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ABSTRACT

At the present stage of the construction in dustry development in the reinforced concrete structural
elements, along with the traditional steel reinforcement, composite basalt reinforcement is used, which is made
from continuous basalt fiber and a polymer matrix. Such a replacement significantly reduces the ircostand leads
to significant metals avings. Basalt fibers are obtained from one-component cheap raw materials using single-
stage technology. Basalt rocks are used as raw materials for the production of basalt fibers. Basalt reinforcement
is characterized by high tensile strength (6B~ 1100 MPa), corrosion resistance and low thermal conductivity.

However, the properties of basalt reinforcement has not been adequately studied yet. Therefore, the
purpose of this work is to determine the fatigue strength of samples made of basalt reinforcement with a nominal
diameter of 10 mm considering cyclic stretching and the influence of corrosive medium. To determine the
corrosion resistance, one batch of experimental samples was kept in distilled water and the other one in alkaline
medium (5% potassium hydroxide solution). Weller curves are built and endurance limits (cN) are seton a given
test data base (N). The test data base (N) equals to 2-106 cycles. To determine the fatiguest rength of basalt
reinforcement experimental studies were carried out in the laboratory at T = 20°C, with the hydraulic certified
pulsator EUS-20 at cycle asymmetry R = 0,33 and load frequency f= 10 Hz.

According to the results of experimental studies fatigue curves of basalt reinforcement for various
corrosive media (are built and the endurance limits (6N) are established. The diagram shows that distilled waters
lightly affects the fatigue endurance of basalt reinforcement compared with the strength in air, and an alkaline
medium abruptly reduce sitintime.

KEY WORDS: polymer composite materials, basalt reinforcement, endurance limit, reinforced
concrete structures, cyclic tension, Wehler curve, corrosive environment.

BCTYII

Ha cydacHomy erami po3BUTKY OyIiBenbHOI iHAyCTpil y 3aii300€TOHHUX eleMEHTax
KOHCTPYKIlIf y 0araTbox BHUIIaJKax 3aMiCTh TPAJMIIIHHOI CTajdeBOI apMaTypd BUKOPUCTOBYIOTH
KoMro3uTtHy OaszanbToBy apmarypy (KBA), sKy BHUTOTOBISIOTH i3 JDKTyTa HENEpPEpBHOTO
0a3anbTOBOTO BOJIOKHA giaMerpoM 9...12 um i momiMepHOi MaTpulli Ha OCHOBI €MOKCHIHOI
cmonu EJ[-20. Taka 3amiHa CyTTEBO 3MEHIIYE iX BapTiCTh 1 MPU3BOJUTH JO 3HAYHOI EKOHOMIl
Merany. ba3anbToBi BOJIOKHa OTPUMYIOTH 13 OJHOKOMIIOHEHTHOI JeNIeBOI CHPOBHHH 3a
OJIHOCTAJIHHOI0 TexHoJorieto. CHUPOBUHOIO Il BUPOOHUIITBA 0a3aIbTOBUX BOJIOKOH € TipChKi
noponu — OaszanbTH. bazanmbToBa apMmaTypa XapakTEpPU3YEThCS BHCOKOIO MIIHICTIO 32 PO3TSTY
(op= 1100 MPa), KOpO3iif{HOI TPHUBKICTIO 1 HHM3bKOI TEIJIONPOBIAHICTIO. TexHiuHI
xapakrepuctuku KBA narmoTh 3Mory 3acToCOBYBaTH ii y MPOMHUCIOBO-IIUBIILHOMY OYiBHHUIITBI
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(moBepxHeBl mapu OETOHHUX IUIMT), & TAKOX JUIS MIJCUICHHS CIIOPY, SIKi MPaIOITh B YMOBaX
MPUIIBUANICHOT KOPO3ii cTajieBoi apMaTypH i 0eTOHY (MOCTOBI Iepexoau, IpuJaiu, CyXi JOKH,
3MIlIHEHHS OCTOHYBaHHSIM OEpPEroBOi CMYyTH).

Ha nanwmii yac 0coOMMBO aKTyaJlbHUMU € JOCIIIKCHHS MIITHOCTI Ta HaAIHOCTI KOMIO3UIIIHHUX
MaTepiaiiB SK MOBHOIIHHUX a00 KpalluX 3aMiHHUKIB TPaJUIIHHUX MaTepialliB y 6araThoX Tairy3sx
npomucioBocti. OjaHaK, BIUIMB JOBICOTPUBANOl €KCILIyaTamii Ha MIIHICHI XapaKTEePUCTUKU
0a3anbTOBOI apMaTypH IlI¢ HEAOCTATHbO BHBYCHMM. 3BaXkalouM Ha 1€, METOIO JaHOi po0OOTH €
BU3Ha4YeHHS BTOMHOI MintHOCTI KBA HOMiHanpHUM giamerpoM 10 mm 3a HMKIIYHOTO PO3TATY Y
PI3HUX KOPO3MBHHUX CEPEJOBHUINAX: MUCTHIHLOBAHA BOJAa 1 PO3YMH JIYyry. 30KkpemMa, moOyaoBa
KpuBUX Benepa Ta BCTaHOBJIEHHsS MEXI BUTPHUBAJIOCTI Gy Ha 3ajgaHii 0a3i BUMpoOyBaHb N=
2-10° cycles.

MATEPIAJIM TA METOAU JOCJIIIXEHDb

Hns  excriepuMeHTanbHUX JgociimkeHb, T30B «TexHobazaner-IHBecT» (M. CnaByTa,
XMeNnbHHIIBKOI 00J1acTi) Haaja0 apMaTypHI MPYTKH HEPIOJUYHOr0 Mpodilo BUIYy A, HOMIHAJIbHUM
niamerpom d = 10 mm (puc. 1 a), ki BUTOTOBJIEHI 3T1IHO 3 TeXHIYHMMH yMoBamu TV V B.2.7-25.2-
34323267-001:2009” Apmatypa HeMeTalleBa KOMITO3WTHA 0a3abToBa MEpPiOAUYHOrO mpodimo”, i
MaloTh TaKi OCHOBHI MEXaHIYHI XapaKTePUCTHKH:

- HOMiHaJIbHUH aiameTp, d = 10 mm;

- TPaHUIIA MIITHOCTI (TUMYAcOBH# omip) MaTepiany, op~ 1050 MPa;

- MOZYJIb IPY)KHOCTI (TToyaTKoBHiA), Ky = 4500 MPa;

- BIIHOCHE BUJIOBXKEHHS 3paska, 0 = 2,2%.

Puc. 1. bazansToBa apMaTypa (a) Ta eKCliepuMeHTaIbHI 3pas3ku (b).
Fig. 1. Basalt reinforcement (a) and specimens (b).

BromHi BUNIpoOyBaHHS apMaTypH MPOBOAUIIN Ha 3pa3kax 3 JOBXKHHOK POOOUYOi YaCTHHH
KpaTHOIO I’SITH 11 JiamMeTpaM BiAIOBIAHO A0 HOPMAaTUBHUX pexoMenpalii [1]. s BupimeHHs
npo0yieMu 3a0e3meYeHHs] HaAIHHOr0 KPIMICHHs 3pa3KiB y KIMHOBHUX 3aXOILIIOBaYax PO3PHBHOL
MallMHU OyJI0 PO3pO0JICHO CIHMOCi0 MiArOTOBKM IX KiHIIEBMX YacTUH. KiHIII apMaTypHHX
CTPUIKHIB 3arajbHOI JOBXHHOK 410 mm BCTAHOBIIOBAJIM Yy TOBCTOCTIHHI CTajeBi BTYJIKH
noBKHHOIO 180 mm, 30BHIIIHIM IiamMeTpoM 24 mm i BHYyTpilIHbOM0 pi3b0or0 M18. IlenTpyBanHs
ocell MOCHIKYBaHUX 3pa3KiB BIIHOCHO TBIPHOT BTYJIOK 3a0e3ledyBaiu pi3bOOBI OMipHI I1aiiou
BKpy4YeHI Ha iX BXOJI 1 BHXO[i. BHyTpimHii xiaMeTp OTBOpPIB OMIpHMX a0 BiJANOBiNaB
JIiaMeTpy IOCIiKyBaHOT apMaTypH. Jlaii yepe3 1Ba TEXHOJOTUHI oTBOpH & 5 mm Ha OOKOBIi
MOBEPXHI BTYJIKH ii 00’€M MPUMYCOBO 3all0BHIOBAIN €IMIOKCHIHUM KIICHOBUM po3urnHoM Sikadur-
30, sxkui micis moBHOI mojiMepu3aii 3a Temnepatrypu 60... 65 °C yTBOpioBaB MillHE 3’ €IHAHHS
BTYJAKH 31 3pa3koMm (puc. 1 b). Bymo BurororieHo 54 3pasku, mo 18 mTykK I KOXKHOTO
cepeoBHIIA.
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PE3YJBbTATH JOCJIIKEHB TA IX OBGTOBOPEHHSI

ExcriepuMeHTaNbH1 AOCHIDKEHHSI 3 BU3HAUCHHS BIUIMBY KOPO3WBHOTO CEpEJOBHINA HA
BTOMHY MII[HICTh 0a3aJIbTOBOi apMaTypu MPOBOJUIHN 3TiJHO 3 HOPMATUBHUMH JOKYMEHTaMH [2,
3], i Mmeroguk ommcaHux y poborax [4-8], Ha TigpaBIIYHOMY CepTH(IKOBAHOMY MyIbCaTOPi
EUS-20 3a nwuxmiyaoro postsary, koedimieHty acumerpii mukay R =0,33 Ta wacrtorm
HaBaunTaxenns f=10 Hz. Basza Bumpo6ysanp N mopisioBama 2-10° cycles. Omny mapriio
eKCIIEpUMEHTAJIBHUX 3pa3KiB BUIIPOOOBYBaH y labopaTopHUX yMoBax Ha mositpi 3a T = 20 °C,
JB1 1HIII MIiCAsA BUTPUMKHU Yy JUCTHUJIBOBAHIM BOJI Ta Jy)KHOMY cepenoBuili (5% po3uuH igkoro
kaui). Yac BUTpUMKH 3pa3kiB cTaHOBUB 60 mi0.

Hiarpamu BTOoME (KpuBi Benepa) y koopaunarax “o—lg N, OynyBanu 3a pe3yJibTaTaMu
BHIPOOYBaHb TPHOX 3pa3KiB IS KOKHOTO i3 HIECTH PIBHIB HAMPYKEHb (Om.x) 3 OJHAKOBUMH
4acTOTOI0, (OPMOIO IMKIY 1 KoedilieHToM acuMeTpii. B mpoiieci eKCiepuMeHTY KOHTPOJIOBAIN
Purin 1 Ppa UUKIIYHOTO HaBAaHTaXKEHHS, a TaKOX 3a JIONOMOTOI0 JIYMJIbHHKA IyJIbcaTopa
pEECTpPYBaNM 3arallbHy KiJbKICTh IUKIIB 10 pYyHHYBaHHS 3pa3ka. Y OUIBIIOCTI BHITAJKiB
pyHHYBaHHS 3pa3KiB BiJIOyBajocs Yepe3 BigIapyBaHHS JOKI'yTa IIOMEPEYHOi OOB’SI3KH 3
0JIHOYaCHUM PO3PUBOM MOB3JOBXKHIX BOJOKOH y TOBEPXHEBHX mapax 0a3anbTOBOI apMaTypu
(puc. 2). PesynapTaT exkcnepUMEHTy, NpUBElIeH1 y TaOnuimi, oOpoOJsiid BiIMOBIIHO 1O
HOPMaTHUBHUX peKoMeHamii [2, 3].

Puc. 2. Bromue pyiiHyBaHHS 3pa3Ka.
Fig. 2. Specimen fatigue fracture.

-]

Tabnuugt. 1. BB KOpo3UBHOTO cepeioBUINA Ha BTOMHY MIIHICTh 0a3aJIbTOBOI apMaTypu
Table. 1. Influence of corrosive environment on fatigue strength of basalt reinforcement

Ne Omaxs [oBiTps Auctunbosana JIy>xHu#t pozuuH
n/n MPa N, cycles I\/,B:}iies N, cycles

1 450 5,16x10° 5,32x10° 4,50x10°

2 380 2,57x10* 2,50x10" 6,00x10°

3 330 2,60x10° 2,40x10° 2,00x10*

4 325 9,20x10° 8,80x10° 4,80x10"

5 320 2,00x10° 1,90x10° 6,50x10"

6 310 2,56x10° 2,44x10° 2,00x10°

Kpusa Benepa mae cnienndiuauii acMMOTOTHYHUN XapakTep i3 BUXOAOM 11 HUKHBOI YaCTHHH
Ha TaKui piBEHb HAIPYKEHb, 3@ IKOr0 3pa30K HE PyHHYEThCA. 32 pe3ysibTaTaMu EKCIEPUMEHTAIbHUX
JIOCITIKEHb MOOYI0BAaHO KPUBI BTOMHU JIOCITIKYBaHOI 0a3aJIbTOBOI apMaTypH JUIsl PI3HUX KOPO3UBHUX
cepenosuil (Puc. 3) i Bu3HauUeHO Mexy BuTpuBajiocti: o= 310...315 MPa.
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Puc. 3. [liarpama Benepa jy1s1 6a3aabTOBOI apMaTypH:
® — noBiTps; A — nuctunsoBaHa Boja; M — 5% po3unH KajIii TiapOKCUy.
Fig.1. Weller curve for basalt reinforcement:
@ - air; A — distilled water; m — KON.

I3 miarpamu BHIIHO, II0 JAMCTHIIBOBAHA BOJA HE 3HAYHO BIUIMBAE Ha BTOMHY BUTPUBAJICTD
0a3abTOBOI apMaTypH y IMOPIBHSIHHI 3 MIIHICTIO Ha IOBITPi, a JY)KHE CEPEIOBHUIIEC — Ha IOPSIOK
3MeHmye ii y gaci, N=2-10°cycles.

BUCHOBKHU
BcranoBneno BenmmumHy Mexi BuTpuBanocti op= 310...315 MPa 6a3zanbToBOi apmaTypu
HOMiHaIBHUM JiamMerpoM 10 mm Ha Gasi BumpoGyBams N = 2:10° cycles 3a BIUIHBY KOPO3HBHMX
CEepellOBHIIL.
3a pe3ysbTaTaMy eKCIICPUMEHTAIBHUX JOCIIDKEHb MOXHA 3pOOMTH BUCHOBOK, 110 KBA mae
BHCOKY KOpPO3iiHy TPHBKICTb, ajic¢ i HE JOIUIbHO BUKOPUCTOBYBATH I OCTOHHHMX €JIEMCHTIB
KOHCTPYKIIii, SIKi IPAIIOIOTh Y JIY)KHOMY CEpEOBHIIIL.
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