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APMYBAHHSA BETOHY CIIELHIAJIBHUM BOJTOKHUCTUM
MATEPIAJIOM IIPU TOPKPETYBAHHI I'TPHUYHUX BUPOBOK

Mera. [IpakTika 3acTOCYBaHHS TOPKPET-OETOHY IIpU KpIMJIEHHI ripHUYMX BUPOOOK BHSBMIIA HEJOJIIK JAHOTO
MeTony. Bin momsrae B Tomy, 1o map 0€TOHY HATWIAIOYM IO CITKH, HE MPHJISATAE 10 MOBEPXHI BUPOOKH, TUM ca-
MHM yTBOPIOIOYH OPOXKHUHHU. BupimeHHs mpobieMu MOXKIIUBE B 3aMiHI apMOBAHOI CiTKM Ha albTepPHATUBHUNA Ma-
Tepian. TakuM YWHOM, METOIO TOCTI/IKEHD € — MIISTXOM IMOPIBHAIBHOTO aHANi3y OOIPYHTYBATH AOIINBHICTh ONTHMI-
3amii TeXHOJIOTIi KPIIJICHHS TipHAYMX BHPOOOK METOJOM TOPKPETYBAHHS, Ha MPEIMET 3aMiHH 3aji3HOi CITKH Ha
criemiaabHy 100aBKY 10 OETOHY Ha OCHOBI BOJOKHHCTOTO Marepiany. Meroauka. MeTa NOCTiKEHHS T0CATANIACh
IIITXOM TIOPiBHAJILHOTO aHaJi3y pe3yabTaTiB BUIIPOOYBaHb 3pa3KiB OETOHY 3 JOAAHUMH B HOTO CKJIAJ BOJOKHHCTO-
ro matepiany (MOJIMpOITiieH), BUKOHAHMMH 3a IHO3EMHMMH HOPMaMmH, i TOTEPEAHbO-OTPUMAHUMH HaHUMH
KOMII'FOTEPHOTO MOJICIIOBAHHS 3aJ1i300€TOHHOT IUIUTH, 1010 HECYUOol 3JaTHOCTI MaOyTHBHOTO IIapy TOPKPETOCTO-
Hy. Pe3ysabTaTH. AHani3 OTpUMAaHUX JaHUX BUSIBHB, I10: 1) JOJaBaHHS TAKOTO MaTepiany J0 CKiaay GeToHy -
BHIIUTH HOTO HECYUY 3[ATHICTH SIK HA CTHCK, TaK i HA BUTHH; 2) HOT0 Hecyda 34aTHICTbh, B 3aJICXKHOCTI Bijl THIY Ma-
Tepially Ta HOTro J1I03yBaHHS B CyMillli, MOKe NIEPEBHIYBaTH HECY4y 3/IaTHICTh 3a1i300eToHy. TakuM 4nHOM, Oepydn
IO YBaru pe3yJbTaTH aHaJli3y, MOKIMBO PO3TIITHYTH IOUUIHHICTE 3aMiHH 3aJli3HOI CITKH Ha BOJOKHHUCTHH MaTepial.
HaykoBa HoBHM3HAa. B nocmimkeHHi 00TpyHTOBaHA HEOOXITHICTH BIIPOBAKEHHS TIEPEIOBUX OYyIiBEIFHUX MaTepia-
JiB, sIKi BXKE TOYaJ BUKOPHCTOBYBATH B IMIPOMHUCIOBOMY Ta IUBLILHOMY OYIIBHHUITBI, Y CKJIaai OCTOHY MPH KpiIl-
JICHHI MiJ3eMHUX TipHAYHUX BHPOOOK B YMOBaX MIaXT ab0 IHIIHMX MiA3eMHUX BHPOOOK, sIKi KPIIUIATH METOIOM HaHe-
ceHHs TopKpeT-OeToHy. [IpakTHYHa 3HAYMMIiCTh. 3alPOIIOHOBAaHA B MaTepianax TOCIIKCHHS H00aBKa i3 IOJII-
POIILIICHOBOTO BOJIOKHA, Y TMOPIBHSAHHI 31 CTaJCBOIO CITKOIO, Ma€ HACTYITHI IIepeBary: BUKIIOUECHH KOPO3ii; piBHOMI-
pHE, a TaKoXX OJHOpIJHE HaHECEHHs TOPKPET-OETOHY, 3MEHIICHHS YCaJKOBUX TpPIIIMH B O€TOHI, 3amodirae
po3iIapyBaHHIO OETOHHOI CyMillli, 3HH)KEHHS BIJICKOKY CyMillli, 3MEHIIIEHHS TPYJOBUX BUTpPAT.

Kniouosi crosa: 3ani300€TOH; TUCIIepCHOAPMOBaHUI OETOH; TOPKPET-OETOH; TIpHUYI BUPOOKH

Beryn [Ipukmamom BHpINIEHHS TAaKOTO 3aBJaHHS €
IIMPOKO PO3IMOBCIO/KEHE 3aCTOCYBAHHS aHKEPHO-
ro KpIIJICHHS pa3oM 3 TaMIIOHAXXEM 3aKpilTHOTO
npoctopy (Sdvyzhkova, Babets, Kravchenko, &
Smirnov, 2016; Tereshchuk, Khoziaikina, &
Babets, 2018). IToka3oBUM IPHKIAIOM KPIiIJICHHS
takoro tuny € cucreMa ACH-A (ComnonsHkuH, A.
B., [poxynun, Conoasukuna, O. A., & bykun,
2020).

Jyia momanpmioro BIOCKOHAJIEHHS KPITUICHHS
3aMiCTh 3aJIi300€TOHHOI 3aTsHKKU (MiKpamHa Oro-
poxa), sika Ma€ HU3bKY MIIlHICTh, BHCOKY BapTiCTh
1 TPYZOMICTKICTh YCTAHOBKH, 1, 1O CYyTi, BUKOHYE
¢yHKUi0 onanyOKu, Moxe OyTH BHUKOPHUCTaHHUM
OLTBII TEXHOJIOTIYHMN 1 MEHII JOPOTHH Martepiad,
a caMe — MikKpaMHa Oropo’ka IiIBHUIICHOT Hecydol
3natHocTi (puc. 1) (Msicuukos, I'aneeB, & Bu-
rozin, 2019; Msacuukos, 2019; Mscuukos, 2020).

[TocTymoBe BWYEpIIaHHA 3allaciB  BYTUIBHHUX
POJIOBHII] 3MYIITY€ TIPOBOAUTH POOOTH 3 BUTOOYTKY
KOPHCHHX KOINAJHWH TaM, JI¢ paHillle BOHM MOTJIH
BBaXaTUCSl HEJOUTBHUMHM, 338 PaxyHOK 3HAYHHX
MaTepiajJbHUX BUTPAT, L0 B CBOIO Uepry HEMUHY-
4e 3Haiize cBoe BiZOOpaskeHHS B IMiABHUILECHHI Bap-
TOCTi BUIOOYTOT KOPUCHOT KOTIAIHHHU.

3abe3neueHHss MOXIIMBOCTI TakMX poOiT, 3a
TIPHUYO-TEOJIOTIYHUX YMOB, SIKi TIOCTYIIOBO YCKJIa-
nusitotbest (IMamee, & Cropuak, 2011; ComnoasH-
kuH, A. B., [Ipoxymun, ComonsakuHa, O. A., &
Bykun, 2020; Ilerpenko, bannikoB, & Heteca,
2020), cTaBisATh mepes iHKEHepaMH 3aBIAHHS PO-
3pOOKM HOBHX THIIIB KPIIUIEHHS TipHUYUX BHPO-
00K, sIKi TP JOCTATHIM HECY4Oi 31aTHOCTI MaJi O
ONTUMAJIbHY LiHY.
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Puc. 1. 3aransHuii BUrIIsA MiDKpaMHOT Oropoxi
ITi/IBUILIEHOT HECY40l 31aTHOCT1

ITpakTHKka BUKOPUCTAHHS TOPKPET-OETOHY ITO
CTaNeBill CITII BUSBHWIA JCSIKHH HEJONIK JAHOTO
METOJTy, a CaMe — TOPKPETOETOH, MOTPAIUISIOYN Ha
MOBEPXHIO CITKHM MPUIIMIAE 70 Hel, He JOCATAI0UM
MOBEpXHI BUPOOKH. TakuM YHHOM 3’SBIISIOTHCS
MOPOXXHUHU MK IIapoM OETOHY Ta MOBEPXHEIO
BUPOOKH, SIKi B MOJAJBIIOMY HEOOXiTHO JIKBigYy-
BaTH.

OnHuM 13 COCo0iB YCYHEHHS HEAOJIKY MOXKE
OyTH 3aCTOCYBaHHS BOJIOKHHUCTOTO MaTepiany B
cKIaai OeTOHY, SIKHiA BXKE 3apeKOMEH/IyBaB cebe B
00J1aCTi MPOMHUCIIOBOTO 1 UBIJILHOTO OYIiBHHUIITBA.
Marepian Ha HOro OCHOBI OTPHMaB Ha3By — JIUC-
nepcHoapmoBanuii 6eton ((iopoderon) (Kimoes,
2012; Kitoes, & Asuiosa, 2013; Kampuenos, &
Yunun, 2013; Kiroes, A. B., Kiroes, C. B, Herpe-
6enko, & [lypauenko, 2014).

®ibpobeToH — OETOH, apMOBaHUN PIBHOMIPHO
PO3MOJiIECHUMU B HOro 00’€Mi BOJIOKHAMH, IO
MAaIOTh 34YeTICHHs 3 0ETOHOM I10 TX TIOBEPXHI.

3anexHo Bix MaTepiany, BOJIOKHA IiISATHCS Ha
I’SITh OCHOBHHX PI3HOBHIIIB: CTaJeBi, IMOJIMEpH,
0a3aNbTOBi, MONINPOIIJIEHOBI (pHC. 2), CKISHI.
KoxHi 3 SKMX MaroTh CBOIi mepeBard i HEJOTIKH
(Kimroe, Herpebenko, Jlypauenko, & IlTukamosa,
2014). Bapro 3a3HAYMTH, W0 OIS KOHKPETHOTO
BUTIAJKY HEOOXiTHO MiI0MpaTH SK THIT BOJOKHA,
TaK i HOro JO3yBaHHS B CYMIIIi.

Puc. 2. TToninpormineHoBe BosiokHO ((idpa)
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Meta

Bepyun 1o yBaru pe3ynpTaTH HaAyKOBUX JOCIIi-
JOKeHb, OOTPYHTYBaTH JOIIIBHICTh ONTHMI3aIlil
TEXHOJIOT1] KpIIUIEHHSI TIPHUYUX BUPOOOK METOZOM
TOPKPETYBaHHS, HA TIPEJIMET 3aMiHH 3J113HOT CITKH
Ha crierianbHy 100aBKy 70 0eToHy — (iopy.

MeTtoauka

Sk npuknan, Opanucs BUNpoOyBaHHS KOMIaHi1
«Fiberk» srigao 3i crammaprom EFNARC EN
14488-5: 2006. [Ipu BunpoOyBanHi OpaBcs 3pa3ok
KBaJ[paTHOI TJIACTUHHU 3 MEBHUM J03yBAHHSIM BO-
JIOKHA, SIKUI TIPECOM HaBaHTAXKYEThCS 30CepeiKe-
HUM 3YCHJIJISIM B LIEHTpPI J0 THX IIip, IOKH BUTHUH
3pa3Ka He AOCATHE 25 MM.

st BunpoOyBaHb BUKOPHCTOBYBAjacs IOJII-
pormijieHoBa (idpa 3 TaKUMH XapaKTCPUCTUKAMHU:
oBXKHHA — 55 MM, miametp — 0,91 MM, MilTHICTh Ha
postar 560-650 MIla. beron knacy C 20/25 (B25)
3 MiHicTIO Ha cTrck 32 MITa (326 kre/em?).

PesynbTaTn

B mporieci mpoBeAeHHST TOCIIHKEHb IMiICYMKH
3aHOCHIIHM 10 Tabmui (Tadi. 1).

Tabmums 1

PesyabTaTn gocaiais

Tosysarns, kr/v® MaxkcumaibHe HABAHTAKEHHS,
Kr/cMm
3,0 3,2
3,5 3,6
50 5,3

OCKUTBKH 3iCTaBISTH TOKa3HUKH apMOBAHOTO 1
HEapMOBaHOTO OCTOHY HEKOPEKTHO, paHimie 0yio
MPOBENICHO KOMIT'IOTEPHE MOJICITIOBAHHS Pi3HHX
THIIB 3a1i300eTOHHUX 3aTsDKOK (MsicHuKoB, T are-
eB, & Buronin, 2019), B ToMy 4mcIi, IMiIBHIIEHOT
Hecydol 37aTtHocTi. B pesynbrari BHUNPOOYBaHb
OyJ10 BCTaHOBJICHO, 10 Ipu OeToHi B2S5, ToBIu-
HOIO 5 CM 1 apMaTypor aiaMeTpoM 4 MM 3pa3ok
JIOCATHE TPaHUYHMX Jedopmaliil Ipu piBHOMIPHO
posmozineHomy HaaHTaxenui B 2,5 1/M? (0,25
Kkr/cm?).

[TigBuIIcHHS XapaKTePUCTUK OCTOHY TPH JO-
JlaBaHHI pi3HOTO poay Gidpu Takoxk JOBEIEHO iHO-
36MHHUMH JOCIIDKEHHSIMH, SIKiI ITOKa3aaH, 110, I10-
JOpOMiJICHOB] BOJOKHA, SIKi BKIIOYAIOTHCS B Oe-
TOHHI 3pa3Ku 30UIBIIYIOTh MIIHICTE OETOHY Ha
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ctuck Big 10 % mo 60 %,npu Buruni — Big 10 % 10
200 %.

HayKOBa HOBHU3HA TAa NIPAKTUYHA 3HAYUMICTh

[nsixoM TOPIBHSUIBHOTO aHalli3y Pe3yJbTaTiB
BHUIPOOYyBaHb, Oyja OOIPYHTOBaHA MOXKJIMBICTh
3aMiHH CTaJIeBOI CITKM Ha (iOpy y ckiagi OeToHY
MIPY TOPKPETYBaHHI TipHUYMX BUPOOOK.

[lepeBaru Takoi 3amiHu:

1) BUKITIOYEHHSI KOPO3ii;

2) piBHOMIipHE, a TaKOK OJHOPiJHE HaHCCEHHS
TOPKPETOETOHY;

3) 3MeHIIEHHs YCaAKOBUX TPIIIWH B OETOHI;

4) 3amnoOiranHs pos3iiapyBaHHsS OCTOHHOI Cy-
MIIIIL;

5) 3HMKEHHS BIIICKOKY CyMilIli;

6) 3MEHILICHHS TPYIOMICTKOCTI pOOIiT.

Jlani mepeBaru TakoXX BaXKJIMBI HE TITBKU IS
MiA36MHUX BUPOOOK ILIAXT, a i Ui BUPOOOK, MPH
CHOPYIXKECHHI SIKMX BUKOPUCTOBYETHCS METO]I TOP-
KPETYBaHHS HAIPUKJIAJ — TYHEIIB METPOIIOJIITEHY
meTonoM HATM (Mscuukos, 2020). Amke ckia-
JIHI 1H)KEHEPHO-TE€OJIOTIuHI yMOBU OYIiBHUIITBA
TYHENIB METPOMNOJITEeHIB, 00YMOBIIEHI HAasiBHICTIO
BOJIOHACHYEHHX IPYHTIB CYTTEBO 3MEHIIYIOTH MO-
JKJIMBICTh HAJIAHOI 1 JOBrOTpHUBAJNOl eKCILTyaTarii
mig3eMHuX 00’ekTiB. B Takux ymoBax, pazom 3
poboTamu 1O BOZOBI/IBEICHHIO, 3aCTOCYBaHHS J1a-
HOI TEXHOJIOTi1 JO3BOJIUTH CTBOPUTH OUTBII TITaIKY
MOBEPXHIO BUPOOKHU, IO MOJIMIIUTE SIKICTH TMPO-
KJIEHKH MaifOyTHBOTO Iapy TiAPOi30IIsLii.

BucnoBku

3BaKarouM Ha BHIIEBUKIIAJCHI IMEpeBaru, 0
SIKUX BiJTHOCATBHCS SIK CITPOIICHHS CaMOi TEXHOJIOTIi
TOPKPETYBaHHS, TaK 1 MiJBUIIEHHS HECYYOi 37aT-
HOCTI camoro mapy OeToHy — 3amiHa CTayeBoi
(apMaTypHOI) CiTKM Ha MaTepiaj Ha OCHOBI ITOJIIII-
pomineHoBoi (ibpu MoxamBa. OmHaK, 3 METOIO
3armobiraHHs HEpeTJIaMEeHTOBAHHWX BHITAJIKIB, CIIiJT
PO3pOOHUTH CHCTEMY HAYKOBO-TEXHIYHOTO CYIpPO-
BOJy B Tpoleci OyaiBenbHuX poOiT. B sikomy He-
00ximHO Oy/ie 3a3HaYNTH HACTYITHE:

1) BU3HAYUTH PELENTYpPy CYMilli 3 OIKUCOM Me-
TOJMKH KOHTPONIO 11 SKOCTI (PYXJIHMBICTh, KOPCT-
KiCTh, OCaJIKy KOHYcCa i T.I1.);

2) METOIUKY KOHTPOJIFO SKOCTI Mail0yTHbHOTO
TOPKPETOETOHY;

3) mporpamy MaiOyTHBOTO T€OTEXHIYHOTO MO-
HITOPHHTY 32 CTAHOM 3aKPIIIEHOTO TipCHKOTO Ma-
CHBY.
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APMHWPOBAHUE BETOHA CIHHEIIMAJIBHBIM BOJTIOKHUCTBIM
MATEPHUAJIOM ITPU TOPKPETUPOBAHHWMU I'OPHbLIX BBIPABOTOK

Heas. IIpakTika npuMeHEHHsT TOPKPET-OETOHA NMPH KPEIUIEHHH TOPHBIX BHIPAOOTOK OOHapy»Hia HEeO0CTaTOK
JaHHoro MeTona. OH 3aKiIIoYaeTcst B TOM, YTO CJIOM OETOHa NPWIUMAET K CEeTKE, He JIOCTHUrasi OBEPXHOCTH BhIpa-
00TKH, TEM caMbIM 00pa3ys MycToThl. Penienue mpobieMbl BO3MOKHO B 3aMEHE apMUPOBAaHHOM CETKM Ha albTepHa-
TUBHBIH Marepuai. TakiuM 00pa3oM, LEJIbI0 UCCIISIOBAHUM SIBIISIETCS — yTEM CPAaBHUTEILHOTO aHaln3a 000CHOBATh
LENIECO00PA3HOCTh ONTHMU3AINN TEXHOJOTHH KPEIIEHHS TOPHBIX BBIPAOOTOK METONOM TOPKPETHPOBAHMS Ha
MPeAMET 3aMEHbl METAIUIMIECKON CETKH Ha CIEHUATIbHYIO 100aBKy K OETOHY Ha OCHOBE BOJIOKHHCTOI'O MaTepHaa.
Metoauka. Ilens nccaenoBaHns JOCTHTaIach MyTEM CPABHUTENBHOTO aHATIHM3a PE3YNIbTATOB HCIBITAHUI 00pa3noB
OeToHa ¢ MOOABICHHBIMH B €r0 COCTaB BOJIOKHaMH (TIONHIIpONHIICHOBas (uOpa), BHIIOIHEHHBIMHI COTJIACHO MHO-
CTPaHHBIM HOPMaMH, C IPEIBAPUTEIHHO MOJYICHHBIM JaHHBIM KOMITBIOTEPHOTO MOJAEIHUPOBAHUS JKENE300€ TOHHOM
IUINTBI, KacaTeJIbHO HeCyIIeil cnocoOHOCTH Oyayllero ciios HaOpbI3r-0eToHHOM kpenu. Pe3yjabraTsl. AHamu3 no-
JIy4EHHBIX JaHHBIX BBISBWII, 4TO: 1) N0OaBKa BOJOKHHCTOIO Marepuaja B COCTaB OETOHA MOBBICUT €r0 HECYIIYIO
CIOCOOHOCTH KaK Ha CXKaThe, TaK M Ha M3THO; 2) ero HecyIas CrocOOHOCTD, B 3aBUCUMOCTH OT THIIA MaTepHana u
€ro JJO3UPOBKH B CMECH, MOKET IIPEBBIIIATh HECYINYIO CIIOCOOHOCTH xkee300eToHa. TakuM 00pa3oM, IpHHUMAsL BO
BHHMAHUE pe3yJIbTaThl aHAIN3a, MOXKHO CYIUTh O IeJIeCO00Pa3HOCTU 3aMEHBl METAIMYECKOH CeTKH Ha BOJIOKHHU-
cThlii MaTepuan. Hayunasi HoBu3Ha. B nccnenoBanun 060cHOBaHa HEOOXOAMMOCTh BHEAPEHUS TIEPEJOBBIX CTPOH-
TEJILHBIX MaTepUalioB, KOTOPHIE YK€ Hadall HMCIOJIB30BATH B IMPOMBIIIJICHHOM M TPAXIAHCKOM CTPOHUTENBCTBE, B
cocTaBe OETOHA NPH KPEIJICHUH MOI3EMHBIX TOPHBIX BBIPAOOTOK B YCIOBUSX INAXT MIIHM JIPYTUX HOA3EMHBIX COOPY-
JKeHUH, KOTOpBIE KPensT MeTo1oM TopkpetupoBanus. [IpakTuyeckasi 3HaunMocThb. [IpeanoxeHHas B Marepuanax
nccIeNoBaHMs 100aBKa M3 IOJUIPOIMICHOBOTO BOJIOKHA K OCTOHY, MO CPaBHEHHIO CO CTaJIbHOM CETKOW, MMeer
CIIEAYIONINE MPEUMYILIECTBA: HCKIIOUCHHE KOPPO3HMH; PAaBHOMEPHOE, a TaKKe OJHOPOJHOE HAaHECEHHE TOPKPET-
OeToHa, yMEHBIIICHNE YCaJOYHBIX TPCIIMH B OCTOHE, MPEIOTBPAINACT pacciauBaHUe OCTOHHOW CMECH, CHIKCHHE
OTCKOKa CMECH, YMCHBIIICHUE TPYAOEMKOCTH PadoT.

Kniouesvie cnosa: xene300eToH; TUCTIEPCHOAPMHUPOBAHHBIN OETOH; TOPKPET-OETOH; TOPHBIE BEIPaOOTKH
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CONCRETE REINFORCEMENT WITH
A SPECIAL FIBROUS MATERIAL WHEN MINE WORKINGS GUNNING

Purpose. The practice of using shotcrete for fastening mine workings has revealed the disadvantage of this
method. It consists in the fact that a layer of concrete adheres to the mesh, not reaching the working surface, thereby
forming voids. The solution to the problem is possible in replacing the reinforced mesh with an alternative material.
Thus, the purpose of the research is — by means of a comparative analysis, to substantiate the expediency of optimiz-
ing the technology of fastening mine workings by the method of gunning in order to replace the metal mesh with a
special additive to concrete based on fibrous material. Methodology. The purpose of the study was achieved by
comparative analysis of the results of testing concrete samples with added fibers (polypropylene fiber), made in ac-
cordance with foreign standards, with preliminary data obtained from computer modeling of a reinforced concrete
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slab, regarding the bearing capacity of the future layer of sprayed concrete lining. Results. Analysis of the data ob-
tained revealed that: 1) the addition of fibrous material to the composition of concrete will increase its bearing ca-
pacity both in compression and in bending; 2) its bearing capacity, depending on the type of material and its dosage
in the mixture, may exceed the bearing capacity of reinforced concrete. Thus, taking into account the results of the
analysis, it is possible to judge the advisability of replacing the metal mesh with a fibrous material. Originality. The
study substantiates the need for the introduction of advanced building materials, which have already begun to be
used in industrial and civil construction, in the composition of concrete for fastening underground mine workings in
mines or other underground structures, which are fastened by the method of gunning. Practical value. The addition
of polypropylene fiber to concrete proposed in the research materials, in comparison with steel mesh, has the follow-
ing advantages: elimination of corrosion; uniform, as well as uniform application of shotcrete, reduction of shrink-
age cracks in concrete, prevents delamination of the concrete mixture, reduction of rebound of the mixture, reduc-
tion of labor intensity.
Keywords: reinforced concrete; dispersed reinforced concrete; shotcreting; mine workings
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