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PO3PAXYHKOBA CXEMA BU3HAYEHHS MIITHOCTI
PIBPOBETOHIB

Pe3tome. Pospobneno modens miynocmi giopobemony 3a posmsazy. Ha ocnosi mooeni ecmanosineno
dopmyny ons oyinrganHs miynocmi Qibpobemony, KA 8paxo8ye MIKpO mMpiwyuHu i nopu y CMpPYKmypi
mamepiany 1 HAaAGHICMb aAPMYIOUUX GOJNOKOH. [N NIOMEEpONCeHHs OMPUMAHOI 3ANedHCHOCMI Npo8edeHo
eKCnepUMeHmManbHi QOCTIONCEHHSL 3 6CIMAHOBNICHHS. MIYHOCII YeMEeHMHO20 KAMEHIO, apMOo8aHnoco (ibpoio pizHol
npupoou i pizHozo 06’emuoco emicmy. Teopemuunuil npocHo3 miynocmi ¢hibpobemony 0obpe Kopenioc 3
eKCnepuUMeHmanoHUMU O AHUMU.

Knrouosi crosa: yemenmuuil kaminw, Qpibpa, miynicme, ¢iopo bemon.

A. Lisnichuk, N. Ivantyshyn, R.Yukhym

DESIGN MODEL FOR DETERMINATION OF THE FIBER-
REINFORCED CONCRETE STRENGTH

Summary. Structural material that is able to solve complex problems in the toughest construction
industry is dispersed reinforced concrete (reinforced concrete). This is composite-based cement matrix
reinforced with fibers of various nature (steel, glass, basalt, carbon, polymeric and others). Today three types of
reinforcing fiber materials are mostly widely used: fibers in the form of short segments of thin steel wire, glass
fibers and fibers based on polypropylene. The widespread use of reinforced concrete is caused by higher rates of
strength, fracture toughness, impact strength, less micro cracking during hardening compared with classical
concrete.

The strength model for the tensile fiber-reinforced concrete was developed. Analytical dependence for
strength assessing of material, which allows considering micro-cracks and pores in its structure and the
presence of reinforcing fibers was obtained. For its verification experimental research has been carried out.

In the research to prepare solutions the following materials were used: basalt fiber, Portland;
plasticizer. On the basis of the prismatic component 40x40x160 mm size samples for tensile bending tests were
made. Water-cement ratio was 0.4 with a plasticizer in an amount of 0.04% by weight of cement. The fiber (of
12 mm) length was used, which in unexploited state looks like bundles of filaments. The solution was stirred for
5 minutes until a homogeneous mixture was obtained, after which it was compacted on a vibration table to
remove air bubbles and to reduce the number of pores. All series of samples for testing within 28 days were in
the laboratory.

According to the data obtained it follows that the composite tensile strength with 2% of fibre
increases more than in 2 times compared with the base unreinforced material. Comparison of theoretical
estimations of the composite strength with experimental data testifies high enough reliability of the predicted
strength calculated for the scheme developed in the work.

Key words: cements tone, fiber, strength, fiber-reinforced concrete.

Beryn. KoncTpykmifiHuM —MaTepiajioM, IMO 3JaTHHM BHUPIITYBAaTH KOMILIEKC
HaWCKIAIHIMUX 3a/1a4y y OyAiBeNbHIN ramysi, € TuCepcHO apMoBaHUil O0eToH ((hiOpodeTon).
[le — KOMIO3UT Ha OCHOBI IEMEHTHOI MaTpHIli, ApPMOBAHUN BOJIOKHAMHU PI3HOI TPUPOIU
(cramneBi, ckIsIHI, 0a3a7bTOBI, BYTJIEIEB], MTOJIMEPHI Ta JAESKi 1HII).

Ha cporogni B OCHOBHOMY IMHPOKO BUKOPUCTOBYIOTBCS TPH BHUAW aAPMYIOUHX
BOJIOKHUCTHX MaTepialliB: BOJIOKHA y BUTJISIII KOPOTKUX BiIPi3KiB TOHKOTO CTAJIBHOTO JPOTY,
CKJISTHI BOJIOKHA 1 BOJIOKHA Ha OCHOBI mouimnporiieny. [[lupoke BUKOpHCTaHHS apMOBAHOTO
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OeTOHY 3yMOBJICHE BUIIMMH ITOKa3HUKAMHU MIIHOCTi, TPIIIMHOCTIHKOCTI, yAapHOI B’SI3KOCTI,
MEHIITM MiKpPOPO3TPICKYBAaHHSM IIiJ] Yac TY>KaBiHHS MOPIBHSIHO 3 KJIACHYHAM OCTOHOM.

Posrnsgatoun GeTOH SIK KOHIJIOMEpaT LEMEHTHOTO KaMeHIO, IMICKy Ta IeOeHIo,

PO3PI3HSIOTH TPH PiBHI HOTO CTPYKTYpH:
® MiKpOCTpPYKTypa — CTPYKTYpa IEMEHTHOTO KaMeHIO.
e Me3ocTpyKTypa — CTpYKTypa LIEMEHTHO-ITICKOBOTO PO3UHHY.
® MakpocTpyKTypa — CTPYKTypa IMeOeHIO 1 pO3UHHY.

KoxkHa 3 1IUX CTPYKTYyp BHOCHTH CBil BKJIaJ y MIIHICTb OETOHY, OJIHAK 3HAYHOIO
MipOIO0 BOHAa BU3HAYAETHCS MIITHICTIO IEMEHTHOTO KAMEHIO.

Metow pobdoTHm € pPO3pOOWTH MaTeMAaTHYHY MOJIeJh KOMIIO3WTIB Ha OCHOBI
IIEMEHTHOI MaTPHIIi, 110 JaCTh MOXIJIMBICTh IIPOTHO3YBATH MIITHICTh TAKUX MaTepiaiiB, TOOTO
CTBOPIOBATH MaTepiayiu i3 Harepe]l 3aJaHUMHU MilHICHUMH BJIACTUBOCTSIMHU.

VY CTpYKTypi IEMEHTHOTO KaMEHIO PO3PI3HSIOTH /Bl Ipynu Ae(eKTiB, sSKi BIUIUBAIOTh
Ha HOT0 MIITHICHI XapaKTePUCTUKHU: OKPYTJIl TUITy MOPOXKHUH (TIOPH) 1 TOCTPOKIHIIEB] THITY
TpimmuH. [OCTpPOKIHIICBI € BH3HAYAJILHUMH B YMOBaX pO3TATY Martepiany, OCKIIbKA
BUKJIMKAIOTh BUCOKY KOHIIGHTpaIlil0 HalpyXeHb B OKOJI BEpIIMH, YHACIiJ0K YOro
BiIOyBaeTbesl pyiHyBaHHs. OKpyTii JeeKTH € T0cTaTHhO Oe3NedHi 3a po3TATy, a B yMOBax
CTHCKY IHII[IIOIOTh 30HHM HANPYXXEHb PO3TATY, Ji& 1 3 SBISIOTBCS TPINIUHA BXKE 3a
HaBaHTaXeHb, IO CKIIaAatoTh 50% Bix pyliHyrounx [1].

Hocnigumo nepopmMyBaHHS [EMEHTHOTO KaMEHIO 3a OJHOBICHOTO pO3TATY.
MogenmoBanHsl peani3yeMO B MeKaxX IBOBHMIpHOI Mojieni Tina. B peanbHux Mmatepianax
TPIIIMHA Ta MTOPH 3 TPIIMUHAMH Ha X KOHTYPi BUIAJKOBO OPi€HTOBaHI BITHOCHO HAIIPSIMY Jii
3yCHIIb PO3TATY. PO3riissHEMO BHITAOK KOJIHEAPHOTO PO3MIIIEHHS HECKIHYEHHOTO dYHcia
TPILIUH SIK HAO1IbII HECTIPUSITINBUH BapiaHT po3MillleHHsI 1e(eKTiB 3 TOUKU 30pY MII[HOCTI.
3HEXTYEMO TaKOX BIUIMBOM JAe(eKTiB, sKi 3HAXOAATHCS B MapajielIbHUX IUIOUIMHAX, IO
30UTBINIATH 3aImac PO3paxyHKOBOT MIITHOCTI. TakuM YHHOM, PO3TIISAAEMO CXEMY PO3MIIICHHS
nedeKTiB Ta HaBaHTa)KeHHS Tija, K 300pakeHo Ha puc. 1.

PucyHnok. 1. Po3paxyHkoBa cxema po3Tary MaTepiaiy 3 TpilliHaMH

Figure 1. Calculation model of the tensile material with crack

BpaxoByroun Maiauwii po3mip TpIIMWH, KOHIEMIliS KOEQIIiEHTIB 1HTEHCHBHOCTI
HaIpyXeHb TYT He3acTocoBHA. CKOPHCTAEMOCS BiJIOMHM DPO3B’S3KOM IIi€i 3amadi y Mexax
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moneni JleonoBa—Ilanactoka [2, 3], 1me OTpUMaHO CHiBBIJIHOIICHHS, IO TIOB’S3ye€
IHTEHCUBHICTH 30BHINITHBOTO HAaBAaHTAXKECHHS p 3 PO3MipOM 30HU TepepyHHYBaHHS

) _ sin(%d) 0
20, sin(%d)'

3HaueHHsl G) €KBIBAJICHTHE TPAHMII MIIHOCTI 00’€MIB IIEMEHTHOTO KaMEHIO MiXk
IOpaMH ¥ TpilTUHAMH.

[IpuitHSIBIIM YMOBY 3TUTTS 30H MepelpyHHYBaHHS CYCIHIX TPIIIMH 3a KpUTEpii
pYWHYBaHHS MaTepialy, OTpUMYEMO (OpPMYITy, sIKa JIO3BOJISIE BU3HAYUTH T'PAHUITIO MIITHOCTI
[IEMEHTHOTO KaMEHIO 3a PO3TATY

COS

a
Ry = ps =cp(1-7). )

3a3HAa4MMO, IO BiJHOIIEHHS PO3MIpIB TPIIMUHU JO BIJACTaHI MiX HUMH o/d
BijoOpaxkae BMICT JedeKTiB y Marepialii, TOOTO HOro MOIIKOKEHICTh.

PosrnsHemMo Temep B ymMoBaxX pO3TATY IIEMEHTHHI KaMiHb, apMOBaHUI MiKpOBO-
JIOKHAMH JIOBIJIBHOT J)KOPCTKOCTI. TOBIIMHY IIUX BOJIOKOH BB2)YKaTHMEMO 3HAYHO MEHIIIOKO BijI
XapaKTepHUX PO3MipiB JOMIHYIOUHX Je(eKTiB — mop Ta TpimmuH. Lle mpumnyIeHHs gae 3Mory
pO3rIsIaTH  Martepiall MDK [OpaMd  SK  OJHOPIMTHHNA 3 TEBHHUMH e(QEKTHBHUMH
XapaKTepUCTHKaMH. ApMyBaHHSI HEMIEPEPBHUMH a00 JIMCKPETHHMH BOJIOKHAMHU MOXKe OyTH
SK HampsMJICHUM Tak i XaoTHuHuM. CTpUMyBalbHHMI BIUIMB MiKPOBOJOKOH Yy 30HAaX

nepepyHHyBaHHs BUPAKAEMO PIBHOMIPHO PO3MOIIICHUMH 3YCHIUISIMUA c{; . Ix inTencuBHicTH

orrcyeMo Bijiomoro 3anexHicTio Kemmi—Taiicona [4], MomudikoBaHOO JUIT JOBIIBHOTO
(HampaBJIEHOTO 200 XaOTUYHOT0) JUCIEPCHOTO apMyBaHHS

)
of :mfvf(l-z—cljmoa—m G)

Iie Oy — MIIHICTh BOJIOKOH; /. — IpaHMYHA Hee(eKTUBHA JOBXKMHA BOJIOKHA; /| — JOBXKUHA
BOJIOKHA; V; — 00’eMHuil BmMicT (iOpu; A — KOe]ilieHT NPUBEIECHH Xa0TUYHOIO apMyBaHHS
70 HampsmiieHoro [5] (A=1 — I HampsIMJIEHOTO apMyBaHHS B3JIOBX Oci po3Tsry; A=0,33 —
JUISL Xa0TUYHOTO apMYBaHHS).

BpaxoByroun 3amexsHocti (2), (3), OTpuMyeMO pO3paxyHKOBY (opMyiIy I
MIPOTHO3YBaHHS MIITHOCTI KOMII03UTa ((hiOpoOeTOHY) Ha OCHOBI IIEMEHTHOI MaTpHILi

a

f [
Rbl_ 1-— }LGfo 1—2—0] +GO(1_Vf) . (4)

Ha puc. 2 nHaBezeHo rpadidfi 3aleKHOCTI MIITHOCTI MaTepiaiiB Rbft 3a pI3HOTO

00’€MHOT0 BMICTY BOJIOKOH 0a3ayibTy, MOJIIPOMiIEHY, CKJIa Ta BYIJICIIO M MOLIKOJUKEHb Y
IIEMEHTHIN MaTpwIli. MexaHiuHi XapaKTepHCTUKH BOJIOKOH HaBEJCHO Yy Ta0wili 1.
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PucyHok. 2. 3aexHicTh MPOrHO30BaHOT MILTHOCTI KOMIIO3UTa Rl{; BiJl 00’€MHOT0 BMICTY apMyBaJIbHUX

BOJIOKOH: ByTJienieBuX (/); 6azanbToBux (2); CKIOBOJIOKOH (3); cTaneBoi (4) Ta momninponinenoBoi ¢giopu (9); 3a

BiZicyTHOCTI nop (@) Ta mapametpa nopuctocti a/d = 0,2 (b)

Figure 2. Dependence of the predicted composite strength on volume content of reinforcing fibers: carbon (/);
basalt (2); glass fibers (3); steel (4) and polypropylene fibers (35); in the absence of pores (@) and porosity
parameter a/d = 0,2 (b)

Ta6mauns 1.
MexaHiuHi XapakTepucTuku (iopu
. T'ycruna, MirnHicTs Ha Mopynb .
Hasga ¢iopu o/cm’ pO3pHB, PY>KHOCTI,
MPa GPa
bazanrToBa 2,65 1200 12
Byrnernena 2 2000 245
CxisHa 2,6 1050 75
CranpHa 7,8 900 200
[loninpomninieHOBa 0,9 500 5

3 MeTOr0 MiATBEP/UKCHHS JOCTOBIPHOCTI OTPHUMAHOI aHATITHYHOI 3aJIe)KHOCTI (4)

POBENM EKCIIEPHUMEHTH IIOJ0 BCTAHOBIICHHS MIITHOCTI KOMIIO3UTY Ha OCHOBI IIEMEHTHOI
MaTpHII 3a pi3HOTO 00’€MHOro BMicTy 0Oa3ainbToBOi (iOpw. [ MPUTOTYBaHHS PO3YHHIB
BUKOpUCTAIM Taki Matepianu: ¢(iOpy OazanpToBy; mnoptianauement [II] II/A-3-500;
rinepriactTudikarop.
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Ha OCHOBI HaBeJICHUX

Rb £ KOMIIOHEHT BHUTOTOBJIEHI IMPU3MaTHUYHI

MPa 3pazku  po3mipom 40x40x160 mm s

BUNPOOYBaHHS Ha pO3TAT MpH 3TUHI.

12 BogoriemenTHe cmiBBiHOIIEHHS Opanu

0,4 3 mnactudikaropom Berament TB- 1 B

0 S kinmbkocti 0,04% Bim macu 1ementy. B

JIOCITIJDKCHHSIX BUKOPHCTOBYBAI  (iOpy

R (poBiHT) 3aBIOBXKH 12 mm, ska Yy

HEEKCIUIyaTOBAaHOMY CTaHI Ma€ BHIJISIA

3 My4yKiB HUTOK. Po34unH mepemimryBaiu 10

OTpUMAaHHS OJTHOP1THOT cyMiri

IIPOTATOM 5 min, mics 40ro

0 025 05 075 1 125 15 Vf VIIUTHHIOBAJIM Ha BiOpariiiiHoMy .CTOJ'Ii 3

METOIO BUJIAJICHHSI MOBITPSTHUX

Oynb0aIoK i 3MEHINeHHS KiJIbKOCTI

Pucynok. 3. MilHiCTL Ha PO3TAT LIEMEHTHOTO KAMEHIO, mop. Yci cepii 3pa3kiB 10 BUIPOOYBaHb

apMOBAHOTO Pi3HAM YMIiCTOM 0a3aibToBOI (hidpm YIPOJOBXK 28 HIB 3HAXOIUIINCH y

) ) ) ) 1a00paTOPHUX YMOBAX.
Figure 3. Ter}sﬂe strength of cement reinforced with Ha puc. 3  pO3paxyHKOBHM
different content basalt fiber ) . ) ..

JAHUM  BIANOBIJA€E  CYyIUIbHA  JIiHIA,

TOYKAMH TIO3HAYEHO JaHi eKCIIEPUMEHTIB.

Ax OGauumo, pe3ynbTaTh JIOCUTH J100pe

KOPEIOITh MK c00010. 3 HaBeJCHUX JAaHUX BUIUIMBAE, IO MII[HICTh KOMIIO3UTY HA PO3TST

npu 2% ¢iObpu 3pocTae Oiblle HIK y JBa pa3w IMOPIBHIHO 3 0a30BHM HeapMOBAaHUM
MaTepiaioM.

BucnoBkn. BpaxoByroun KOHIIEMIIii MeXaHIKA pyHHYBaHHS OTPUMAHO 3aTI€KHICTh,

0 JTO3BOJISIE MIPOTHO3YBATH MIITHICTh KOMITO3UTA Ha OCHOBI IIEMEHTHOI MaTPHIll 32 PO3TATY.
[TapameTrpamu B po3paxyHKOBiHl (opmyii € 00’eMHI BMicTH (GiOpH Ta TPIIIMHOIOIIOHIX
nedexTiB, TpaHMIll MIITHOCTI CKJIaJJOBUX KOMIIO3UTa, TEOMETPHYHI XapakTepucTuku (pidpu ta
nesiki iHmi. [IpoBeneHi po3paxyHKH CBiT4aTh MpPO CYTTEBUU BILIMB JAe€()EKTHOCTI EMEHTHOL
MaTpHII Ha MIIHICT, KOMIIO3uTa. [IOpiBHSIHHS TEOPETHYHHUX OIIHOK MIITHOCTI KOMIIO3UTa 3
eKCIIepUMEHTATHPHIMHU JIaHUMH CBiJYUTh PO JIOCHTH BHCOKY JOCTOBIPHICTH IPOTHO3Y
MIITHOCTI 32 pO3paxXyHKOBOIO CXEMOIO, PO3BUHEHOIO B POOOTI.

Conclusions. Dependence to predict the strength of the cement-based composite
matrix tensile taking into account fracture mechanics concepts, was obtained. The parameters
in the calculation formula are: fiber volume content and crack defects, ultimate tensile
strength of the composite components, geometric characteristics of fiber and others. Carried
out calculations testify the impact of defects on the strength of cement matrix composite.
Comparison of the theoretical and experimental strength data testify high reliability of
prediction of strength estimations. This gives reason to use the dependencies when creating
composites with desired characteristics on the basis of the concrete matrix.
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