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akajemis OymiBHUIITBA Ta apXiTekTypH, Oxeca, 2024.

JluceprartiitHe JTOCHIKEHHSI TMPUCBSIYCHE BHUBUCHHIO BIUIMBY CTYIIEHEBO
3pOCTAl0YOro 3HAKOMOCTIMHOIO MAJOLMKIOBOIO HABAaHTAXEHHS Ha HECcydy
3/IaTHICTh, TPIIUHOCTIUKICT, Ta Je(OPMATHBHICTH MOIIKOKEHUX MPOTIHHUX
0a3aJIbTOTNIACTUKOBUX €TIEMEHTIB, MMiICUICHUX BYTJICTIACTUKOBUM TOJIOTHOM.

Y Berynmi poOOTH mpuBelieHe OOTPYHTYBaHHsSI BHOOPY TEMHU JIOCIHIJIKEHHS,
chopMysbOBaHI MeTa Ta 3ajayl JOCTIKEHb, HAYyKOBa HOBU3HA Ta MPAKTUYHE
3Haue€HHA pOOOTH, TMpeJCTaBieHa ii 3arajibHa XapakTEpPUCTHKAa Ta 3B S30K 3
HAyKOBHMHU IIporpamMamu 1 TUIaHaMH.

VY mepmiomy po3aiii auceprailii npencTaBiIeHUN OIS CTaHy Ta KOHLEMIIIT
PO3BUTKY METOMAIB MIJACWICHHA Ta pO3paxyHKy OyAiBeIbHUX KOHCTPYKIIIH.
Po3rnissHyTO — €KClepUMEHTabHI  JOCHIIPKEHHSI  MIiJCUJICHUX  €JIEMEHTIB. 3
HABEJICHOTO OIVISIY 1ICHYIOUYHUX MyOsTiKailiil 0ysio 3po0jieHO BUCHOBOK, 1110 MUTaHHS
HECyd4oi 3/1aTHOCTI Ta Je(pOpMaTUBHOCTI 3al1i300€TOHHUX E€JIEMEHTIB, IMIICUICHUX
KOMITO3UTHHUM 30BHIIIIHIM apMYBaHHSIM, BUBYCHO HEIOCTATHLO. bynu BcTaHOBICHI
HEpO3TJIIHYTI Ta Hepeali30oBaHl TMUTAaHHS Ta 3aBJAaHHS BIUIMBY TPHUBAJIOTO
HABAHTAXKEHHA Ta POOOTHU PO3TATHYTOI 30HU OCTOHY, BIIUB 1CTOPii HABAHTAKEHHS
KOHCTPYKIIi 10 11 NIACUJIEHHS, OIIHKH HampyXeHO-Ae(pOPMOBAHOIO CTaHy
KOHTaKTHOI 30HU «KOMIIO3UT-OCTOHY», EKCIEPUMEHTAIbHUX OCIHIKEHb 1010
BIUIMBY MOSIBU BEPTUKAIBHUX TPIIIMH Ha BIJLIAPYBAHHS €JIEMEHTIB IIJICHUJICHHS.
[TonoxeHHsT Ta BUCHOBKH, OTPUMAaHI B XOJl aHaNi3y MOMIOHUX EKCIEPHUMEHTIB,
c1ab0 3aCTOCOBHI JJIsi pO3pOOKH Teopii PO3PaxXyHKY €JIEMEHTIB, 10 3TMHAIOTHCS,

JUIS. SIKUX THUTaHHS OI[IHIOBAHHS 3YCIUICHHS MaTepialiB € TOJOBHUM. byio



3a3HAUEHO, M0 psAJ AaBTOPIB JOCHIIPKEHb OTPUMYBAJIM PI3HI peE3yNbTaTH,
HE3Ba)Kal0YW Ha 3aCTOCYBAHHS MOIIOHUX MaTepialliB i METOIHK.

3anponoHOBaHl HaNpsSIMH MOAANbIIOT po3poOku Temu. OOrpyHTOBAHO
aKTyaJIbHICTh 3aBIaHHS aKyMYJIIOBaHHS €KCIEPHUMEHTAIBHUX JTaHUX, HEOOXITHUX
JUIS BIOCKOHAQJICHHS METOJUKH PO3PaxyHKY IIJICUJICHHST OCTOHHHMX €JIEMEHTIB
30BHIIITHIM apMYBaHHSIM.

Y opyzomy po3oini po6oTu HaBeneHI OOTPYHTYBAHHS Ta TIEPEIyMOBH BHOODPY
JOCIiIHUX (aKTOPIB, MJIaH €KCIIEPUMEHTAIBHUX JOCTIIKEHb Ta JETATIbHUNA OIMHUC
METOJIMKU MTPOBECHHS BUIIPOOYBaHb JOCTIAHUX 3pa3KiB-0aoK.

JUIst TOCSTHEHHSI MOCTAaBJIEHOI METH MOMNEPEIHbO PpPEeai30BaHO JABl cepii
7a00paTOPHUX JIOCHTIAIB 3 OJHONPOTiHHUMHU Oankamu, apmoBanuMmu Basalt Fiber
Reinforced Polymer (BFRP), 3a nii cTaTu4HOro MajaoiMKIOBOIO IMOBTOPHOTO
HABAHTAKEHHA BHUCOKUX PIBHIB 3TiIHO jAepxkOromxeTHUX Tem 0108U000559,
01210114597 3 BukOpUCTaHHSIM pOTaTa0EIBHOTO IIaHY-EKCIIEpUMEHTY bokca-
benkina B;. ¥V nux mepmmx ABOX cepisix y SKOCTI JOCHIIHMX OOpaHl HaCTyIHI
dbakTopu (KOHCTPYKTHMBHI UWHHHUKH), $KI 3MIHIOBAJUCS HA TPbOX PIBHIX:
BIJIHOCHUM MPOJBOT 3pi13y, KJac OETOHY 3a MIIHICTIO Ta KOE(ILIEHT NONEPEYHOro
apMyBaHHS. Y TEpIIii cepli TOCIiIIB HEMOMIKOKEH1 0anKku Oy BUMPOOyBaH1 Ha
JUI0 CTYNEHEBO 3pOCTAl04uOro OJHOPAa30BOrO CTAaTUYHOTO, a Yy Jpyridl —
MaJIOIUKIIOBOTO MOBTOPHOT'O HABAaHTAKCHHHI.

[Tomkomkeni micas BunpoOyBanb OeTtoHH1 Oanku 3 BFRP Oymu miacuneni
3HU3Y y PO3TATHYTIHM 30HI HA BCIO IXHIO JOBXKUHY (1575 mM) 1 mmupuny (b=100 mm)
Ta Ha TMPUOMOPHUX JUISHKaX Y BHIVISAAI 3aMKHYTHX COPOYOK JOBKHHOIO,
BiamoBigHo, 150, 300 1 450 MM ByTrJeImjIacTUKOBUM IMOJOTHOM Sika®Wrap® -
230C, npukieeHOTro JBOKOMIIOHETHOIO cMoior Sikadur — 300 3a BCTaHOBIIEHOIO
TEXHOJIOTI€I0 3 MOMEPEAHBOI0 TMIATOTOBKOI MOBEPXHI JOCHIIHUX 3pa3KiB-0aJIoOK i
BUKOPUCTAHHAM JIPIOHO3EPHUTHX PEMOHTHHUX CyMIIIeH Njisi 3apoOJsieHHs BHOOIH,
KaBEPH 1 HAAMIPHO PO3KPUTHUX TPIILIKH.

[licns moBHOI  moJiMepu3arlii  JBOKOMIIOHEHTHOI  CMOJM  paHiIe

MONIKO/KEH], a TOTIM MiJICKJICH] BYIJICIUIACTUKOM OETOHHI Oanku 3



0a3aJIbTOINIACTUKOBOIO  apMaTypolo, TMOBTOPHO Oynu BunpoOyBaHI Ha IO
CTYIICHEBO  3pPOCTAI0YOr0  3HAKOMOCTIMHOTO  MAJOIHUKIOBOTO  TOMEPEYHOTO
HABAHTAXKEHHA N0 pyHHYBaHHA. KiIbKiCTh MOBTOPHMX HAaBaHTa)XEHb HA JAHOMY
CTYIICHIO, SIK TpaBwWjio, He mepeBuiryBaita 10 1 3pocTanma g0 TUX Tip, TOKUA HE
HacTymaja crabiimizarisa aeopmairiii y 6eToHI, eleMeHTaX MiICHICHHS Ta 0ajakax B
niytomy. Ha 3aBepiasibHOMY eTari BUIIpoOyBaHb 3a HecTal11130BaHuX Achopmarltiii
MiICWICHNX 0ajoK 3HIMAJIM 3 HUX BUMIPIOBAIbHI MPHWIATU 1 JOBOIWIU iX IO
pYWHYBaHHS.

PyltnyBaHHS MOCHITHUX MIACHICHUX 0a3a1bTOOCTOHHUX 0ajOK 3 BETUKUMH
(a/d=3) 1 cepeaniMmu (a/d=2) nponboTamMu 3pi3y BIJANOBIAAIO HAMPYKEHO-
nedhopMOBaHOMY CTaHy Maibke 30alaHCOBAaHOTO HOPMAJIBHOTO IOMEPEUHOTO
nepepizy,  SKAA ~ XapaKTepU3yBaBCS  JOCATHCHHSAM Yy 30BHINIHBOMY
ByrieruiactTukopomy mapi  miacuiaeHHs DAIT-CFRP  (¢gi6po dopmoBaHoro
IJIACTUKY) TPaHUYHUX Jedopmalliii 1 HampyXeHb PO3PUBY, @ Y CTUCHYTIH 30HI1
OETOHY — 3aKpUTUYHMUX (HA HU3XIJHIA JUISHLI JlarpaMH «G. - €») Aedopmanii 1
HaIpy>KeHb. 3a3HayueHEe pyHHYBaHHS JOCHITHUX OajoOK 3 BEJIUKUMH 1 CepeAHIMU
IPOJLOTAMH 3pi3y MOYMHAIOCS 3 po3puBY 30BHIMIHBOI apmarypu PAII- CFRP
BYTJICIIEBUM BOJIOKHOM 1 CYIPOBOJIKYBAJIOCS PI3KUM MIJABUIIICHHSM HaIpYy>KE€Hb Y
pO3TATHYTIM  Oa3anmpToruiacTukoBiii  apmatypi BFRP, postpickyBaHHsIM Ta
pO3LIapYBaHHAM 3aXMCHOTO MIapy OETOHYy 1 HaJAMIPHUM HEKOHTPOJIbOBAaHUM
30UTBIIICHHSIM TTPOTHHIB.

PyiinyBanHst 6ayiok 3 masiumu (a/d=1) mposiboTamu 3pi3y CYNpPOBOIKYBATIOCS
NOJAJIBIIUM PO3KPUTTSM paHille YTBOPEHHX TMOXWIMX TPIIMIUH 1 PO3PUBOM
3aMKHYTHX BYTJICIUIACTUKOBUX COPOYOK Ha OIYHUX TpaHAX iXHIX MPHOMOPHHUX
JUISSHOK Ta PI3KUM  30UIBIIEHHSM MPOTHUHIB, 3yMOBJIEHUX, Hacammepen,
nedopMarisiMi B3aEMHOTO 3CyBY OKPEMHX YaCTUH JOCIHITHUX 3Pa3KiB.

JleTanbHO PO3TISTHYTO OCHOBHI MOKJIMBOCTI IporpamMHoro komruiekcy JIIPA-
CAIIP. IlpencraBiieHO mepelik Iporpam, skl B3a€MOJIIOTh 3 LIMM KOMIUIEKCOM.
Takoxx JOCHIPKEHO OCHOBHI Teopii Ta KpuTepli MIIMHOCTI Ta CTIAKOCTI, SKI

3aCTOCOBYIOThCSA. Y O107i0TeIll MPOrpaMHOI0 KOMIUIEKCY JOCTYNMHHUN CIHCOK



kiamneBux eneMeHTiB (KE), siki BUKOPHCTOBYIOTBCS [IJIi MOJIETIOBaHHS OyIiBEb,
CHIOpPY/T T4 OCHOB.

Tperiit po3ain  gumcepTaiii  NPUCBSYCHUUN aHajgizy  OCHOBHHUX
eKCIIEPUMEHTAIbHUX JaHuX. BiH 30kpema (OKyCyeThCs Ha aHami3l BIUIUBY
MaJIOIMKJIOBOIO0 3HAKO3MIHHOTO HAaBAHTAKEHHSI Ta KOHCTPYKTHUBHHUX ACIEKTIB Ha
HECy4y CIPOMOXKHICTh HOPMaJbHUX Ta IMOXWJIUX IEpepi3iB JOCIIIHUX 3pa3KiB-
Oanmok. JleTanbHO B HHOMY PO3IJIAAIOTHCS Jedopmallis Ta HIMPUHA POZKPUTTS
HOPMAJIbHUX 1 MOXWIMX TPIIIMH, MaKCUMallbHa JIOBXKWHA MPOEKIT HeOe3meuHol
MOXWJIOT TPINUHU HAa TO3J0BXKHIO BICh JOCHIHUX E€JIEMEHTIB, a TaKOX CEpeaHs
BIJICTAHb MDK HOPMAQJIbHUMHU 1 MOXWJIMMHU TPIIIMHAMH, BITHOCHI Jedopmarii
CTUCHYTOTO OETOHY 1 PO3TATHYTOI apMaTypu Ta BEJIMYMHH MPOTHHIB JOCIITHUX
3pa3kiB-Oanok. Ha mifcTaBi IUX EKCHEPUMEHTAIBHUX JaHUX OyJIO BUBEICHO
aJIeKBaTHI EKCIEPUMEHTAIIbHO-CTATUCTUYHI 3aJIe)KHOCTI OCHOBHHMX TMapameTpiB
mpane3aaTHOCTI JoCHiaHuX eaeMeHTIB. Lli 3a1eXHOCT1 T03BOJISIOTH 00 €KTUBHO
OIL[IHUTHU BIUIMB JOCIIHUX YNHHUKIB Ha OCHOBHI ITapaMeTPIB HECYUOi 3JJaTHOCTI 3a
nepmoto (ULS) 1 apyroro (SLS) rpynamu rpaHUYHMX CTaHIB SIK 30KpeMa, TakK 1y
B3a€MO/Iii OJHOrO 3 ofaHuUM. JlaHi mpo aedopMyBaHHS, YTBOPEHHs TPIIMHU Ta
pYWHYBaHHS JOCHITHUX 3pa3KiB-O0allOK pa3oM 3 BKa3aHUMHU 3aJEKHOCTIMU

YTBOPIOIOTh BUXITHI AaHl i (DI3UYHUX 1 PO3PAXyHKOBUX MOJENeH 3a3HAYEHUX

€JIEMEHTIB.
HoBeneHo, o0  XapakTep nedopmarriit O0€TOHy,  pPO3TIATHYTOI
0a3aJ1bTOIIACTUKOBOI apMatypu 1  30BHIIIHBOrO  (p1OPOAPMOBAHOTO

BYIUICTUIACTUKA BIJIMOBIJIaB TimoTe31 miockux nepepiziB (bepnymmi). YV Oankax 3
Benukumu (a’hg = 3) 1 cepennimu (a’hg = 2) mposboTamMu 3pi3y HOpMaJbHI Mepepizu
B 30HaX “YUCTOr0 3rMHY’ BUSBWIHCS Maike 30a1aHCOBAHUMM 1 iXHE PyWUHYBAHHS
BiIOyBaIOCA TIPU OJHOYACHOMY JOCSTHEHHI 3aKPUTHYHHX AedopMailii y 0eToH1
CTHCHYTOI 30HHU Ta y (piOpoapMOBaHOMY BYTJICIUIACTUKY IT1/ICUICHHS.

Kpim Toro, mokaszaHo, mo pa3oM 3 MiJBUIIECHHSIM HECY4Oi 3JaTHOCTI, B
cepenHboMy, Ha 36% MIJCUICHUX BYTJICTIACTUKOBUM IOJIOTHOM MOIIKOKEHUX

CWJIOBMMHM TPIIIMHAMH JTOCHIIHUX 3Pa3KiB-0aJOK iXHI MPOTMHU 301IbITYBAIACS Ha



13 % mpu excrtyaTaniinoMy pisHi (n,)1 Ha 17% - nepen pyliHyBanHaM (n,). IIpn
IIbOMY, CepeIHI MPOTHHU Ipu 1, nocsratoTs |y /140, a mpu n, -1, /95.

JlonaTkoBO, TMPOBENEHO HENMIHIWHI  CKIHYEHO-€JIEMEHTHI  pPO3PaXyHKH
HAIPY>KEHOT0 CTaHy JOCHITHUX 0a3albTOOETOHHMX OajoK y MPOrpaMHOMY
komruiekci JIIPA-CAIIP Bepcii 2021 poxy. s iMiTaiii MOUIKOIKEHUX OalloK
BUKOPHUCTAHO CKiHUeHH1 eneMeHTH Noe236 - (i3uuHO HEeNiHIMHI YHIBEpCaJIbHI
BOCBMHUBY3JIOB1 TIpocTOpoBi 13omapamerpuuHi KE, npusHaueni i aHamizy
MIIIHOCTI KOHTHHYQJIhHUX OO0’€KTIB Ta MACHBHUX IPOCTOPOBHX KOHCTPYKIIIH 3
ypaxyBaHHSM (pi3UYHOT HEMIHIMHOCTI MaTepiatiB.

[Ipodins Oamox OyB 3MonaeNbOBaHUN y (QopMi MNPSIMOKYTHOTO Opyca 3
Bucotoro 200 MM Ta mmpuHoro 100 mm. BukopucTaHo peasibHI Aiarpamu
nedopmairii  marepianiB. Lle 103BONIMIIO YHCEIBHO BIATBOPUTH PE3YJIbTaTH
€KCIIEPUMEHTIB, BU3HAUMTH HAMOUTbII BIPOTIAHI CLEHapii pyiHYBaHHS AOCTIIHUX
3pa3kiB (0anoK) Ta 3p0OUTH JOCTOBIPHUI MPOTHO3 iX HECYYOT 34aTHOCTI.

B uerBepromMy po3nini aucepTaiiiiHoi poOOTH 3alPOINIOHOBAHO METOJIUKY
po3paxyHKy (koediiieHT Bapiaiii v=5.6 %), 10 J03BOJIAE€ aJC€KBATHO BU3HAYUTHU
HECydy 3/IaTHICTb TPOTIHHUX OETOHHHUX KOHCTPYKI[IA 3 HEMETaJIeBOIO
KoMmno3uTHOI apMmatyporo (FRP) sk 6e3 ix migcuiieHHs Ta 6€3 MOIMKOMKEeHb, TaK 1
nigcuniennx OAII-CFRP enementiB, mo pocsriu rpanuyHoro crany (ULS) y
BUTJISII PYWHYBAHHS OKPEMHUX TMPHUOMOPHUX JUISHOK, HAAMIPHUX CHIJIOBUX
TPIIIMH, MPOTHUHIB, BUOOIH, CKOJIB TOIIO. PO3paxyHOK BHYTpIIIHIX 3YyCHUJIb B
CUCTEMI «IOIIKO/JKE€HAa KOHCTPYKI[ISi — 30BHIIIHA apmaTtypa miacuieHHs DAII-
FRP» B cepenniii yacTWHI MOPONBOTY (30HI «YUCTOTO 3TUHY») TOMYCKAETHCS
BUKOHYBATHU Ha OCHOBI TMOTE3H IJIOCKUX TMEpPepi3iB.

[TincuneHHs: HOpMaJbHUX MEPEPi3iB 3TUHAIILHUX €JIEMEHTIB PEKOMEHIYETHCS
NPOEKTYBAaTH Yy BHIAAKax JOCATHCHHS XapaKTEPUCTUYHUX HANPYKEHb Y
po3TsarnyTii crepxkHeBit FRP (Tekywocti y cranesiil) apmarypi 3 HacTYIHHUM
po3prBoM 30BHIIIHKOT apMaTypu OAII-FRP 6e3 1 3 pyiiHyBaHHSIM CTHUCHYTOI 30HU

OeToHY.



Y po3mini HaBeneHO TEPEBIPKY HECY4YOl 3aTHOCTI TOXWIUX TIepepisiB
KOHCTPYKITIH TICTs pO3paxyHKy miacuieHHs matepianamu OAIT-FRP HopmanpaIX
nepepiziB. IlepeBipka Hecydoi 3aTHOCTI TMOXWJIMX Iepepi3iB  KOHCTPYKIIN
MIPOBOJUTHCS: 32 TOXHUJIOK CTUCHYTOI) CMYTOI0 MDK TMOXWJIMMH TPIIIUHAMU Y
TOHKUX BHCOKHX CTiHKax ab0 B €JEMEHTax 3 HEBEIUKHMH MPOJIBOTaMHU 3pi3y
(a/d<1); Ha git0 momnepeyHoi CHJIM 3a MOXUJIOI0 TPIIIMHOIO; Ha 110 3TUHAJIBLHOTO
MOMEHTY 32 MOXHWJIOIO TPIIIUHOIO.

Takox BU3HAYAE€THbCA HECyda 3JaTHICTh 3pyHHOBaHMX abO0 JOBEIEHUX [0
rpannydoro cta"ny (ULS) mnpuonopHuxX MAiISHOK OalKOBUX KOHCTPYKIIIH,
nigcuneHix Marepiaiamu  DAII-FRP, Ha [ii0 3ruHaJbHOrO MOMEHTY 32
KPUTUYHOIO TTOXUJIOK0 TPIIIUHOIO.

Kuarouosi cJoBa: neopMaTUBHICTb, 0a3anbTO0ETOHHI1 0anku,
BYTJICIIJIACTUKOBE  TMOJIOTHO, 30BHIIIHIA  (PiOpOIUIacTUK, TpaHWYHI CTaHW,
MaJIOIIMKJIOBE CTYNEHEBO 3pOCTAl0Ye HABAHTAXKECHHS, 3TUHAIBHUI MOMEHT,

IorepeyHa cuja, KOMH’IOTepHe MOJACITOBAaHHA.



ABSTRACT

Hlibotslkyi R. V. Load-bearing Capacity of Damaged, basalt-plastic Concrete
Beams Reinforced with Carbon Fiber.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 192 — Construction and civil engineering. — Odesa State
Academy of Civil Engineering and Architecture, Odesa, 2024.

The dissertation study is devoted to the study of the influence of a stepwise
growing sign-constant low-cycle load on the bearing capacity, crack resistance and
deformability of damaged deflection basalt plastic elements reinforced with a
carbon fiber web.

The introduction of the work provides a rationale for choosing a research
topic, formulates the goals and objectives of research, the scientific novelty and
practical significance of the work, presents its general characteristics and
connection with scientific programs and plans.

The first section of the dissertation provides an overview of the state and
concept of the development of methods for strengthening and calculating building
structures. Experimental studies of reinforced elements are considered. From the
above review of existing publications, it was concluded that the issue of bearing
capacity and deformability of reinforced concrete elements reinforced by
composite external reinforcement has not been studied enough. Unaddressed and
unrealized issues and tasks of the influence of long-term load and operation of the
stretched zone of concrete, the influence of the history of the load of the structure
before its reinforcement, the assessment of the stress-strain state of the contact
zone "composite-concrete," experimental studies on the effect of the appearance of
vertical cracks on the delamination of reinforcement elements were established.
The positions and conclusions obtained during the analysis of such experiments are
poorly applicable for the development of the theory of calculating bending

elements, for which the question of evaluating the adhesion of materials is the



main one. It was noted that a number of study authors received different results,
despite the use of similar materials and methods.

Suggested directions for further development of the topic. The relevance of
the task of accumulating experimental data required for improving the
methodology for calculating the reinforcement of concrete elements by external
reinforcement has been substantiated.

In the second section of the work, the justification and prerequisites for the
selection of experimental factors, the plan of experimental studies and a detailed
description of the methodology for testing prototype beam samples are given.

To achieve this goal, two series of laboratory experiments with single-prong
beams reinforced with Basalt Fiber Reinforced Polymer (BFRP) were previously
implemented for the actions of static low-cycle re-loading of high levels according
to the state budget themes of the 0108U000559, 0121U114597 using the rotatable
plan-experiment Box-Behnken design 3 factors. In these first two series, the
following factors (design factors) were chosen as experimental, which changed at
three levels: the relative shear span, the concrete strength class and the transverse
reinforcement coefficient. In the first series of experiments, undamaged beams
were tested for the effect of a stepwise increasing single static, and in the second -
a low-cycle repeated load.

The concrete beams with BFRP, damaged after testing, were reinforced at
the bottom in the stretched zone along their entire length (1575mm) and width
(b=100mm) and on the supporting areas in the form of closed strips with the
lengths of 150, 300 and 450 mm carbon fiber web, respectively Sika®Wrap® -
230C, bonded with two-component mastic gum Sikadur — 300 according to the
established technology with preliminary surface preparation of the prototypes-
beams and the use of fine-grained repair mixtures for filling the grooves, caverns
and excessively open cracks.

After complete polymerization of the two-component resin, previously
damaged and then reinforced with carbon fiber concrete beams with basalt-plastic

reinforcement were repeatedly tested for the effect of a stepwise growing sign-



constant low-cycle transverse load before destruction. The number of repeated
loads at this stage, as a rule, did not exceed 10 and increased until the stabilization
of deformations in concrete, reinforcement elements and beams as a whole
occurred. At the final stage of testing, with unstabilized deformations of reinforced
beams, measuring instruments were removed from them and brought to
destruction.

The destruction of the experimental reinforced basalt concrete beams with
large (a/d=3) and central (a/d=2) shear spans corresponded to the stress-strain state
of almost balanced normal cross section, that was characterized by limit
deformations and tensile stresses in the external fiber-reinforced plastic (CFRP),
and in the compressed zone of concrete — supercritical (in the descending section
of the diagram «o. - €.») deformations and stresses. This destruction of test beams
with large and middle spans of the cut began with the rupture of the outer
reinforcement of the CFRP with carbon fiber and was accompanied by a sharp
increase in stresses in the stretched basalt-plastic reinforcement of the BFRP,
cracking and delamination of the protective layer of concrete and excessive
uncontrolled increase in deflections.

The destruction of the beams with small (a/d<l) shear spans was
accompanied by further opening of previously formed inclined cracks and
rupturing of closed carbon fiber stripes on the side faces of their support areas with
different deflection increases due to the shearing deformations of separate parts of
prototype beams interconnected by longitudinal and transverse rods BFRP.

The main capabilities of the LIRA-CAD software complex are considered in
detail. A list of programs that interact with this complex is presented. The main
theories and criteria of strength and stability that apply are also investigated. In the
library of the software complex, a list of finite elements (FE) is available, which
are used to simulate buildings, structures and foundations.

The third section of the dissertation is devoted to the analysis of the main
experimental data. In particular, it focuses on the analysis of the influence of low-

cycle sign-shift load and structural aspects on the bearing capacity of normal and



inclined sections of prototype beams. Such issues as the deformation and width of
opening of normal and inclined cracks, the maximum length of the projection of a
dangerous inclined crack on the longitudinal axis of test elements, as well as the
average distance between normal and inclined cracks, the relative deformations of
compressed concrete and stretched reinforcement and the deflections of test
samples-beams are considered in detail. Based on these experimental data,
adequate experimental and statistical dependencies of the main parameters of the
performance of experimental elements were derived. These dependencies allow us
to objectively assess the influence of experimental factors on the basic parameters
of the bearing capacity according to the first (ULS) and second (SLS) groups of
limit states, both in particular and in the interaction of one with another. Data on
deformation, crack formation and destruction of test samples-beams together with
specified dependencies form initial data for physical and design models of
specified elements.

It is proved that the nature of deformations of concrete, stretched
basaltoplastic reinforcement and external fibro-reinforced carbon plastic
corresponded to the hypothesis of flat sections (Bernoulli). In beams with large
(a’hy = 3) and medium (a’hy = 2) cut spans, the normal sections in the "clean bend"
zones turned out to be almost balanced and their destruction occurred while
simultaneously achieving closed deformations in the concrete of the compressed
zone and in the fibro-reinforced carbon fiber reinforcement.

In addition, it was shown that, together with an increase in load-bearing
capacity, on average, by 36%, damaged by power cracks of prototypes-beams
reinforced with carbon-plastic cloth, their deflections increased by 13% at the

operational level (n,) and by 17% before destruction (n,). At the same time,

average deflections at n, reach I,/140, and at n,—1,/95.

Additionally, nonlinear finite-element calculations of the stress state of
experimental basalt concrete beams in the LIRA-CAD software complex version
2021 were carried out. To simulate damaged beams, finite elements No. 236 were

used - physically nonlinear universal eight-node spatial isoparametric FEs,



designed to analyze the strength of continuous objects and massive spatial
structures taking into account the physical nonlinearity of materials.

The profile of the beams was modeled in the form of a rectangular bar with a
height of 200 mm and a width of 100 mm. Real deformation diagrams of materials
were used. This made it possible to numerically reproduce the results of
experiments, to determine the most probable scenarios of destruction of prototypes
(beams) and to make a reliable forecast of their bearing capacity.

In the fourth section of the dissertation, a technique is proposed calculation
method provides for the adequate determination of bearing capacity (variation
coefficient v=5.6 %) of girder concrete constructions with non-metallic composite
reinforcement (FRP) both without reinforcement and damage, and reinforced
CFRP elements that have reached the limit state (ULS) in the form of destruction
of individual support areas, excessive cracks, deflections, depressions, chippongs,
etc. The calculation of internal forces in the system “damaged structure — external
reinforcement FRP” in the central part of the span (zone of “pure bending”) is
allowed to be carried out on the basis of the plane-sections hypothesis.

Reinforcement of normal sections of bending elements is recommended to be
designed in the cases of characteristic stresses in stretched bar FRP (steel yielding)
reinforcement with subsequent rupture of external reinforcement FRP without and
with the destruction of concrete compressed zone.

The section shows the check of bearing capacity of inclined sections of
structures after calculation of reinforcement of normal sections by FRP materials.
Checking the bearing capacity of inclined sections of structures is carried out: by
an inclined compressed strip between inclined cracks in thin high walls or in
elements with small spans of the cut (a/d<1); on the effect of transverse force on
the inclined crack; on the action of bending moment along the inclined crack.

The bearing capacity of the destroyed or brought to the limit state (ULS) of
the near-support sections of the beam structures reinforced with FRP materials for
the effect of the bending moment along the critical inclined crack is also

determined.
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