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ABTOMATHU3ANLIA TEXHOJOI'TYHUX IMTPOIECIB

VJIK 532.137

AHJIPEEBI. A.
HanionanbHuii TexHivYHMil yHiBepcuTeT YKpaiHu
«KniBcbknii nonitexniynuii iHcTuTyT iMeni Iropsa Cikopebkoro»

BUMIPIOBAHHSI B’SI3KOCTI ITPU BIFPOEKCTPY3Ii ®IFPOBETOHY

s posenady npoyecy nAuUHY i PO3DAXYHKY PeONOZIMHUX Xapaxmepucmuk @Qibpobemonnux cymiwen npu
8iOpoexcmpy3ii Oyau 3acmoco8ati 2i0poOuHamMiuHi meopii uepes me, wjo yi Cymiwi y 6i0payitiHomy noji, N080OUMbCsL
no0iono piounam. Ilpu eupiwenni 3a0ay nauny 8paxogycmucsi, wjo, 8iopyioui piopobemonti cymiwii A61510Mb coO010
HbIOMOHIBCHLKT cucmemu. st 00epicants 00'cKMUSHUX peoociyHux xapaxmepucmux Qiopobemounux cymiuteil
3aNPONOHOBAHO BUMIPIOBAHHS 8 A3KOCMI NPOBOOUMU Oe3n0CepeOnbo npu 8iOpoeKcmpy3iuHoMy popmysanti eupoois.
Poszensamnymo ocobausocmi niumny HbIOMOHIBCLKUX PIOUH MINC NAOCKUMU HEPYXOMUMU CIMIHKAMU, KT CXOOSIMbCA i Y
NJIOCKOMY CUMEMPUYHOMY NPAMOKVIMHOMY KAHAMI, WO 38YAHCYEMbCA. 3anpOnOHOBAHO BUSHAYAMU 3MEHUIEHHS
sumpamu Cymiuti y npsamMoKymHoMY KAHAML NOPIGHAHO 3 NAUHOM MIdC NIACMUHAMU 3d 00NOMO20I0 Koeghiyichma
eanvmysanns Kp. Ilo6ydosano epaghix 3anexcnocmi koegiyichma eanvmyeanus 6i0 Cni6BIOHOWEHHSI CMOPIH
nonepeuHozo nepepizy NPSMOKYMHO20 Kawany. 3anpononoeéano 2 @opmyau Os pO3PAXYHKY Koediyicnma
eanvmyeanns. TlopieHAnvHUll aHaniz 3anpoONOHOBAHUX POPMYI 0A€ 2apHe CXOO0NHCEHHs pe3yIbmamie po3pPaxyHKie,
cepeoHs noxubka anpoxcumayii npu yvomy oopistioe 0,0126 %, wo ceiouums npo 8ucoxuil pieeHsv 30icy pieHAHHA
peepecii 3 Oinbwl CKIAOHOIO0 AHATIMUYHOIO Gopmyaoio. 3anpononosana Gopmyra Oasi pO3PAXYHKY 8 A3KOCMI
ibpobemonnux cyminiel 3a 4acom SUMIKanHs mamepiany 3 iopoekcmpyoepa.
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IMocTtanoBka mpodiemu. BupimenHio nmpobiieM pecypco30epeskeHHsT Ta CTaloro PO3BUTKY CIIPHSIE ITHPOKE
BUKOPHCTaHHS HOBUX KOHCTPYKUiMHMX (iOpoOETOHHMX MarepiaiiB 3aMicTh TpaguUiiHMX OETOHHMX 1
3aJ11300€TOHHHX aHAJIOTiB, 1110 JI03BOJISIE BUKJIIOUNUTH 3aCTOCYBAHHS CTAJIEBOI apMaTypH 1 3HAYHO 3HU3UTH radapuTh
i Bary Bupo06iB. B KIII im. Iropst Cikopcbkoro OyB 3anporoHOBaHUi cr1ocid BIOpoeKCTpy3iiHOTO hopMyBaHHSs, SIKUi
no3Boisie (hopMyBaTu BUpoOu Oe3 pyiHHyBaHHS i TPYAKYyBaHHS JUCIEPCHOI apMaTypH 1 3 3a0e3rnedeHHsIM HeoOXiqHOT
opienTanii ¢idp. BibpoekcTpysiiiHe oOafHAHHS BIIHOCHTHCS J0 HOBOTO HANPSMKY HMPOMHECIOBOCTI i BHUMArae
MOCTIMHOTO yAOCKOHANMOBaHHA. [Iporiec BUpoOHHMIITBA (iOpOOETOHHMX BHPOOIB 3HAYHOIO MIpOIO 3QJICKHUTH Bif
BSI3KOCTI  cyMimiei, 1o mnepepoOssitoThes. [IpM  MpakTHIHOMY BHU3HAYECHHI PEOJIOTIYHHMX BJIACTUBOCTEH
($hi6poOETOHHNX CyMilllel BUKOPUCTOBYEThCS (PEHOMEHOJOTITHHM MiIXi1, 10 MpUiMae pO3MIITHYTHH Martepial, sk
OJHOpiIHE 130TpormHe cepemoBuiie. [Ipo CTPyKTypy Marepially poOOJATBCS JIMINE 3arajibHi 3acTepeKeHHS.
[pyHTYIOUMCh HA TIPEJCTABIEHHAX CYIUILHOCTI, 3HAYHO OONETIIYETHCH MATEMATHYHUN OMKC TUIMHY, MOMKJIMBE
BBEJICHHSI TaKMX MaKPOCKOIIYHUX TapaMeTpiB, SK THCK 1 TemmepaTypa. B jaHwmii 4ac peosioriuHi BJIACTHUBOCTI
LEMEHTHUX PO3YMHIB, IO MICTIATh IUCIEPCHY apMaTypy, MOCTI/DKEHI 3amalio 1 JOCHiJHUKH HPOIOHYIOTh
PI3HOMAHITHI METOJMKH [Tl BUSHAYCHHS IIMX BeIU4UuH [ 1—4].

st oneprkaHHsT 00'€KTHBHUX PEOJIOTIYHUX XapaKTePUCTHK (HiOPOOETOHHMX CyMillel He0OXiHO 3aCTOCOBYBAaTH
BICKO3MMETPH, IUIMH MaTepialy B SIKMX MOJEIIOBAB O TEXHOJOTIYHMH npouec. OcoOIMBO Ll BUMOTa CTOCYETHCS
nporecy BiOpoekcTpy3iifHOro opMyBaHHs BUPOOiB.

Tomy BuHHMKae noTpeda y po3poOii METOIMKY BU3HAUCHHS B’ I3KOCTI (hiOpoOeTOHHNX CyMillei 6e3rnocepeHbo
B IPOILIECi BIOPOEKCTPY3iHHOTO (hOpMyBaHHS BHPOOIB 3aJIC)KHO BiJl KOHKPETHHUX TapaMeTpiB BiOparii oOmagHaHHS,
10 1 pealli3y€eThCs y CTaTTi.
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AHaJi3 momepeaHix AoCTiIKeHb. 3a pe3yNbTaTaMH MPOBEICHUX EKCIEPUMEHTAIbHUX JOCHIIiB OyIiio
BU3HAYECHO, WO BiOpyloYi aoCiiDKyBaHi (hiOpOOETOHHI CyMili SIBISIOTH COOOI0 HBIOTOHIBCHKI CHCTEMH NP
aMIDTTY Dl 2...5 MM 1 9acTOTax KOJHMBaHb, SIKi BUHUKAIOTh MPH 3aCTOCYBaHHI IMHEBMaTHYIHOTO BiOpatopa IB-29 i
CTaHAAPTHHX IHEPUIMHMX eNeKTpUYHKX BiOparopiB cepii IB (47 I'n) [5, 6]. 31 30inblIeHHAM IHTEHCUBHOCTI BiOpaltii,
sIKa 3QJICKUTH BiJl aMIUTITYIU 1 9aCTOTH, 3MEHINYEThCS B s3KICTh PiOpoOeToHHOi cymimi. ToMy st oTpuMaHHS
00’€KTMBHUX 3Ha4eHb B’s3KOCTi (iOpoOeToHy mpu Oe3mocepeqHbOMY (OPMYBaHHI IUIOCKMX BHpOOIB Oyio
3aMpOTIOHOBAaHO BUKOPUCTOBYBATH HASIBHUI BIOpOCKCTpyAep 3i NIUIMHHAM BUXIIHAM OTBOPOM. B 1IbOMY BHITaJKy
MOJKHA OTPUMATH KUTBKICHI (pi3WYHI PEONOTIYHI XapaKTCPUCTHKH 32 JTOTIOMOTOI0 HASBHUX TCOPETHYHUX MEPEAYMOB
[7]. HemomikoM Takoro crioco0y BUMIpIOBaHHS € 3MEHIIEHHS! BUTPATH MaTepialy B TOPIIEBUX 30HAX KaHAy, IO HE
BPAaxOBY€THCS NP PO3PAXyHKY B’S3KOCTI, 1 Taka NMOXxuOKa Oyne 30UIbIIyBaTHCS 31 30UIBIICHHSAM BiTHOIIEHHS
UIMPUHH [IIJTMHHOTO BUXIJHOTO OTBOPY 0 HOT'O JIOBXKHHH.

B ynockonaneHomy BiOpoBickozumerpi [8, 9] 3abe3neuyerbest Bindip ¢idpobeToHHOI Cymimi 3 cepeauHHOT
YaCTHHH PO3JaBATLHOTO MPSIMOKYTHOTO BiKHA, i€ BiICYTHIM BIUIMB TOPIIEBUX 30H HA MIBUAKICTH ii IIIMHY, a OTXKeE 1
HAJIa€ThCSI MOXKJIMBICTH KOPEKTHOI'O BHMKOPUCTAHHS ICHYIOYOi aHANTHYHOI (OPMYJH, IIO ONUCYE IUIMH MIiX
IJIOCKAMH HEPYXOMHUMH CTiHKaMH, SIKi CXOIATHCS. B IIbOMY BHITaKy MOTPiOSH JOJATKOBUI NMPUCTPiH I BiBOIY
CyMillli 3 TOPLIEBUX 30H KaHay.

HeswupimieHoto 4acTHHOIO HAYKOBOT IPOOJIEMH € BUHAKWACHHS (GOPMYIIN TS KOPEKTHOTO PO3paxyHKy B’SI3KOCTI
¢i0poOeTOHHUX CcyMilield Oe3MocepelHh0 B TIPOIEC BIOPOCKCTPY3iHOTrO QopMyBaHHS 0€3 J0AATKOBOIO
3aCTOCYBaHHS CIElialbHUX IPUCTPOIB.

Metoro crarti € OTpuMaHHA (OpPMyNH IS PO3paxyHKy OO'€KTMBHHMX PEOJIOTIYHUX XapaKTepUCTHK
($hi6poOeTOHHNX CyMmilllel B TIpoIeci BiIOPOEKCTpPY3ii.

Buxian ocHoBHOTo MaTtepiaty. 3anporionoBaHa ¢opmyna [8] 1t po3paxyHKy B’sI3KocTi piOpoOeTOHHOT cymini
U TIpH BIOpPOEKCTPY3ii 3a YacOM MOBHOTO BUTIKAHHS t, TMEBHOI KIJIBKOCTI Li€l CyMillli MK IJIOCKAMH HEPYXOMHMH

CTiHKaMH, SIKi CXOIATHCS (PO3paxyHKOBA CXeMa TUIMHY B CHMETPUIHOMY KaHalli HaBelleHa Ha pUCYHKY 1):

_ pglA13(29, cos 2 gy — sin 2 po)t, "
sin2 @qcos 2 po(Ly + Ly) (L3 — L3)
ne L, — Bigcranp Bix Touku 0 (Micus cXOKEHHs IPOJOBXKEHHSI CTIHOK) 10 BUXIAHOTO 3pi3y KaHaiy, M; L, — L; —
BMCOTA CTOBIA CyMillli B KaHaJi, M; P — TYCTHHA 00po6IIFOBaHoi cymimi, kr/m®; g = 9,81 m/c? — NpUCKOpEHHs CHn

TSOKIHHS ¢ - KyT HaXuily HOXUJIOI CTIHKH KaHally 10 BepTUKali, pad. (¢, < 45°),
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Puc. 1 —Po3paxyHkoBi cxema IUIMHY Y HeCKIHYEHHOMY ILIOCKOMY CHMETPHYHOMY KaHAJI, 10 3BYKY€ThCS
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B nporieci BiOpoekcTpy3ii IMITOCKUX BUPOOiB B TOPIIEBUX 30HAX MPSIMOKYTHOTO KaHAITY, IO 3BYXKY€EThCS (pHC. 2),
BiIOYBa€ThCS TAIBMYBaHHS TUIMHY MaTepiany. [Tonepednuii mepepi3 Takoro kaHaixy Mae IpsMOKyTHY Gopmy. Tomy
JUTS TIOJTANTBIIIOTO PO3TIISAY MPOLIECY CKOPUCTAEMOCH (hOPMYJIOKO ISl PO3PAXYHKY BUTPATH HBEOTOHIBCHKOI PIIMHU B
npsMOKyTHOMY Kanaii [10]:

WH* AP 129H 1 (inW )
Q = — |1 - —th{—||
T 12u L W i 2H

i=1,3...

ne H — mupuHa IONEepevHOro Iepepizy MNpSIMOKYTHOTO KaHaily, M; W — JOBXHHa IIONIEPEYHOro Iepepizy
IPSIMOKYTHOTO KaHaiy, M; AP — nepenaj THCKy B KaHaui, [1a; L — noBx1Ha KaHaly, M.

L
T

Puc. 2 — Po3paxyHkoBi cxemMa IVIMHY Y INIOCKOMY CHMETPHYHOMY NPAMOKYTHOMY KaHAJI, IO 3BYKY€ThCS

B Toi1 5xe gac BUTpaTa HRIOTOHIBCHKOI PiAMHN MiX MapanelbHUMU TUIacTHHAMH Ha mupuHi H [10]:
WH3 AP
12 L

(€)

Beenemo koediuient ranbmysanns Kp = @ /Q Ans BU3HAYCHHS CTENEHIO BIUIMBY PO3MIPIB IPSMOKYTHOTO
nepepizy KaHaJly Ha 3MEHIICHHS BHUTPATH IHOPIBHSAHO 3 IUIMHOM MDK HapalelbHAMH IUIaCTHHAMH. [[ns 1poro
ckopucraemoch popmynami (2) i (3). B pesynbrari oTprMaemo:

1290H " 1 (inW @
Ke=1- (=)

J— h —_—
W i° 2H
n

=1,3,..

[Tnocki ¢ibpobeToHHI BUpOOH HalWYacTille BUTOTOBISIOTHCS TOBIIMHOKIO 30...50 MM i mmpuHomo Bix 0,5 M 10
1 M. Ile BiAmoBimae CHiBBIAHOIICHHIO IMUPHHA IO AOBXHHU TPSIMOKYTHOTO BHUXIJHOTO OTBOpPY KaHATy, IO
3By)yerbes H/W=0,03...0,1 (puc. 2). 3 ypaxyBaHHIM OCTaHHLOTO i 32 IOTIOMOTOIO PiBHSIHHS (4) Mooy yeMo rpadik

3aJIeXKHOCTI KoedinieHTy ranpMyBaHHsa K BiX criBBigHOMmMEHH H/W (puc. 3).

3a onoMororo nodyaoBaHoro rpagika 3aJIeXHICTh KoedilieHTy ranpMmyBaHHs K BiJ criiBBigHOmeHHs H/W B
PO3TIITHYTOMY Jliara3oHi 3MiHIOBaHHs apIyMEHTY MOXKHa ONUCATH KyOI4HOIO perpeciero:

Kp = 20,2020(H/W)? — 3,9394(H/W)? — 0,1817H/W + 0,9954, (5)

sika Habararto mpocTima 3a Gopmyiy (4). Cepenns moxubka anpokcumariii mpu somy nopisaroe 0,0126 %.
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Puc. 3 — I'padik 3anexnocti koepinienry ranemysanns K. Bin cnissinnomennsa H/W

BpaxoByroun ranpMyBaHHS IUTHHY CyMillli B TOPIIEBHUX 30HAX MPSMOKYTHOMY KaHaJi, III0 3BY>KYETHCS, 3aMUILIEMO
(bopMyIty 11 po3paxyHKy B’SI3KOCTI ¢ 3a goromororo piBHsHb (1) i (5). I[Ipu po3paxyHKy KoedilieHTy ranbMyBaHHS
K B npoMy Bunanxky B Gopmyiy (5) HaJeXHTh MiJACTaBISITH MUpPUHY H i 10BXUHY W BUXIZHOTO MPSIMOKYTHOTO
otBOpY (pHc. 2).

3 piBusHb (1) 1 (5) orpumaemo:

_ pILIL3(2¢y cos 2 o — Sin 2 @y)t, _Pats
K= 5in2 ®ocos2po(Ly + L)(L2 —13) "~ Cq

K,

z1e C, — KoHCTpyKTUBHUIT mapameTp [M'], sikuii po3paxoByeTbest 3a pOpMyIIok0:

sin2¢,cos2 ¢, (L1 + Lz)(lf - Lg)

L%L% (2<p0 cos2¢, — sin 2 <p0)

K

TakuM YHMHOM BUMIPIOBAaHHS B’SI3KOCTI 32 3allPOIIOHOBAHOI0 (DOPMYIIOK 3BOAMTHCS 1O (hiKcallil yacy MOBHOTO
BUTiKaHH: (PiOpoOeToHHOT cyMmili 3 BiOpoekcTpynepa npu GopMyBaHHI IIOCKUX BUPOOIB.

BucHoBkm. s po3risiiy IUIMHY HBIOTOHIBCBKUX PIIUH y MPSIMOKYTHOMY KaHadl BBEICHO KOG(IIliEHT
raneMyBaHHs K. 3ampomnonoBano 2 dopmynu Ui po3paxyHKy kKoedinieHTa rambMmyBaHHs. [IopiBHANBHUN aHAami3
3anpoTNIOHOBaHUX (POPMYJT A€ TapHEe CXOPKEHHS PEe3yNbTaTiB PO3PaxXyHKiB, CepelHs MOXHOKa ampoKCHUMAIll MpH
oMy popiBHIOe 0,0126 %, mO CBIAYUTH MPO BUCOKWH pPIiBEHb 30iry pIBHAHHS perpecii 3 OUIBII CKIagHOIO
aHATITHYHOIO GOpMYJI0I0. BpaxoByro4n ransMyBaHHs IUIMHY PiZIMHHE B TOPLEBUX 30HAX MPSIMOKYTHOTO KaHaja Oyia
oTpuMaHa (GopMya sl pO3PaXyHKY B’S3KOCTI (iOpOOCTOHHOI cyMimn Oe3mocepelH0 B MPOLECi BiOPOSKCTPY3ii
IUIOCKHX BUPOOIB 3aJI€XKHO BiJl KOHKPETHHUX NapaMeTpiB BiOpalii o6snajgHaHHs. 3anpornoHoBaHi GopMyIty i METOIUKY
pPO3paxyHKy B’S3KOCTI MOXHa BHUKOPHUCTOBYBATH JUIi BH3HAYCHHS PCOJIOTIYHHX XapaKTCPHCTUK OYIb-IKHX
HBIOTOHIBCHKUX PIIMH Y MIOCKOMY CUMETPHYHOMY MPSIMOKYTHOMY KaHai, IO 3BYXKYETHCSL.

IlepcnekTHBH MOAAJBIIHX JOCTIIKEHb. Y TMOJAIBIIOMY IUIAHYETHCS IMPOJOBXUTH  OCIIKCHHS
BIIaCTUBOCTEHN (iOpOOETOHHUX CyMillIei i BIUTMBOM BiOpailii.
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Igor Andreiev

MEASUREMENT OF VISCOSITY DURING VIBROEXTRUSION OF FIBER CONCRETE

Currently, the rheological properties of cement mortars containing dispersed reinforcement have not been studied
enough, so it is important to develop a method for measuring the viscosity of fiber concrete mixtures that would
simulate the technological process.

To consider the flow process and calculate the rheological characteristics of fiber concrete mixtures during
vibroextrusion, hydrodynamic theories were applied due to the fact that these mixtures behave like liquids in a
vibration field. When solving flow problems, it is taken into account that vibrating fiber concrete mixtures are
Newtonian systems.

To obtain objective rheological characteristics of fiber concrete mixtures, it is proposed to measure viscosity directly
during vibro-extrusion molding of flat products. The peculiarities of the flow of Newtonian fluids between flat fixed
walls, which converge in a flat symmetrical rectangular narrowing channel, are considered. It is proposed to
determine the reduction of the flow rate of the mixture in the rectangular channel compared to the flow between the
plates by the braking coefficient. A graph of the dependence of the braking coefficient on the ratio of the sides of the
cross section of the rectangular channel is plotted. 2 formulas are proposed for calculating the braking coefficient.
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The comparative analysis of the proposed formulas gives a good convergence of the calculation results, the average
approximation error is equal to 0.0126%, which indicates a high level of coincidence of the regression equation with
a more complex analytical formula.

Taking into account the inhibition of the liquid flow in the end zones of the rectangular channel, a formula was
proposed for calculating the viscosity of the fiber concrete mixture during the formation of flat products in the
narrowing vibroextruder channel. The calculation formula contains the geometric dimensions of the channel, the
density and the flow time of the fiber concrete mixture, and to determine the viscosity of the mixture, it is necessary
to measure only the time of its complete flow during vibroextrusion.

The proposed formula and methodology for calculating viscosity can be used to determine the rheological
characteristics of any Newtonian fluids using a flat symmetrical rectangular narrowing channel.

In the future, it is planned to continue researching the properties of fiber concrete mixtures under the influence of
vibration.

Keywords: resource conservation, viscosity, rheology, vibroextrusion, fiber concrete
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