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AHnnomayus

Axmyansnocms. B niponecce skcrutyaTanuy (B IEpBYO O4epeab IMpU IJIH-
TEIBHOMN 31<cru1yaTau1/m) TUJIPOTEXHUYECKUX COOPY>KEHHH BO3HHUKAET HEOOX0au-
MOCTb YCUJIEHHUS UX JKEJIE300€ TOHHBIX KOHCTpyKUui. B mocneanue roasl B mpo-
MBIIUIEHHOM M TPaXIAHCKOM CTPOMTEJILCTBE HAXOAUT IIPUMEHEHHE YCHJICHHE
KeJIe300eTOHHBIX KOHCTPYKIUH CHCTEMaMH BHEIITHETO apMHPOBAHUS M3 KOMIIO-
3UTHBIX MaTepHanoB (HaIpHUMep, YIIepodHbix). [Ipi 3ToM B IHAPOTEXHHYECKOM
CTPOUTENBCTBE UMEIOTCS TOJIBbKO €IMHUYHbIE IPUMEPBI TAKOTO YCUIICHUS.

IJenu. TlpencraBieHHBIE B CTaThe DKCIIEPUMEHTAIBHBIE UCCIIEIOBAHUSA JKelle-
300€TOHHBIX KOHCTPYKIHIT THAPOTEXHUUECKUX COOPYKEHUH, yCHUICHHBIX BHEII-
HUM apMHPOBAHUEM U3 YIJIEPOIHBIX MaTEpHaNoB, IPOBOJUINCH B LEIIX 000C-
HOBaHMs IPUMEHEHUs] BHEIIHETO apMUPOBAHUSI HA OCHOBE YIJIEPOJHBIX MaTepU-
aJloB (JIEHT M JlaMelei) Al YCHIIEHUs JKele300€TOHHBIX KOHCTPYKIMH I'MApO-
TEXHUUYECKUX COOPYKEHHH.

Memoodpl. DKCIIEPUMEHTHI 10 YCUIECHHIO THAPOTEXHUYECKUX COOPYXKEHHH
BHELIHUM apMUpPOBAHHEM U3 YIJIEPOJHBIX MAaTE€pUAlOB OCYLIECTBIISUIUCH C HC-
MONTB30BAHUEM CIEIMATbHO M3TOTOBIECHHBIX JKEJIe300€TOHHBIX MOAeNel THApO-
TEeXHHYECKHX KOHCTPYKIHi 6anodroro tuma. [Ipu 3ToM TS MOZETMpOBaHUS TIPH-
HHUMAJIMCh JKETe300€TOHHBIE KOHCTPYKI[HH, MMEIONINE XapaKTepHBIC MPU3HAKH
TMJPOTEXHUYECKUX COOPYKEHHMH, TaKhe KaK HEBBICOKHME KJIACChl OETOHA U IpO-
LEeHTHl apMHupoBaHus (MeHee 1 %). YcuneHne xkene300€TOHHBIX Mojeneil BbI-
HOJHANOCH YIVIEPOIHBIMU JIEHTAMHU U JaMelsIMU. DKCIEPUMEHTAJbHBIE UCCIIE-
JOBaHUS NPOBOJUINCH IIPU AEHCTBUM U3rHOAIOLIEr0 MOMEHTA 110 CTaHJAPTHBIM
MerogukaM. OINpenesuioch MOBBIIEHUE IIPOYHOCTH HKEJIE300€TOHHBIX KOHCTPYK-
LU 33 CUET UX YCUJICHUS YIIIEPOAHBIMHU JIECHTAMU U JIaMEIISIMU.

Pezynvmameot. I1omydeHbl JaHHBIE O IPOYHOCTH KEJIE300ETOHHBIX KOHCTPYK-
Uil TUIPOTEXHUUECKUX COOPYXKEHHN 0€3 YCHJICHHS U YCHIICHHBIX yIJIEPOIHBIMU
JICHTaMU U JIaMeJsIMU IIpH AeiicTBuu u3rudarorero MoMmenTa. Ha ocHoBe mpose-
JIEHHOTO CPaBHEHHS OITIPEJIEICHO TOBBIIIEHHE MPOYHOCTH XKeNe300eTOHHBIX KOH-
CTPYKLIUH 32 CYET UX YCUJICHHS YIJIEPOJAHBIMU JIECHTAMHU U JIAMEIISMHU.

BBenenue

B HacToAIICC BPEMA HAXOAUT NMPUMCHCHHUE YCU-
JICHHE >Kee300€TOHHBIX KOHCprKI_II/Iﬁ MIPOMBIIIJICH-
HOT'O U I'paXXJaHCKOI'0 Ha3HA4YCHHSA BHCIIHUM apMH-
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OKCMEPUMEHTANLHBIE UCCNEROBAHMA

pOBaHHEM M3 KOMIIO3UTHBIX MaTepuanoB. YTto kaca-
€Tcs [IPAKTUKU OTE€YECTBEHHOT'O IMIIPOTEXHUIECKOTO
CTPOUTENBCTBA U IKCILUTYyaTaIlliH THIPOTCXHHUYCCKHX
COOPY>KEHHH, TO UMEIOTCSI OTIEJIbHBIE IPUMEPHI HC-
[I0JIb30BaHUS TaKOTO ycwieHus. [loaTomy Bo3HUKaeT
HEOOXOAUMOCTh 00OCHOBAHHUS MPUMEHEHUS YCHIICHUS
BHEIIHUM apMHPOBaHHEM W3 YIJIEpPOJHBIX MaTepHa-
70B (JIGHT W JIaMeJiel) IJIs yCHIISHUS JKeIe300eTOH-
HBIX KOHCTPYKLUI THAPOTEXHUYECKUX COOPYKEHHUM.

Kenezo0eToHHBIE KOHCTPYKLIUH THAPOTEXHUYE-
CKUX COOPY)KEHUH NPUHUWIHAIBHO OTIMYAIOTCA OT

, MHDKEHEP, 3aMECTUTENb IEHEPAIbHOIO JAUPEKTOpa I0
HaY4YHO-TIPOCKTHOH JIeATeIbHOCTH; COMCKAaTeNlb YUEHOH cTeneHu, Kadeapa ruapo-
TEXHUYECKHX COOpykeHHH, MHCTUTYT Menropaniy, BOAHOTO XO35HCTBA U CTPOUTEITb-
crBa umenn A.H. Kocrsakosa, Poccuiickuii rocyapcTBeHHbIH arpapHblii yHHUBEpCH-
TeT — MCXA nmenn K.A. Tumupszesa, frolovke@gidroogk.ru
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Kene300eTOHHBIX KOHCTPYKUUH TPOMBILUICHHBIX U
TPaXIaHCKUX COOPYKEHHIA.

Jnst xene300eTOHHBIX KOHCTPYKITUH THAPOTEX-
HUYECKHUX COOPYKEHUI XapaKTepHBbI:

— 3HAYHTEIbHBIE TA0APUTHI, B TOM YHCIIE BBICOTA
CeYeHns KOHCTPYKIwH Oomee 1 Mm;

— HEBBICOKHE Kiaccel 0eTona (B10-B25);

— HEBBICOKHE Kiacchl paboueir apmarypsl (A-11,
A-IIl, B mocneanue roAsl HAXOAUT NPUMEHEHUE ap-
Matypa kinacca A500);

— HEBBICOKHE MPOLIEHTHI apMHpoBanust (MeHee 1 %);

— Oompime auamerpsl apMatypsl (mo 70 mm A-I1,
1o 40 mm A-III);

— HaJTM4Ke MEXOIOYHBIX CTPOUTEIBHBIX IIIBOB;

— 0COOEHHOCTH XapakTepa AeHCTBUS HArPy30K
(BKJTFOYAst MPOTUBOAABIIEHNE BOJBI B PACKPBIBIIHXCS
[IBaxX W TPEIINHAX ).

BeImonHeH aHanu3 0TeYeCTBEHHOIO M 3apyOeKHOTO
OITBITA YCHJICHUS YKeNe300eTOHHBIX KOHCTPYKIIMIA BHEIII-
HUM apMHPOBAHKEM W3 YTJIEPOMHBIX MaTepuasioB [1-7],
MOKa3aBIIMH, YTO HanboJee 1enecoo0pasHo YCHIMBATD
JKeIe300€TOHHBIE KOHCTPYKIIMMA CUCTEMaMH BHEIITHETO
apMHUPOBAHUS U3 YTIIEPOTHBIX JICHT U JIAMEJIeil.

1. dean uccyienoBaHuii
B nensx skcnepuMeHTaTbHOr0 000CHOBAHUS TPH-

MCHCHHUA BHCHIHCTO apMUPOBAHNSA U3 KOMIIO3UTHBIX Ma-
TCPHUAJTIOB OJId YyCHUJICHUS TUAPOTECXHUYCCKUX COOpY-

iFadi) ]

JKCHHI OBUTH ITPOBEICHBI IKCIICPUMEHTAIBHBIE UCCIIC-
JIOBaHUS MIPOYHOCTH JKEIEe300€TOHHBIX KOHCTPYKITUI
THAPOTEXHUYECKUX COOPYKEHUH, YCHIIEHHBIX yTJiie-
POIHBIMU JICHTAMHU U JIAMEIISIMHU, TIPH NECHCTBUM U3-
ru0aroIero MOMeHTA.

2. MaTtepuaJjbl 4 METO/bI MCCJIEIOBAHUM

JJ1s SKCTIEpUMEHTOB Ha ICWCTBUE M3THOAIOIIETO
MOMEHTa OBbLIM M3TOTOBIICHBI JKeJIe300€TOHHBIE MOjIe-
J1 OaJIOYHOro TUIa JIUHOU 215 cM, BeicoTOM 30 cM
u mmpuHO# 15 cMm (puc. 1).

ITpu 3TOM CO3MABATHCH MOJIENTU ABYX CEPUIA, OTIIU-
YarOIHecs] apMUPOBAHUEM M KJIacCOM OeToHa, MpHCY-
[IMX KOHCTPYKIUSAM THAPOTEXHUIECKHUX COOPYKEHHIA.

Mopenu ofHOM cepur UMENY apMUPOBaHUE 2 Jua-
merpa 10 MM kitacca AS00C (TipolieHT apMHpPOBaHUS
0,39 %) u m3roraBnuBazach u3 OeToHa Kiacca B15
(puc. 1, a).

Monenu npyroit cepun UMeNM apMUpoBaHue 3 ua-
Metpa 12 MM knacca A500C (mipoueHT apMUpOBaHUS
0,83 %) u u3roraBnuBanach U3 OeroHa kiacca B25
(puc. 1, 6).

B kaxmyro cepro BXOAWIIM: IBE OaIKU-ONHM3Hena
0e3 ycuneHust; e Oanku-Onm3Hena, yCUIeHHbIe yriie-
POIHBIMH JIEHTaMU; BE OAJIKN-OMM3HEeIa, yCUICHHbBIE
YIJIEPOAHBIMH JIaMeJsIMU. TakuM 00pa3oM, ObLIO H3-
TOTOBJICHO JIBCHA/ILIATH JKEJIE300€TOHHBIX MOIeNei Oa-
JIOYHOTO THIIA.
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Puc. 1. KoHcTpyKuus ke1e300e TOHHBIX MojeIeil
[Figure 1. The reinforced concrete models construction]

JUtst ycueHus #erne300€TOHHBIX MOJIeNel NCIOIb30-
BaJIHMCh yriiepoaHble eHTsl Trma FibArm Tape 230/300
tormuHon 0,128 MM M yriaepoJHble JaMenu THIla
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FibArm Lamel 12/50. lllupuna JieHTH TpUHUMANACh

paBHOH mupuHe Moaenel — 150 mm. TonmuHa name-
Jiell mpuHUMaack paBHo# 1,2 MM, mupuHa — 50 MM.

EXPERIMENTAL RESEARCHES
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JIeHThl HaKIEUBAINCH HA HWKHEW PACTSAHYTON IPAHU
Mozenel B ABa ciod. Jlamenu Takke HaKJICHBaIUCh
Ha HIKHEN pacTAHyTOM rpanu mojenu. Ha onopHbix
y4acTKax MpPOJOJIbHBIE YTIEPOIHBIE JEHTHI U JaMeIu
3aKPEIUBUIUCh 3aMKHYTBHIMU XOMYTaMH U3 YIiepoa-
HO#t neHTs FibArm Tape 230/300 mmpunoit 300 MM
(puc. 2 u 3).

FibArm Tape 2307150

FibArm Tape 230/150 D

180 | 150 L?‘Sﬂ 1190 150 \, 150 | 180 \,150 |

ke L r L e

Puc. 2. Cxema okleiiku :ke1e300eTOHHBIX MoJe1eil
YIJIepOHbIMH JIEHTAMH
[Figure 2. The reinforced concrete models
pasting with carbon tapes scheme]

FibArm Tape 230/ 150

FibArm Lamel-12/50
o ) 150 ), 10 .
50

Puc. 3. Cxema oxuieiiku kej1e300eTOHHBIX Mo/eJIei
YIJ1ePOIHBIMH JIAMeJISIMH
[Figure 3. The reinforced concrete models
pasting with carbon lamellas scheme]

—
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B nensix onpenenenns GakTHUECKONW TPOUYHOCTH
OeToHa MojeNieil Ha C)KaTHE U PacTSHKCHUE, a TaKKe
MoIyJsl teopManii OJHOBPEMEHHO ¢ MOJIENSIMH Oe-
TOHHPOBAINCH CTAHIAPTHBIE KOHTPOJIBHBIE 00pa3IIbl:
kyOouku pazmepoM 100x100x100 mwm; mpu3msl pas-
MepoM 100x100%x400 MM ¥ HWIMHAPHI THAMETPOM
150 MM u BBICOTOM 150 MM.

Jns mpoBeeHUs UCIIBITAHUI HA IEVCTBUE U3TH-
0aroIero MOMEHTA JKeNe300eTOHHBIE MOETH JUTHHON
2,15 M ycTaHaBJIMBAJIUCh Ha CIIEIMATILHOM CTEHJIE Ha
JIBYX OIOpPax, PacCCTaBJICHHBIX HAa paccTostHUH 1,95 M
Ipyr oT apyra. OHa U3 ONOp — HEMOJABIKHAL, APY-
rasi — KaTKOBasl.

st npritoskeHusl BEpTUKAIbHOW Harpy3KH IpHU-
MEHSJICS TUAPOAOMKPAT, PACIONIOKEHHBIN B IICHTPE
nposera. Harpyska nepenaBaiach Ha KOHCTPYKLHIO
Yyepe3 pachpeeNIUTeNIbHYI0 TpaBepcy CUMMETPHYHO
B JBYX TOYKaxX Ha PacCTOSHUAX 45 c¢M OT IIEHTpa
mposera u 52,5 cm ot onop (puc. 3).

B xozne mcnbiTaHmii xene300€TOHHBIX Mozeneit
ONBITHAS HArpy3Ka MPUKIAABIBANIACH CTYIEHSIMU, CO-
crasidromumMu 10 % oT paspyaromeil Harpy3kH.
[Ipu noctmxennu 80 % oT paszpymaromiei Harpyska
MPUKIIABIBATIACE OOJIee MEIKKUMHU CTyneHs Mu (1o 5 %
0T Harpysku paspywenus). [locae npunoxeHus: co-
OTBETCTBYIOUIEH HAarpy3Kd Ha Ka)KJIOM 3Talle Ipou3-

OKCNEPUMEHTAILHBIE UCCNEROBAHMA

BOJWJIACH BBIACPIKKA, COCTABIAOMAasn 15 MuH, mocie
ATOTO PETUCTPUPOBAIHCH TTOKa3aHsI IPHUOOPOB.

Bun ucribiTanms x&ene300eTOHHBIX MOJIETICH TIpe-
CTaBJICH Ha puc. 4.

Puc. 4. UcnibITaHMe Kej1e300€ TOHHBIX Mo/IeJIeii
[Figure 4. The reinforced concrete models testing]

DKCIepUMEHTAITbHBIE HCCIIEOBAHMS TIPOBOINITUCEH
C Y4ETOM OIBITA UCCIIENOBAHNH THIPOTEXHUUECKUX CO-
opyxeHnuil [8—13]. Pe3ynbTaTsl 3KCIEpUMEHTATBHBIX
HCCIIEIOBaHNH JKEIe300€TOHHBIX KOHCTPYKLMWH THA-
POTEXHHUYECKUX COOPYKEHH, UMEIOIINX MEKOII0U-
HBIE CTPOHUTENBHBIC IIBbI, IIPOBEACHHBIX C YYaCTHEM
aBTOpAa, MpeacTaBiIeHbI B [14].

3. Pe3yabTaThl HCC/Ie10BAHUI

B pesynbTare MpoBEICHHBIX UCIIBITAHHUIN JKENIE30-
OETOHHBIX MOJIENIel, B TOM YHCJI€ YCHJICHHBIX yTJe-
POJIHBIMU JICHTAMH M JIAMEJISIMH, Ha JCUCTBUE M3THU-
0aroIero MOMEHTa OBUTH TOJIyYEHBI CISAYIONINE Pe-
3yJbTATHI.

JKene300eToHHBIE MOIEIM-0JIN3HELBI, U3TOTOBJICH-
Hble 13 Oetona B15 ¢ apmupoBanuem 0,39 %, ne nme-
IOIIHE YCHICHHS, pa3pyIIMIIICh TIPH BeJIMIWHE HArpy3-
ki 83,0 u 88,0 xkH.

JKene300eToHHBIE MOIEIH-0IN3HELBI, H3TOTOBJIEH-
Hble U3 OetoHa B15 ¢ apmupoBanuem 0,39 %, ycunen-
HBIE YTJIIEPOTHBIMHU JICHTAMH, Pa3pyLIMINCh IPH Ha-
rpy3kax 159,2 u 191,0 xH.

JKene300eToHHEIE MOAETH-OIHU3HELBI, H3TOTOBJICH-
Hble u3 6etoHa B15 ¢ apmupoBanuem 0,39 %, ycunen-
HBIE YTIEPOAHBIMH JIAMEIISIMH, Pa3pyIIINCh IPH Ha-
rpy3kax 161,1 u 160,0 xH.

Kene3o0eToHHBIE MOAETN-ONM3HEIIBI, H3TOTOBJICH-
HbIe U3 6eToHa B25 ¢ apmuposanmem 0,83 %, He nume-
IOIIUE YCUJICHUS, Pa3pYIIUIUCh IPH BEIMYMHE Ha-
rpy3ku 165,8 kH.

YKene3o0eToHHBIE MOAETN-ONM3HEIIBI, H3TOTOBJICH-
Hble U3 Oetona B25 ¢ apmupoBanuem 0,83 %, ycu-
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JICHHBIC YTIICPOJHBIMU JICHTAMH, Pa3pyIIUINCh IIPU
Harpy3kax 232,0 u 257,0 xH.

Kene300eToHHBIE MOIEIU-0IM3HELBI, H3TOTOBJICH-
Hble U3 OetoHa B25 ¢ apmuposanuem 0,83 %, ycu-

JIEHHbIE YTJIEPOIHBIMU JIAMENAMH, paspyLIMINCh TIPU
Harpy3kax 250,6 u 238,7 kH.

Pe3ynpTaThl IpOBEAECHHBIX SKCIEPUMEHTAIBHBIX
HCCIIeIOBaHNH MPHUBEJCHEI B TaOIHIIE.

Tabnuya

Pe3yabTaThl 3KCIIEPHMEHTAJNBHBIX HCCIeI0BAHMI Ke1e300eTOHHBIX Mojieei,
YCHJIEHHBIX YTJIePOTHBIMH JEHTAMH M JaMeJIsIMH, TP AeiiCTBUN M3rN0aoero MOMeHTa
[Table. The results of experimental studies of reinforced concrete models,
strengthened with carbon ribbons and lamellae, under the action of bending moment]

Ne Mopeanb YceTaHOBKA 3JIEMEHTOB YCHJIeHUS IIpoyHocTs GeTOHA Paspymaromas Psxeny Ppaca
[Model] [Strengthening elements setting] Ha ckaTue, MIla Harpy3ka, kH [Poper, Pealc]
[Concrete compressive [Breaking
strength, MPa] load, kN]
bemon B15, apmuposanue 20104500C [Concrete B15, reinforcement 20104500C]
1 Bb-115-1 Be3 ycunenus 25,8 88,00 1,14
2 Bb-115-2 [Without amplification] 15,9 83,00 1,09
3 b-115-3 Ycunenue yriepoaHoi JIeHTo! 24.4 191,00 2,50
4 b-N15-4 [Carbon tape einforcement] 24.4 159,20 2,10
5 b-N15-5 Ycunenue yriaepoaHoii 1aMensio 20,5 161,1 2,15
6 B-115-6 [Reinforced carbon lamella] 20,5 160,0 2,13
bemon B25, apmuposanue 30124500C [Concrete B25, reinforcement 30124500C]
7 Bb-125-1 be3 ycunenus 29,5 165,80 1,03
8 b-125-6 [Without amplification] 36,5 165,80 1,03
9 b-1N25-4 VYeunenne yriiepoaHon JSHTO 39,7 257,00 1,57
10 Bb-125-5 [Carbon tape einforcement] 243 232,00 1,42
11 Bb-N25-2 VYcunenue yriiepoaHoi 1amMensio 37,4 250,6 1,53
12 B-125-3 [Reinforced carbon lamella] 37,4 238,7 1,46

CrnenoBarensHO, 3a CYET YCWIICHHS YTIIEPOIHBIMU
JIEHTaMHU MIPOYHOCTH KeJe300€TOHHBIX KOHCTPYKIIUI
u3 6erona B15 ¢ apmuposanuem 0,39 % moBeIcHIach B
cpemHeM B 2,3 pa3za; MPOYHOCTH KENe300€TOHHBIX KOH-
cTpykimii u3 6etona B25 ¢ apmuposarmnem 0,83 % —
B 1,5 pa3za.

3a cuer yCHIeHHS yTIIePOIHBIMHA JIAMEISIMHE, TIPOY-
HOCTB JK€JIe300€TOHHBIX KOHCTPYKIMi u3 OeToHa B15
¢ apmupoBanuem 0,39 % moBBICHIIACH B CPEIHEM B
2,14 pa3a; nIpoOYHOCTD KEeJIe300€TOHHBIX KOHCTPYKLIHMH
u3 Oerona B25 ¢ apmuposanuem 0,83 % — B 1,5 paza.

B pesynprare mpu MEHbIIIEM apMHUPOBAHHUHN U KJTac-
ce OeToHa 3((EKTUBHOCTh YCHIJICHUS JKEJIe300CTOH-
HBIX KOHCTPYKIHH BHIIIIE, YTO IMOATBEPKIAET aKTy-
TBHOCTh JAHHOTO METOJa YCHUJICHUS ISl THAPOTEX-
HUYECKUX COOPYKEHUH.
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Experimental studies of reinforced concrete structures of hydraulic structures
strengthened with composite materials
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Abstract

Relevance. During the operation process (first of all, long-term operation) of
hydraulic structures, it becomes necessary to strengthen their reinforced concrete
structures. In recent years, reinforcement of reinforced concrete structures has been
used in industrial and civil construction by external reinforcement systems made of
composite materials (for example, carbon materials). In this case, in hydraulic en-
gineering construction there are only isolated examples of such amplification.

Aims of research. Experimental studies of reinforced concrete structures of
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hydraulic structures strengthened with external reinforcement from carbon mate-
rials presented in the article were carried out in order to substantiate the use of
external reinforcement based on carbon materials (tapes and lamellae) to rein-
force reinforced concrete structures of hydraulic structures.

Methods. In order to carry out an experimental study of the strengthening of hy-
draulic structures with external reinforcement, reinforced concrete models of hydraulic
structures of a beam type were made of carbon materials. At the same time, reinforced
concrete structures with characteristic features of hydraulic structures, such as low con-
crete classes and reinforcement percentages (less than 1%), were adopted for modeling.
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Reinforced concrete models were strengthened with carbon ribbons and lamellae. Ex-
perimental studies were carried out under the action of a bending moment using stan-
dard methods. The increase in the strength of reinforced concrete structures due to their
reinforcement with carbon ribbons and lamellae was determined.

Results. The results of experimental studies of the strength of reinforced concrete
structures of hydraulic structures without reinforcement and reinforced with carbon
ribbons and lamellae under the action of a bending moment are presented. On the basis
of the comparison carried out, the increase in the strength of reinforced concrete struc-
tures is determined by their reinforcement with carbon ribbons and lamellae.
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