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MIIHICTD HA PO3TAI' TA CTUCK ®IBPOBETORY,
APMOBAHOI'O BA3AJIBTOBOIO ®IBPOIO

Pestome. Jlocniodceno MiyHicmo YeMeHmMHO20 KAMEHIO, OUCNEPCHO apMOBAH020 6a3anbmogoio
¢ibpor. Bucomoesneno docnioni 3pasku 3 pisnum 06’emuum ymicmom @ibpu. IIpogedeno excnepumenmanbHi
00CiOMHCeHHs 3 Memol0 8CMAHOBNEHHS NIUBY 00 €EMHO20 emicmy ibpu Ha MiyHicmb 3a po3msaey ma cMmucKy
KOMRO3umnoeo mamepiany. Bioznaueno 3sHaune 3pocmanns MiyHOCmI HA po3mse mamepiany 3i 30i1buieHHIM
00°eMHO20 eémicmy apMylOuux 6010KOH. Boowouac miynwicme na cmuck 3menutyemocs, wo € HecnooigaHum
eghexmom npoyecy apmysanHs yYyeMmeHmHoI Mampuiyi.

Knwuoei croea: miynicmo, yemenmuuil kamins, 6azanemosa giopa, ¢pibpobemon.

R. Yukhym, N. Ivantyshyn, A. Lisnichuk

COMPRESSIVE AND TENSILE STRENGTH OF REINFORCED
CONCRETE WITH BASALT FIBER

Summary. Nowadays the more often usage of concrete under extreme operating conditions requires
invariably improvement of its properties such as: crack, frost, shock resistance and resistance before dynamic
loads. It can be realised by means of reinforcement with fibers from steel, polymer, glass, basalt etc. As it is
known, the reinforcement of concrete with fibers the Young's modulus of which is higher than of matrix,
contributes to increase of composite material strength. Among such fibers the basalt possesses high chemical
and temperature resistance, as well as the necessary adhesion to concrete. In addition the basalt fiber has
superior strength characteristics than concrete and steel.

The tensile and compressive strength of reinforced cement stone with basalt fibers has been
investigated. For determination of material strength at tensile bending the samples with dimensions 40%40x 160
mm have been used, and for determination of compressive strength — 40x40%40 mm. The recipe of preparation
of the mortar and the formation from them samples was as follows: water-cement ratio for all mortar equals 0,4
with plasticizer Berament TB-1 in amount 0,04% by weight of cement. The fiber with length 12 mm and with
diameter of its filament 18 £ 2 microns has been used in studies. Basalt fiber volume content in mortar was
changed from 0 to 2% with increments of 0,25%. The mortar was stirred was formed for 5 min. until a
homogeneous suspension, after that during 3 min. it was densed on a vibration table to remove air bubbles and
reduce the number of pores.

The samples were tested after 28 days storage in the laboratory. With increase of fiber volume content
in material the invariably enhance of its strength has been detected. It has been shown that for reinforcement
concrete stone with fiber volume content 2% its compressive strength increases up in 2,22 times higher
compared with the unreinforced material. At the same time the compressive strength with the addition of fiber
decreases, which is an unexpected effect of reinforcing process cement matrix. We can suppose that this effect is
associated with increase of porosity in process of mixture preparation from fine dispersed basalt fiber. For a
final clarification the reason of this unexpected effect appropriate research will be performed in future.

Key words: strength, cement stone, basalt fiber, fiber-reinforced concrete.

Beryn. Opnum i3 BuuiB OeToHy, skuii HaOyBae IIMPOKOTO 3aCTOCYBaHHS B
OyIiBeNbHiil MPAKTHIli, € JUCKPETHO apMoBaHuii 6eToH ((hi6poGeron). Moro mepepara mepen
KJIJACHYHUM OETOHOM HOJISITa€ B TOMY, IO BiH JI03BOJISIE O30YTHCS TaKUX HENOJiKiB OETOHY,
SIK HU3bKa MIIHICTh Ha PO3TAT Ta BUCOKA KPUXKICTh, PO3TPICKYBAHHS Ta BEIUKI yCaJKH TPH
TBepAiHHI [1—6]. ExcepruMeHTaThHIMH METOJaMU Ta MOJEIIOBAHHSIM CKJIQTy CHEIialicTd
HaMararoThCs JIOMOTTHCS ONTHMAIBLHOTO BMICTY apMYyIOUMX BOJOKOH Ta XIMIYHHUX JOOABOK Y
O0eToHi, MO0 OTpUMATH BUCOKY TNPOEKTHY MIIHICTh, TPIIIUHOCTIHKICTb, UIUIBHICTD,
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OJTHOPIIHICTh, HU3BKY BoJonOTpeOy. [lapanenbHo 3 UM 3MEHIIYEThCS MOPUCTICTH OETOHY,
HWMOBIPHICTH PO3TPiCKYBaHHS ITiJT 4YaC TBEPIHECHHSI.

HaitOinpim BxxuBannuMH (GpiOpamu, sKi BUKOPUCTOBYIOTH Y IIPOMHUCIIOBOCTI € CTallbHa,
TTOJTIITPOITIJIEHOBA, CKJITHA Ta Oa3zainbToBa (pHc.1).

(a) © (8) (r)

Pucynok 1. ®i6pa mist apmyBasHs: (a) ctanbHa, (0) oinporninieHoBa, (B) CKisiHa, (T) 6a3anbToBa

Figure 1. Fiber for reinforcement: (a) steel, (b) polypropylene, (c) glass, (d) basalt

CrampHa (iOpa He 3a0e3medye HEOOXITHOI OJHOPOIHOCTI OETOHY, ITITAETHCS
KOpo3ii, IO HEeraTUBHO BiOOpakaeThcs HaA JOBTOBIYHOCTI O€TOHY Ta MIIHICHUX
xapaktepucTukax. CxisHa ¢idpa 3 YacoM KOpOJye 3a paxXyHOK IPOXODKEHHS peakilii
rigpatarii, 11 B3aeMofiss 3 OSTOHOM 3 YacOM HIBENIOETHCS, IO MPHU3BOAHUTH IO TaJiHHS
3THHHOI MIIIHOCTI Ta TPIMMUHOCTIMKOCTI. B IIbOMY BiJHOITCHHI KpAaITUMH BIIACTHBOCTSIMH
BOJIOJIiE€ Oa3albT, SIKUM Mae BUILY XIMIUHY H TeMmIepaTypHY CTIMKICTb Ta BUCOKY aJaresiio 3
OETOHOM.

MeTor0 po6oTH € BCTAaHOBJICHHS BIUIMBY 00’ €MHOr0 BMicTy Oa3zaibToBoi (piOpu sk
apMyIOUYOro MaTepiajly Ha MIIHICTh 3a pO3TATY Ta CTHCKY KOMIIO3UTY Ha OCHOBI OETOHHOI
MaTpUIL.

3pa3ku 1j1s BUNIPoOyBaHb

JIJis IpUroTYBaHHS PO3YMHIB BUKOPUCTAIM TaKi MaTepialiu:

— (¢ibpy OazamproBy BHpoOHHIITBA TOB «TexHoOa3anbT-IHBECT», iH(OpPMAIIO TPO
BJIACTHUBOCTI SIKOI HaBeJIeHO B Ta0II. 1;

— mopriaaranement [II[ 1I/A-3-500
«Bomunb-llemenTy;

— rinepriactudikaTop Ha OCHOBI mostikapOokcmiary Berament TB-1.

3arajbHOOYIiBeIbHOTO Tpu3HaueHHs [IAT

Tabmuns 1
Xapakrtepuctuku (Giopu
Hasga Temmnepatypa IibHicTs Minnicts Ha MOI[yJ'IB‘
biopn IUTaBJICHHS, e ’ pO3pHB, HPY>KHOCTI,
°C Mna I'Tla
bazanpToBa 1500 2,65 1200 12

MiKpoCTpyKTYpy YacTMHOK IleMeHTy Ta (iOpu 300pakeHo Ha puc.2. Posmip
MIKpPOYaCTHHOK TOPTIAHIIEMeHTY (puc.2a) cTraHOBUTH 5—50 MIiKpoH, J0Ope pO3BHHEHA
moBepxHsi 3epeH. [loBepxHs wyacTmHOK Oa3zambToBOi (ibpu (puc.10) riagka, CTPOro
MATIHAPAIHOT opMu giameTpoM 1842 MiKpoH.
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EHT =15.00 kv Signal A = SE1 Date :28 Oct 2014
WD =14.5 mm Photo No. = 1068 Time :16:13:29

Pucynok 2. ®otorpagii MikpouacCTHHOK HOPTJIAHI IIeMeHTY (a) Ta 6azanbToBoi (idpu (0)
Figure 2. Photos microparticles of Portland cement (a) and basalt fiber (b)

Ha ocHOBI HaBeICHUX KOMIIOHEHT BUTOTOBJICHI TPH3MAaTHYHI 3pa3Ki pO3MipoM
40x40x160 MM a1 BUTIpoOyBaHHSI Ha po3Tsr Tipu 3ruHi (puc.3) Ta 40x40x40 MM — Ha CTHUCK.

PucyHok 3. CxeMa TpUTOYKOBOTO 3THHY NPH3MaTHIHOTO 3pa3Ka
Figure 3. The three-point bending scheme of prismatic specimens

Jlns mpuroTyBaHHS pPO3UMHY Opalid  BOJOIIEMEHTHe cmiBBijHOMEeHHS 0,4 3
mwiatugikaropoM y Kiigpkocti 0,04% Bix Macu nieMeHTy. B nociikeHHSIX BUKOPHUCTOBYBAJIH
¢i6py (pOBIiHT) TOBXHHOIO 12 MM, siKa Y HEEKCIUTyaTOBAaHOMY BHTJISII Ma€ BHIJISA ITyUYKiB
HUTOK (puc.l). @i6pa mpu GopMmyBaHHI CyXoi CyMillli Mae HU3bKY AUCHEPCHICTH. | numime
HAasBHICTh BOJ B PO3YHHI JIO3BOJISIE PO3IICIIATH ITyYKH Ta PIBHOMIPHO PO3MOIIATA HUTKH
6azanpTy B po3umHi. [loniOHI TpoOIEeMH TEXHOJIOTIYHOTO HPUTOTYBaHHS (HiGpoOeToHIB
BiJI3HAYAIHCS JIOCIiTHIKaMu Oaratopa3oro [1,2,5,8].

Po3unn nepemimnyBaiu 10 OTpUMaHHs OJAHOPITHOI CYCHEeH3il IpOTIroM 5 XB, MiCIs
Yoro Ime 3 XB YIIUIBHIOBAIM Ha BIOpamiifHOMY CTOJI 3 METOI BHUIAJICHHS ITOBITPSHUX
OynbOaInoK /Uit 3MEHIIEHHs KUTbKOCTI Mop. Yci cepii 3pa3kiB 0 BUNPOOYBaHb MPOTAroM 27
JIHIB 3HAXOIMIIUCH y JTAOOPAaTOPHUX yMOBAX.

ExcnepuMeHTaNBHI JOCTIPKeHHS XapaKTePHCTHK MiHOCTi. MIITHICT Ha po3TAr
MaTepially BU3HAYAIM 3T1THO 31 CXEMOKO TPHTOYKOBOTO 3ruHY (puc.3). Jlis miel cxemu mae
MicCIle 3aJIeKHICTh

*
_3F, L

Ry =—52, (M)
2b7t
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*
ne F. — HaBaHTaXEHHS, IO PyHHYIOTh 3pa3oK.
B pe3ynbrari BUIpOoOYBaHb OTPUMAJIH BEJIMUMHY PYHHYIOUNX HaBaHTaXXEHB (Ta0JI.2).

Tadomns 2
MinHicTh Ha pO3TAT MPH 3THHI IEMEHTHOTO KaMEHIO, apMOBAaHOTO 6a3aJIbTOBOIO (iOpOrO

No 06’ eMHI/Iﬁ ['panndne Ry

I BMiCT HABAHTAKEHHS!
3 Gbibpu, % [IPH 3THHI, KT MPa

1 0 265-300 6,21-7

2 0,25 295-320 6,91-7.5

3 0,5 320-355 7,5-8,32

4 0,75 380420 8,9-9,84

5 1 430-450 10,1-10,54

6 1,5 495-530 11,6-12,42

7 2 560—670 13,12-15,7

Po3kuj naHMX eKcrnepuMeHTalbHUX BHUIPOO He mepeBumryBaB 10 %. VYci cepil
apMOBaHUX 3pa3KiB  Mald THAAKUi 351aM (puc.4), M0 MATBEpKYye podoTy ¢idopm i
LEMEHTHOT'0 KaMEeHIO SIK €JJMHOTO KOMIIO3UTHOTO MaTepially Ta BUCOKI aJre3iifHi BIaCTHBOCTI
0a3aJIbTOBOTO BOJIOKHA.

-, : P

PucyHok 4. TToBepxHs 3namy 3pa3zka 3 6a3aabToBoO (hidporo

Figure 4. Surface of cracking sample with basalt fiber

['pagix 3MiHU MIITHOCTI Ha PO3TAT MPH 3THHI (pHC.S) 32 HaBeJCHOTo 00’ €MHOTO
BMICTY (iOpu MPaKTUYHO JIHIHHUHN, 1110 MOKe OyTH OMUCAHO 3AJICKHICTIO

Ry, =3,9-V%+6,5,

ne V% — o0’ emHuit BMicT 0a3ainbToBoi hidpu.
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PucyHok 5. MinHicTh Ha PO3TAT IEMEHTHOTO KaMEHIO, apMOBAHOTO 0a3aIbTOBOIO (hibporo (a),
Ta CTyMiHb 3MillHEHHS BiJ apMyBaHHS (B %) (0)

Figure 5. Tensile strength of reinforced cement with basalt fiber (a) and degree of strengthening (in %)

3 puc.5 BUIUIMBAE, IO OMip PyWHYBaHHIO 33 YMOB pO3TATY IpH apMyBaHHI
0a3apTOBOIO (DIOPOI0O MOHOTOHHO 3POCTaE B Mexax 00’eMHoOro BMicTy (idpm m0 2% Bix
BMICTYy IIEMEHTY. 3 HaBEJICHUX JaHUX (PUC.50) BUIUIMBAE, IO MIIHICTh KOMIIO3UTY Ha PO3TST
mpu 2% ¢idpu 3poctae Ha 122% y mopiBHSAHHI 3 0a30BHM HeapMOBAaHUM MaTepiaJloM.
PesynpTatu ekcnmepuMeHTANBHHUX JOCTIIKEHbh KYOMKOBOI MIITHOCTI Ha CTHCK Ta pyHHYIOUl
Hamnpy>XKeHHS HaBeJIeHO y Tabur.3.

Tadomus 3
MIinHICTh HA CTUCK apMOBAHOTO IIEMEHTHOTO KaMEHIO

N | OGewmmi | o PAE b
. . 0

3/m | BmicT idbpu, %o IPH CTUCKY, KT Mila
1 0 8000 >0
. 025 7680 48
; 05 7230 452
y 075 6785 42,4
: | 6270 39,2
- I3 5760 36
= 5 5185 32.4

3a pganuMu Tabn.3 moOyloBaHO 3aJEKHICTh MIIIHOCTI Ha CTHUCK apMOBAHOIO
[IEMEHTHOI'0 KAMEHIO R; BiJl 00’€MHOr0 BMICTY 0a3al1bTOBUX BOJIOKOH (pHc.6). I3 3anexHoCTI
6aunMo, 1110 HASBHICTh apMYIOUUX BOJOKOH Y IIEMEHTHIH MaTpHIli 3HUKY€ MII[HICTh Ha CTHCK
KOMITO3UTY. JIJIs MakcuMaiibHO apMoBaHOTO (2% ¢ibpwn) MaTepiany MIIHICTh CTAaHOBUTH 65%
BiJl HEAPMOBAHOTO.
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Pucynok 6. MinHicTh Ha CTUCK apPMOBAHOTO IEMEHTHOTO KaMEeHIO (a),
Ta CTYTiHb 3MillHEHHS BiJ apMyBaHH: (B %) (0)

Figure 6. Compressive strength of reinforced cement (a) and degree of strengthening (in %)

BucHoBkn. ApmyBaHHS 0a3ajdbTOBOIO (DIOPOIO MPH3BOJHUTH JO POCTY MIIHOCTI
LEMEHTHOT0 KaMEHIO 3a YMOB PO3TATy. 30KpeMma, MIIHICTh 3pocTae B 2,22 pasza MpH BMICTI
apMYIOYHX BOJIOKOH 2% Yy TIOpiBHSHHI 3 HEapMOBaHHMM IIEMEHTHUM KaMeHeM. BomHodac
MIIHICTh HAa CTUCK 31 3pPOCTaHHSM KUIBKOCTI apMyIOUMX BOJIOKOH Ma€ TEHACHIIIO [0
3MeHIIeHHs. lle ocuTh HeouiKyBaHMM pe3ylbTaT, OCKUIBKM 1 MOAYNIb NpYXHOCTI E i,
0CO0JINBO, MIIHICTh 0a3aJbTy CYTTEBO BHI BijJ BIIIMOBITHUX XapaKTEPHUCTHK MATPHIl —
IIEMEHTHOTO0 KaMeHto. Ha Hamry mymKy, Taka aHoOMajis MIITHOCTI MOXe OyTH TOB’s3aHa 31
30UTBITICHHSIM ITOPUCTOCTI MaTepially P BBEJICHHI MiKpOBOJIOKOH Oa3ainbTy. Came MmopH, sK
BiJIOMO, € OCHOBHUMH JedeKkTaMu, IO BHU3HAYAIOTH BiJIPHBHAN XapaKTep PYHHYBaHHS IpH
CTHCKY KPUXKUX MaTepialiB, IKUMH 1 € OeToHU Ta (iOpoOeToHH.

Conclusions. The reinforcement basalt fiber leads to increase of cement mortar
strength under conditions of tension. In particular, the strength increases up in 2,22 times,
when the volume content of reinforcing fibers equals 2% compared to the clean cement stone.
However, compressive strength with increasing number of reinforcing fibers tends to
decrease. This is unexpected result, since the Young’s modulus E and especially the basalt
strength are much higher than relevant characteristics of the matrix — cement stone. We can
suppose that this anomaly strength may be associated with increase in the porosity of the
material, when we add basalt micro fibre. As it is known the pores are the main defects that
determine the detachable fracture of brittle materials under compression, such as the concrete
and fibre reinforced concretes.
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