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AHHOTauums

BBe,qume. MHorue »enesobeToHHbIe KOHCTPYyKLUWW, noaBepratoLmnecd BO3,£I,EI7ICTBVIHM pa3nnyHbIX arpec-
CUBHbIX Cpen, pa60Tar0T B YCNOBUAX BHELEHTPEHHOIo CKaTungd. 3aMeHa B Takux KOHCTPYKLMNAX cTanbHOM
apMaTypbl Ha KOMMO3UTHYIO NMOJIMMEPHYIO [AKH] NO3BOJINT 3HAYNTEJIbBHO NMNOBbLICUATb X A0JITOBEYHOCTb U CHU-
3UTb aKCNJlyaTauMOHHbIE N34EeP>KKK, O4HAKO ee NpuMeHeHne coep>XnBaeTcd He,D,OCTaTO‘-IHOI;I N3Y4YEeHHOCTbIO
BOMPOCOB, KACakLWNXCA METOA0B UX NMPOEKTUPOBaHUA. BonbwmnHcTBO MWPOBbIX HOPMAaTUBHO-TEXHNYECKUNX
LOKYMEHTOB MO NMPOeKTUpPpOBaHUIO 6EeTOHHbIX KOHCprKLI,VIVI, APMUPOBAHHbIX AKT1 YKa3blBaKOT O HEO6XO£I,I/I-
MOCTU NpoBeneHUda OeTallbHbIX I/ICCJ'Ie,EI,OBaHVIVI Hal'lpFI)KeHHO-,EI,eq)OpMVIpOBaHHOFO CoCTOoAHMA I'IO,D,O6HbIX
KOHCprKLI,VIVI npu oxatunn.

Llenibio vccnefoBaHUs ABAAN0OCE U3yYeHUE BAUSHMA NPOAOJIbHOMO U MONEPeYHOro apMMpoBaHMs Ha HecyLLlyo
CMocoBHOCTb CKaTbiX 6ETOHHbLIX 06Pa3L0B C MPOMONbHBIM apMUPOBaHMEM CTEKJIOKOMMO3UTHBIMU NOSMMep-
HbIMU cTepxkHAMM (ACK).

MaTepMaﬂbl n meTogbl. NccnepnoBaHUs BbIMOSHEHbl HA HETOHHbIX 06pa3u.ax—r|pv13Max C passinyHbIMU Napame-
TPpaMn NpPoAoJIbHOIO U MonepeyHoro apMmMpoBaHU4. PaCCMOTPEHbI NsATb BUAOB CTEKIIOKOMMO3UTHOW apMaTypbl,
oTNn4YarLwmnxca ¢M3MKO-MEX8HMHECKMMVI XapakTepuctnkaMmm n napamMeTpamMym aHkepoBO4YHOro Ciog. I'Ionepeq—
HOe apMupoBaHue 06pa3u,os BbIMOJIHEHO N3 MeTa/lJIn4eCKUX XOMYTOB Mpn UX pas3sin4yHOM Luare. NcnblTanms
OMNbITHbIX o6pa3u,oa BbIMOJIHANIN Ha LLeHTpaJibHOe CXKaTne cTaTnyeckom HarpyaKoﬁ.

Pe3ynbtatsl. [MonyyeHbl Moka3aTeNv NPOYHOCTU CKaTbiX HETOHHbIX 00pa3L,0B, apMUPOBaHHbLIX CTEK/TOKOMMO-
3UTHOM apMaTypon. YcTaHoBneHo yBennyenre ao 19 % npoyHoctn apmmupoBaHHbix ACK cxxaTbix BeToHHbIX
3/1eMeHTOB B CpaBHeHUU ¢ obpasuamu 6e3 apMupoBaHus.

BbiBosbl. [pOYHOCTL CKaTbix BETOHHBIX 31EMEHTOB MPU UX apMUPOBAHUUN CTEKIOKOMMO3UTHOW apMaTypoi
nosblwaeTcs. CTeneHb NOBbILLEHWS MPOYHOCTU TAKMX 3/IEMEHTOB 3aBUCUT OT KOJIMYECTBa NPOAO/bHON U Liara
nonepeyvyHon apmaTtypbl. BnuaHune Buaa aHkepoBoyHoro cnost ACK v 3HauyeHUIn ee cCONMpPOTUMBIEHUS CXKaTUIO
Ha MPOYHOCTb CXKaTbIX HETOHHbIX 3IEMEHTOB B BbIMOJHEHHbIX UCCIEL0BaHUAX He YCTaHOBJEHO.

KntoueBble cnoBa: apMaTtypa KOMNo3nTHasd noanmMepHad, CTEKJIOKOMMO3UT, MPOYHOCTb NPU CKaTUK, CKaTble
OeTOHHbIe 3IeMeHThI
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Abstract

Introduction. Reinforced concrete structures affected by various aggressive environments operate under
off-center compression. Fiber-reinforced polymer (FRP) rebars replacing steel reinforcement in these
structures are capable of increasing their durability and decreasing operating costs. However, the use
of FRP rebars is limited by insufficient previous research into the methods of designing such constructions.
The majority of international regulatory technical documents concerning the design of concrete structures
reinforced with FRP rebars indicate the necessity of detailed studies into the stress-strain state of these
structures under compression.

Aim. To study the effect of longitude and shear reinforcement on load-bearing characteristic of stressed
concrete samples reinforced with longitudinal glass fiber-reinforced polymer (GFRP) rebars.

Materials and methods. The study was carried out using a concrete prism sample with different parameters
of longitudinal and shear reinforcement. Five types of GFRP rebars differing in mechanical properties, as well
as anchorage were considered. Shear reinforcement of the samples was performed with metal clamps
at different pitches. The sample testing was fulfilled using centric compression with static load.

174



B.®. CTEMAHOBA, TA. MYXAMELMEB, KJ1. KYOAKOB, A.B. BYYKWH, E.10. OPUH
3KcnepuMeHTaNbHble NCCNEA0BaHMS MPOYHOCTH CXKaTbiX DETOHHbIX 31EMEHTOB, apMUPOBAHHBIX...

Results. The strength values of compressed concrete samples reinforced with GFRP rebars were obtained.
Anincrease of up to 19 % in the strength of compressed concrete samples reinforced with GFRP rebars was
found in comparison with non-reinforced samples.

Conclusions. The strength of compressed concrete elements increases when reinforced with glass fiber-re-
inforced polymer rebars. The degree of increase in the strength of such elements depends on the number
of longitudinal reinforcements, as well as shear reinforcement pitch. The effect of the type of anchorage
of GFRP rebars along with the values of its compression resistance on the strength of compressed concrete
elements have not been established.

Keywords: fiber-reinforced polymer (FRP) rebar, fiber-glass composite, compression strength, compressed
concrete elements

For citation: Stepanova V.F., Mukhamediev T.A., Kudyakov K.L., Buchkin A.V., Yurin E.Yu. Experimental studies
into the strength of compressed concrete elements reinforced with fiber-reinforced polymer rebars. Bulletin
of Science and Research Center of Construction. 2022;33(2):173-182. https://doi.org/10.37538/2224-9494-
2022-2(33)-173-182

Author contribution statements

Stepanova V.F. - general supervision.

Mukhamediev T.A. - development of the test program, analysis of the results.

Kudyakov K.L., Buchkin A.V. - development and implementation of the test program, processing and analysis
of the results.

Yurin E.Yu. - implementation of the test program, processing and analysis of the results.

Funding

The study was carried out within the framework of contractual works of JSC Research Center of Construction
and Federal Autonomous Institution “Federal Center for Regulation, Standardization and Technical Assessment
in Construction” (FAU “FCC”).

Conflict of interest
The authors declare no conflict of interest.

Received 25.04.2022
Revised 18.05.2022
Accepted 24.05.2022

BBepeHue

MHorue BHEIEHTPEHHO C)KaTble KOHCTPYKIIUHU IKCIUTYaTHPYIOTCS B YCIOBUSX BO3JEHCTBUS
Pa3IUYHBIX arpecCUBHBIX Cpell. 3aMeHa B TAKUX KOHCTPYKIMSAX CTaJIbHON apMaTypbl Ha KOM-
no3uTHyI0 noinumepnyto (mamee — AKIIT) mo3BoauT 3HAYUTEIHHO TMOBBICUTH UX JOJITOBEUYHOCTH
Y CHU3UTb IKCIUTyaTaI[MOHHBIE U3ICPIKKH.

CornacHo yka3zaHHSIM OTEUECTBEHHBIX M 3apyOeKHBIX HOPMATUBHBIX JJOKYMEHTOB 110 TIPOEK-
tupoBanuto apMrupoBaHHbIX AKII koHCTpyKINii (32 ncKItoueHueM [1]) pacyeTsl o MPOYHOCTH
BBITOJTHSIIOT Oe3 y4yeTa paboThl apMaTyphl B C:KaTol 30He cedeHus. DTO 00yCIOBICHO HEAOCTa-
TOYHOM M3y4eHHOCThIO paboThl AKII B cikaroli 30He cedeHus dIeMeHTa.

Pesynbrare! nuccnenosanuii Mmexannueckux csoictB AKII pu oceBoM cokaTHH HOCAT pa3HO-
PpeUMBbIi XapakTep, 00yCIOBICHHBIH HECOBEPILIEHCTBAMH METOIOB HCITBITAHHUH, a TAK)KE HEOJHO-
porHocthio cBoiicTB AKII, 3aBucAmMX OT ee cocTaBa, XapakTepUCTHK CHIPHEBBIX KOMIIOHEHTOB
u TexHonoruu usrorosnenns AKIL. B cBs3u ¢ 9TUM ycTaHOBIEHHBIE HCIIBITAHUSAMU MEXaHUYECKHUE

175



Becthuk HUL «Ctpoutenscteo» o 2(33)2022
Bulletin of Science and Research Center of Construction e 2(33)2022

xapaxrepuctuku AKII mpu cxxatun [2—13] 3HaunTtensHO paznmyarorces: mpodHocts AKII mpu cxxatuu
cocrasisiia ot 20 10 95 % OT MPOYHOCTH NMPU PACTSHKEHUH, @ MOAYJb YIIPYTOCTH MPH CKATUU —
ot 30 10 80 % ero 3HaueHUsI IPU PACTKEHUH.

B [9, 10] ycranoBneHa noBblieHHas: Hecymasi criocoOHocTs apmMupoBanHbix AKII cxxareix
OCeTOHHBIX 00pPa3OB [0 CPAaBHEHHUIO ¢ oOpa3namu 0e3 apmupoBaHusi. OTMevaeTcsl BIUSIHUC
Ha HECYUIYIO CIIOCOOHOCTH IIara MoInepevHbIX XoMyTOB (cTanbHbIX Win u3 AKII).

B OonbIIMHCTBE BHIMOJHEHHBIX UCCIICAOBAHUM C/IeTIaH BBHIBOJ] O HEOOXOAUMOCTH JIaIbHEHIIIErO
MCCIIeIOBaHMsI BIHSHUS PaOOThl KOMIIO3UTHOM apMaTyphl B CKaTOM 30He CEYCHUS Ha IIPOYHOCTh
CKaTBIX DJIEMEHTOB.

Uenb

Lenbro ccnenoBaHui SIBISIIOCH 3YUYEeHUE BIMAHUS POIOILHOTO U IONEPEYHOro apMUPOBAHHUS
Ha HECYIIYIO CIIOCOOHOCTD CKATBIX OETOHHBIX 00Pa3LIOB C MPOAOIBLHBIMH CTEKIOKOMITO3UTHBIMH
nonuMepHbIMU cTepkHIMH (ACK).

MaTtepuanbl 1 MeTofbl

OOBEKTOM HCCIIeIOBAHUH SBISUIMCH OETOHHBIE 00pa3libl B BUIE MPHU3M C TEOMETPUUYECKUMHU
pasmepamu 150 x 150 x 600 mwm (b x h x 1). Mcnibitanus nmposeerst Ha 39 (13 cepuii o 3 oOpasia)
0eTOHHBIX 00pa3lax ¢ pa3IuYHbIMU apaMeTPaMu MPOIOIBHOTO H MOMEPEYHOTO apMUPOBAHHMS
(tabmn. 1). [IppHIMTIHATIBHBIE CXEMBI ADMUPOBaHUsI 00pa3LOB MPUBEAEHBI Ha pUC. 1.

[Tpu u3roroBieHur 00pa3LOB B KaUeCTBE MPOJOIBHON apMaTypbl HCIIOIB30BaHbI IITh BU/IOB
ACK, cootBerctBytomieit TpedoBanusim 'OCT 31938 [14] (taba. 2), 1 nonepeyHbie THYTHIS
XOMYTBI, BBITIOJTHEHHBIE U3 cTasbHOM apMarypbl ¥ 6 A240 o 'OCT 5781-82. Mexanndeckue
XapaKTEePUCTUKU OETOHA ONPEeSIIINCh O pe3yJabTaTaM UCIBITAaHHH KOHTPOJIBHBIX 00pa3oB
no [OCT 24452 [15].

Jns ucnonb3oBanHbIX BUAOB ACK ompeneneHbl HOMUHAJIBHBIA JUAMETP U TUIOTHOCTD
no merogam ['OCT 31938 [14] (Tabu. 2), npeaen NpOYHOCTH R, wu monyms ynpyroctu E,
npu pactskenuu (o metogam 'OCT 32492 [16]); npenen npoyHocTH R . W MOTIyITb YIPYTOCTH
E, npu cxarin (mo FOCT 32492 [16] ¢ yuerom 'OCT 4651) (tabm. 3).

Hcnprranus 6etonHbix 00pasnos ¢ ACK BBIMOTHEHbI HA HEHTPATBHOE CKATHE C IPUMEHEHH-
€M HCIBITaTeNIbHOM Tuapasaudeckoil mamuHel Instron 1000HDX ¢ mostanHbIM npuiiokeHueM
CTaTUYECKON Harpy3KH 710 pazpylueHus o0pasua.

PesynbTathl

Jli1st Bcex 00pas3iioB BhISIBIICH CXOXKHUM XapakTep AeGopMUpoBaHus U paspyuieHus: aedop-
MHpOBaHUE 00Pa3I0B MPOUCXOIUIIO TUHEHHO IO NOCTUKEHUS yPOBHS Harpy3ku ~ 0,9 ot pas-
pywatomei (puc. 2, a), nanee NPOUCXOANI PE3KUI TPUPOCT AedopMalUil € MOCIENYIOUIIM
XPYIKHM pa3pylieHueM 00pas3ioB U «OTCTPEIOMY 3aLUIUTHOTO clI0s OETOHA M0 UX IEPUMETPY
(puc. 2, 0).

Pazpyiienne onbITHBIX 00pa3I0B COMPOBOKAATIOCH oTepel ycroitunBoct ACK B pesynbrare
€€ «BBIITYYHBAHUA» WU €€ CPE30M B MECTaX MPUMBIKaHHA K MTONEPEYHBIM XOMyTaM (puc. 3).
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MapaMeTpbl onbITHLIX 06pasyoB

Test sample parameters

Tabnuya 1

Table 1

| Wndp cepun Bu!:. npogonb- KonuuectBo, Koadpuumenr NapameTpbi Lllar nonepey-
Ne 06pa3LioB HoW apMaTypbl | LWUT., U AUAMETP npoponbHOro 6eTona HbIX XOMYTOB
p (no Tabn. 2) apMartypbl, MM apMupoBaHus, % 06 A240, MM
1 5.0.0 - - - -
2 M. 14.75 110 4010 1,4
3 M. 28.75 110 8010 2,8
4 M.55.75 M14 8014 55
5 M3.14.75 na1o 4010 1,4
Mpn3MeHHas 75
6 113.28.75 naio 8010 2,8 NPOUHOCTH
7 113.55.75 na 14 8014 5,5 R, , =314 MMa;
8 MM3.14.75 M3 10 4010 1,4 MOZy/b yNpyrocTy
9 | Nna.28.75 nna 1o 8010 2,8 E,=34,6T1Ta
10 M. 14.150 110 4010 1,4
11 M.55.150 M14 8014 5,5
12| 19.14.150 na 10 4910 14 150
13| M3.55.150 ns 14 8014 5,5
BetoH ACK 4@10 ACK 8010 ACK 8014 ACK 4210 ACK 8014
%, N ae %, S [Tz 12 o
1 1 * . ] = =
d ! 7 2 @ o p
2 £y g 8
o g P
8 é% g% tL_ ,-e:%_t 8 48
noj;Z 2 12-2 =
o | N04-4 o Mo 4-4
3, Y ~ LA .
\ NN NN NN\ r!‘".i\ . r“".i\ =t
25,100 ), 25 25))s0)s0) j 25 27) Jasjes Loz 2s))solso )25 27 laslas) 27
141 2-2 33 4-4
150 150 150 150
T i f 7 ackeo 1 7 Acke10 1 7 Ackeia
g 1 7 A24OQJS\ < A24006 [ ] A24006 1
77 .
: v ¢ \ K 8
7/ . LN / \
X = N 4 4N N
25.) L 25, 0 27} S|

Puc. 1. KoHcTpyKkums onbITHbIX 06pa3Los

Fig. 1. Design of test samples
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Tabnnya 2
CBepeHusa 06 ucnonb3oBaHHbix Bugax ACK
Table 2
Information on the tested GFRP rebars
o Mnowapb nonepeyHo-
Wnep ACK | 06umii eua Tun mMaTepuana, HoMuHanbHbINA Fo ceuenms 1 cTepkHs, nn0TH0(3:Tb,
BU aHKepPOBO4YHOrO cJsiofl AunaMeTp, MM MM?2 r/CM
n-10 Creknokomrioaut, 9,24 67,09 2,00
nepuonmyeckmii npodunb
D CTekN0KOMMOo3WT,
M3a-10 necyaHo-3noKcuaHoe 10,09 79,92 2,09
nokpbiTe
i CTeK/IOKOMMO3 KT,
nec4yaHo-snokcnaHoe
Mnna-10 noKpbITHe 10,27 82,78 2,16
C I'IepVIO,D.VI‘-IECKVIM
npopunem
n-14 Creknokomnosu, 14,46 164,2 2,14
nepuoanyeckmini npodunb
CTeKJ‘IOKOMI‘I03VIT,
Ma-14 necyaHo-anokcmaHoe 14,30 160,6 2,05
nokpbiTNE
Tabnnya 3
YcpepgHeHHble pe3ynbTaTthl UcnbiTaHuin BURoB ACK Ha pacTshkeHue u okaTtue
Table 3
Average results of tensile and compression tests of the GFRP rebars
Wndp PacTsokeHue Cxartune OTHOLeHne nokasaTtenem
o6pasuos ACK roCT 32492-2015 FOCT 32492-2015 | FOCT 4651-14 | NPy OKaTMM U pacTaXKeHUM
(novabn.2) | g Mna | ErMa R, Mna E,MMa R/R,, EJE,
n-10 1116 51,5 1044 35,1 0,94 0,68
M3-10 1035 51,1 936,8 33,8 0,91 0,66
nna-10 940 52,6 909,6 35,9 0,97 0,68
n-14 1064 51,9 1042,2 34,8 0,98 0,67
na-14 1073 52,2 947 34,3 0,88 0,66
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6
Puc. 2. 06wwe Bnabl ncnblTanuii onbiTHoro obpasua cepuu M. 55.75: a - obpaseu, npu Harpyske, paBHOW NONOBKHE
OT pa3pyLatoLeit; 6 - paspyLUeHHbI obpasetl,
Fig. 2. General tests of the P.55.75 test sample: a - sample with load equal to half of crushing load, 6 - crushed sample

Puc. 3. TunoBas kapTMHa paspyLLieHWs OMbITHbIX 06pa3LoB
Fig. 3. Typical view of test sample crushing
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Tabnuya 4 B Tabnune 4 npuBeacHbl yCPEIHEHHbBIC
OTHOCMTeNIbHAsA NPOYHOCTD OMbITHBIX 10 CEPUSAM ONBITHLIE 3HAYEHHUS IIPOYHOCTH
obpasuoB, apMpoBaHHbIX ACK 00pa3IoB C pa3IMYHBIMU NTapaMeTpaMu ap-

Table 4  mupoBanusi ACK, oTHECEHHbBIEC K CpeIHEMY
Relative strength of test samples reinforced 3HAYEHUIO TIpoyHOoCcTU 00pasios b.0.0 6e3 ap-
with the GFRP rebars mupoBanus (778 kH).

[Tony4eHHbIC ONBITHBIC JAHHBIC YKa3bIBAIOT
|.uV|¢ cepum YCpeAHeHHaﬂ OTHOCUTEJ1b- 6 6
p cep Has NPOYHOCTH Ha TPUPOCT MPOYHOCTU OCTOHHBIX 00OPa3LIOB
E0.0 700 IPH CXKATHH C YBEIMYCHUEM MPOIOJIBLHOTO
M. 14.75 1,05 apmupoBanusi ACK. Haubonpmuit nmpupoct
M. 28.75 (A MPOYHOCTH 3a(UKCHPOBAH JITs 00PA3IIoB C ydJa-
l‘InC-) iiﬁ) 1 ' ;Z IIEeHHBIM 11aroM (75 MM) nonepeyHon apMary-
M3 28.75 108 pbl. VX paspyliieHne conpoBOKIaIoCh CPE30M
M3.55.75 1,18 npoxnonsHoit ACK. Ilpu pazpyuienun o6pasios
nna.14.75 1,04 C IIaroM MornepeyHoi apmarypbl 150 MM Ha-
”ﬂ”?f?gﬁ 18; Onroanach MOTeps YCTOMYMBOCTH apMaTyphbl
M. 55150 104 Ha y4acTKe MEXKIY XOMYTaMH.

N9.14.150 7,03 3aBUCUMOCTH MMPOYHOCTH CHKATHIX OCTOH-
M3.55.150 1,07 HBIX SJICMEHTOB OT BHJIa AHKEPOBOYHOTO CJIOS
paccmarpuBaemoit ACK u 3nauenuii ee co-
NPOTUBIICHHS CIKATUIO B PaMKaX HACTOSIIMX

UCCIeIOBaHUM He OOHApyKEHa.

BbiBoabl

[TpoyHOCTH CKATBIX OETOHHBIX HIEMEHTOB IIPU X aPMUPOBAHUH CTEKIOKOMITIO3UTHOM apMma-
Typoii oBblmaeTcs. CTeneHb NOBBIIEHUS TPOYHOCTH TAKUX 3JIEMEHTOB 3aBHCUT OT KOJIMYECTBA
NPOJOIBHON apMaTyphl | IIara MorepevyHoi apMaTypsbl. [l HCIIBITAHHBIX OMBITHBIX 00pa3IoB
MOBBIIIEHNHE IPOYHOCTH Aocturaino 19 %.
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