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NUMHUTAIOUOHHBIE MOJEJIM COITPOTUBJIEHUA ABUKEHUIO
BETOHHOI CMECH B BETOHOBOJE ABTOBETOHOHACOCA

Heas. B coBpeMEHHOM CTPOUTENBCTBE YKJIagKa OCTOHA 3a4acTyIO BBINIOJHSETCS C  ITOMOIIBIO
pacrpeeuTeIbHOT0 000pYI0BaHUS OCTOHOHACOCOB. [IOBHINNICHHE MPOU3BOAMTEIBHOCTH M KadecTBa 3TOrO BUJA
CTPOUTEIBHBIX PA0OT TpeOyeT COBEPIICHCTBOBAHMUS, KaK OETOHOHACOCOB, TAK M MX TEXHOJOTHYECKOW OCHACTKH.
B cocraB ocHacTku OETOHOHACOCOB BXOMSAT CTAHIAAPTU3UPOBAHHBIE OETOHOBOJBI M COCIUHUTEIbHBIC KOJEHA
pamuycoMm 10 2 M. TlepCrieKTHBHBIM HAMpPABICHUEM YIIy4IICHHS OCHACTKHU SIBIISICTCS CHH)KEHHE CONPOTHUBIICHUS
JBIDKEHHIO CMeCH 10 OETOHOBOXY 3a CYET YyBEJIMYEeHHs pajuyca KojeH. Llenbio wuccienoBaHHs SIBISETCS
OTIpeneIeHne 11eNeco00pa3sHOCTH pa3pabOTKW W BHEIPEHHS COSAWHUTEIBHBIX KOJEH paanycoM Oomee 2 M.
Metonuka. Kputepuem 3¢ (HeKTHBHOCTH HCIIOJIB30BaHUS B COCTUHUTEIBHBIX OCTOHOBOIaX KOJICH paguycoM OoJiee
2 M MpPHHATO CHIDKEHHE COINPOTHBICHHS JBWKEHUIO OCTOHHOM cMecH 10 OETOHOBOAY, OOecredyHBaroliee
MOBBIIICHUE MPOU3BOJAUTEIILHOCTH OETOHOHACOCOB. VccienoBaHusl CONMPOTHBIICHUS IBHKCHUIO OCTOHHOW CMECH
B OCTOHOBOJAX BBIMOJIHCHBI HA WMHTAI[HOHHBIX MaTeMAaTHYCCKUX Mojnensix. PesyabraThl. Ha mpemiokeHHBIX
MOJICIISIX BBIITOJHEHBI PACYETHI COMPOTUBIICHHS BIDKCHUIO OCTOHHON CMeCH B OETOHOBOJAX aBTOOETOHOHACOCOB
C TPEXCEKIMOHHOM pacrpeenuTelibHoil crTpenoit. CHIDKEHHE CONMPOTHBICHUS JBMKCHHIO CMECHU MOJIYYEHO ISt
YEThIPEX OCHOBHBIX CXEM MOJIOKEHHUS CEKIMI pacipeeuTeNIbHOM CTpelbl aBToOeTOHOHAacoca. HayuHnasi HOBU3HA.
Pa3paboTanbl [Be UMHUTALMOHHbIE MaTeMaTHYECKUE MOJEIH Ul pacyera yJIelbHOTO CONPOTHBIICHHUS JBHIKCHUIO
OEeTOHHON cMecH B KOJIeHaX OETOHOBOJIOB B 3aBUCHMOCTH OT paauyca kojeH. IlpakTuueckasi 3HAYMMOCTD.
[peasnoxkeHHbIe aBTOPOM HMMHTAIIMOHHBIE MOJIENH MO3BOJISIOT PACCUMTATh YJEIbHOE CONPOTHBICHUE IBHIKCHHUIO
OcTOHAa B KOJICHSIX OETOHOBOZA W OOIIee CONMPOTHBIICHHE ABIXKCHHIO CMECH B OETOHOBOJC aBTOOCTOHOHAcOCa
C TpeMsi CEKIMSAMH pacIpeleIuTeIbHON CTpensl. B mporecce HMCCIeOBaHUS YCTAHOBJICHO YMCHBIICHHUE Ha
10,3=75,5 % conpoTHBICHUS IBIKCHUIO OCTOHA B OCTOHOBOJAE C COCIUHHUTEIEHBIMU KOJICHAMH YBEIWYCHHOTO
pammyca. IlomydeHHBIC peE3yJibTAaThl TOATBEPKIAIOT IEIECOOOPAa3HOCTh IPUMEHEHHS KOJIEH OCTOHOBOJOB
¢ pagmycom Ooree 2 M.

Kniouesvie cnoea: GeroHOHacoc; OeTOHHas CMechb, OCTOHOBOM; BSI3KOCTH, IOABIDKHOCTB; COIPOTHBIICHHE
JIBIDKCHHIO; MaTeMaTHIeCKasi MOJIe/Ib; MMUTAIIMOHHAS MOJICITb

C TOMOIIBIO PACIPEACTUTEIFHOTO 000PYIOBAHUS
Beenenune 0ETOHOHACOCOB OCYIIECTBIISIETCS] HA COTHU METPOB
C BBICOKOH MPOHM3BOJAUTENBHOCTBIO U XOPOILINM
Ka4ecTBOM padoT; COKpAILAIOTCS TPYyAO3aTpathl
U CPOKU CTPOUTEIIHCTBA.

WNHaTeHcudukaiis BBITIOJHEHUS OCTOHHBIX pa-
00T B COBPEMEHHOM CTPOUTEILCTBE HEMBICIMMA
0e3 mpuMeHeHUs] OETOHOHACOCOB. YKIaaka OeToHa
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HccnenoBanuio paboThl OETOHOHACOCOB U JIBH-
KEeHHI0 OeTOHHBIX cMeceil 1o OeToHOBOJIAM
nocBsimeHbl pabotel AnekceeBa C. H. [1], baxe-
HoBa [O. M. [3], Bapnsaesa K. M. [4], Bpexoscko-
ro JI. M. [5], BacunseBa B. M. [6]. IIpousBoau-
TETFHOCTh OCTOHOHACOCOB OMPEACNACTCS TEXHO-
JIOTUYECKUMH TIapaMeTpaMy TpoIiecca TPaHCIIop-
THPOBaHUS OCTOHHBIX CMecel 1Mo TpyOompoBoIamM
[10], pu3uko-MexaHHUYECKUMH CBOWCTBAMH OETOHA
U XapaKTepUCTUKaMH OCHACTKH OETOHOBOIIOB
(mmamerp, JyMHA, paguyc KolieH, Marepuain). [1po-
E€KTHPOBAaHUE COCTAaBOB OETOHA C PAlMOHATHHBIMHU
(U3MKO-MEXaHMUECKUMHU CBOMCTBAMHU PaccMOTpe-
HO B pabotax [11—13]. Peomornueckue xapakrepu-
CTHUKH JBIDKYIIETOCS IO JEHCTBHEM BBICOKOTO
JTABJICHUSI CBEXEro OeTOHA y CTEHKH OETOHOBOJA
aHanm3upywTcs B cratbe Deng Shou-chang
(BFE) [14].

IloBeneHne OETOHHOW CcMecHM TIpH TpaHC-
MOPTUPOBAHUH IO TPYyOKaM C TMOMOIIBI0 OETOHO-
HAaCOCOB ONWCHIBAIOT ypaBHeHueMm llIBemoBa —
bunrama [3], MOIETHPYIOT C HCIIOTH30BAHUEM ME-
TOAA TUCKPETHBIX 3MEMEHTOB [15] u uccnenyroT Ha
IKCIEPUMEHTAIILHBIX CTCH/aX.

®DaKTHUYECKH, aHAIUTUYECKHE H  JKCIECPH-
MEHTaJIbHBIC UCCIICIOBAHNS HAIMIPABJICHBI Ha OIpe-
JIEJICHUEe  CONPOTHBJICHHUA  JIBUKCHHIO CMECH
B OeToHOHacoce U OETOHOBO/IE.

IIpu BEIOOpe THIa OGeToOHOHAcoca MO €ro oc-
HOBHOM XapaKTEPUCTUKE — BEIMYMHE JABICHUS Ha
OCTOHHYIO CMECh, CIIEIYET BBIMOJHUThH PACUeT TO-
TEphb JABJCHUsS TPU JBUKCHUU CMECH O OETOHO-
BOJIY.

ITotepu B TpyOOmpoBOAE P 3aBUCAT OT BEIH-
YHHBI YAETbHBIX COMPOTHUBIICHHN JBYKEHUIO Oe-
TOHHOH cMecH, OOmeld JuiMHBI OETOHOBOIA
Y BEJIUYHHBI €r0 BEPTUKAIBHOTO yYacTKa, & TaKKe
OT MECTHBIX MTOTEPh HAIOPa B MEPEXOTHOM KOHYCE
u KoneHax [13]:

P=APl+P. +0,024h,

rae AP — yAenbHOE CONPOTHUBIICHHE TBUKEHHIO
OeToHHOI cMecH Ha | M TOPU30HTAIBHOTO yYacTKa
oeronoBoga, MIla/m; [ — obmas minHa OeTOHO-
BOJa, M; P. — MeCTHbIe NOTepU Hamopa B Iepe-
XOHOM KOHyC€ W KoJeHax OeToHoBoma, MIlla;
0,024 1 — motepu Hamopa, paBHbIE BEIIMYWHE TH/I-
POCTaTHYECKOTO JaBIeHHUs] OETOHHOW CMECH 00B-
eMHOU Maccoit paBHOU 2 400 Kr/M Ha BEpTHKAIIb-
HOM y4acTke O€TOHOBOaA BeIcOTOH £ M, Mlla.

ean

C 1uenplo ompeaeneHHs LenecooOpa3HOCTH
BHE/IPEHUS! B KOMIUIEKT OCHACTKH aBTOOETOHOHA-
COCOB KOJIEH paauycoMm Oojiee 2 M, ObUTM BBIIIOJ-
HEHBI PAacdeThl CONPOTUBIICHUS ABHKEHUIO CMECH
CO IITAaTHBIMU KOJICHAMH paanyCoM 2 M U KOM-
IUIEKTOM IpeAJiaraeMbIX KOJIEH C PaguycoM OoJib-
UM 2 M A 4eThIPEX BO3MOXKHBIX IOJI0XKEHUH
CEeKIMI pacTpeleNuTeNIbHON CTPeibl aBTOOETOHO-
Hacoca (puc. 1).

Crewa moxaulux nanoXexs Cexuii posnodnskoi
cmpeny abmodemoroHacoca

Puc. 1. CxeMbI BO3MOXHBIX MTOJIOKEHUN CEKIINHA
pacIpeIeuTeNEHON CTPENbl aBTOOSTOHOHACOCA

Fig. 1. Possible positions scheme of the distributior
boom sections in a concrete pump

MeTtoanka

HccnenoBanne 3aBUCHMOCTH CONPOTHBIICHUS
JIBIDKEHUIO OCTOHHON CMeCH MO KOJIeHy OeTOHO-
BOJa OT Paauyca KOJICH BBIIIOJHEHO Ha HECKOJIb-
KHX MMHUTALMOHHBIX MOIelssX B maxkere Simulink
[8,9] cuctemst MATLAB [7].

Pe3yabTathel

HMuTariionHasi MOJENIb CONPOTUBIICHHS JIBHU-
JKEHUIO OCTOHHON CMECH 10 KOJICHY OETOHOBOJA
(puc. 2), anmpoKCUMHPOBAHHAs IMOKa3aTeIbHOU
¢byaknuerr [2] TMO3BOJSET TONYYHTH TAOIHITY
YACTbHBIX 3HAYCHUN TaJICHUS JaBJICHUS B KOJCHE
B 3aBUCHMOCTH OT €ro paaudyca MpH CKOPOCTH
nBmkeHus cmecu 0,5 m/c.
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Puc. 2. UMuTanmoHnHas Mojieib pacyera
yAEJIbHBIX 3HAYEHUH MaJeHUsl 1aBJICHU
B KOJICHE B 3aBUCHMOCTH OT €r0 pajinyca

Fig. 2. A simulation model for calculating
the specific values of the pressure drop
in the knee depending on its radius

Crnenyromas MMUTAIMOHHAA MOJENb COIPO-
TUBJICHUSI BIDKEHHIO OCTOHHOM CMECH TI0 KOJIEHY
OeroHoBoza (pHc. 3), MO3BOJSET BU3YaIH3UPOBATh
pe3yibTaThl HCCIEAOBAaHWN B BHUAE TpaduUKOB
V/ACNbHBIX 3HAYCHUH TaJIcHHs JaBJICHHUS B KOJICHE
B 3aBUCHMOCTH OT €ro paauyca INpH CKOPOCTH
nBmkenus cmecu 0,5; 1 1 2 m/c.

Puc. 3. UMuTanmoHHass MOJIeTb M pacueTHbIe rpaduKu
Y/IeNbHbIX 3HAYCHUIT Ma/ICHUs] IaBIICHHS B KOJICHE
B 3aBHCUMOCTH OT €ro pajuyca

Fig. 3. The simulation model and design graphs
of specific values of pressure drops in the knee
depending on its radius

Hccnenoanne 0OIIET0 COMPOTHUBIICHUS JIBU-
JKEHUIO OETOHHOW CMecH 10 OETOHOBOJY CO IITAT-
HBIMU W  HOBBIMH  KOJIGHAMH  TIPOBEIECHO
C MOMOUIBI0 MAaCKMPOBaHHON MMHTAIIMOHHOW MO-
nemu (puc. 4). Ilog mMackoll «koJieHay HaXOAATCS
AMUTAIMOHHBIC TIOJCUCTEMBI ITOJIMHOMHAIIEHON

(puc. 5) wim mokazaTenbHON (puc. 6) GyHKINN
pacueTa CONPOTUBJICHUN B KOJIEHaX OCTOHOBOIA;
MOJT MAaCKOH «IaKeT TPyO» — yAEeIbHOE COMPOTUB-
JICHUE JBMKCHHIO OCTOHHOW CMECH TOPU3OHTAIIb-
HOT'O ydYacTKa OETOHOBOJIA; ITOJ MACKOW «COCY]
JKUJIKOCTHY — TIOTEPU THAPOCTATHYECKOrO JIaBjie-
HUsI OETOHHO# cMecH Ha 1 M BEpPTHKAJIBHOTO y4a-
cTKa 6eTOHOBOA.

>
N Subsystem

o (

Yron:

Yrant

Subsystem1

Puc. 4. UmMuTanmoHHast MOJIeTh pacdyeTa
COTIPOTHUBIICHUS IBIKEHUIO CMECH B OETOHOBO/IE
C TPEXCEKLIMOHHOM pacnpeeuTeIbHOW CTpeIon

Fig. 4. A simulation model for calculating
the resistance to concrete movement in a concrete
conveying pipe with a three-section
of the distributor boom

Math
Fundtion

0.02884

Constant

Puc. 5. [Toncucrema pacuera conpoTUBIEHUIT
B KOJICHaX 110 HOJIMHOMUAIBEHOH (DYHKLIUH

Fig. 5. Subsystem of resistances calculation
in the knees by a polynomial function
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Puc. 6. [Toncucrema pacuera CONpOTUBIECHUIH
B KOJIEHaX 110 MOKa3aTelIbHOM (QyHKIUH

Fig. 6. Subsystem of resistances calculation
in the knees by the exponential function

PesynbraTel pacuera CONpPOTUBICHUS BHKE-
HUIO CMECH B OETOHOBOJIE C TPEXCEKIIMOHHOW pac-
MPEACTUTENPHON CTPEIOW CBEACHBI B TaOIHITY
Y BU3yaJIM3UPOBAHBI qUarpaMMmamu (puc. 7).

Tabnuna 1

ITapameTpbl 0€TOHOBOIA H COMPOTHBJICHNE
JBHIKEHUIO CMECH B 0€TOHOBO/IE

Table 1

Parameters of the concrete conveying pipe
and resistance to concrete movement
in a concrete conveying pipe

Ne cexnuu crpessl

No 1 2 3
CXEMBI R1 i (P10 L1 ’ R2 , (on L2 ’ L3 i
M M M M M
1 mrar. | 2 |46 |64 | 2 |47 |79 |74
HoBas | 12,5 | 92 1 00 0 0 2
2 mrar. | 2 1,7 2 34 |67
123 92
HoBast | 2,5 0,75 2,5 1,95] 6,2
3 mTar. | 2 4,9 7,4
82 ) 0 8,8
HOBasi | © 1,4 3,9
4 LITar. 2 6,8 | 6,5
o 06,7 87
HOBas 6 3 2,6

Oxonyanue tabm. 1

End of table 1

N9 h > M })uon( 4 MHa I)uou s MHa
cxXemMu
1 IITAT. 0,686 0,678
3,5
HOBast 0,168 -
2 IITAT. 05 0,641 0,623
HOBas ’ 0,575 0,564
3 LITaT. 10 0,82 0,813
HOBas 0,631 0,7
4 LITaT. 19 1,012 1,05
HOBas 0,804 0,878

Haquaﬂ HOBHU3HA U MPAKTHYECCKasA
3HAYUMOCTDH

PaSpa6OTaHBI UMUTAIIMOHHBIC MaTCMAaTUYCCKHEC
MoACIn IJid pacdeTa YACJIbHOTO COIMPOTUBJICHUA
JABHXCHHUIO OCTOHHOI cMecu B KOJeHaX 0ETOHOBO-
J0B B 3aBUCHMOCTH OT paJuyca KOJICH.

I
)

1,012

[

0,82 0,804

o
3

0686 0,641 0,631
0,575

o
o

o
S

0,168

o
)

COTCO-E@IMISO RhOSE OISF (BOE 2=
o

1 2 3 4 Ne cxembl

LLITaTHWIt KOMNAEKT KOoNEeH HoBblii KOMNNEKT KoNeH

Puc. 7. lnarpaMmbl IOTEPH NaBICHUS
B OE€TOHOBOJE

Fig. 7. Graphs of pressure loss in concrete
conveying pipe

Anamu3 nuarpamm (cM. puc. 7) MOKa3bIBaeT
CHIDKEHHE TIOTEeph JaBJieHHsS B OETOHOBOJE C KO-
JIeHaMH YBEJIMYEHHOTO pajuyca IO CPaBHEHHIO
C TOTEph JIABJICHUS B OCTOHOBOJEC CO INTATHBIMU
KOJICHAMH €amMoro OOJbIIOro — 2-METPOBOTO pa-
nryca. CHIDKEHHE TTOTeph AaBJICHUS B O€TOHOBOIE
C KOJICHaMU YBEIIMYCHHOTO Pauyca JUIs YEThIPEeX
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CXEM TIOJIOKEHHM pachpeleuTeIbHOW CTpebl
COCTAaBJISIIOT:

— 1o nepBoit cxeme — 75,5 %;

— 1o Bropoii cxeme — 10,3 %;

— 1o TpeTheit cxeme — 23 %;

— 1o yeTBeproit cxeme— 20,5 %.

CHmXeHne ToTeph JaBIIEHUS B OETOHOBOE
of0ecniedunBaeT yIy4llIeHHWE OKCILTyaTal[MOHHBIX
XapaKTePUCTUK aBTOOETOHOHACOCOB, TOBHIIIACTCS
MPOU3BOAUTEIBHOCT, W CHIXKAeTcs cebecTou-
MOCTb YKJIaJIKi OETOHHBIX CMECEeH.

IlonmyueHHble pe3ysibTaThl UCCIECIOBAHUI 3aBU-
CHUMOCTH COTIPOTUBJICHHS JIBHKCHHIO CMECH OeTO-
Ha 10 OETOHOBOY MO3BOJISIOT MPEUIOKHUTH K BHE-
JIPEHUIO0 B DKCIUTyaTallMi0 Ha aBTOOETOHOHAacocax
pacCIIMPEeHHBIA KOMIUIEKT KOJIeH OETOHOBOJIA C pa-
nuycamu 2,5—12 m.

BriBoabI

1. TlocTpoeHbl MMHTALMOHHBIE MOZEIH, OII-
pelessonre yACIbHOE CONPOTUBIICHHE JIBHKE-
HUIO OETOHA B KOJICHAX OETOHOBOJIA.

2. TloctpoeHsl WMHUTAIMOHHBIE MOJENH, OI-
peleIsIoe CONPOTUBIICHUE ABHXEHUIO OeToHa
B 0OeToHOBOAEe aBTOOETOHOHAcoca C TpeMs CeK-
[USMH PacTIPeAeTUTETLHON CTPEIHI.

3. HccnenoBaHo CONMPOTHBIIEHHE JBUKEHUIO
OeroHa B OETOHOBOJIE aBTOOETOHOHACOCA C TPEMSI
CEKIIUSIMHU paclpeieTUTeTbHON CTPENsl CO IMITaT-
HBIMHU ¥ HOBBIMHU KOJICHAMU YBEJIHUUECHHOTO PaUy-
ca.

4. llenecooOpa3HO pacHIMPUTL  IITATHBIN
KOMIUIEKT COEIMHUTENbHBIX KOJEeH OeTOHOBOIA,
TaK Kak JUIsl YeThIPEX OCHOBHBIX BO3MOXHBIX CXEM
TIOJIO’KEHUS pacIpeieTUTeNIbHON CTpeNbl aBToOe-
TOHOHAcOCa C KOJICHaMHU YBEIHMYEHHOTO pajmyca
ycTaHOBJIICHO yMeHbIeHue Ha 10,3—75,5 % co-
MPOTHBJICHUS IBUKEHUIO O€TOHA B OETOHOBOJE.
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IMITAIIIAHI MOJEJII OIIOPY PYXY BETOHHOI CYMIIII
B BETOHOBO/I ABTOBETOHOHACOCA

Mera. Y cydacHOMY OymiBHUITBI yKJIagaHHS OE€TOHY HaW9acTillle BAKOHYETHCS 32 JTOTIOMOTOI0 PO3MOIITEHOTO
obnamHanHs OeToHOHAcociB. IlimBHUINEHHS NMPOMYKTHBHOCTI Ta SKOCTI IIbOTO BHAY OYyIiBEIFHUX pOOIT BUMAarae
BJIOCKOHAJICHHS, IK OETOHOHACOCIB, TaK 1 X TEXHOIOTiYHOI OcHACTKH. Jlo CKiTagy OCHACTKH OETOHOHACOCIB BXOIATH
CTaHJApTU30BaHI OETOHOBOAM Ta CHOJYYHI KOJiHA paaiycoM A0 2 M. IlepCneKTHBHUM HAmpsiMOM MOJINIIECHHS
OCHAaCTKH € 3HIDKCHHS OIOpYy PyXy CyMimii mo OETOHOBOIY 3a PaxyHOK 30UTBIIEHHS paaiycy KouiH. Meroro
JIOCIII/DKEHHSI € BHU3HAYEHHS JOLUIHLHOCTI pO3POOKHM Ta BIPOBAKEHHS CIOJIYYHHMX KOJIH pajaiycoM Oinblie 2 M.
Metoauka. Kpurepiem eheKTHBHOCTI BUKOPHCTaHHS B CIIOJNyYCHHSIX OCTOHOBOAIB KOJIH pajiycoMm Oumbiie 2 M
NPUIHATO 3HMKEHHs ONOpY pyXy OeTOHHOI cymilli o OETOHOBOAY, 110 3a0e3neuye MiABUIIEHHS TPOJYKTHBHOCTI
OeroHoHacociB. JlochipkeHHs oOmopy pyxy OeToHHOI cywimi B OETOHOBOJAX BHUKOHAaHI Ha IMITAIllfHUX
MaTeMaTHYHUX Mozeisix. PesyabTaTu. Ha 3anpornoHoBaHNX MOAENSIX BUKOHAHI PO3paxyHKH OIOPY pyXy OeTOHHOI
cyMimi 1o OGEeTOHOBOIY aBTOOETOHOHAcOCAa 3 TPHOXCEKIIMHOIO PO3MOIIIBLHOI0 CTPLIOI0. 3HMKEHHS OIOpYy PyXy
CyMIllli OTPUMAHO JJIS YOTHPHOX OCHOBHHX CXEM IIOJIOKEHHS CEKIiH PO3MOAUIBHOI CTpiin aBTOOETOHOHAcOCA.
HaykoBa nHoBmu3Ha. Po3poOieHo ABi imMiTamiiHI MaTeMaTH9HI MOJENI U1 PO3PaXyHKY ITHTOMOTO OIOpPY PyXy
OeToHHOT cyMmimi B KOJiHaX OETOHOBOAIB B 3aJeKHOCTI Bim paxmiyca komiH. IIpakTH4Ha 3HAYHMICTD.
3anpornoHoBaHi aBTOPOM IMITamiiHI MOAETI JO3BOJIIIOTH PO3PaxyBaTH MUTOMHM omip pyXy OETOHy B KONiHAaX
06eToHOBOMA Ta 3arajbHUU OMip PyXy cymimr B OETOHOBOAI aBTOOETOHOHAcOCa 3 TPHOMa CEKIISMH PO3IMOILTBHOT
cTpimu. Y mpoueci JOCHIIKeHHS BCTaHOBJIEHO 3MeHmeHHs Ha 10,3—75,5 % omopy pyxy OeToHy B OeTOHOBOAI 3i
3'¢/IHyBalbHUMU  KOJIiIHAMHU ~ 30UIbIIeHOro pajiycy. Otpumani pe3ynbTaTd  HiITBEPIUKYIOTH  JOLIIBHICTH
3aCTOCYBaHHS KOJIiH OETOHOBOJIIB 13 pajilycoM Oinblie 2 M.

Knrouosi cnosa: 6erononacoc; 6eToHHa CyMill; OETOHOBOJ; B SA3KICTh; PyXJIHMBICTB; OMIp PyXy; MaTeMaTHYHA
MOJIeNTb; iMiTallifiHa MOJEIb
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SIMULATION MODELS OF RESISTANCE TO CONCRETE
MOVEMENT IN THE CONCRETE CONVEYING PIPE
OF THE AUTOCONCRETE PUMP

Purpose. In modern construction the placing of concrete is often performed using distribution equipment of
concrete pumps. Increase of productivity and quality of this construction work requires improvement of both con-
crete pumps and their tooling. The concrete pumps tooling consists of standardized concrete conveying pipes and
connector bends radius of up to 2 m. A promising direction of tooling improvement is the reduce of resistance to
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movement of the concrete in the concrete conveying pipe by increasing the radius of the bend. The aim of this study
is to determine the feasibility of developing and implementing connector bends with radius greater than 2 m.
Methodology. The criterion of efficiency in using bends with radius of more than 2 m in connector concrete pipes is
reduction of resistance to movement of the concrete, enhancing the productivity of concrete pumps. Studies of resis-
tance to movement of concrete in the concrete conveying pipe are performed on the mathematical simulations.
Findings. On the proposed models are calculated the resistance to movement of concrete in the concrete conveying
pipe of the autoconcrete pump with a three-section distribution boom. Reduction of the resistance to concrete
movement was obtained for the four major sections of the provisions of the distribution boom in the autoconcrete
pump. Originality. Two mathematical simulations were developed to calculate the resistivity to concrete movement
in the bends of concrete conveying pipe depending on the radius of the bend. Practical value. The proposed by the
author simulations allow us to calculate resistivity to the concrete movement in the concrete conveying pipe and
general resistance to the concrete movement in the concrete pipe of the autoconcrete pump with three sections of the
distribution boom. The study found a decrease of 10.3—75.5% of the resistance to concrete movement in the con-
crete conveying pipe with connector bends of an increased radius. These results confirm the usefulness of the bends
application in the concrete conveying pipe with a radius of more than 2 m.

Keywords: concrete pump; concrete; concrete conveying pipe; viscosity; agility; resistance to movement;
mathematical model; simulation
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