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COBEPHIEHCTBOBAHMUE TEXHOJIOTUU BETOHHLIX PABOT

Ananmu3 (QakTOpOB CTPOUTEIHHOTO TMPOU3BOJCTBA IOKa3ald, 4dYTO B
COBPEMEHHOM CTPOUTEIBCTBE IPU BO3BEAECHUM 3/JaHUI U COOPYKEHUI MOHOJIUTHBIE
TEXHOJIOTUM SIBIISIIOTCSL Hauboiiee 1enecooOpa3HbIMM MO MHOTHM KPUTEPHUSIM.
OnHUM M3 KOTOPBIX SIBISIETCS KOMIAKTHOCTb CKJIAJICKOTO XO3SIMCTBA, YTO Ba)KHO
IpU CTECHEHHOCTU CTPOUTENbHOM miomanku. CTpouTelbHblE MUIOMIAJAKU 4YacTo
pacrnoyiaraloTcsi B T'yCTOHACENEHHBIX paiioHaxX, YTO 3a4acTylO0 COIPOBOXKIAETCS
HEXBaTKOM  CBOOOJHOTO  TPOCTpPAaHCTBA  JJis  CKJIAJUMPOBaHUS  COOPHBIX
CTPOUTENBHBIX KOHCTPYKUHUHU, AJISI KOTOPHIX HEOOXOAUMBI OOJbIINE MPOE3/bl MPU
TpaHcnopTupoBke. [103TOMy B YCIOBHSIX CTECHEHHOCTHM COOpHBIE TEXHOJOTUU
BO3BEACHUA 3[JaHUl Majgo0 NPUMEHHUMbl IO CPAaBHEHHID MOHOJIUTHBIM
CTpOUTENLCTBOM. [l03TOMY JaHHas cTaThsl MOCBAIIEHA COBEPILICHCTBOBAHUIO
METO/IOB OETOHUPOBAHUS TPU BO3BEJACHUM MOHOJMTHBIX 3/1aHUA. ABTOPBI
IpeaaraloT KCIOIb30BaTh IIAXTHbIE MOABEMHUKHA B TEXHOJOTMH MOHOJMTHOTO

CTPOUTENHCTBA, a TAKKE MPOBOJSAT CPABHUTEIbHBIA aHATU3 PA3TUYHBIX CIIOCOOOB
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BEPTUKAILHON TPAHCIIOPTUPOBKU OETOHHOUW CMecH TMpH BO3BeAeHUU 31anuid. [1pu
CpPaBHEHUU CTPOUTEIHHBIX TEXHOJIOTUN UCTIONB3YETCS METO]T IKCIIEPTHBIX OIEHOK.
MeToa: 3KCIEpTHON OLICHKU
KioueBble  cj10Ba:  CTECHEHHOCTh  CTPOUTEIBCTBA,  MOHOJHUTHBIC
TEXHOJIOTUH, METOJbl OCTOHUPOBAHWS, IIAXTHBIH TOJXBEMHUK, OETOHOHACOC,
CTPOUTETLHBIN KpaH, pacrpeaeauTenbHas CTpelia, CpaBHEHNE, METO]T SKCIIEPTHON
OLICHKH, Pe3yJIbTaT, aHAJU3.

An analysis of construction production factors has shown that in modern
construction, when constructing buildings and structures, monolithic technologies
are the most appropriate according to many criteria. One of which is the
compactness of the warehouse facilities, which is important when the construction
site is cramped. Construction sites are often located in densely populated areas,
which often leads to a lack of free space for storing prefabricated building
structures, which require large passages for transportation. Therefore, in confined
spaces, precast building construction technologies are less applicable than
monolithic construction. Therefore, this article i1s devoted to improving concreting
methods for monolithic building construction. The authors propose the use of shaft
hoists in monolithic construction technology and also conduct a comparative
analysis of various methods of vertical transportation of concrete mix during
building construction. Expert assessments are used to compare construction
technologies.

Method: expert assessment

Keywords: Building construction constraints, monolithic technologies,
concreting methods, mine hoist, concrete pump, construction crane, distribution

boom, comparison, expert assessment method, result, analysis.

BHemHsAs CTECHEHHOCTh SABJISIETCS NPUYMHOW OTPAaHMYEHHOCTH BHYTpU

CTpOHTCHBHOﬁ IIomaaky € NEpeMEIiCHUEM U XPaHCHUEM MATCPUAJIOB, 4 TAKIKEC C



pa3MEIEHUEeM CTPOUTEILHOTO O000pYy/IOBaHUS, OCOOEHHO KpaHOB, YTO HMEET
NEPBOCTEIIEHHOE 3HAYEHHE JIJIsI CTPOUTENbCTBA [ 1-4].

B kadectBe mpenmera wuccleqOBaHUS HAMH PAaCCMATPUBAIOTCS CIOCOOBI
IPOM3BOJICTBA PAOOT TPHU BO3BEICHUM MOHOJUTHBIX KOHCTPYKIIMHA 3IaHUNA B
CTECHEHHBIX  ycJoBUsAX. (COBEPIICHCTBOBAHUE TEXHOJOTMU  BEPTUKAIBLHOU
TPAHCIIOPTUPOBKHU OETOHHOW CMECHU ITPU BO3BEICHUU MOHOJIMTHBIX 3IaHUMN CIYKUT
TJIABHOM LEJIBIO UCCIENOBAHUS.

[Touck panuoHanbHBIX OO0JACTEd NPUMEHEHHS] Pa3JIMYHBIX CIOCO0OB
BEPTUKAIBLHON TPaHCHOPTUPOBKU OETOHHOW CMECH M PACCMOTPEHHE MEPCIEKTUBbI
WCIIOJIb30BAHUS IIAXTHOTO MOJABEMHHMKA TNPU BO3BEICHUUA MOHOJIMTHBIX 3JaHUN
paccMaTpHUBAIOTCS KaK OCHOBHBIE 3a/1a4H MCCIIEIOBAHUS.

CoBEpIIEHCTBOBAHUE TEXHOJIOTUH BEPTUKAJIBHOTO TPAHCIOPTUPOBAHMS
OCTOHHON CMECH MPU CTPOUTEIILCTBE MOHOJUTHBIX KOHCTPYKIUU TpPEACTaBiseT
co0Ol OAHO U3 NEPCIEKTUBHBIX HAIMpPaBICHUN MOBBIMICHUS S()PEKTUBHOCTH
OCTOHHBIX pPA0OT, HECMOTPA Ha pa3HOOOpa3ue CYIIECTBYIOIIMX METOOB
BO3BEACHUSA MOHOJIUTHBIX COOpY>KEHUH, Npearaercsi  pacCMOTPETh
UCIIOJIb30BaHUE IIAXTHOTO MOJBbEMHHUKA, OCHAIIEHHOI'O MOABEMHOM TOJIOBKOM C
pacupeaenuTeNbHON CTPENION, 3aKPEIUICHHOW Ha paMHOW KOHCTpyKuuu. K atoi
CTpeJie MOABOAUTCS OETOHOBOJ OT CTAllMOHAPHOTO OETOHOHACOCA.

[IaxTHBIN TOIBEMHUK PEKOMEHIYETCS YCTAaHABIMBATh JTMOO B CHEIUATBHO
OCTABJICHHBIX MPOEMax MEXITAKHBIX MEPEKPHITUH, OO0 B JUPTOBOM IIaxTe

cTposierocs 3nanus. (puc.1.).
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Puc. 1. IIlaxTHBIM NOABEMHHK C CAMOTIOABEMHON T'OJIOBKOM U PacClpeeIUTEIbHON

CTpGJ’IOﬁ IIPpHU BO3BCACHUN MOHOJIMTHOI'O BBICOTHOI'O 3/1aHH:

1 — camomnoabeMHas TOJIOBKA; 2 —pacnpeAenuTeNbHas cTpena; 3 — cOOpHO-
paz0opHas mUTOBas onantyOka cTeH; 4 — coOupaeMblil U3 TpPyOUaThIX AIEMEHTOB

MHOTOKJICTOYHBIN MIAXTHEIA NOABEMHUK; 5 — 0eTOHOBOI; 6 —OeTOHOHAcOC; 7—
)KeJie300€TOHHAs MOHOJIUTHAS CTECHA; 8—KeJIe300€TOHHOE MOHOJIUTHOE

nepeKpeITre; 9— HaTsHKHAS My(PTa IIEHTPOBOYHOTO Tpoca; 10— crepkHu

BEPTUKAJIBLHON apMaTyphl CTeH; 11— KileTh moabeMa Jto1eil U TPy30B.

[IpennoxkeHHbId METOJI CTPOUTEIbCTBA MOHOJIMTHBIX 3JaHMHM OCHOBaH Ha
UCIOJB30BAHUU IIIAXTHOTO

MOABEMHUKA C pacupeAeauTeNIbHON

CTpENon,
W3HAYAJIbHO pa3pabOTaHHOTO JJIsi MOHTaXXa MOHOJUTHBIX JKEJI€300€TOHHBIX



JBIMOBBIX Tpy0. DTa TexHosnorus 3ppeKTuBHa MPU COOPYKEHUU 3/1aHuil Ooee 25
STaXKeu.

[Ipouecc HapamuBaHWs INAXTHOTO MOABEMHHMKA BKIIFOYAE€T MOHTAX CTOEK,
pUresnen, packoCOB M HAIPABISIOIMX JUISL IBUKECHUS KIETEH, C MOCIEAYIOLIEH
BBIBEPKOH y>K€ YCTAaHOBJIEHHOM YaCTH KOHCTPYKIIMH U OKOHUYATENbHOHN (huKcanuen
OOJITOBBIX COEAMHEHUN. BHYTpH 1IaXTHOW sSYEUKU NPEAYCMOTPEHO pa3MEICHHE
NEPEXOAHBIX IUIOMAJOK M YCTAHOBKA JIECTHHMI. OJTH pPaOOThl BBINOJHAKOTCS
Opurazoil TpyOOoKIa10B-0ETOHIIMKOB B COCTABE JIBYX CHELUAIUCTOB 5-T0O paspsa
U oJHOro creuuanucta 4-ro paspsga. C ydeToMm mojayu COOPHBIX 3JIEMEHTOB
HEMOCPEJICTBEHHO K MECTy MOHTaXa, Ha COOpPKYy OJHOIo sipyca IMOAbEMHHUKA
Tpedyercs He 0oJiee ABYX YacoB.

[Ipu cTpouTenbCTBE OUEPEAHOTO 3Ta)ka 3/1aHWs PAOOTHI BBIMOJHSIOTCS B
CHEAYIOLIEN MOCIEA0BATEIbHOCTH:

- YBEJIMYEHUE  BBICOTHI  IIAXTHOTO  MOABEMHHKA HAa  YPOBEHb,
COOTBETCTBYIOIINH ITAXKY;

- MEPEMENIEHUE CAMOINOIbEMHON TOJOBKHM IO IIAXTHOMY NOJBEMHUKY Ha
BBICOTY 3TaXa;

- YITIMHEHHE BEPTUKAJIbHOTO OETOHOBO/IA;

- mojadya OCTOHHOM CMeCHM B 3apaHee YCTAaHOBJICHHYIO OIAIyOKy
MEXITAXKHOTO IEPEKPBITUS C IOMOUIBIO PACIPEAETUTEIIBHON CTPEIIBI;

- TEXHOJIOTMUECKUN MepephIB JIJIs YX0/1a 32 TBEPACIOLIUM OETOHOM;

- MOHTaK apMAaTyphl U YCTAHOBKA ONMAyOKH CTEH;

- mojjaua OETOHHOW CMECH B ONAyOKY CTEH € IIOMOIIBIO PACIIPEAECTUTENBHOM
CTpEJIbI;

- TEXHOJIOTMYECKUH TMEepepbIB, CBSI3aHHBIM C YXOJOM 3a TBEPICIOLIUM
OETOHOM.

B mpouecce yBennueHHs BBICOTHI IIAXTHOTO MOABEMHUKA IMPOBOJUTCS €rO0
LEHTPOBKA C UCIOJb30BAHUEM TPOCOB U HATSKHBIX MY(T 110 oTBecy. Jist pukcanun
TOHKOTO TpOcCa OTBEca MCHOJIb3YETCAd KpEIIEHHE B IEHTPE BEpPXHEW YacTu

[IAXTHOTO MOJAbEMHHKA. BepTUKaIbHbIN CTaTbHON CTEp’KEHb, 3a0€TOHUPOBAHHBIN



B (yHIaMEHTHOW IJIUTE, CIYKUT HAMPABISIONIMM AJIEMEHTOM JJisi YCTaHOBKH
orBeca. BMecCTO KIIaCCMYEeCKOro OTBECa MOXKET IPUMEHATHCS  JIA3€pHOE
obopyaoBaHue.

HaunbGonpmelr 3(p¢peKTUBHOCTEI0O B MOHOJIMTHOM CTPOHUTEILCTBE 3aHUI
OTJIMYAETCS MIAXTHBIN NOIbEMHUK C stueiikamu pazmepoM 900 mm. CTOWKH 3TOro
[0Ib€MHHKA U3rOTABIUBAOTCA U3 TPYO auameTpoM 60 MM M TOIILMHON CTEHKH 5,5
MM, a PUTEJIH U PACKOCHI — U3 TpyO auaMeTrpom 40 MM ¢ TONIIUHON CTEHKH 4 MM.

VYuuTeiBass mapamMeTpbl JOCTYIIHBIX Ha pbIHKE OETOHOHACOCOB H
pacrpenenuTeabHbIX CTpeJL, 3aIUIAHUPOBAHO JOCTHKEHNE CMEHHOU
POU3BOIUTENIbHOCTH OeToHupoBaHus He MeHee 800 m* Ha paccrosiHuu 10 50 M B
TOPU30HTAJIBLHOM HampaBieHud. CTaHIapTHBIN JTUaMeTp OETOHOBOAA COCTABIISET
125 mm.

Hcnonb3oBanue OameHHOro KpaHa ¢ 0aabeld WM HEMOABUKHBIM OyHKEPOM
JUIsl BEPTUKAJIBHOW TOJayu OeTOHA XapaKTEepPHU3yeTCs HU3KOW HHTEHCUBHOCTBIO,
OTPaHUYECHHOW NMPUMEPHO 27 M? CMECH 32 CMEHY.

JIns1 yCKOpEHUs MOHOJIUTHOTO CTPOUTENIBCTBA 3IaHUM CPEHEN BBICOTHOCTH,
OCOOGHHO Ha OrpPaHUYEHHBIX  CTPOUTENBHBIX  IUIOMIAJKAX, MPUMEHSIOT
CTallIOHapHbIE O€TOHOHACOCHI U pa3HOOOpa3HbIE BUIbI pACIPEAEIUTEIbHBIX CTPEIL:

- CTpeJia Ha paMHOM OIopE;

- cTpesa Ha OareHHoM TpyOuaToil onope;

- cTpesa Ha OalleHHOM perieTyaToi onope;

- CTpeJia Ha PELIEeTYaTON ONope C OJHOU WIIM IBYMSI KOHCOJISIMU.

[IpoBenena  MHOTrOKpHUTEpUajbHas  SKCIIEpTHAs  OLEHKa  METO/OB
BEPTUKAIBHON TMOAaun OCTOHHOM CMeCH Ui OmpefeleHus obiiacTeld ux
HauOonbieh 3 PexTuBHOCTU. Pe3ynbTaThl aHaTM3a NPEICTaBIeHBI B Ta0. 1.

Tabnuna 1
Pe3ynbTarhl 3KCIEPTHON OLIEHKH BEPTUKAIBHON TPAHCIIOPTUPOBKU OETOHHOM
CMECH CTPOUTEILHBIM KPAaHOM B 0aib€ U OETOHOHACOCOM C YCTaHOBKOM

pacrnpeenuTeIbHON CTPEbl Ha Pa3IMUHbBIX BUAX OIOP



DKcrnepTHasl OLIEHKa KPUTEPHs

Kpan
PacnpenenurenbHas cTpenia ¢ pa3indHbIMU
CTPOUTENBH
BUJIAMU OTIOP
BIN
No
Kpurepuit Omnop | Kpan
1/ Pamu
Crpe | bame | ABTO Tpy6Ou | Pemer |ac C
ast
I JIOBO | HHBI | MOOH aras yaTtas | KOHC | OeToH
orop
171 71 JIb oropa | omopa | OJiiM | OBOAO
a
u M
1 | YcroiuuBocTt 6 9 10 6 8 8 9 9
b
2 | MoOuiIbLHOCTD 8 4 10 6 5 4 4 4
3 | BricoTa 7 10 5 7 6 7 8 8
nogayu
OeTOHHOI
cMecH
4 | HapamuBaeM 7 10 7 4 7 7 8 8
OCTbH BBIIIKHA
5 | MakcumanbH 7 10 7 6 7 7 7 8
BIN BBIJIET
CTpeIbl
6 | [Toxpem 8 10 1 1 1 1 3 7
rpy3a
7 | Hannuue 1 1 10 10 10 10 10 8
X0JIOCTOT'O
xXoJ1a
8 | HeoOxomgumoc | 10 10 10 1 7 7 7 10
Tb




MepeCTaHOBKH

KpaHOM

Hroro 54 64 60 41 51 51 56 62

Cnoco® BepTUKAJIbHOW TPAHCIOPTUPOBKU OETOHHOM CMECH MpH MOMOIIH
CTPOUTENFHOTO KpaHa Haubosee npuemsieM npu OETOHUPOBAHUM CTEH, C MaJIbIMU
o0beMaMu OETOHHOM CMECH, MOTOMY UTO Majasi CKOpOCTh 0koJio 20 M B MUHYTY U
HaJIMYME XOJIOCTOrO XOJa KPIOKAa KpaHa CHUXKAET €ro MPOU3BOJIUTEIBHOCTh MpPU
nojaye OCTOHHOW cMecH Ha BbICOTY Oosiee 40 M M COOTBETCTBEHHO CHUKAETCS
UHTEHCUBHOCTh OETOHMPOBAHUS.

BeprukanbHas TpaHCHOPTUPOBKAa OETOHHOW CMECH aBTOOETOHOHACOCAMH,
000pYIOBAaHHBIMHU pacIpe/leTuTeNbHOM cTpenoi, Haubonee 3¢ (deKTUBHA MpHU
BbIcOTe Togaun 10 40 m. [l momaum GeToHHOM cMecH Ha BbIcoTy Oosee 40 M
IPUMEHSIETCS CTallMOHAPHBIM OETOHOHACOC U paclpeeUTeNbHasl cTela ¢ OIOpPon
B BUJI€ paMbl, IepecTapisieMasi OallleHHbIM KPaHOM.

Bri6op cnocoba BepTUKAIBHOW TPAHCIOPTHPOBKH OETOHHOW CMECH B
peaNbHBIX YCIOBHUSX CTPOUTEIBCTBA 3aBUCHUT OT XapAKTEPUCTHK CTPOMUTEIIBHOIO
00BEKTa M CTPOUTEIBHOM TIOLIAIKH.

Ecnu yBenuueHne cpoka CTPOUTENBCTBA HE NMPUBOAMT K CYIIECTBEHHOMY
pOCTY HAKJIAIHBIX pacxXoJ0B U YKJIAAbIBAETCS B CPOKM KOHTPAaKTa, TO
pEeKOMEHayeTcsl  BbIOMpaTh  OETOHOHACOC CO  CPEIHMMH  IapamMeTpami,
PYKOBOJICTBYSICh O0JI€€ HU3KOW LIEHON apeH/IbI.

OgHuM W3 KIIIOYEBBIX NPEUMYIIECTB MOHOJIMTHOTO CTPOUTEILCTBA HA
ucrtopuueckor teppuropun Caskt-lleTepOypra sBisleTCsl yCHEIIHOE COYETAHUE
TEXHOJIOTUI OCBOEHHMSI MOJI3EMHOT0 MPOCTPAHCTBA C TEXHOJOTUSIMU BO3BEIECHUS
HaJA3eMHOM YacTH 3aHUM.

BriBon: Takum oOpa3zom B HacTosiiiel pa®oTe BBITIOJIHEHO CpaBHEHUE
METOJIOM JKCIEPTHBIX OILIEHOK TEXHOJIOTMM MPOU3BOACTBA OETOHHBIX PabOT C
UCIOJIb30BAaHUEM DPA3JIMYHBIX MAIIUH JUIsI BEPTUKAIBHOTO TPAaHCHIOpPTa OETOHHOM

CMCCH:



- NPU CTPOUTEIBCTBE MOHOJWTHBIX 3JIAHUA CPEAHEM UM TOBBIIICHHOU
3TAXKHOCTU HauboJiee SKOHOMUYHBI OallleHHbIE KpaHbl, KOTOPbIE MPUMEHSIOT IS
OCTOHUPOBAHHUS CTCH;

- OeroHupoBaHue (GYHIAMEHTHBIX IUIUT M TEPEKPHITHN 10 9-12 sTakei
Jdy4lle MPOU3BOJUTH C UCIIOJIb30BAaHUEM aBTOOETOHOHACOCA;

- Ha BBICOTY /10 5 3Takell B CTECHEHHBIX YCIOBUAX 3((HEKTHBEH CIocod C
UCIIOJIb30BAaHUEM PACTIPEEIUTENbHBIX CTPEJ, YCTAHOBIEHHBIX HAa BEPTHKAIbHBIX
OMnopax-BbIIIKAX;

- YHUBEpCAJbHBIX OAIlIEHHBIX KPAaHOB, 000PY/I0BaHHBIX OETOHOBOJAMHM MOKA
B CTPOUTEIILCTBE HET;

-MIPEJUIOKEHHAs TEXHOJIOTHSl BO3BEACHHUS 3JaHUM C HCIOIb30BAaHUEM
[IAXTHOTO MOJbEMHUKA HMMEET MPaKTUYECKOe IPUMEHEHHUE MpU BO3BEICHUU

MOHOJIMTHBIX U B CTCCHCHHBIX YCJIIOBHAX JOCTATOYHO 3(1)(1)€KTI/IBH3.

Conclusion: This paper compares, using expert assessments, concrete production
technologies using various machines for vertical transport of concrete mix:

- when constructing monolithic mid- and high-rise buildings, tower cranes
are the most cost-effective for concreting walls;

- Concreting foundation slabs and floors up to 9-12 stories is best done
using a truck-mounted concrete pump;

- For heights up to 5 stories in cramped conditions, a method using
distribution booms mounted on vertical support towers is effective;

- universal tower cranes equipped with concrete pumps are not yet in use
in construction;

- the proposed technology for constructing buildings using a shaft hoist has
practical application in monolithic construction and is quite effective in cramped

spaces.
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