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IocTanoBka mpodyemu. Hosi koHCTpyKLiliHi (piOpoOeTOHHI MaTepiany B Halll Yac BCE YacTillle 3aCTOCOBYIOTh
3aMICTh TpaJMLIiHHUX OETOHHMX 1 3ani300eToHHHMX BUpOOiB. DopmyBaHHs (PiOpOOETOHY BIAHOCHUTHCS IO HOBOTO
HanpsiIMKy IIPOMHUCIIOBOCTI 1 BHUMarae MOCTIHHOTO yAOCKOHatoBaHHA. HaiOinbin epekTMBHO BHKOPHCTOBYBATH
BJIACTHUBOCTI JIUCIIEPCHOT apMaTypH JO3BOJISIE CIIEIIaTbHO pPO3po0JieHa TEXHOJIOTiS BiOpoekcTpy3ii. Tumose
BiOpOeKCTpy3iliHe yCTaTKyBaHHS MICTHTh J103aTOP-)KHUBHJIBLHUK PO3YMHY 1 BiOpoekcTpyaep it (GopMyBaHHSI
KBaJIpaTHUX Y MOTIEPEIHOMY TIepepi3i CTOBITIHKIB, SIKi MAIOTh MPaBWIbHI YOTHPUKYTHI MipamiganbHi kaHamu. ToMmy
y’)Ke BOKIMBUM € JIOCTIDKEHHS TiIPOJUHAMIKYA TUTMHY OCTOHHUX CyMIIIed 1 BU3HAYCHHS X PEOJOTIYHHX
BJIACTUBOCTEH B TAKMX KaHAlaX.

AHaJi3 momepenHix aochimKkeHb. [Ipy NpakTUYHOMY BH3HAYCHHI PEOJIOTIYHHMX BJIACTUBOCTEH OETOHHHMX
(pi6pobeToHHMX) CyMilIeii BUKOPUCTOBY€EThHCS (DEHOMEHOJIOTTYHUH MiXij, 1110 NpUiMae po3rIITHYTHI Marepial, K
oJHOpiHE i30TpomnHe cepenonuine. [Ipo cTpykTypy OCTOHHHX CyMIllel pOOJSTHCS JIMIIE 3arajbHi 3aCTCPEKCHHS.
[pYHTYIOUMCh Ha MPEACTABICHHAX CYLIILHOCTI, 3HAYHO OONETHIYETHCS MATEMATUYHUH OMUC TUIMHY, MOMKIUBE
BBE/ICHHS TaKMX MaKPOCKOIIYHHX MapaMeTpiB, K THCK 1 TeMIeparypa.

Konu GeroHHa CyMmill 3HaXOJWTHCS IiJ BIUIMBOM BiOpamii, TOAi BOHA MOBOIMTHCSA MOJIOHO PIAMHU 1 TOMY
HalOUTBIT MPUAATHUMU JIJIST PO3PAXYHKY TPOIECIB 1 PEOJIOTIYHUX XapaKTEPUCTHK € TimpoauHamidHi Teopii. [Ipu
BHpIIICHHI 3a7ad ITUIMHY BPaXOBYETHCS, 10 B yYMOBax BiOPAIiHOTO TIOJS, SIK€ CTBOPIOETHCS CTaHAAPTHUMH
BiOpaTtopamu, 6eToHHi (GiOpoOEeTOHHI) CyMili SBISIOTH COO0I0 TICEBAOHBIOTOHIBCHKI cucTeMu [1].

Jl1st onep>kaHHs 00'€KTUBHUX PEOJIOTIYHHX XapaKTEPUCTHK HEOOXiTHO BUKOPUCTOBYBATH BICKO3UMETPH, TUTUH
Marepiany B SKHX MOJEIIOBaB Ou mporec mepepoOku. lle € myxe BaXIWBAM y BHMAAKY OCTOHHHMX CyMIiIlIeH, sKi
MICTSITh IUCIIEPCHY apMaTypy, TOMY IIIO BiJl Opi€HTYBaHHS (i0p, 10 BUHUKAE depe3 3CYBHI Aeopmartii, SMiHIOETHCS
B’SI3KIiCTh BCi€l CHCTEMU.

B mpomeci BiOpoekcTpy3ii INIMH OETOHHOI CyMilli 3AIHCHIOETHCS Yy BiOpaliHOMY IOJi, IO JO3BOJISIE
nepepoOIiTH CUCTEMH 3 TPaHUYHO BHCOKOIO MIIHICTIO MNEPBUHHOI KOaryssiniiHoi cTpykTypH. Excrpysis
3IIMCHIOETBCS 32 PaXyHOK I'JIpOCTaTHYHOTO TUCKY (piOpoOETOHHOT CyMillli 31 3HAYHO 3HMIKEHOIO B SI3KICTIO.

3a 101oMOroI0 «MeToy BIUIMBY» [2] Oyiia orpumana (hopmyJia OUCY NMPOLECY IUIMHY HbIOTOHIBCHKOT PiZIMHU B
MPAaBUIBHOMY YOTHPUKYTHOMY IipaMiJaibHOMY KaHami [3]:
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e u — MakCHMajbHa MIBUJAKICTh IUIMHY B LIEHTPi KBaJPaTHOIO 301LKHOrO KaHaly, M/C; ¢, — KyT HaXUIy

rmax
HIOXHMJIOl CTiHKM KaHamy 0o Beprukaii (@, <45%), pan.; ¢, ¢, — KyTH HaXwly IO BEPTHKAI MPOCKIiil MOTOYHOTO
paziyca » Ha IUIOIWHYU YOZ 1 X0Z, Bi/IMOBIIHO, pajl.

Po3paxyHkoBa cxema mogana Ha puc. 1. [yt 3py4HOCTI pO3paxyHKy MOYaTOK CPEPUIHOI CHCTEMH KOOPAUHAT (
r, 6, @) BUOpaHO y TOUIII, A€ CXOIATHCS IMOXMIII CTIHKH KaHAITY.

Ny

Puc. 1 — PospaxyHnkoBa cxema npouecy INIMHY B IPABHJIIBHOMY YOTHPHKYTHOMY MipaMigaJabHOMY KaHaJIi
INoTtouni kyTu ¢, i @, piBHsAHHA (1) BU3HAUAIOTH 3a popMyIaMu:
¢, = arctg (tg@ -sin (p) , ¢, =arctg (tge -cos (p) .

XapakTep pO3IOJiTY BiIHOCHHX LIBHIKOCTEH Yy NpaBWILHOMY MipamilaJbHOMY KaHalli, pO3paxoBaHUX 32
¢dopmyioro (1), mokaszaB iX OMM3BKICTH O €KCIEPUMEHTAIFHUX 3HaueHb. BigHocHa MOXMOKa Mpu LbOMY CKJajia
4,79...5,15% [4]. Kpim Toro B pobGoTi [2] Oysio 3a3HayeHO, 110 KOPEKTYBaHHA (OPMYJIH, OTPUMAHOI «METOJIOM
BIUIUBY», HEOOXIJHO 3AIHCHIOBATH JUIS KaHANIB, sIKi BIAPI3HAIOTHCA 3a (OPMOIO IIONEPEYHOro Mepepizy Bif
KBajipaTHOTO. HeBHpINIEHOI0 YaCTHMHOIO HAYyKOBOi MPOOJEMH € BH3HAYCHHS aOCONIOTHUX 3HAYEHb BEJUYWH, SKi
XapaKTepu3yIOTh IUIMH 1 3aJeKHOCTI PEOJIOTIYHHX XapakTepUCTHK (PiOpoOETOHHMX CcyMimedi B mporeci
BiOpoekcTpy3ii BiJ popMHU KaHATIB, IO 3BYKYIOTHCS.

MeTo10 CTaTTi € TPENCTaBICHHS PE3yJbTATiB IMONIYKOBUX JOCHIKCHb, SIKi OyJIH CIIPSIMOBaHI Ha MOXKITUBICTh
PO3paxyHKy IUTMHY OCTOHHHX CyMillel i BU3HA4YEHHS iX B’S3KOCTI Oe3MocepesHbO B TMporieci BiOPOEKCTpy3ii B
MIPAaBUIBHAX YOTUPUKYTHHX IipaMiJalbHIX KaHalax.

Buknax ocHoBHoro wmarepiamy. [IpaBwibHMH YOTMPUKYTHMH NipaMiJaJbHUH KaHaJI Mae KBaJpaTHUH
MOTIEpEYHHI TIepepi3, TOMY CKOPHUCTAEMOCH JIJISi BU3HAYCHHS IIBHIKOCTI U aHaMTHIHOI (hopmysoro [5], 1o

rmax
OTIHICY€E TUTUH HBIOTOHIBCHKOI PiZIMHA y MIPSMOKYTHOMY KaHaJli IIOCTIHHOTO MOTIEpEYHOT0 Niepepisy 3i ctopoHamMu W i
H y manpsmkax x iy (IpsAMOKyTHI KoopanHaTH (X,y,z)) npu x =0,5W, y =0,5H :
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TTopiBHSEMO MaKCUMAaJTbHI IIBUAKOCTI IUIMHY Y IPAMOKYTHOMY KaHaJi 1 y TUIOCKIH IIIJTNHI, [0 MAIOTh OJJHAKOBY
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Puc. 2 - I'padik 3anexnocri v, /u, = BiI %

Skwo BBecTH KoedilieHT 3MeHwmenHs weuakocti K, =wu_ . /u, ., SKuil BpaxoBy€ 3MEHLICHHS LIBUAKOCTI

IVIMHY B KaHali NPSIMOKYTHOTO MOMNEPEYHOro Iepepi3y IMOPIBHSAHO 3 IUIMHOM MDK IUIOCKMMHM MapalieIbHUMHU
IUIACTUHAMH, TOAI MOXKHA 3amucatéd (opMysy Uil BH3HAUCHHS MAaKCHUMajbHOI IIBUAKOCTI IUIMHY B ILEHTpi
NPSIMOKYTHOT'O KaHaITy y CIPOLIEHOMY BUIIISIL:
K
e = g2 G)
J1s KBapaTHOTO HOIEPEYHOro nepepisy koedilieHT 3MeHmeHHs mBuakocti K, =0,6.

3acTOCOBYIOUHM PiBHSAHHS (2) MOXKHA 3HAHTH BUTPATy HBIOTOHIBCHKOT PIAMHM Y IPSIMOKYTHOMY KaHaJi:

HW 3 4
1 op| WH’ 16H" &1 nxW
=||u,dxdy=——|— + —-th . 4
© H 2 U 82[ 12 7 ;nS [ZH ﬂ @
BpaxoByrouu, mo 00’eMHa BUTpaTa HBIOTOHIBCHKOI PIAMHM Y TUTOCKIH IIUTHHI (MIOCKUH TMya3elIeBUH TUTHH)
JIOBXKKHOM0 1 po3paxoByeThes 3a popmynoo O, = —Lﬁ—pﬂ 4, mobyyemo rpadik 3anexHocTi Q/ =f (%)
12,U Oz Qn
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Puc. 3 — I'padik 3ame:xknocTi 0 Bijg A[

Slkwo BBecTH KoedilieHT 3MeHweHHs BuTpatn K, = o 0" SKAI BpaxoBy€ 3MEHUIEHHs 00’€MHOI BUTpaTH B
n

KaHaJli MPSAMOKYTHOTO MOTIEPEYHOTO Mepepi3y MOPIBHAHO 3 ITTHHOM MiX ITIOCKUMH TapajieIbHUMU IJIAaCTHHAMH, TOJI
MOXKHAa 3anucatd Gopmysty [Uis BU3HAUYEHHS BUTPATH B NPSMOKYTHOMY KaHali y CIPOIICHOMY BHIJISII:

0 :_ﬁ.a_pH“ %)
" 12u oz

JIns1 KBaJAPaTHOTO MOTIEPEYHOTO Tiepepisy koedinient smenmenns sutpatn K, =0,4 .

Jns po3paxyHKy MakCHMaJbHOI INBWJAKOCTI IUIMHY 1 BHTPaTH B IEHTPI NPaBUIBLHOTO YOTUPUKYTHOTO
mipamiJaIbHOTO KaHally CKOPUCTAEMOCHh (OpMyJiaMH JUIs BH3HAYEHHs IIBUAKOCTI IUIMHY #, MDK IUIOCKHMMH
CUMETPUYHMMHU HEPYXOMHUMH CTIHKaMH, SIKi CXOJATHCS 1 00’ €MHOT BUTPATH Yepe3 OAMHUILIIO INUPHUHU TAKOTO KaHAITy

q. [6]:

PgLIL; (cos2¢, —cos2¢) ©

" 2urcos2g,cos’ g, (L, +L,)’

_ pgLiL; (29, cos2¢p, —sin2¢, )

7
24100820, cos’ ¢, (L, +L,) 2

Je r — OTOYHUHM paniyc, M; ¢ — IOTOYHUM KYT, paf.; ¢, — KyT HaXUIy IOXHUIOI CTIHKY KaHaly [0 BEpTHKAI,
pan. (@, <45%); L, — BiacTaHp Big moYaTKy KOOpAMHAT IO BUXIZHOTO 3pi3y OyHKepa, M; L, — [, — BHCOTa CTOBIA
cymimi B OyHKepi, M; 0 — I'yCTHHA PiMHH, KT/M>; g = 9,81 M/C? — IPUCKOPEHHS CUIIH TSKIHHSL.

MakcumanbHa IIBHIKICTh Oysne B IEHTpPaibHIM YacTHMHI TAaKoro KaHaiay mpu ¢ =0, a ¢opmyna (6)
HepPEeTBOPUTECS Ha TaKy:

_ peLiLy(cos2¢p, 1)
" 2urcos2¢, cos® g, (L, +L,)

®)
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[punyctumo, mo koediuientu K, i K, anexkBaTHO XapakTepu3yIOTh IUIMH i y BUTIQ/IKY TIOXUJIMX CTIHOK KaHAIy.

Toni, 3 ypaxysannsm 3Hauenb K, i K, i kBajpaTHoro mnomepeuHoro nepepisy i Bupasis (7), (8), nanuiiemo

bopMmynu A1 pO3paxyHKYy MaKCHMaJbHOI MIBUAKOCTI INIMHY i 06’€MHOI BUTPATH B MPABHILHOMY YOTHPUKYTHOMY
nipamiziaibHOMY KaHali:
272
0,3pgL L; (cos2¢p, —1)

u, . =Ku, = ’ ’
max u“re /urCOSZ(DO COS2 [ (L1+L2) ( )

0,4pgl’ I (2¢, cos2 @, —sin2 ¢, )¢
g=K,q. 2Ligg, =—250 (20, ] 2)ig e (10)
pcos2g,cos’ @, (L, +L,)

Po3paxyHok B’sI3K0cTi 0eTOHHUX cyMillleid B mpoueci BiopoekcTpy3ii
Jli1st po3paxyHKy B’SI3KOCTi OETOHHOT CyMilni ITpu BiOpoeKcTpy3ii MoXKHa ckopucTaTucs Gpopmyioro (10), 3Biaku:

2 0Apehils (29, c0s29, —sin2¢, )ig

11
gcos2g,cos’ g, (L, +L,) (h

Henonikom po3paxynky 3a dopmyioro (11) € HCOOXiTHICTh BECh Yac SKCICPUMEHTY MiITPUMYBaTH B KaHAII
nocTiiiHuii piBeHs cymimi L, . Ile yckinaaHioe npolec BUMIPIOBaHHS, a IpU 00MEeXKeHil KilbKOCTI MaTepially BiH CTa€

Hesailicnenum. Ilpocriie po3paxoByBaTH B’sI3KICTh 332 4ACOM BMTIKaHHs f, NEBHOI KiJIbKOCTI OETOHHO CyMmilli.

JIi1st bOTO OTMUIIEMO BUTPATY Y MPaBUIHLHOMY YOTHPUKYTHOMY IipaMiJaIbHOMYy KaHalli depe3 3MiHy piBHS
cyMminr Ha BUCOTI Z (puc. 1) qudepeHiiHuM piBHSIHHSIM:

dz 2, o dz
q (Z) i Z1g8 ¢, d (12)

ne S(z)=4z%g’p,, — mIoma nonepeYHoro mepepisy Kaxaiy.

ITpupiBHroemo pisusaHs (10) 1 (12):

42%19% dz _ 0,4pgL L, (2 ¢, cos 2, —sin2¢, )ig @,
i #1€08 29, cos’ @, (Ll +L2) '

3BiOKH:

e 10 cos2¢, cos” ¢, (L, + L, )igp, B
pgL L, (2¢, cos 2¢, —sin2¢, )

dz. (13)

Jlyis BU3HAYCHHS Yacy BUTIKaHHS IIEBHOT KUTBKOCTI CyMiIlli £, Bi3bMEMO iHTerpayiu 3 000X yactuH Bupasy (13):

t L

¢ 104 cos2¢, cos” @, (L, + L, )¢,
e = 100405201 (L, '2)g¢0J‘szZ.
° peliL; (2¢, cos 2, —sin2¢,) ;.

3Bigku:

Susin2¢, cos2¢, (L, +L,)(L - L
— 3o2 o( 1 2)( | Z)ZCKi’ (14)
3pgli L, (2, cos 2, —sin 29, ) pg

~ 5sin2¢, cos2p, (L, + L, )(Lf —L32)

o -1
neC, = — KOHCTPYKTUBHUH TIapaMeTp, M.

3L L (29, cos2¢, —sin2¢, )
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Topni, 3 piBusHHS (14) BU3HAUNMO (OpMyYITy IS PO3paxyHKy B’SI3KOCTI OETOHHOI cyMmimIi Ipy BiOpoeKcTpy3ii:

_ 3pgL Ly (2, cos 29, —sin 2, )t,  pat,
5sin2¢, cos2¢, (L, +L2)(L31’ —L;) C,

3anpornoHoBaHa METOJMKA BU3HAUCHHS B’SI3KOCTI, pa3oM 3 pe3ylibTaTaMu nonepeaHbpoi podortu [7], posmupioe
MOXJIMBOCTI JIOCIIIJIPKEHb PEOJIOTTYHUX BIACTHBOCTEI OETOHHUX CyMilllel B mpoueci BiIOpoeKcTpy3ii pi3HOMaHITHUX
($hi6pobeToHHNX BUPOOIB.

BucHoBkn. Otpumani cnopomeHi (opMymn I po3paxyHKy MaKCHManbHOI MIBHAKOCTI 1 BHUTpaTu
HBIOTOHIBCHKUX PIAWH TPH IX TUIHHI B IPSAMOKYTHHX KaHaJaX MOCTIHHOTO MOMEpeYHOTro repepizy. Popmynu 3pydHi
JUTS TIOJAJIBIIO] MaTeMAaTHIHOT 0OPOOKH 1 HEe MarOTh OOMEKEHb Y 3aCTOCYBaHHI.

PosristHyTO BIUTMB (hOopMH MPSMOKYTHHX Y TIOTIEPEYHOMY TIepepi3i KaHalliB Ha XapaKTep IIMHY HbIOTOHIBCHKHUX
piAMH, Ha MiJCTaBi YOro 3amporoHOBaHI (GOPMYIH IS PO3paxyHKy MpoIecy IUIMHY OETOHHHUX CyMIlIed B
NPaBUWIBHAX YOTHPHUKYTHUX MipaMialbHUX KaHanax IpH BiOpOeKCTpys3ii.

Otpumana ¢opmyia Uit BU3HAYCHHS B I3KOCTI OSTOHHUX CyMIIlIEH, sSIKi 3HaXOASTHCS Mijl BIUIMBOM BiOpauii, 3a
yacoM iX BHTIKaHHsS Yepe3 NpaBWIbHI YOTHPHKYTHI MHipamizaneHi KaHanu. HaBeneHy MeTonMKy po3paxyHKY
B’SI3KOCTI ~ MOXKHA  BHUKOPHCTOBYBAaTH ISl  BU3HAYCHHS  PEOJIOTIYHMX  XapaKTEPHCTHK  OyAb-sIKHX
NICEBJJOHBIOTOHIBCHKUX PiANH.

IlepcreKTUBH MOAAJBIINX JOCHIKEHb. Y IOJANbIIOMY IUIAHYETHCS HPOJOBXKHUTH  JOCIHIIKEHHS
BracTUBocTel (PiOPOOETOHHMX CyMillled Tix BIUIMBOM BiOparmii i eKclepuMeHTaJbHA TIepeBipka OTPHUMAaHUX
aHATITHYHUX PE3yJIbTATIB.
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Andpreiev I A., Pinchuk A. E., Kramar O. V.

VIBROEXTRUSION FLOW OF CONCRETE MIXTURES IN A RIGHT FOUR-CORNER PYRAMIDAL
CHANNEL

The purpose of the research was to obtain calculation formulas for describing the flow of concrete mixtures and
determining their viscosity directly in the process of vibroextrusion in regular quadrangular pyramidal channels.

In solving the flow problems, it was taken into account that concrete mixtures are non-Newtonian systems in the
conditions of a vibration field, and hydrodynamic theories were used to calculate the processes and rheological
characteristics.
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Since the calculation formulas for describing the flow of fluids in a regular quadrangular pyramidal channel are
absent and the channel has a square cross section, an analytical dependence was used to characterize the process,
which describes the flow of a Newtonian fluid in a rectangular channel of constant cross section. The authors
proposed for use simplified formulas for determining the maximum flow rate and flow rate of a Newtonian fluid in a
channel of rectangular cross-section.

The degree of decrease in the flow velocity and the flow rates of a Newtonian fluid in a channel of rectangular cross-
section in comparison with the flow between flat parallel plates are analyzed.

To describe the flow of concrete mixtures in regular quadrangular pyramidal channels, the proposed coefficients for
reducing the speed and flow rate, as well as the existing formulas for the flow between flat symmetric stationary walls,
which converge, were used.

The possibility of using the obtained formula for the flow rate in a regular quadrangular pyramidal channel for
calculating the viscosity of a concrete mixture during vibration extrusion is shown. To simplify the experimental
procedure, a new formula for calculating the viscosity based on the expiration time for a certain amount of concrete
mixture has been proposed.

The formulas obtained are convenient for further mathematical processing and have no restrictions in their
application. The proposed method for determining the viscosity expands the possibilities of studying the rheological
properties of concrete mixtures in the vibroextrusion of fiber-reinforced concrete mixtures.

Keywords: flow of concrete, pyramidal channel, vibroextrusion, fiber-reinforced concrete mixture, viscosity.
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