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KpuBopi3bkuii HaioHATEHAN YHIBEPCUTET

HECYYA 3JJATHICTb BAJIOK I3 CYMICHHUM APMYBAHHSAM
BA3AJIBTOIINIACTUKOBOIO TA METAJIEBOIO APMATYPOIO

Hasedeno npoepamy ma pesyiomamu eKcnepumeHmaivHux sunpooysans 00CIIOHUX 3paA3Kie OAN0K, apmo-
BAHUX Memanego apmamypor, oasarvmoniacmukosor (BFRP) apmamyporo, 3 2iOpuoHuM apmy8aHHAM
Memanesoo ma bazanemonnacmuxogorw (BFRP) apmamyporo oonouacHo. 3pasku Oaiok 8U2OmMoOSIAIUC 3
BUKOPUCTAHHAM 36UYALIHOZ0 DEMOHY, 3 K8APYEBUM NICKOM K OPIOHUM 3aN06HI08AYEM MA 3 OEMOHY, 8 AKOMY
K8Apyosuti nicox 3amineHo OpiOHuUMU paryitiogsanumu 8i0X00amu 2SIPHUYO-30aA2aA4Y8AILHOZ0 KOMNIEKCY
(I 3K). Kopomxouachi eunpoOysants 6ai0K MOHOMOHHUM CHIAIMUYHUM HABAHMANCEHHAMU OO0 PYUHYBAHHSA
oanu 3mMo2y 3’Acy8amu, wo Miyricms OAL0K, apmosanux bazanrsmoniacmukosoio (BFRP) apwamyporo, 3pocia
Ha 37—44% nopisHano 3 barkamu, apMOBAHUMU MemMAnesor apmanmyporo. Imenuenns emicmy BFRP apwa-
mypu npu 2iOpUOHOMY APMYBAHHI He BIIUHYI0 HA SHUNCEHHS NOKAZHUKIG MIYHOCMI, § npUpicm MiyHoCmi nopis-
HAHO 3 OAIKAMU, APMOBAHUMU Memanegor apmamyporo, cmanosus 38—41%. YV bankax, apmosanux BFRP
apmamypoio, 3a805Ku 8i0CYmMHOCMI niacmudnux degopmayii y yici apmamypu Oyau 8i0CymHi 3a1UUKOBE
Odeghopmayii nicna npunuHenHs Oii HABAHMAICEHHS, HE36ANCAIOYU HA 3HAYHI YUKOONCEHHI Ma PYUHY8AHHA
bemony. 3pasxu 6anox, ueomosieHux iz bemowny Ha Opionux @pakyitiosanux eioxooax 13K, noxasanu ua
1—8% 6invui nokasHuKu MiyHOCMI NOPIGHAHO 3 AHALOSTYHUMU OATKAMU, BUSOMOBTEHUMU HA DEMOHI i3 Keap-
YOBUM NICKOM AK OPIOHUM 3AN0BHI0BAYEM.

Knrwouosi cnosa: smiwiane apmysanns, 2iOpuone apmy8anusa, 6A3a1bMONIACIMUKOBA aApMAmypd, MiyHicmb,
banxa, opionui sioxoou I 3K, oepopmamuenicme.

IHocTanoBka npobaemu. Buxopucranuas 6azans-
TOILUTACTUKOBOI apMaTypu B OYmiBHHUIITBI 3pOCTa€E I10
BCHOMY CBITI, fIK i IPUTaMaHHi IbOMY BHJTy apMaTypu
BHCOKa MUATOMA MIIHICTh Ha PO3TSI, iHEPTHICThH O
BIUIMBY arpecHBHOTO CEPEAOBHILNA, HEMAarHiTHICTb,
HU3bKa TEIUIONPOBIIHICTh Tomo. CBITOBHI JOCBIJ
BUKOPHUCTAHHA 0a3aJbTOIUIACTUKOBOT apMaTypH CBij-
YUTH TIPO TE, MO HA TETEPIITHI Yac BUTOTOBICHHS
KOHCTPYKIIX 3 apMyBaHHSIM BUKIIOYHO ITI€I0 apMa-
TYpOIO € He 3aBXKIM BUIPABIaHUM i3 TOYKH 30py X
eKCIUTyaTaliHHUX XapaKTEPUCTHK 3a APYTOIO0 TPYIIOI0

TpaHWYHUX CTaHiB. Ha 11bOMy eTari TeXHOJIoTii BUTO-
TOBIIEHHS K 0a3aJBTOIIACTHKOBOI apMarypH, Tak i
KOHCTPYKIIi{, HEI0 apMOBaHUX, IOLJILHO BUKOPUCTO-
BYBATH ii pa3oM i3 TpaAuLiiiHOIO, METAJIEBOIO apMaTy-
poro. Takuii miaxig AaCTh 3MOTY 3HAYHO TOKPAIIUTH
MOKa3HWKH MIIHOCTI Ta YOPCTKOCTI OymiBeIbHUX
KOHCTPYKITIH, TTABUIIHUTH iX HAIIHHICTH Ta TOBTOBIY-
HicTh. OOMEXeHICTh HOPMATHBHOI 0a3u 1 MpaKkTHY-
HUX PEKOMEHJAIlil i3 PO3paxyHKYy Ta BUTOTOBJICHHS
OynmiBeIbHUX KOHCTPYKLiHM i3 TiOpUAHUM apMyBaH-
HSIM METaJICBOIO 1 023aIbTOIIACTHKOBOIO apMaTypor0
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BUKIIMKAE MOTpedy B AOCTI/DKEHHI iX HampyKeHO-
ne(OpMOBaHOTO CTaHY.

AHaJi3 oCTaHHIX JocCTaigxkeHb i myOJiKamii.
Bbazansromnactukosa (BFRP) apmarypa € mepcrnek-
TUBHHM MarepiajoM Uil apMyBaHHS KOHCTPYKIIIH
i3 Oerony. Jlo ii mepeBar, MOPIBHSAHO 3 METalEBOIO
apMaryporo, HaJeKaTh BUCOKA MIIHICTh Ha PO3TSIT,
IHePTHICTH JI0 BILTUBY arpeCHBHOTO CEPEIOBHUIIA Ta
BHCOKa KOpO3iiHa CTIHKICTH [1; 2].

Binomo, mo KOMIO3WTHa apMarypa Ma€ BHUCOKY
MILHICTh Ha PO3TAI, ajie 3HIKEHUI MOIYNb HpPYXK-
HOCTI MOPiBHSHO 3i cTayunto [2; 3]. OcranHili hakrop
MOKE€ CTaTH MPUYUHOIO PO3BHTKY HaIMIpHUX Jieop-
Mariii KOHCTPYKLIHA, apMOBaHUX KOMIIO3UTHOIO
apmaryporo. Tak, HayKOBIIIMH OYJIO TOCIIIKEHO
Harpy>xeHo-1e(h)OPMOBaHUN CTaH KOHCTPYKLiH, 10
3ruHaroThes, apMoBaHux BFRP apmaryporo [2—8].
3’scoBaHO, IO OCTIAHI 3pa3KH IMOKa3yBaJld 3Ha-
YHAH MpUPICT TMOKAa3HHWKIB MIMHOCTI, Ha 25—90%
MOPIBHSHO 31 3pa3KaMH, apMOBaHHMH METalEBOIO
apmaryporo. IIpu poMy 3aBASIKM HU3BKOMY MOJIYJIO
MPYKHOCTI 1e(hOpMaTHBHICTH 3pa3KiB, apMOBaHHX
BFRP apmaryporo, Oyma Bumoro. Tak, y po0Oorti

HayKoBIiB [8] HaBemeHI BiOMOCTI, IO MPOTUHU Ta
MIMPHUHA PO3KPUTTA TPILIMH 3pa3KiB, IO MPALOIOThH
Ha 3T'MH, QpPMOBAaHUX KOMIIO3UTHOIO apMaTyporo, Oyin
Ha 60% BUIIMMH, HIK y OajKax, apMOBaHUX MeTalie-
BOIO apMaTypolo, TIpH piBHI HanpyxeHb 70% Bif pyii-
HiBHUX. CXOX1 pe3ynbpTaTu OyJau OTpHMaHI B IHIIHX
pobotax [2—7; 11].

Bapro 3a3HaunTH, mo migBuiieHa Ae(opMaTHB-
HICTb KOHCTPYKLIM XapakTepHa sIK Uil BHKOPHC-
TaHHs OazansromiactukoBoi (BFRP) apmarypu, Tak
1 151 BuKOpucTaHHs ckioriactukoBoi (GFRP) apma-
TypH [9; 10].

OnHiM 31 OUIAXiB 3MEHIICHHS JIe()OPMAaTHBHOCTI
KOHCTPYKIIH, IO 3THHAIOTHCS, apMmoBaHux BFRP
apMaTyporo, € BHUKOPUCTAHHA 3MilmaHoro (TiOpum-
HOTO) apMyBaHHS, 3a SKOTO B PO3TATHYTIH 30HI
po3mimatots sik BFRP apmarypy, Tak i meraneBy
omHowacHo. Ilpu npoMmy MeraneBa apmarypa Mae
3a0e3MeYnTH HEOOX1THIH PiBEHb POTHHIB Ta TPIIlIHU-
HocTifikocTi, a BFRP apmarypa — migBumuTe Mirl-
HICTh Mepepi3y Ta 3MEHIINTH PYHHIBHUHN BILTUB arpe-
CHBHOTO CEPEAOBHILA HA 3arajibHy Hecydy 30aTHICTb
KOHCTPYKLIi.

Tabmun 1
CxeMa apMyBaHHs NONepeYHHX Mepepi3iB 0ay0Kk 3a cepigmu
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Puc. 1. OnanybouHe Ta apMaTypHe KpecJjeHHs 6ajiok cepii BM

IocranoBka 3aBaanns. Huni icHye oOMexena 6aza
eKCITIEpIMEHTANIBHUX BIIOMOCTEH Tpo poboTy TiOpui-
HOapMOBaHMX KOHCTPYKIIH, IO TpAIOIOTh Ha 3THH,
13 BHUKOPHCTaHHSAM MeETajeBOi Ta 0a3aIbTOILIACTHKO-
BOI apMarypu. 30KpeMma, B HasBHHUX JOCII/DKCHHSIX He
3’SICOBaHO NMUTAHHS, SIK BIUIMBAE 3MEHILIEHHS BiICOTKY
BFRP apmarypu npu riOpuiHOMy apMyBaHHI Ha Mill-
HICHI MOKa3HUKH JOCTIHUX 3pa3KiB. 3 OISy Ha CKa-
3aHe OyI10 3aIPOCKTOBAHO, BUTOTOBJICHO Ta BUIIPOOYBaHO
JIOCTIiIHI 3pa3ky OaJIoK 13 riOpHIHIM apMyBaHHIM MeTa-
JIEBOIO Ta 0a3aJIBTOIUIACTUKOBOIO apMaTypolO 3 METOO
JOCTIKEHHSI 1X HaIpy>KeHO-Ae(OPMOBAHOTO CTaHY.

Buknag ocHOBHOro marepiajy JO0CJiI:KeHHs.
[IporpaMoro  eKcriepUMEHTaJbHUX  BUIPOOYBaHb
Oyno niepe0aueHo BUTOTOBJICHHS 6 cepiil TOCIIiTHIX
3pa3kiB OETOHHUX apMOBaHHMX OAaJIOK, IO TPU OaTKK
B KOXKHIH cepii. 3pa3ku 3a cepisMu BiIPi3HUIACS 3a
TAaKUMH O3HAKAMU:

— cepist BM — Oanku apMoBaHi MeTalIeBOO apMa-
Typoro (KOHTPOJIbHA CePist);

— cepist bb — 6anku apmoBani BFRP apmaryporo;

— cepist BMb — 6anku 3 riOpuaHUM apMyBaHHSIM
MertaneBoto Ta BFRP apmarypoto;

— cepis BMJI — Oanku, apMoOBaHI METaJIEBOIO
apMaTyporo 3 OeToHOM Ha JpiOHWX Bimxomax Tip-
HU4Y0-30aragyBanbsHoro komiuiekcey (I'3K);

— cepia bB/] — 6anxu, apmoBani BFRP apmaryporo
3 beToHOM Ha ApioHUX Biaxoxax (['3K);

— cepist BMb — 6anku 3 riOpuaHUM apMyBaHHSIM
MetaineBoro Ta BFRP apmaryporo 3 6eTonom Ha apio-
Hux Bigxomax (I'3K).

ApMyBaHHS TIOTIEpEYHHX Tepepi3iB 0anok Bcix
cepiii HaBeIeHO B Tabmui 1.

JJ11 MOKITMBOCTI KOPEKTHOTO TOPiBHSHHS PE3YIib-
TariB BUNPOOyBaHb OaJlOK PI3HHX cepii po3MipH
mepepiziB OaoK Ta BiICOTOK iX apMyBaHHS mependa-
YaBCs HE3MIHHUM JIJIS 3pa3KiB BCIiX CEpii.

CxeMy apMyBaHHS 3pa3KiB 0aJlOK HaBEJCHO Ha
puc. 1.

BurorosneHHs apMaTypHUX KapkaciB, OeTOHHOI
cyMinri Ta OETOHYBaHHS IOCTIIHUX 3pa3KiB 0aloK
BiZOyBaoCs B 3aBOJICHKUX YMOBaX Ha MOTY)KHOCTSX
[IpAT «KpusopixinnyctpOyn». beTonyBanHs ekc-
MEPUMEHTANBHUX 3pa3KiB 0aoK, KyOiB MPOBOAMIH B
MeraneBux (opmax (puc. 2). [lepen 6eToHyBaHHIM
MOBEPXHIO (DOPM 3MallyBalld TOHKUM IIApOM TiIpo-
¢oOHoi 3ma3ku. B popmu BcTaHOBIIOBaNVICS B’ A3aH]
NPOCTOpPOBi KapkacH. IIpoekTHe MONOKEHHS KapKa-
CiB 13 METOI0 3a0€3MECUCHHS YTBOPEHHS 3aXUCHOTO
nrapy 0eToHy 3/iHCHIOBANIOCS 32 JOTIOMOTOI0 OETOH-
HUX TpoKianok. IlpuroryBanHs OeTOHHOI cymimri
BHKOHYBAJIOCS Ha OETOHHO-PO3YMHHOMY BY3JTi. YKIa-
JTAaHHS CyMIIlli B OnayOKy 31iiCHIOBAJIOCS 3a JOIO-
MOTOF0 0aJifIi 3 TOAANBIINM YIIUIEHEHHSIM Ha BiOpoc-
todi. [Ticast popMyBaHHS 3pa3ku MOMIIIATIH B KaMepy
Jutst iporpiBy. Po3nanyOka BinOyBaacs uepes 28 1io
micyst 6 TOHYBaHHS.

I3 meToro apMmyBaHHS 3pa3KiB OyJI0 BHKOPHC-
taHo MmertaneBy Ta BFRP apmarypy BiamoBimHO 10
CXeM apMyBaHHS, HaBeleHHX B TaOn. 1. ba3zanbro-
iactuxkoBy (BFRP) apmarypy Oyno Hagano BupoO-
HUKOM Kommo3uTHoi apmarypu TOB «TexHoOa-
3anbT-lHBecT». MexaHiuni xapakrepuctuku BFRP
apMarypu Taki: MOAYJIb HpyXHOCTI — 45103 Mlla;
THMYacoBuH ormip po3puBy — 800 MIla; mopiBHsHE
BUAOBKEHHS Hicist po3puy — 1.78%.

ITix yac OGeTOHYBaHHS BHKOPHCTOBYBABCSl OETOH
kimacy C25/30. Panimie Oymo 3a3HayeHo, MO s
OeronyBanHs Oainok cepiii BM, Bb, BMbB Buxopwuc-
TOBYBaBCsl OETOH 13 KBapLIOBHM ITICKOM SIK JPiOHUM
3aroBHIOBaYeM, a B 0anmkax cepiit BM/I, b/, BMBJI —
oeTon Ha ApidHKX Bigxomax ['3K. Ocrtanni mpeacras-
JSI0Th CO0OK0  (hpaKIlifioBaHY KBapILIOBO-3aJi3UCTY
MiHepanpHy cyMmim mminbHicTIo 1500—1600 &r/m>3.
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Puc. 2. BurotoBjieHHsI JOCTiTHUX 3pa3KiB 0aJI0K:
a) InBeHTapHa MeTasleBa onajgy0Ka 3 apMaTypHHMH KapKacaMu;
0) 3aranbHunii BUIIs 32a0€TOHOBAHMX 3pa3KiB 0al0K

Puc. 3. Crena aiist BUNpoOyBaHHsA 610K

Buxkopucranns Biaxoxais I'3K sk apiOHOT0 3an0BHIO-
Baua OCTOHHOI CyMillli BUIIPABIAHO, 3 OIVISIY Ha €KO-
HoMiuHi moka3Huku (Biaxomu ['3K korryrors y 8—10
pa3iB MeHIe, HIX KBapIOBWH IICOK), i Ja€ 3MOTyY
YaCTKOBO BUIPIIIYBAaTH TWTaHHS yTHII3allii Tpo-
MHUCIIOBHX BinxoniB. [IpoBeneHi mpoTsroM MHUHYINX
JICCATHITITH YUCIIEHH] AoCiKeHHs [ 12] BKa3yoTh Ha
MOXKJTBICTh PIBHOI[IHHOT 3aMiHH KBapI[OBOTO ITiCKY
(dpaxuifioBanumu apioauMu Bigxomamu ['3K mig uac
BHUTOTOBJICHHS IMTUPOKOT HOMEHKJIATYPH 3aJ11300€TOH-
HUX BHPOOIB.

I3 MeTor0 BHM3HAueHHA MiLHICHHX Ta Aedopma-
TUBHHX XapaKTEPUCTUK BUKOPUCTAHUX BUIB OETOHY
OHOYaCHO 3 OETOHyBaHHAM OaJlOK BHUKOHYBaJH
OeToHyBaHHsI 3pa3KiB KyOiB i3 peopom 100 MM KOX-
HOro BHIy OeToHY. BumpoOyBaHHS 3pa3KiB OCTOHY
BUKOHYBaJIX y Billi 28 mi0 i3 MOMEHTy iX BHTOTOB-
neHHs 1y Bini 151 ni6, Ge3mocepeHpo mepe BUIpo-
OyBaHHSIMH 3pa3kiB Oaymok. Y Bimi 28 nmi0 MilHICTh
000X BHUIIB OETOHY Ha CTHCK BiAINOBigana MpUAHSI-
TOMY TpPOCKTHOMY kiacy Oerony (C25/30), a y Bimi
151 ni6 cranoBuna 46.16 MIla qys OeToHy Ha KBap-
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oBoMy micky Ta 51.72 MIla s 6eToHy Ha ApiOHKX
Bigxonax I'3K.

BunpoOyBanHs JOCHTiTHUX 3pa3KiB 0alOK BUKO-
HyBajlocsl Ha riapasniyHomy mpeci I1-125 3a cxe-
MOIO OIHOIIPOTOHOBOI BUJIbHOJIEKAu01 OaNKH HaBaH-
Ta)XeHO1 ABOMa 30CEPEPKEHUMH CHJIaMH B TPETHHAX
nporony. I1ix yac BunpoOyBanHs 0anok Oy BHKO-
pUCTaHI Taki MPHJIaau: MPOTHHOMIp MakcuMOBa;
IHIUKAaTOPU TOAMHHUKOBOTO THITY 3 LIHOO TOIIIKH
0,01 MM gms BusHadeHHS AedopMarlii OeToHY
Oanku Ta mpocajku onop 0anok; mikpockon MIIb-2
3 24 — xpaTHUM 30UTBIIEHHSM 1 1iHOO moaiiku 0,05
MM JJIs1 BU3HAUEHHS IIUPHHU PO3KPUTTSI HOPMaJb-
HUX 1 MOXWIMX TPiluH. HaBaHTaXeHHS J10CITIiIHUX
3pa3kiB 0ajok 3miiicHioBaau cryneHsamu mo 0,1 Bix
pyiiHiIBHOTO HaBaHTaxXeHHS. CTeH]T A TPOBEIECHHS
eKCIepUMEHTAIbHUX 3pa3KiB 0aJloOK Ha 3THMH HaBe-
JIEHO Ha puc. 3.

PoGota mocmigHux 3paskiB OaJioK Iij HaBaHTa-
KCHHSIM Ta iX pyHHYyBaHHS TepeOyBaju y NpsMii
3aJICXKHOCTI BiJI THITy apMaTypH, kil OyB BUKOPHC-
TaHUH U181 IX apMyBaHHS.
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Puc. 5. 3aranbHuii BUDIA 3pyiiHOBaHUX 3pa3kKiB 0aJiok: a) cepis BM; 0) cepis BMB; B) cepis Bb.

Banku cepiit BM, BM/] noka3anu THIIOBHIA Xapak-
Tep poOOTH Ta pyiHyBaHHS 0aJIOK, ApMOBaHUX METa-
neBoro apmaryporo. [Ipu HaBantaxenni 0,3—0,4 Bix
PYHHIBHOTO MOYHMHAIM YTBOPIOBATUCS IEpIIl HOP-
MajbHI TpimMHM B OETOHI B 30HI YHCTOTO 3THHY.
[lomanpmie 30iMbIIEHAS] HABAHTAXXSHHS ITPU3BOIUIO
JI0 YTBOPEHHSI HOBIX HOPMAJBHHUX TPIIIUH Ta 3011b-
HICHHS IIUPUHH TX PO3KPHUTTS, HAPOCTAHHS POTHHIB.
[Tpu naBantaxenHi 0,9 Bin pylHiBHOTO Oyno 3adik-
COBaHO MOYATOK TEKYYOCTI METaIeBoi apMaTypH, 110
CTaJO0 NPUYMHOIO IIBHJIKOTO 30UIBIICHHS MIMPHHU
PO3KPHTTS TPIIIKMH, 3HAYHOTO 301JIBIIIEHHS POTHHIB 1
pyHHYBaHHS 3pa3KiB 31 SMHHAHHSAM OETOHY CTHCHYTO1
30HH. 32 MOMEHT pyHHYBaHHs 0ajoK OyJI0 MPUHHSTO
MOMEHT MOYaTKy TeKy4OCTi MeTajJeBOl apMaTypH.

banku cepiii Bb, BBJ] BHacmifok 3HMKEHOTO
moaynst mpyxkHocti BFRP  apmarypu BusBuimcs
OinbI 1ehopMaTUBHUMH, HiXk Oaku cepiii BM, BM/I.
[osiBY mepmmx HOpMaJbHUX TPIMMH Oyio 3adikco-
BaHO Ha piBHi HaBaHTaxeHHs 0,1—0,2 Bix pyiiHiBHOTO.
[omanpiie 30inblIeHHS HABaHTAKEHHS MPU3BOAWIIO
JI0 TIOSIBU HOBUX HOPMAJIbHUX TPILMH, a y Pa3i HaBaH-
taxenHs 0,5-0,6 Bix pyHHIBHOTO MOYaIM 3’ SIBJISTHCS
MOXWJI TPIIMHU. XapakTep pO3TallyBaHHsS TPIIIMH
BHPI3HABCS PIBHOMIPHUM PO3TOALIIOM 32 JTOBKHHOIO
Oarku 3 kpokoM 100—150 mm. HuprHa pO3KpUTTS Tpi-
IIMH Ta MPOTHHY JIHIHHO 3017bLIyBaIiC 31 3pOCTaH-
HSIM HAaBaHTKEHHSI, 10 € THIIOBUM JJIsI KOHCTPYKIIH
apMOBaHMX KOMIIO3UTHOIO apMaTyporo. PyiiHyBaHHS
JIAHUX 3pa3KiB BiZ0yBaJoCs BHACIIIOK PO3IpPOOICHHS
0eToHy CTHUCHYTOI 30HHU. [IpOKOB3yBaHHS CTEP)KHIB
BFRP apmarypu 3adikcoBaHo He OyIo.

PoGoty nin HaBaHTakeHHAM Oanok cepiii BMB,
BMB/] Mmo>kHa TIOIINTH HA JIBa €TalU — 0 MOMEHTY
MOYaTKy TEKy4OCTI MeTaleBOi apMaTypH Ta MiCis
Hboro. [lepii HopManbHI TPIIMHN BUHUKITY Ha PiBHI
HaBaHTaxeHHs 0,2—0,3 Bix pyiuiBHOro. Jlo piBHs
HaBaHTaXeHb 0,4—0,5 Big pyHHIBHOTO OaIK{ TIPAIIo-

Bany aHayoriyHo 6ankam cepiii BM, BM/I. Ocranne
HOSICHIOETBCSL  IOMIHYIOUMM  BIUIMBOM METaJIeBOI
apMmarypu. [lomameinie 301UIBIICHHS HaBaHTAKCHHS
NPU3BOAWIO [0 MOSBU TeKydocTi apmarypu. Ha
BOMY €Tari OCHOBHHI OMip HABAaHTAXCHHIO YHHUTD
BFRP apmarypa. Xapakrep po6oTn Oanku crae cxo-
JKUM Ha poOoTy 6anok cepiit bb, BB/I: 30imbiyeThes
KIUJIBKICTB Ta IIMPUHA PO3KPUTTS TPILIUH, 3pOCTAIOThH
IIPOTUHHU.

[Toka3zHMKM MIIHOCTI JOCTiAHUX Oalok 3a cepi-
SIMU HaBE/ICHO B TaOMuIi 2.

PyitnyBanHs 3pa3KiB BinOyBaaocs BHACTIAOK 3MU-
HaHHS OETOHY CTUCHYTOI 30HU 3 OAHOYACHUM IIOBHUM
abo0 yacTkoBUM po3puBoM BosiokoH BFRP apmatypu.

Ha puc. 4 naBeeHo 3aransHUi BUJT 3pYHHOBAHOTO
3paska 6aaku cepii BMb Ta mokazaHo 9acTKOBHH po3-
puB po3Tsiraytoi BFRP apmarypu nporo 3paska.

Tabmms 2
CepenHi 3Ha4eHHA MIITHOCTI JOCTITHUX 0AJIOK
No Cepis PyﬁHiBH-G! I:gg;‘g{’:;e
3/m o6agok |3ycuaas, Fui, kH | . g
minnocTi, Fui/Fu
1 EM 70.22%* 1
2 BM/J] 75.87* 1.08
3 bb 100.88 1.43
4 BBJ] 101.17 1.44
5 bEMB 96.1 (45.13%) 1.38
6 BMB/] 99.24 (49.7%) 1.41
TpumiTku:

1. Fu — pyiiniBHe 3ycmmis 6anok cepii BM;
2. * 3ycuiuns, sIKe BiJMOBIJa€ MOYATKy TEKY4OCTI MeTasieBol

apMaTypH

AHari3 aHnX, HaBEAEHUX y TaOmuIl 2, CBIAYHTH
PO Te, 1110 3aMiHa MeTaneBoi apMarypu Ha BFRP apma-
TYpy IIPU3BEIO J10 301IbIIEHHS HeCY4Oi 30aTHOCTI 3pas-
KiB 0aJiok y cepeanbomy Ha 44%. V Oaikax cepiii BMB,
BMBJl i3 riOpumaum apmyBaHHsM dactuHy BFRP
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apMmatypu OyJ0 3aMiHEHO Ha METaJeBy, II0 HE Majo
BIUIMBY Ha iX Hecydy 3marHicTh. [IpupicT MiIHOCTI
HopiBHSHO 3 Oankamu cepii BM cranosus 38—41%. Lle
CBIUHUTH PO BiICYTHICTb 3aCTEPEKEHb Y 3aCTOCYBaHHI
riOpHIHOTO apMyBaHHS KOHCTPYKLIH, 10 3rHHAIOTHCS,
3 OIISIIY Ha TIOKa3HUKW HECYYol 31aTHOCTI.

Bukopucranns npioHoro 3anoBHioBada ['3K y
Iporieci BUTOTOBIICHHsT OeToHy Oanok cepiit BM/I,
bbJl, BMBJ] HeicTOTHO BINIMHYIIO Ha TpaHWYHI
nmoka3HUKu MirHocTi. bamku cepitt BMJI, BMB/I,
BB/l moka3zanu 30UIbIIEHHS HECy4oi 31aTHOCTI Ha
8%, 1% Tta 3% BignosigHo. OCTaHHE MOSCHIOETHCS
OUTBIIOI0 IIOPCTKICTIO TIOBEPXHI 3€pPEeH BIIXOiB
I'3K mopiBHSHO 13 KBapIIOBUM IICKOM 1 CBIAYUTH IIPO
MOXKJTUBICTE €(DEKTHUBHOT 3aMiHH KBapIIOBOTO IIICKY
JELIEBIIUMH BiIXOAaMH [IPOMUCIIOBOCTI.

Ha puc. 5 HaBeneHO 3arayibHMI BUIVIAL 3pyHHOBA-
HHX 3paskiB Oanok. [Ipu perenbHOMY OIS MOXKHA
TIOMITHTH, 10 3pa3ku cepii BM (puc. 5a) MaroTh 3HauHi
3aMImKoBi Aedopmartii, 3pasku cepii BMb (puc. 56) —
MeHII, a B 3pa3kax cepii bb Borm BimcyTHi (puc. 5B).
TexyuicTh MeTaIeBOI apMaTypy PU3BOIUTE 0 BUHUK-
HEHHS 3HAYHMX 3AJTUIIKOBHX AehopMarliii KOHCTPYKIIii,
II0 POOHTH iX HEPEMOHTONIPUIATHUMH. 3aBISIKH TIPYK-
Hiit poboti BFRP apmarypu 3pasku cepii bb He manu
3TMINKOBUX JleopMalliii HaBiTH TICNISl PyHHYBaHHS
6etony crucHyToi 30HU. Ll BnactuBicte BFRP apma-
TypH MOXe 3a0e31eunTH OLIBITY HaIIHICTh KOHCTPYK-
il pH [Ti1 TTOHaJHOPMOBAaHUX HABAaHTAXKEHb (3eMIIe-
TPYyCH, aBapii TOIIO) IIIIXOM BiJHOBJICHHS MPOEKTHOTO

TIOJIOXKEHHS TICTsI TIPUIMHEHHS CUJIOBHX BIUIMBIB
HAaBIiTh 33 3HAYHHUX YIIKO/KeHb. OCTaHHE TBEPKEHHS
notpedye JOAaTKOBOTO BUBUCHHS [IUIIXOM MPOBEACHHS
BI/INMOBIZIHUX EKCIIEPUMEHTAIILHUX BUITPOOYBaHb.

BucnoBku. [TpoBesieHi eKciepuMEeHTaIbHI JOCITi-
JOKeHHSI OETOHHUX OalloK i3 PI3HUMHU BHAAMHU apMy-
BaHHS JAlOTh 3MOTY 3pOOUTH BHCHOBKH:

— 3amiHa MeTaneBoi apmarypu Ha BFRP apmarypy
Jana 3MOry 30UIbIIMTH HECy4y 3AaTHICTh 3pa3KiB
0anok y cepennboMy Ha 44%;

— BHUKOPUCTaHHS TiOpUIHOTO apMyBaHHS Jajo
3MOTy MOpIBHAHO 3 apMmyBaHHSM BFRP apmatyporo
MTOKPAIIATH Ae(POPMATHBHI XapaKTEPUCTUKH OAJIOK i
HE BUKJIMKAIIO 3HIDKEHHS 1X Hecy4oi 31aTHoCTi (Tipu-
picT MinHOCTI cTaHOBHB 38—41%);

—npyxHa podora BFRP apmarypu npusBoauts 10
BiZICYyTHOCTI 3aJMIIKOBUX Aedopmamili KOHCTPYKIi
TICIIs 3HATTS HABAaHTAKEHHSI, HE3BAYKAIOYH HA 3HAYHI
VIIKO/DKCHHS Ta pyHHYBaHHS OCTOHY;

— npibHi dpakmioBani Bigxomu I'3K € edexrns-
HOIO 3aMiHOIO0 KBapIIOBOTO ITiCKY TiJ 9ac BHTOTOB-
TIeHHSI OETOHHOT CyMIIi.

Hageneni pesynsrarn MOXXyTh OyTH BUKOPHCTaHI
y Tipo1ieci po3poOKH MpOrpamMu J0JATKOBUX eKCIIEpH-
MEHTaJLHUX BUIPOOYBAaHb KOHCTPYKITIH, 1110 TIPAIIFO-
I0Th Ha 3THH, 13 TIOpUIHUM apMyBaHHIM METAICBOIO
ta BFRP apmatyporo 11l BUBHaYEHHS] ONTUMAJIBHUX
CHIBBiTHOIIIEHbh PI3HUX BHUJIB apMaTypd, a TaKoX Y
MpoIeCci PO3pOOKK PEKOMEHMAINN 13 POSKTYBaHHS
TaKUX KOHCTPYKIIiii.
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HECYLIAS CIIOCOBHOCTD BAJIOK C COBMECTHBIM APMUPOBAHUEM
BA3AJIBTOMJIACTUKOBOI U METAJUIMYECKOM APMATYPOI

Ilpusedenvt npocpamma u pe3ynvmamuvl IKCHEPUMEHMANLHBIX UCHBIMAHUL ONBIMHBLIX 00paA3Y08 0ANOK,
APMUPOBAHHBIX MEMANIUYeCKOU apmamypoll, bazansmoniacmuxosoll (BFRP) apmamypoil u ¢ eubpuoHuvim
apmuposanuem — memaniudeckou u bazanvmonnacmuxogou (BFRP) apmamypou oonogpemenno. Obpasysi
0anoK U320MABIUBANUCH C UCNONBL30BAHUEM 0DLIYHO20 OEMOHA, ¢ KEAPYEBLIM NECKOM 8 KAYecmee MenKo2o
3anonnumens, u Oemona, 6 KOMopPoM K8apyesvlll NeCOK 3aMEHeH METKUMU QPAKYUOHUPOBAHHBIMU OMX00AMU
eopno-obocamumenvrozo komniexca (I'OK). Kpamxoepemennvle ucnvimanus 6ai10Kk MOHOMOHHLIM CIMAMU-
YecKUM HA2py3Kamu 00 paspyuieHus No360NUNU 8bIACHUMb, YMO NPOYHOCTL OANOK, APMUPOSBAHHBIX OA3aTb-
monnacmuxogoi (BFRP) apmamypotu, evipocia na 37—44% no cpagnenuio ¢ 6ankamu, apmMuposaHHbIMU
Memaniuyeckol apmamypou. Ymenvutenue cooepxcanusi BERP apmamypul npu 2ubpuoHom apmuposanuu He
NOGNUSIIO HA CHUMICEHUE nOKA3ameiell NPOYHOCIU U RPUPOCH RPOYHOCIU O CPAGHEHUIO ¢ DATKAMU, apMUpo-
BAHHBIMU Memaniudeckou apmamypou, cocmaeun 38—41%. B 6anxax, apmuposannvix BFRP apmamypoi, 3a
cyem Omcymcmeus naacmu4eckux oeopmayuti 8 0AHHOU apMamype Omcymcmeosany 0cmamoynvie oegop-
Mayuy nocie npeKpaujenus 0eucmeus Hazpy3Ki, HeCMOMPsL HA HAYUMETbHbIE NOBPENCOCHUS U PA3PYUWEHUS
bemona. Obpasyvl OANOK, U32OMOBLEHHBIX U3 DeMOHA Ha MenKux pakyuoHupoganuslx omxodax I OK, noka-
3aau Ha 1—8% bonvue noxkazameneil NPOYHOCMU NO CPAGHEHUIO C AHATOSUYHBIMU OANIKAMU, U320MO6IEeHHbIMU
Ha 6emoHne ¢ K8apyeabiM NeCKOM 8 Kauecmee MeiKko20 3anoaHumers.

Knrwouesvie cnosa: cmewannoe apmuposanue, 2udpuoHoe apmuposanue, 0A3arbmoniacmuKko8ds apma-
mypa, npouHocmy, oanxa, meikue omxoowl I OK, degpopmamuenocmeo.

BEARING ABILITY OF BEAMS WITH COMBINED REINFORCEMENT USING
BASALT FIBER REINFORCED POLYMER AND METAL ARMATURE

The article presents the program and the results of experimental tests of beam samples with metal, basalt
fiber reinforced polymer (BFRP) and hybrid (metal and BFRP) reinforcement. The samples were made of
standard concrete with quartz sand as the fine aggregate and concrete with fine fraction wastes of a mining
and beneficiation complex (MBC) used instead of the sand. Short-run tests of the beams under monotonous
static loading until destruction enabled the conclusion that durability of the BFRP reinforced beams increased
by 37—44% as compared to the metal reinforced beams. When hybrid reinforcing, reduction of the (BFRP)
content did not produce an effect on decrease of durability indices; durability gains compared to the beams
reinforced by metal made 38—41%. In the BFRP reinforced beams, due to the absence of plastic deformations
in this reinforcement, there were no residual deformations after cessation of loading despite significant dam-
age and deterioration of the concrete. Samples of beams made of concrete on fine fraction wastes of MBC,
showed 1—8% higher strengths in comparison with similar beams made of concrete with quartz sand as the
fine aggregate.

Key words: combined reinforcement, hybrid reinforcement, basalt fiber reinforced polymer, strength, beam,
fine fraction wastes of a mining and beneficiation complex (MBC), deformation.
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