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Anorauis. [IpencraBneni ekcriepuMeHTaIbHI JaHl MIITHOCTI1, MPOTHHIB Ta YTBOPEHHS TPIIIHMH
y OeroHHux Oaikax 31 crajeBoo 1 OGazampromiactukoBoro (BFRP) apmaryporo 3 posmipamu
2000x200x100MM 3a fii CTaTUYHOTO 1 MAJIOIMKIOBOTO MOBTOPHOTO HaBaHTa)XXeHHs. Pe3ymbratn
JOCHIUKEHb OCHOBHHUX IapaMeTpiB Ipane3laTHOCTI JOCHIAHUX €JIEMEHTIB IOJAaHI y BHIJIII
BIIMIOBITHUX ~ €KCIEPUMEHTAIBHO-CTATUCTUYHUX  3aJIOKHOCTEH 3a il  eKCIuTyaTaliiHoTo 1
pPYHHIBHOTO HAaBaHTa)XCHb TMPU OJHAKOBUX KOHCTPYKTHBHUX YHMHHHKAX. 3a JIOTIOMOTOIO
CTOXaCTUYHOTO Ta rpadiYHOT0 aHATI3y OI[IHEHUH BIUIMB BUTY apMaTypH 1 KOHCTPYKTUBHUX (haKTOPiB
Ha MILHICHI Ta 1eOpMaTHUBHI XapaKTEPUCTUKHU, a TAKOXK Ha TPIIIMHOCTIHKICTh €KCIIEPUMEHTATbHUX
3pa3KiB — OajoK.

KawuoBi caoBa: crameBa 1 OasanmpromactukoBa (BFRP) apmarypa, MinHICTb,
nedhOpMaTUBHICTh Ta TPIIMHOCTIMKICTD OAIOK, CTATUYHE 1 MAJIOIMKIIOBE HABAHTAKCHHSI.

Beryn. T'enepanshoro Acambieero OOH y 2000 pomi Oynu mpudHSATI LTI PO3BUTKY
tucstaonitTs (LIPT) no 2015 poxy. Ockinbku kpainu, siki npuiinsiu [Iporpamy LIPT, Busnamu ii
Oe3repeyHuil ycrix Ta HeoOX1JHICTh MPUUHSTTS HOBOTO TOPAJIKY ICHHOTO0, Ha movyaTKy ceprHs 2015
poky 193 kpain — unenn OOH gocsriau KOHCEHCYCy MO MiACYMKOBOMY TOKyMeHTY «llepeTBopeHHs
Hamoro cBiTy: [lopsnok neHHui B ramysi cTajioro po3BUTKY Ha mepioa 10 2030 poxy», sikuii OyB
3arBepokeHnit Ha Camiti OOH 25 Bepecus 2015 poky 3 octatouyHuM (GOpMyITIOBaHHIM 17
rnobanpHuX 1ined (LICP). Cepen aux, Nel2 — 3abe3nedeHHs palioHaJIbHUX MOJIEICH CIIOKUBaHHS
Ta BUPOOHHUITBA (CTOCOBHO OyiBENIbHUX KOHCTPYKIIM — po3poOka HOBHUX 1 YIOCKOHAJECHHS
Nel3 — mpuiHATTS TEpPMIHOBHX 3aX0/iB MO OOpoTHOI 31 3MiHAMM KJIiMary 1 HOro Haciiikamu
(cTocOBHO Oy/iBETbHMX KOHCTPYKIIM — HACKUIBKM MOXJIWBO, 3MEHIIMTH MIKIIJIUBl BUKHUIA
NAapHUKOBUX ra3iB, B T.4. Byrjekucioro razy CO2, 3a paxyHOK 3aMiHH CTaJIeBOi apMaTypu Ha
HEMeTaJIeBY KOMITO3UTHY 1 3MEHIIICHHS BUTPAT IIEMEHTY Ha X BUPOOHHUIITBO).

Konneniisi ctaioro po3BUTKY CBITOBOI CHUIBHOTH TMOSIBHJIACS B IPOIECi 00 €IHAHHS TPhOX
OCHOBHHX TOYOK 30pY: €KOHOMIYHOI, COIlIaJIbHOI Ta €KoJIOTi4HOi. BoHa mepenbauae mpuAHATTS
3axX0[iB, HANpaBICHUX HAa ONTHMAaJbHE BHKOPHCTAHHS OOMEKEHHX PECypCiB Ta 3acCTOCYBaHHS
€KOJIOTIYHUX TPUPOJO-, CEHepro- 1 maTepiaio3Oepiralounx TEXHOJIOTIH Ha 3a0e3MeueHHs
CTaOUIBHOCTI COLIATBHUX 1 KYJIBTYPHHX CHCTEM, a TaKOX LUIICHOCTI OioJOriyHuX 1 (i3WMYHHX
IPUPOJHUX CUCTEM.
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Kpainu €Bponeiicbkoro Coro3y B rpyani 2019 poxy B bprocceni Bu3Haumim 6 mpiopuTeTiB
CTaJIOr0 PO3BHUTKY (€BpOMEHCHKY 3eleHy yroay). B €BponelickkoMy 3aK0H1 Tpo KJIiMaT 3aKpirieHa
LJTb JOCSATHEHHS KJIIMaTHYHOI HelTpansHOoCTI TepuTtopii 10 2050 poky, a 10 2030 poky - 3SMEHIIUTH
UIKIJUIUB1 BUKU]IH, K MiHIMYM, Ha 50%. [1pu upomy, y 2016 poui Oyna nmpuitasra [lapusbka yrona
PO 3HIKEHHS BUKHIIB Byriiekucaoro razy CO2 Ha OJMHMIIIO BaJIOBOTO BHYTPIIIHBOTO MPOAYKTY, a
TaKOX TepecTaTH BUPOOIATH ByTieneBy ctaib 10 2030 poky.

OnHuM 13 HaPSAMKIB BUPILIEHHS 11i€] po0OiaeMu € 301IbIIeHHS BUKOPUCTAHHS 0a3aIbTOBOTO
BojokHa 1 apmatrypu (BFRP) m©Ha i#oro ocHOBI y OymiBHUIITBI, 1H)PACTPYKTYPI,
¢bynnamenToOy1yBaHHI, K€ 3yMOBJIEHE ii €KOJIOTTYHUMHU BIACTUBOCTSMH, BUCOKUMHU MEXaHIYHUMHU
BrnactuBocTssMu. BFRP Mae yHikabHI TeXHIUHI XapaKTepUCTUKH: BOHA Maibke y 3 pas3u MilHIIIa 3a
cTajeBy apMatrypy i B 7-9 pasiB yerma mnpu piBHOMIIHINA 3aMiHi. BoHa Mae BHCOKY KOpO3iiiHY
CTIHKICTB, TapHi 1eIEKTPUYHI Ta liaMarHiTHI BIacTuBocTi. BoHa 1o 30% € nemeBmoro Bij cTaneBoi
apMaTypH IpH PIBHOMIIIHIH 3aMiHi, a i BApOOHUIITBO y MOPIBHSHHI 31 CTaJICBOIO € MEHIII IIKI/JIUBUM,
0COOIMBO B YaCTHUHI BUAIB Byriiekucioro razy COa.

Buknasene BHILE MiIKPECTIOE aKTYaIbHICTh JaHOT pOOOTH.

AHaJji3 JiTepaTypHUX JaHUX. BuaijieHHs Hepo3B’SI3HMX paHille YaCTHH 3arajibHol
npooaemMu.

Y uumaanx Hopmax 1 PexomeHpalisix Mo NPOEKTYBaHHIO KOHCTPYKIII HEMETaJIeBOIO
komro3utHow apmaryporo (FRP), pospobnenmx y CIIA [1], Kamami [2], Amownii [3],
BenuxoOpuranii [4], Itamii [5] mpoTsirom ocTtaHHiX 24 poOKiB, BUKOPUCTAaHI OCHOBHI MPHHIIUIH 1
METOAM PO3PAaXyHKY Ta TNPOCKTYBaHHS OETOHHUX KOHCTPYKIIM 31 CTaJieBOI0 apMaryporo. Y
BiTun3HsHIA HactanoBi [6] 1 momatky JI mo pociiicekux CII [7], sikiii BBa)KarOThCS MPOEKTAMH
MaiiOyTHix HopwM, 30epeskeHuil Takuii sxe miaxia 3 ypaxyBaHHAM JiHiHOTO AedopmyBanns FRP.

OcobmuBocTi neopMyBaHHS, TPINIMHOYTBOPEHHS 1 pyHHYBaHHS OCTOHHUX KOHCTPYKIIH 3
FRP B ykazaHux HOpMax MPOTMOHYETHCS YPAXOBYBATH NUISIXY BBEJCHHS YTOYHIOIOUUX MTOHIKYIOUHX
Koe(irieHTiB yMOB poOOTH 1 HOPMYBaHHSIM TEXHIYHMX XapaKTEpUCTUKA MaTepialiB. KOHCTpyKTHBHI
BUMOTH 10 TaKWX KOHCTPYKI[I € TakoX [eII0 3aHWKEHUMH Y TOPIBHSHHI 3 OETOHHUMH
KOHCTPYKITISIMH 31 CTAJICBOIO apMaTypoIo.

IIpuy upomy, OLIBII YHOPMOBAaHMMH SIBJSIIOTHCS TMHTAHHS 31 CKJIO-, OpraHo- Ta
BYIJICIUIACTUKOBOIO apMaTyporo. YHopMyBaHHs 3actocyBaHHs BFRP y OymiBHULTBI TiabKH
PO3MOYNHAETHCS.

AHaJi3 pe3yNbTaTiB  eKCHEPUMEHTANBHUX JOCTIIHKeHb XIMIYHOT CTIAKOCTI, (hI3MKO-
MEXaHIYHUX BJIACTHUBOCTEH, BUKOPUCTAHHS Ha MPAKTHUIIl KOMIO3UTHOI apMaTypH J1I0Ka3ye OUEBUAHY
notinbHICTE 3actocyBaHHss BFRP y piznux cdepax OymiBHHIITBA 3a arpeCMBHOI Jii OTOYYHOYOTO
CEpEeIOBHIIA, 4 TAKOX HA BOEHHHUX 1 MEIUYHHUX 00’ €KTaX CHEIMIaIbHOTO MPU3HAYCHHS 3 OCOOTMBUMU
BHMOTaMHU.

[TopiBHSHHS pPE3yNbTaTiB EKCIEPUMEHTAIbHUX JOCTI/DKEHb 3 PO3PAaXyHKOBUMHU JAHUMHU
MIIIHOCTI OETOHHUX KOHCTPYKIliK, apmoBanux BFRP, oOuucnenux 3rigHO peKoMeHmalii
BITYM3HIHUX 1 3apyOikHuX Hopm [1-7] Ta aBTOpCHKMX MPOMO3MIIN, MOKa3ajJ0 HAATO BEIMKY iX
po30ixkHICTh [8]. XapakTepHOI pHUCOI0 abCOMIOTHOI OLTBIIOCTI HAasBHUX MyOsikamiit [10-24] mo
JaHOMY IUTAHHIO € BHUCBITICHHS HAINPYXEHO-Ie(OPMOBAHOTO CTaHy Ta po3paxyHok 3a I Ta II
rpynaMy TpaHMYHUX CTaHIB caMe HOPMAJIbHUX Tepepi3iB 0eTOHHUX KOHCTPYKIii 3 FRP. BuBuenHto
Ta PO3paxyHKY MIIHOCTI IXHIX MOXMJIMX MEepepi3iB MPUCBsIUEHI TUIbKH AesKi 3 Hux [1-7, 9, 10, 18,20].

Merta cTaTTi — eKCIIepUMEHTAIbHE BUBUCHHSI OCHOBHHX ITapaMeTPiB Mparie3aaTHOCTI 06 TOHHUX
3pa3kiB 0ayok 3 0a3aJbTOIIACTUKOBOIO apMaTypoOl0 Ta CTBOPEHHsSI 00’ €KTHBHOI 0a3u JaHUX IS
BIIOCKOHAJICHHSI ICHYIOUHMX 1 PO3pOOKM HOBHX METOJIB PO3pPaxyHKy HECY4Oi 3aTHOCTI iXHIX
MPUOTIOPHUX 1 MPOJBOTHUX IUIIHOK 3a 000Ma TpynamMH T'paHMYHUX CTaHiB MPU CTAaTUYHOMY 1
MaJIOLUUKIOBOMY BaHTa)KEHHSX.
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3aBaaHHA JOCTIIKEeHb:

- eKCIIEPUMEHTAIIBHO TOCTIAUTH Ae(OPMAaTHUBHICTD, TPILIMHOCTIMKICTD Ta MIITHICTh OETOHHHUX
6asiok 3 BFRP nipu ctaTnaHOMY 1 MaJIOIIMKIOBOMY iX HaBaHTa)XEHHI 3a TEOPIEIO TJIaHyBaHHS;

- OTpUMATH  EKCIEPUMEHTAJbHO-CTATUCTUYHI  3aJISKHOCTI  OCHOBHHMX  IapameTpiB
MpaIe31aTHOCTI BKa3aHMX €JEMEHTIB BiJl JOCTITHUX KOHCTPYKTHBHUX YHHHHKIB Ta (aKTopy
HABaHTA)XCHHS,

- BUKOHATH TOPIBHJIBHUAN aHATI3 HECY4oi 3MaTHOCTI OeToHHMX Oanok, apmoBaHux BFRP i
CTaJIeBOI0 apMaTypol, Ta OLIHWUTH BIJIMB HA HEi SK BUIYy apMyBaHHs], TaK OCHOBHHX
KOHCTPYKTMBHUX YMHHUKIB Ta ()aKTOPY HaBaHTAKEHHS.

MeToanka nNpoBe/leHHs eKCIePUMEHTIB

Jy1s1 BUKOHAHHSI TIOCTABJICHHUX 3aBJaHb JOCIIDKEHb Oy peari3oBaHi YOTUPH cepii HAaTypHUX
exciepumentiB. Y mnepmiii cepii, ACJ] (K.AnOy-lO.Cromina- /I./lanuneHko), BUIIPOOOBYBaIN
3aJ11300€TOHH1 0aJTKK Ha CTYIIEHEBO 3pOCTarode cTaTuyHe HaBaHTaxkeHHs. Y apyrii, C (F0. Cromina),
cepii JociiKyBaly 3a1i300€TOHHI 0alKU Ha JIF0 Majo IMKJIOBOTO MOBTOPHOTO HABAHTAXXKCHHS 1
BTOMHEe pyWHyBaHHs. Y Ttpetiid, L[ (LlemikoBa), cepii mMpOBOIWIN EKCIIEPUMEHTH 3 OCTOHHUMHU
Oanmkamu, apmoBanuMu BFRP, Ha fito craTndHOrO HaBaHTa)XeHHs, a B 4eTBepTii, X (A. Xymnoouu),
cepii aHajoriyH1 6a3aIbTOOCTOHHI OAJIKK BUIIPOOYBAIN HAa MaJIO IUKIJIOBE MOBTOPHE HABAHTAKEHHS
1 BTOMHE pyHHYBaHHSI.

CuHcTeMHICTh KOMITJIEKCHOTO MAXO0/1Y B MPOBEACHUX EKCIIEPUMEHTAaX 3aKItoyaacs B TOMY, L0
BC1 JIOCTI/IHI 3pa3Ku — OaJIKy MaJii OJIMHAKOBI PO3MIpH, KJIacu OETOHIB Ta noaioHe apMyBaHHA. Bonu
Oynu BUTOTOBJICHI 3a OJHMM 1 THM e miaHoM bokca B3. JlocmigHi ¢gakTtopu (KOHCTPYKTHBHI
YMHHUKY) BapilOBaJMCh Ha TPhOX PIBHAX: X| — BEJIMYMHA BiAHOCHOI BijJami BiJl HOIpPH [0
30cepeKeHol cuu (ponboTy 3pizy), a’ho=1, 2, 3 ae ho=d=175mm; X, — knacy G6etony, C, Mlla,
C16/20, C30/35, C40/50; X3- koedimienTa nmonepednoro apmyBanHs, prv(AKB-800)=0,0029; 0,0065;
0,0115 gnsa 6eronnmx Oanok 3 BFRP ta psw(Bpl)=0,0016; 0,0027; 0,0044 nys 3ami300€TOHHHX
eJIeMeHTIB. BepXHe 1 HIKHE MO30BKHE apMyBaHHS € OJHAKOBUM mpu pi=p1s=0,0176 B Oankax 3
BFRP i craneBoro apmaryporo. Po3paxynkoBuii nposit 6anok gopiBHOBaB Lo=9ho=1575mmMm, a ixHs
mmpuHa b=100mm.

Kosxen HaTypHUI €KCIIEpUMEHT MO cepisix OyB MpoyOJbOBaHWM aHAJIOTIYHUM 3pa3KoM -
6ankoro. EkcriepuMenTanpHi 3pa3ku-0anku Oyiu apMoBaHi ABOMa INIOCKUMH Kapkacamu. Bonu Oyiu
BHUTOTOBJICHI 3 Ba)XKOTO OCTOHY Ha TpaHITHOMY mieOeHi (pakimiii 5-10MM 1 KBapIOBOMY TIICKY 3
MoayneMm KpymHocti 1,5. B’spkyde — moptnanauement mapku 500 6e3 mo0aBok. 3a JOMOMOTOIO
KoMIuiekcHoi 106aBku Penakcon-Cymnep M (1% Binx Baru neMeHTy) MOJeruIyBaiu JerKOyKIaJHICTh
OETOHHOT CyMillli Ta MPUCKOPIOBAIIM TEPMiHU HAOOpy MIITHOCTI OETOHY.

BunaJjieHHst 0CHOBHOTO MaTepiaJy i pe3yJbTaTn

Xapakrep aedopmariiii, yrBOpeHHs TPILIMH Ta pyWHYBaHHS €KCIEPUMEHTAIbHUX OETOHHUX
6asok 3 BFRP i cTtaneBoro apmaTyporo BiZIIIOBIIaB IpaBuiIaM Oy IIBEIBHOI MEXaHIKH 1 HOrO MOYKHA
Oyno nepeabauntu. CriouaTKy YTBOPIOBAIHMCA HOPMaJIbHI TPIIIIMHU B 30H1 YUCTOTO 3TUHY. Jlani BOHU
PO3BHBAIKCS IO BHCOTI OAJIOK 1 pO3MIMPIOBAIINACS, TOSBIISIIUCS HOBI TPIIMHM Y 1[Il 30HI, a TAKOXK
MOXWII — Ha NPHONMOPHHUX MIUISHKAaX. 3 POCTOM HAaBAaHTa)KEHHS HOPMaJbHI 1 MOXWJ TPILIMHU
po3BuBanucs. [Ipu 1boMy, MOXWIII, TPIIUHU JOCATAIHM OLIBIIOI IIMPUHU 1 pyHHYBaHHSA Oalok
BiOyBaJIOCS caMe Ha IPUOTIOPHUX JUISHKAX 10 HUX TPIIIMHAX.

OTpumaHi eKCIIepUMEHTATBHI JaHi OyJIM BIAMOBITHMM YHHOM OIPaIlbOBaHi 32 KOMIT FOTEPHOIO
nporpamoio COMPEX, Buny4eHi He3HaUUMI Ta epepaxoBaHi Ti KOSQIIIEHTH, 110 3aTUILIUINACA 1, SIK
HACIIiJOK, BHBEICHI aJCKBAaTHI  CEKCIIEPUMEHTAJbHO-CTATHCTHYHI  3aJEKHOCTI  MIITHOCTI,
TPIILMHOCTIMKOCTI Ta epOPMATUBHOCTI TOCTIIHUX €JIEMEHTIB IO CepisiX.

Miynicmes (necyua 30amuicms) 00CHIOHUX e/leMeHmis.

Moxe OyTu oxapakTepru30BaHa HACTYITHUMH 3aJI€KHOCTSIMH Ta puc. 1:

Y(V,s) = 98 — 41x; + 12X, + 63 + 16x2 — 7x3 — 5%% — 7%;%,, KH, U = 5,1%; (1)
Y(V,7) = 90 — 36x; + 10x; + 7x5 + 18x% — 6x% — 6x3 — 8x,%,, kH,U = 5,1%;  (2)
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He I/7.1.5’

cyc
Vufl 9 Vu_fz -

(ctop. 37-47)

Y(Vyus1) = 51,8 — 30,1x; + 11,8x, + 5,5x3 + 15,9x% — 5,5%% — 2,3x% — 10,6x,x, —

4,8x,x3,KH, U = 5,0%;

Y((V7) = 44,3 = 27,0x; + 10,4x, + 4,53 + 17,3x] — 4,0x5 — 2,4x5 —

2,9x,x3,kH, U = 5,5%,

)

10,2x,x, —

4

cyc v . . .
VY — pyiinyroua momepedyHa cunma, BiINOBiZHO, MPH CTATHYHOMY i MAIOIHKIOBOMY
MMOBTOPHOMY HaBaHTAKECHHSIX 3aJ11300€TOHHUX OaJloK 3a [22];

pyiiHyIO4Ya TIOTIepeYHa CHJIa, BIAMOBIAHO, MPU CTAaTUYHOMY 1 MAaJOIHMKIOBOMY

MOBTOPHOMY HABaHTAXEHHSIX OeTOHHMX Oanok, apmoBaHux BFRP, mpu Tux jxe 3HaueHHsX
KOHCTPYKTUBHUX YMHHUKIB.

6) a/hy=2;1,=9h,
a) psw=0,0029;p . =0,0065;
V. kH AV, kH ?z; y =0, o;b?g
’:_ 1 p=175mm 100am
160 N C30/35; pse=0,0029; L o 4
140 + =0,0065; l,=9hy: b=100xm 100+ AC — —_—
120 \\\ S}jj‘:ﬂzf:O, 01 7%,' hga:I 75MM. /‘\.:? —
T ™ 801
N [ 2
1 ;Jg - ~_ACA jg“ T
i =l 4
*—-_.*
60 1 \X\/Ll 20| ¥ X
40 1 Il_1 n “0“ l|+ 1 " X%
o C16/20 C30/35 C40/50 C,mI1a
20+
ll_1 " IIOII l!+1 n XL
1 2 3 a/h0
B) RS T YMOBHI NO3HAYEHHS:
4 Vu, kH pk =0,0176; hy=175mm;
1204 IO JMM. ACL
X——"—= - paHi[25] no gocn.
100+ cTart. HaBaHT. 3/6eT. 6anok;
+ ::_‘.-—"' c _—= C _
80 B— ———8 - gaHi[25] no pgocn.
60+ 0 UWKN. HaBaHT 3/6eT. 6anok;
40 T .#. - gocnigwn A. Llenikosoi
204 i3 ©a3/beT. cTaT. HaBaHT. bankamu;
N_1 " llO" Il+1 " X x x . .
0—0 - pocnian A. Xyaobuya i3
0'.001 8 0’0_029 0.0044 PSH(B I) Gas/BeT. unKn. HaBaHT. Gankamu.
0,0029 0,0065 0.0115p +(AKDB-800)

Puc. 1. BB BiIHOCHOTO MPOJBOTY 3pi3y (@), Kinacy 6eToHy (0), KITBKOCTI MOMepeyHoi apMaTypH

(B) Ha HECYUY 3aTHICTh IPUOMIOPHUX MIJISTHOK JOCIITHUX CICMEHTIB.

Ilpocunu excnepumenmanvuux 3paskie npu excnayamayiunomy ( 1= 0.65F, ) pieni
HABAHMAICEHHA.

MO)KYTB 6yTI/I HpGI[CTaBJIeHi HAaCTYIHUMH CKCIICPUMCHTAJIbHO-CTATUCTUIHUMHU 3AJICKHOCTAMU

v(f,

nFu) = 4,5+ 0,8x; + 0,35%, + 0,25x3 — 0,35x2 — 0,15x2 + 0,30x; X3, MM, U = 6,0%, (5)
Y(frz,) = 5,00 + 0,85%; + 0,40, + 0,25x5 — 0,405 — 0,15x5 + 0,30%;X;, MM,

U = 6,4%,

(6)

V(£ snr,) = 10,20 +0,91x; + 1,04x; + 0,73x; — 0,74, um, U = 5,3%, (7)
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13 SKUX BUAHO, IO TPOTHHH OeTOHHMX Oaynok, apmoBaHux BFRP, Oimpmie, HiX y 2 pasu
MEPEBUIIYIOTh TTPOTUHU aHAJIOTIYHUX 3a1300€TOHHUX €JIEMEHTIB 3 TAKUMHU K€ KOHCTPYKTHBHUMHU
YMHHUKaMHU 1 IOCATAIOTh, B cepelHboMY, 1/154 Big po3paxyHKOBOI TOBXHUHU MPOJIBOTY.
OcCkinbKM pyiHYIOYE MONEpPEYHEe HABAaHTAXKEHHS IIPU MAJIOLMKIOBOMY IIOBTOPHOMY HaBaHTaKEHHI
3MEHIIYEThCS TOPIBHSIHO 31 CTaTMYHHUM, NpUOIM3HO, Ha 14%, a nedopMaTUBHICTH CTUCHYTOTO
OeTOHy 30LIbIIYETBCS HAa TaKy >K BEIMYUHY, TO, K BHABMIIOCS, BIUIMB MaJOLHUKIOBOIO
HaBaHTAXXCHHS Ha IbOMY PiBHI HE Bi0Opa3HBCs HA MPOTHUHAX.
I'padiune BimoOpakeHHsS TNPOTHHIB 0a3aJbTOOCTOHHHUX 1 3aMi300€TOHHUX OaJlOK TpH
eKCIUTyaTal[ifHOMy HaBaHTaXEHHI IPE/CTaBJIeHa Ha pHC. 2.
a) 0)
f,r, MM f

A nFw h nFw? MM

4
i Foy 12,01
10,01 7)? 11,01 ,L
14 : i LL.X
9,0 v g 10,01

C30/35; psw=0,0029

8,0-- p . =0,0065; 1y=9hy b=100a 9’0--
vy ~0,0176; ho=1753x a/hg=2;C30/35;15=0h,
7.0+ 8.0+ peu=0,0029;p _ =0,006
pi=py~0,01 7§
6,01 7,01 hy=1 #s» o b=100mm.

0 et oof
3 —  AC[ C :
4,0__ " ,’—-’ 5.0+ ﬁ
ﬁ{ "0" g XL I r--:':’____ s o —
1

4,01 — ACll
2 3 a/h{) ||_1 n "0" l|+1 " XZ.
1 2 3 C,wmlla
B)
A ffJ'FU’ MM .
%07 YMOBHi Mo3HaYeHHS:
1000 =17
9,01 )(-—Pﬁu'— - daHi [25] no gocn.
8,0+ alhy=2;C30/35; 1y=9hy; cTarT. HaeaHT. 3/6eT. Banok;
i =p1=0,0176; hg=175ym;b=100atm.
7,01 Bl . - “ .—L—. - AaHi [25] no gocn.
6.0+ LMKN. HaBaHT 3/6eT. Banok;
5,0+ — _______:*- .#. - pocnigu A. Llenikosol
4,01 ;——-—'—--—--— —_— i3 Gas/BeT. cTaT. HaBaHT. Bankamu;
’ ||_1 " "0" “+1" X3 R X X = B
.—. - gocnigu A. Xygo6uua i3
D,'0016 an' 29 0,00 .4‘ psm'(BpI) Bas/beT. ynkn. HaBaHT. Gankamu.
0,0029 0,0065 0,0115 P (AKB-800)

Puc. 2. 3anexHICTh MPOTUHIB 0AJIOK TpH ekcITyaTtariiaomy (1 = 0.65F,) piBHI TONEPEIHOTO
HaBaHTAKEHHSI BiJ] BITHOCHOTO MPOTOHY 3pi3y (a), kiacy 6eToHy (0) Ta KITLKOCTI IMOMEPEUHOT

apMaTypH (B).

Ymeopenna nopmanvnux i noxunux mpiwgun y 6azanbmodemonnux oankax.
XapakTepusyeTbes BIAMOBIAHUME 3aiexkHOCTIMU (8) 1(9) 1 rpadiuno BimoOpaxeHe Ha puc.3.

Y(M% ;) = 3,25 4 0,98x;, + 0,14x3, kHwm, U = 5,1%; (8)
?(Vc/rf) = 20,5 —9,6%; + 3,3%, + 0,8%3 + 5,1x% — 0,5x3 — 0,6x2 — 2,4%,X,, U = 8,0%, (9)
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a) 6)
. : M . xHv V__ xH
Mmf., I\HM“ Vm,, kH arf i erf
4,00137 C30/35; ps=0,0029 4.25140 I C30/351,~9%,
3 75+34 p 4,=0,065; 1;=9hy; b=100xn; 4,00437 | p==0.0029;p . =0,0065
: \ ooy ~0,0176; hy=1753m. o o =001 75 /

3,50431 \ : " 3,75134 | h,=175m;b=100ww. v
325428 X afli2 350131 L
3,00425 Vmﬂx 3,25128
2,75122 - N 3,00+25 M H
250419 N 275422 / /' arp K5
2,25116 Hex 2,50419 /

- . e o LI, X

1 2 3 alh, n_qm Qe npqn er

1 2 3 CMlla
B)
M, . KHM“ N s kH

4,00437 : .

alhy=2; C30/35; l,=9h,; b=100xn; YMOBHI MO3HAYEHHS:
3,75134 | p.=p; =0,0176; hy=175nux.
3,50731 S .J—. - pocnigu A. Lienikosoi
325408 ,_.———"'—"'4 3 6a3/GeT. cTaT. HABaHT. Gankamu;

4 Vr'r."l 2 X
3,00425 @————@ X - nocnign A. Xyaobuya is

1 Bas/BeT. umKkn. HaBaHT. Bankamu.

275122 —$M,,,. H
25019 LLX
225416

™ g el X5

0,0075 00025 00044 . (B,T)
0,0029 0,0065 0,015 P (AKB-800)

Puc. 3. 3anexuicte MOMEHTY Mpq 7 1 ONIEPEUHOT CUIHN Vppq 2 YTBOPEHHS, BiIIOBIHO,
HOPMAJIBHUX 1 MMOXHMJIMX TPIIIHUH Y TOCTITHUX 0a3aIbTOOCTOHHMX 3pa3Kax-0ajakax BiJl BETUYUHU
IPOJIbOTY 3pi3y (), kitacy 6eToHy (0) 1 KIIbKOCTI ONEPEYHO1 apMaTypH (B) 3a All CTATHYHOTO
(imgexc 1) 1 MamoIUKIIOBOTO (1HACKC 2) MOBTOPHOTO HABAHTAKCHHSI.

Hlupuna po3kpummsa HOPMAIbHUX MPIWUH Y OO0CTIOHUX €NEMEHMAax NpPpuU MAaaoUyuK1I080MY
HAGAHMAICEHHI eKCNIIYAMayiitH020 PiGH L.
Moske OyTtu onrcana 3anexxaoctsasmu (10)...(11) 1 mpencrasnena puc. 4.

Y(W-?¢) = 0,14 + 0,02x; + 0,03%, + 0,01x5 + 0,01x% — 0,03%% + 0,01x;x3,
U = 6,2%; (10)

?(Wkﬁ; = 0,35 + 0,06x; + 0,10x, + 0,05x5 + 0,02%;x3, MM, U = 11,5%. (11)
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a) 0)
Wie MM WY MM
~
0,55t J 0,45t /
0,401 0,40t
0,351 % 0,351 M
0.307 @7[c30735: po=0,0025; 0,30y a/hy=2,C30/35,1y=9hy;
0,25+ pﬁf=0,0065; ,'ﬂ=§l|],ﬂ; b=100l: 0,25t psw=0, 0%23}%,:0,0065;
s—pr —~0,0176; hy=175mm. s~ PIf Us ;
0,20+ LB o o 0,20+ F;r;=5)[{iuw;b= 1007t
_.—
0,15 - - = 0,15 ﬁ_—_r_./ B .
0,10+ 0,10+
[
0,051 0,05t
n-1 " IIO" rl+1 " Xl‘_ "_1 " "0“ ||+ 1 " XZ,‘
1 2 3 a/h 1 2 3 C,mlla
B) W, LS mm
0.451 YMOBHI NO3HAYEHHS:
0,401
0,35+ ._._C -—f - aaxi [25] no gocn.
LUMKN. HaBaHT 3/6eT. Banok;
0,301 !
0.25% [ah,=2;C30/35; [,=9h, b=100au; @————® - aocnian A. Lenikosoi _
N 0,0176; hy=175x1. i3 6a3/beT. cTaT. HaBaHT. Bankamu;
f X
@————@ X - nocninw A. XynoBuua is
0,151 —— - 633/BeT. UMKN. HaBaHT. Gankamu.
0,10+
0,05t
II-1 " " " l|+1 n X3 o
0,0016 0,0029 0,0044 ps“(BpI)
0,0029 0,0065 0,0115 P (AKB-800)

Puc. 4. BB KOHCTPYKTUBHUX YMHHHKIB HA IIUPUHY PO3KPUTTSI HOPMAIBHUX 1 HOXUIUX TPILIMH
y TOCHIAHUX 311300 TOHHUX 1 6a3a71bTOOETOHHUX OaliKax MPH CTATHYHOMY MAJIOIIUKIOBOMY X
HaBaHTAXCHHI eKcIuTyaraliiaoro pisas (n = 0.65F).

SIK BUJIHO 13 pUC. 5, MHUPHHA PO3KPUTTA HOPMAJIbHUX TPILIUH y €KCIEPUMEHTAIBHHUX 3pa3Kax MpH
eKCIUTyaTaI[iiHOMY PiBHI HAaBaHTAXEHHS HE TIEPEBHUIIYE JOMYCTUMHX PiBHIB.

Hlupuna po3kpummasa noXuaux mpiiun y 00CAiOHUX 0AIKAX NPU CIMAMUYHUX | MATOUUKT08UX
HABAHMAINCEHHAX eKCNIIYAMAYITIHO20 PIGHSL.
XapakTepu3yeTbCs CTAaTUUYHUMH 3aekHOCTIMH (12)...(14) 1 BimoOpakeHa Ha puc. 5.

Y(W/) = 0,35 — 0,06x; — 0,03x, — 0,01x3 — 0,01x; X3, MM, U = 10,4%; (12)
Y(W/) = 0,40 — 0,05x, — 0,03x, — 0,03%,X3, MM, U = 6,0%; (13)
?(Wk/fl) = 0,30 — 0,08x; — 0,15x, + 0,07x5 + 0,03x? + 0,03x,x3, MM, U = 13,7%. (14)
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)
W/, MM
a) Lh ~
W/, MM 0,601
A
0,551 1&,- 0,557
0507 g 0,50t
0,45t - 0,45+
-~
0,40+ 0,40+
0,351 ﬁ 0,35+
0,30+ 0,301 /
0.257  [c30i35; Pm0,0029; 0.251 Pq??:jﬁig’ff"fizﬁg,
0,201 |ps=0.063; Iy=9hy b=1001; 0,20+ PooP, 00175,
0.15+ p=p1~0,0176; hy=175a0n. 0.15+ hy=175300:b=100331.
n_qn "o g XL "_qn "0"| g X,
1 2 a/h, 1 2 3 C,mIla
B)
W/, MM
A
0.80T  am,=7:c30735 T,=0ny YMOBHI NO3HaYeHHs:
0,55+ |p=p:~0.0176;
hy=175Mmm;b=100Mmm.
0,507 X-—Fﬁﬂ—-x - naHi [25] no pocn.
0,45F M= . | cTaT. HaBaHT. 3/6eT. Banok;
0,40+ / .—-—C -—l] - naHi [25] no gocn.
E— /? LMK, HABaHT 3/6eT. Banok;
0,35““ V 5= -3
0,30+ .J—. - nocniam A. Llenikogoi
13 Daa/beT. cTat. HaBaHT. bankamu;
0251 )
0,20+ @———@ X -ocnion A XynoGuua ia
©0a3/6eT. UMKN. HaBaHT. Dankamu.
0,151
"_1" nhyn I|+1 n Xj N
0.I0016 O,DI 29 0,00 ‘4‘ ps“(BpF)
0,0029 0,0065 0,0115 Psy(AKB-800)

Puc. 5. 3aneXHICTh MUPUHN PO3KPUTTSI MOXWIMX TPIIIMH Y AOCTITHUX 3pa3Kkax-0aiKax mpu
eKcIuTyaTariinomy piBHi (1 = 0.65F,)) iX HaBaHTa)KECHHS BiJ| BEJIMYMHH BIJITHOCHOTO MPOJILOTY
3pi3y (a), kinacy 6eToHy (0) 1 KITbKOCTI ITONIEPEYHO1 apMaTypH (B).

BucHoBku:
1. PeanizoBaHuii CHCTEMHHH MigXiJ] O EKCIEPUMEHTAIBHO — TEOPETUYHOTO BUBUYCHHS
Halpy>XeHo — JehOpMOBAaHOTO CTaHy OQJIKOBUX KOHCTPYKIIH,  apMOBaHUX CTaJIEBOIO 1

6azanpTorutactukoBoio (BFRP) apmaryporo, Bnepie 103BOJMB 3pOOMTH JOCTOBIPHY KUIBKICHY 1
SKICHY OIIIHKY BIUIMBY KOHCTPYKTHMBHUX YHHHHKIB Ta (PaKTOPiB 30BHINIHBOI Jii Ha iX HECyudy
3JIaTHICTh, )KOPCTKICTh, TPIIIMHOCTIMKICTh Ta IHIII MMapaMeTpy MpaLe3JaTHOCTI SIK 30KpeMa , Tak 1y
B3a€EMO/II1 OZIMH 3 OJTHUM, CYTTEBO YTOUHHUTH (PI3UUHY MOJIENIh pOOOTH BKa3aHWX KOHCTPYKIIIH MPH iX
CTaTUCTUYHOMY Ta MaJIOIUKIOBOMY ITOBTOPHOMY HaBaHTa)XEHHI. 30Kkpema OyJ0 BCTaHOBIIEHO, IO
MIIHICTh JOCTIAHUX €JIEMEHTIB HEJIIHIMHO 301IBITYETHCS:

- 31 3MEHIICHHSIM BEJIUYHHH BITHOCHOTO MPOJILOTY 3pi3y a/hy Bix 3 10 1 y 3a3HaueHHX
cepiax Ha 80...122%;

- 31 30inbieHHsM kiacy 6erony Bix C16/20 no C 40/50 na 24...47%;

- 31 30UIbIIEHHSIM KIUJIBKOCTI TONEpe4HOi apmarypu pg, Big 0.0016 mo 0.0044 i
0a3abTOILIACTUKOBOI Pfyy, BT 0.0029 10 0.0115, Bignosigno, Ha 12... 16% 1 20...21%;

- O/IHOYaCHOMY 3MEHIIEHI BiJIHOCHOTO TMPOJBOTY 3pi3y 1 30inblIeHi Kiacy OETOHy Ha
7...23%;

- OJHOYacHOMY 3MeHIeHi a/hg i 30inbIeni pgy, Ha 7... 9%.
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2. 3awmina ctaneBoi apMarypu Ha OutblI moaaTivMBy OazanbromactTukoBy BFRP mpu Bcix
IHIINX O/IHAKOBUX KOHCTPYKTUBHUX YHHHUKAaX MPHU3BOJUTH 1O 3MEHIICHHS HECydoi 3aTHOCTI
MOXWJINX Tepepi3iB JOCTITHUX 3pa3KiB — OaJIOK MPU IX CTATUYHOMY HaBaHTAXEHHI, B CEPEAHbOMY,
Ha 47%, a Ipu MaJOLMKIOBOMY NOBTOPHOMY — Ha 51%.

3.  MayonMKII0Be MOBTOPHE HAaBAaHTAKEHHSI 3HIKYE HECYUy 3[JaTHICTh IPUOMIOPHUX JTIISTHOK
3aJ11300€TOHHUX 0aJIOK, B cepeTHhOMY, Ha 8%, a 0eTOHHUX elleMeHTiB, apMoBaHnXx BFRP — Ha 14%.

4. TIlpormau OeroHHuX Oanok, apmoBaHux BFRP, Ginblie, HiX y /JBa pa3u NMEpPEeBHIIYIOTh
MIPOTHHU aHAJIOTIYHUX 3a11300€TOHHUX E€JEMEHTIB 3 TAKUMH € KOHCTPYKTUBHUMH UYMHHHUKAMU 1
J0CSTal0Th, B cepenHboMy, 1/154 Bia po3paxyHKOBOI JOBXKHHU HPOJILOTY MPH EKCIUTyaTaliifHOMY
piBHi (0.65F,) HaBaHTa)keHHs 1 3011bIIyI0TECS 10 1/110 nepen pyitnyBanusm (0.95F,).

5. lllupuHa pO3KPUTTS HOPMATHHUX TPIIIMH 3a7T1300€TOHHUX OAJIOK IPH eKCIUTyaTaIliiHOMY
piBHI MAaJOIMKIOBOTO MOBTOPHOTO HABaHTAXEHHSA, B cepeaHboMy, naopiBHIOE 0.14 MM, a
6azanpTobeToHHUX — 0.35 MM. BignoBigHo, cepeiHe 3HaYE€HHS ITMPUHHA PO3KPUTTS MOXUIUX TPIIIUH
y 3ami300eToHHNX Oankax ctaHoBUTH 0.40 MM, a 6azanprobeToHHuX — 0.45 MM IpH aHAJIOTTYHOMY
HaBaHTaXEHHI.

6. nsa cyrreBoro 30UTBIICHHS HECY4Oi 3JaTHOCTI TOXMJIMX Iepepi3iB MPOTiHHUX
0a3a1bTOOETOHHUX KOHCTPYKITIH, 3SMEHIICHHS IXHIX MPOTWHIB Ta IIUPUHU PO3KPUTTS HOPMAJIBHHX 1
MOXWJINX TPILIMH BBAXXAEMO 3a JOIIbHE BUTOTOBIIOBATH X 13 TONEpeaHbO HarpyxeHoro BFRP 3
BIJIMOBITHUM HAYKOBO — TEXHIYHUM CYITPOBOJIOM.
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Abstract. Experimental data on strength, deflections and cracking in beams are presented. Beams are
made with dimensions 2000x200x100mm with steel and basalt-plastic (BFRP) reinforcement. They
have been tested for static and low-cycle reloading. The results of studies of the main parameters of
the performance of research elements are presented in the form of the corresponding experimental-
statistical dependences for the actions of operational and destructive loads with the same design
factors. With the help of stochastic and graphical analysis, the influence of the type of reinforcement
and design factors on the strength and deformation characteristics, as well as on the crack resistance
of experimental samples - beams, is estimated.

Keywords: steel and basalt-reinforced plastic (BFRP) reinforcement, strength, deformability and
fracture toughness of beams, static and low-cycle loading.
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AnHoTanus. [IpencraBieHHBI SKCIIEPUMEHTATIBHbBIC JaHHBIE TPOYHOCTH, TPOTUOOB U 00pa30BaHUs
TpenirH B 0ETOHHBIX 0akax co cTanbHOM 1 6a3anpTomiactukoBoi (BFRP) apmarypoii ¢ pasmepamu
2000x200x100MM npy IEMCTBUM CTaTUYECKOW U MAJIOLIMKIIOBOW ITOBTOPHOW Harpy3ku. Pe3ynbTarsl
UCCIIEIOBAaHUM OCHOBHBIX IapaMETPOB PabOTOCHOCOOHOCTH HCCIEAOBATENbCKUX 3SJIEMEHTOB
NPEJCTAaBICHbI B BHJIE€ COOTBETCTBYIOLINX AKCHEPUMEHTATBHO-CTATHCTUUYECKUX 3aBUCHUMOCTEH 3a
JEHCTBHS SKCIUTYaTallMOHHOTO M Pa3pyLIUTENIBHOIO HArpy30K MPH OJUHAKOBBIX KOHCTPYKTHUBHBIX
¢dakTopax. C MOMOIIBIO CTOXAaCTUYECKOTO M TpaUuecKoro aHajiu3a OLEHEHO BIMSHUE BHJIA
apMaTypbl 1 KOHCTPYKTUBHBIX (paKTOPOB Ha MPOYHOCTHHIE U J1e(OpPMATHBHbBIE XapaKTEPUCTUKHU, a
TaKXe Ha TPEIIMHOCTOMKOCTh SKCIIEPUMEHTAIBLHBIX 00pa3IioB - OaloK.

KiroueBble ciaoBa: crambHas wu  0OazanmproriactukoBas (BFRP) apmarypa, mnpouHOCTB,
ne(GOopMaTUBHOCT M TPEUIMHOCTOMKOCTh 0aJI0K, CTaTHYeCKask M MaJOIUKIIOBas 3arpy3KH.
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