, ocene306emorHble NOONOPHbIE CMEHKU, YCUJeHUe
KOHCMPYKUUL, QHKepHble Mms2lU, 6HeulHee apPMUPOB8aHUe; Y2JiepOOHbLe KOMNO3UMHbLE
JIEHMbL; IKCNEePUMEHMAJIbHbLE UCCTIe008AHUSL, HCeJle300emOoHHble MO0,

"HemocratouHo. [Ipm aTom Tpebyercs ycuieHme
JIMIIEBOM TPAHM CTEHOK (HAIpHUMep, BHEITHUM

Beeneumne. Ilogmopurie cremxu (B TOM
YmMciIe, YTOJKOBOIO THIIA) PACIPOCTPAHEHBI

Ha tuapoyasaax [1-4]. CyiecTByorime MeTOIbI
pacueTra He B TIOJIHOI Mepe YIUTHIBAIOT BCE Xa-
paKTepHBIE OCOOEHHOCTH IIOJIIOPHBIX CTEHOK,
YTO BHI3BIBAET OTKJIOHEHWsS B WX pabore, Tpe-
Oymollye yCHUIeHUA TAKUX KOHCTPYKIMi [5-8].
Jlist mIuTeIbHO SKCILIyaTUPYEMBIX jKesie300e-
TOHHBIX TOAIIOPHBIX CTEHOK, B Psjie CJIydaes,
mpuMeHaTcea aukepubie Taru [9, 10]. [Tpume-
HeHMe aHKEepPHBIX TAT, C OJHON CTOPOHEI, IIpe-
JIOTBpaIllaeT CMeIlleHne BepXa CTeHOK, OHAKO,
C JPYroil CTOPOHBI, U3MEHSET CXeMy pabOThI
CTEHOK; BCJIEJICTBHME Yero Ha JIMIIeBOH TI'paHu,
I7e YCTAaHOBJIEHA BePTHUKAJIPHAS KOHCTPYK-
THUBHAS apMaTypa, BO3HUKAeT BEePTHUKAJIHHOE
pacTsikeHVe, M yKasaHHAs KOHCTPYKTUBHAS
apMaTypa BBIHY’KIEHA BBIIOJIHATH (DYHKIIHIO
paboueit apMaTyphl, JJIsI Yero ee KOJUYecTBa

@

apMUPOBAHUEM M3 KOMIIO3UTHBIX MATePUAJIOB).

Tax:xe HAXOOUT IIMPOKOE ITPUMEHEHME
B IIPOMBIILJIEHHOM W TPAMKIAHCKOM CTPOUTEJIh-
CTBE YCUJIEHHE KeIe300€TOHHBIX KOHCTPYKITHE
BHEIITHUM apMUPOBAHUEM M3 KOMIIO3UTHBIX Ma-
TepHaJioB, OJHAKO B THIPOTEXHHKE TAKOE YCU-
JIeHrWe TIPaKTHYIeCKHW He TpUMeHsyioch [11-14].
B 271011 cBa31 OTpeboBaTIOCH TIPOBEIEHIE JKCIIe-
PUMEHTAJTFHBIX UCCJIEIOBAHUS YCUIEHUS THIPO-
TEeXHUYECKUX ITO/IIIOPHBIX CTEHOK AaHKEPHBIMU TSI~
TaM¥ ¥ KOMITO3UTHBIMHU YTJIEPOTHBIMU TKAHIMA.

Marepuasber u meronsl. i momenn-
poBaHUs OBLIM IPUHSATHEI ITApaMeTPhl U 0Yep-
TaHUS KeIe300eTOHHBIX MOAITOPHEIX CTEH, Xa-
pakTepHble OJd HU30BOM HOJAIIOPHON CTEHKU
JIH-2 Bomompmemuunra 3aropckoin I'ASC, or-
JIUYAIONINECd 3HAYNTEJIbHLIMH TabapuTaMu,
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CPABHUTEJILHO HEBBHICOKMMHU KJaccaMu 0eToHa 8,
¥ TIPOIeHTAMU apMHUPOBAHU. TaK BEpTUKATIb-
Has KOHCOJIbHAS dYacTh IIOANOPHON CTEHKH
JIH-2 umeet BBIcOTY 17,16 M; TOJIIIUHY B KOp-
HeBOM ceueHuu 4,0 M; TOIIIUHY BepXHel dya-
cru 1,0 M; mpomeHT pabodyero apMHPOBAHUS
y toutoBoit rpamm 0,39%. IopusoHTasbHBIE
aHKepHBbIe TATKM PACIIOJIATalOTCS Ha OTMETKe 1812 A240
Ha 5,76 M HUKe Bepxa CTeHKHU [2-5]. [

Brina paspaboraHa Mojedb IOATIIOP- o .
vHoit cremkm JIH-2 Bomompmemumra 3arop- 1012—__| 3012
croit 'ADC B macirrabe M1:12, cooTBeTCTBEH-
HO BBICOTOM 143 cMm, mmpuHoH 30 cM; pasMepsl B P 11 (no uerrpy)
TOTIEPEeYHOT0 CEeUYeHUsA B KOPHEBOM CEYeHUU!
coctaBum 33X30 cm. ITo BBICOTE MOesTHpOBA-
JUCh 3 TOPU3OHTAJIBHBIX MEKOJIOYHBIX IIIBA.
PabGouee apmupoBaHme MoIeIu v THLJIOBOM Ha-
KJIOHHOM TpaHM IIPUHUMAJIOCh II0 aHAJIOTHUH
C apMHPOBAHHEM IIOAIIOPHBIX CTEHOK BOIOIIPH-
emunka 3aropckoii 'AOC B Bume 3-x guame-
TpoB 12 MM m3 apmarypsl knacca A-III. Kon-
CTPYKTHUBHOE apMUPOBAHUE y JIUIEBOM T'paHU
OPUHUMAJIOCH B BUJIE OJTHOTO nIuaMeTpa 12 Mm
u3 apmatypsl Kiaacca A-II1. Beron monmenu 0511
riaacca B25. B momesu Bocmipomn3BogMiIach TO-
pU30HTAJIbHASA aHKepHAas TATa B BUME CTEPIK-
Ha nuaMeTtpoM 12 mm u3 crasu Cr. 3, pacmosio-  Puc. 1. Cxema monmenu Ha arame 1 ucneITaHuMA
sweHHasa Ha 48 cM Huske Bepxa mogenu (puc. 1). (pa3MepsI JAHBL B CM)
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Puc. 2. Cxema monesiu Ha aramne 2 uCobITAHUN
(pasmepsl JAHBL B CM)

Ne 1° 2020 @



05.23.07 N'mppoTexHnyeckoe CTPpoOUTeNbCTBO

Venmenne Moge I HOAIOPHOM CTEHKN BEI-
TOJIHAJIOCH YIVIEPOSHBIMA KOMIIO3UTHBIMHU JICH-
tamu tria FibArmTape 530/300. Yriepomguas
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("mueBas rpaHb)

JeHTa mupuHOi 150 MM HakJIemBaJach Ha JIH-
1eByI0 rpaub Mojesau. Cxema Mojiein Ha aTare
2 UCTBITAHUY IpeJCcTaBJIeHA Ha PUCYHKeE 2.
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(TbinoBas rpaHb)
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Puc. 3. Cxema ycranosku KHUA ma srame 1 ucnelranui
(pasMepsI JaHEBL B CM)

B miesrax gabroneHnii 3a BeJIMUMHAMME IIe-
peMelnieHu Bepxa MOOeJIN, IMIUPUHON PacKpPhI-
THS TOPU30HTAJIHHBIX ME/KOJIOUHBIX IITBOB U HA-
KJIOHHBIX TPEIIMH B TIPOITecce IKCIIEPUMEHTOB
TPOM3BOJMJIOCH OCHAIIEHNE KOHTPOJIBHO-U3Me-
purespHOIT ammapatypoit (KMA), cxemsr ycra-
HOBKM KOTOPOHM MIPeJCTaBJIEHBI Ha PHUCYHKAX
3 u 4. TpermHoOOpa3oBaHre B MOJEJHM PETrH-
CTPUPOBAJIOCH C TIOMOTITBI0 MuKpockorna MITB-3.

B xome wmcmbiTammii cuoBas Harpyska
TPUKJIAIBIBAJIACH TTOCPEICTBOM THIPOIOMKPA-
Ta U epeJaBajiachk Ha THJIOBYIO TPaHb MOJIEJIN
4yepe3 TpaBepcy, PacCIoJIOKEeHHYIO apaJlielThb-
HO TBLJIOBOY rpaHu Mojenu. OmbITHAS HATPY3-
Ka TIPUKJIAJAbIBAJIAaCh CTYIIEHSIMHU, COCTABJIS-
oMy 10% oT paspymramiieil Harpy3KH,
OpW 9TOM Ha KaKJIOM JTalle HaTPYysKeHUS MO-
IeJu Jejiajiach BHIJIEP:KKA He MeHee 15 MUH.,
II0CJIEe Yero CHUMAJIUCh TIOKa3aHUs ITPHUOOPOB.

Pesyabrarel u ob0cy:xaenune. Ha osra-
me 1 TPOBOAMIIOCH WICIBITAHME MOJIETIU IIOI-
TOPHOU CTeHKU, YCUJIEHHON aHKepHON TATOM.
Ha srame 2 mpoBoauIoCh UCOBITAHUE MOJIEJIH
IIOAIOPHOM CTEeHKH, YCUJIEHHON YTJIEpPOITHOM

@

JIEHTOM Ha JUIeBOY I'PaHU M aHKEPHOM TSATOMH.
Bungsr momeniu B mmpoiiecce MCIBITAHUSA HA 9Ta-
nax 1 u 2 mpencrasiaeHsl Ha ¢oTo (prc. 5).

[lomydenmbie B XOme 9KCIEPUMEHTAJIb-
HBIX HCCJICIOBAHUM KeJIe300eTOHHEBIX MOoIesIe
TOIIOPHBIX CTEHOK Pe3yJIbTaThl IIOKa3aJIu, 4YTo
paspylleHne e300 TOHHOM MOIeIN, YCUIICH-
HOM aHKEepPHOU TAroM, Ha aTale 1 IPOM30IILI0
mpu Harpy3ke 45,76 kH. MarkcumanrHoe 1Ie-
peMelrieHe Bepxa MOJIeJIN COCTaBMIO 2,14 MM.
PackpreiTiie HM:KHET0 TOPU30HTAJIBLHOTO IITBA
€O CTOPOHBI THLJIOBOM I'paHu cocTaBmyIo 0,18 mm;
CpeIHero TOPM30HTAJBHOTO IIIBA CO CTOPOHBI
aureBoi rpadu — 0,20 MM; BepXHEro ropu30H-
TAJILHOTO TITBA CO CTOPOHEI JIMIIEBON TpPaHU —
0,51 MM (cooTBeTcTByIOIIHE IpadpUUecKre 3a-
BHUCUMOCTH Ha pucyHKe 6). MakcumasbHoe pac-
KPBITHE HAKJIOHHON TPENTUHEBI BIIOJIb THIJIOBOM
apMaTypsl u3 cpeaHero mBa coctaBuyo 0,45 Mmm
(1-a TpemmHA); HAKJIOHHOM TPEIIUHBL II0 JIH-
IeBOM apmartype u3 cpemHero msa — 0,55 MM
(2-s1 TperuHA); HAKJIOHHOM TPEIUHBI U3 HUK-
Hero mBa — 0,6 mm (3-s TpemruHa) (puc. 7). Ycu-
JIe B aHKepHO# Tare cocraBuiio 28,02 kH.
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Puc. 4. Cxema ycranosku KUA ua srame 2 ucrnelranuii
(pasmepsl JAHBL B CM)

Puc. 5. UcopiTanue Mmogesin mogmOPHOM CTEHKH:
a —Ha arane 1; 6 — Ha ararme 2

Paspyrienue xesme300eToHHON MoeaH, 3HAYEHUS COOTBETCTBYIOIIUX BEJIMYMWH IIPU HA-
VCUJIEHHON aHKepHOW Tarolt m yriiepomHoii rTpy3ke 45,76 kH. I[lepemeriernne Bepxa Mmogean
JICHTOM, Ha 9Talle 2 IIPOMCXOAMJIO IIPH HATPY3Ke  cocTaBuio 1,88 mM. PackpriTie HMKHEro ropu-
58,24 kH. B messx cormmocTaBiieHus ¢ pe3yJibTa- 30HTAJIBHOIO IITBA CO CTOPOHBI THIJIOBOM I'PAHU
TaMu dTara 1 Ha pucyHKax 6 m 7 mpuBomaTca cocraBuio 0,17 MM; cpeTHETO TOPHU30HTAJIIHLHOTO
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IIIBa CO CTOPOHEI JmileBo#M rpanm — 0,16 MM;
BEpPXHEro INOPH30HTAJILHOTO IIIBA CO CTOPOHBI
nunesoir rpanu — 0,15 mMm (puc. 6). Packpsr-
THEe HAKJIOHHOMN TPENINHBI BJ0JIb THIJIOBOM ap-
MaTyphl U3 cpemHero mmBa cocraBwiio 0,25 MM

(1-s1 TpemnHAa); HAKJIOHHON TPEIIHHEL IO JIH-
meBo¥ apmatype ua cpemHero msa — 0,40 mm
(2-a TperuHAa); HAKJIOHHON TPEIIUHBI U3 HUMK-
gero mBa — 0,50 MM (3-a Tpemmua) (puc. 7).
Ycunue B aHKepHOH Tare cocrasmiio 35,48 xH.

PaCKpLITHe mBOB
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Puc. 6. I'pacdhuku 3aprcumMoCTH IINPUHBI PACKPBITUA IIBOB OT HATPY3KH

PaCKprTHC HakKJIOHHBIX TPCITUH
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Puc. 7. I'padhuku 3aBUCUMOCTH IIMPUHBI PACKPHITUA HAKJIOHHBIX TPEIIUH OT HATPY3KHU

Comocrasiienue pe3yibTaToB JKCIIe-

PUMEHTAJIBHEIX HCCIeOOBAHUM Ha  JTalle
1 1 Ha sTame 2 IMOKAa3aJI0, UYTO pa3pylIamIras
Harpyska ysejmumiack B 1,27 pasa. Ilpu omu-
HaKOBOI Harpyake 45,76 kH cpenusasa Besmmum-
HA PACKPBITUA TOPU30OHTAILHBIX MEKOIOUHBIX
IIBOB cHU3MIachk B 2 pasda (0,3 MM — Ha srarme
1; 0,15 MM — Ha aTare 2); CpeaHsIs BeJINYNHA
PACKpPHITHS Hambojiee XapaKTePHBIX HAKJIOH-
HBIX TPelIuH cHu3uniaach B 1,39 pasa (0,53 MM —
Ha orare 1; 0,38 MM — Ha arare 2).

@

Taxmm 06pasoM, ObLIA OKCIIEPUMEHTAIb-
HO 000CHOBaHA d(P(PEKTUBHOCTD YCUICHUS JKe-
J1€300€TOHHBIX KOHCTPYKIIMH MMOOIOPHBIX CTE-
HOK KOMIIO3UTHBIMHA MATE€PHUAIAMH.

Brioasl
1. Ha xese300eTOHHOM MOIEJH, CIIeIU-
aJIbHO CO3JAaHHON IJII HU30BOM IIOAIIOPHOM
creHKn BomompueMHHKa 3aropckoir ['ADC,
BBIIIOJTHEHHOM B MacmTabe 1:12 m ycuieH-
HOIM HA MePBOM M BTOPOM I3TaIlaX MCITBITAHUHN
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TOPU3OHTAJILHON aHKEPHON TArOM IUAMETPOM
12 mm u3 craau Cr. 3., a Ha BTOPOM JTaiie
YIJIEPOOHON JIEHTOM Ha JIUNIeBOM T'paHM, JKC-
HepUMeHTaJIbHO 000CHOBaHA 2P(EeKTUBHOCTD
VCUJICHHUSI  $KeJIe300€TOHHBIX  KOHCTPYKIIMI
HOOIOPHBIX CTEHOK KOMIIOSUTHBIMH MATEPH-
ajlaMu, a Takske I11e1eco00pasHoOCTb IpUMeHe-
HUS BHEIIHEr0 apMHPOBAHUSA YIJIEPOIHBIMI
JIEHTaMHU B TUAPOTEXHUYECKOM CTPOUTEJIHCTRE.

2. IIpoBemeHHbIe dKCITIEPUMEHTAIBLHEIE HC-
CJIEIOBAHUS TIOKA3AJIM, UTO 34 CUeT YCHUJICHMS
YIJIEPOOHOMN JIEHTOM ITPOYHOCTH KeJIe300€TOH-
HOM MOJIe/IN HOAIIOPHON CTEHKH BONOIIPHUEMEHM-
ka 3aropcroit '”AOC mosreicunace B 1,27 pasa.
IIpu ommmakoBsoii Harpyske 45,76 xH cpex-
HAs BeJINYMHA PACKPBITUSA TOPU30HTAIBHBIX
MeXOJIOUHEBIX IITBOB CHM3WJIACh B 2 pasa, cpel-
HAs BeJIMYMHA PACKPBITHA HaM0OO0Iee XapaKkTep-
HBIX HAKJIOHHBIX TPEITUH CHU3WIach B 1,39 pasa.
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THE EXPERIMENTAL RESEARCH OF THE REINFORCED
CONCRETE RETAINING WALLS

Retaining walls are one of the most common hydraulic structures. Most reinforced concrete
retaining walls have been in operation for a long time. For various reasons (including due to
the incomplete consideration of all the features of such structures during their design, construction
and operation), in some cases their strengthening was required. One of the ways to strengthen
retaining walls is the device of anchor rods that hold the top of the walls from displacement
in the direction from the soil backfill. In recent years, a method has been found to strengthen
reinforced concrete structures for various purposes by additional external reinforcement using
carbon fiber composite materials. Taking into account the characteristic features of massive
hydraulic engineering reinforced concrete, a reinforced concrete model of a corner-type retaining
wall was made, reinforced with anchor rod and carbon tape. In this case, the reinforcing
element, a carbon tape, was glued vertically on the front face of the model. To monitor the state
of the reinforced concrete model during the experiments, control and measuring equipment was
installed. Experimental studies were carried out on a specially equipped power stand.
As a result of the tests, the displacement of the top of the model, the opening width of the horizontal
interblock seams and inclined cracks that emerged from the seams, the force in the anchor
rod, and the fracture load of the model were determined. When analyzing the results obtained,
an increase in the strength of the reinforced concrete model reinforced with a carbon composite
tape was determined. Thus, a 1.27-fold increase in the strength of the reinforced concrete model
of the retaining wall due to the use of a carbon composite tape was obtained.

Hydraulic structures; reinforced concrete retaining walls, reinforcement of structures;
anchor rods; external reinforcement; carbon composite tapes; experimental research,
reinforced concrete models.

References

1. Volosukhin V.A., Dyba V.P., Evtu-
shenko S.I. Calculation and design of reta-
ining walls of hydraulic structures. — Pub-
lishing house DIA, 2015. — 96 p.

2. Instrumental and design studies
of the lower retaining walls of the Zagor-
skaya PSPP / Rubin O.D., Baklykov I.V., An-
tonov A.S. 1 dr. / Environmental Enginee-
ring. — 2019. — No 2. — FROM. 80-88.

3. Design studies of the stress-strain state
of the retaining wall of the first tier of LV-1
of theintake of the Zagorskaya PSPP, including

@

taking into account the data of synchronous
measurements with a daily change in the level
of the upper accumulating basin / Rubin O.D.,
Lisichkin S.E., Nefedov A. IN. et al. // Sat.
Safety of hydraulic structures. — M.: NIIES
OJSC. — 2013. —issue. 18. — S. 38-50.

4. Computational studies of the stability
and strength of retaining walls of the first tier
of the water intake of the Zagorskaya PSPP / Li-
sichkin S.E., Rubin O.D., Atabiev I.Zh.1dr.// En-
vironmental Engineering.—2012.—No.2.—S.44-48.

5. Rubin O.D.,Ponomarev D.I.,Melniko-
va N.I.Computationalstudiesofthestress-strain

Ne 1° 2020



state of retaining walls of the first tier of the in-
take of the Zagorskaya PSPP // Environmental
Engineering. — 2011. — 5. - S. 51-55.

6. Lisichkin S.E., Lyapin O.B. Transver-
se reinforcement of massive structures of power
structures // Energy construction. — 1989. —
No. 11. - S. 40-43.

7. Rubin O.D., Lisichkin S.E., Pashchen-
ko F.A. Development of methods for calcula-
ting the stress state in horizontal sections of hy-
draulic engineering retaining walls of a corner
type // Structural Mechanics of Engineering
Structures and Structures. —019. - T. 15. — 5. —
FROM. 339-344.

8. Shcherbina V.I.,, Rubin O.D., Ni V.E.
Operation, assessment and development
of the measures to improve the reliability
of the Moscow Canal locks // Collection of scien-
tific papers. Hydroelectric power stations. M.:
Informenergo. — 1989. —Issue. 7. — 56 p.

9. Serdyuk A.L, Chernyavsky V.L.Theex-
perience of strengthening building structures
with composite materials during the reconstru-
ction of the Baksan hydroelectric station / Hy-
drotechnics. — 2013. — 3 (32). - FROM. 115-117.

10. New technology for repairing hydraulic
structures by means of reinforcing with composite
materials / Rubin O.D., Lisichkin S.E., Balagurov
VB, et al. // Izv. VNIIG. — 2016. — t. 280. — S. 3-10.

11. Rubin O.D., Lisichkin S.E., Fro-
lov K.E. Experimental studies of reinforced
concrete structures of hydraulic structures
with block joints reinforced by an external
reinforcement system // Structural Mechanics
of Engineering Structures and Structures. —
2018. — Ne 3. — S. 198-204.

12. Frolov K.E.  Experimental studies
of reinforced concrete structures of hydraulic

VIIK 502/504:627.43:550.834
1.A. KPYTOB

NPUPOAOOBYCTPOWUCTBO

structures with an external reinforcement system
with carbon composite lamellas // Environmen-
tal Engineering. — 2017. — Ne 1. — FROM. 56-61.

13. Frolov K.E. The results of experimen-
tal studies of flexible reinforced concrete stru-
ctures of hydraulic structures reinforced with
carbon tapes for the second group of limiting
states // Environmental Engineering. — 2017. —
No 2. — FROM. 42-47.

14. Rubin O.D., Lisichkin S.E., Fro-
lov K.E. Method for calculating the strength
of reinforced concrete structures of hydraulic
structures reinforced with composite mate-
rials // Structural Mechanics of Engineering
Structures and Structures. — 2017. — No 1. —
S. 42-48.

The material was received at the editorial office
30.11.2019

Information about the authors

Rubin Oleg Dmitrievich, doctor of Techni-
cal Sciences, Director of thebranch of JSC “Institu-
te Hydroproject” — “NIIES”; e-mail: info@niies.ru

Lisichkin Sergey Evgenievich, doc-
tor of Technical Sciences, Chief Researcher
of the branch of JSC “Institute Hydroproject” —
“NIIES”; e-mail: cskte@mail.ru

Frolov Kirill Evgenievich, Project Ma-
nager of JSC «Rusatom Automated Control
Systems»; 109507, Moscow, st. Ferghanskaya,
25; e-mail: kefrolov@gmail.com

Pashchenko Fedor Aleksandrovich, gene-
ral Director of JSC «Lenaeroproect»; e-mail:
lenair@lenair.ru

Zyuzina Oksana Valerievna, engineer
1 categories of JSC “Vedeneev VNIIG”; e-mail:
ZyuzinaOV@vniig.ru

DOI 10.34677/1997-6011/2020-1-79-88

Kasaxcraucro-Hewmernkuit yausepcurer, r. Anmartet, Pecriy6inuka Kazaxcrau

CEMCMOYCWJIEHUE TPYHTOBOW MNJIOTUHbI: NPOEKT
N PACHETHOE OBOCHOBAHUE

B cea3u ¢ nosviwenuem celicMuvHOCMU 68 PALOHe PACNOJIONCEHUS 2UOPOY3JIA NPO8eOeH

QHAAU3 CcelicmMoyCcmoliuusocmu epyHmosoll NJAOMuUHbL U N0 Pe3yJobmamam 3mo20 QHAJIU3CA
8bLLNOJIHEH npoekm ycusenus. Llenvio pacuemHbix UCCTIC008AHULL ABJACMCA HAX0XNCOeHUe
MaK020 BblCOMHO020 NOJOHCEHUA NPUSPY3KU U MAKUX 3QJI0HCEHUIL ee HU308020 OMKOCQ,
npu Komopwvix Oyoem obecneuusamsCs HOPMQAMUBHOE 3HAUeHUe KodPgduyuernma 3anaca
yemotiwugsocmu. B cmamve paccmompernbvt npoeKmHubie pPeweHUs U MexHos02UUecKue
MEPONPUAMUS N0 PEMOHMY NJOMUHBL 6 YCJ0B8UAX NPOOOJINCAIULETICA IKCNILYAMAUUL.
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