AHOTAIISA

€ceanoxncus B.IO. TlocuneHHsT 0AaJIKOBUX €JIEMEHTIB, MOIIKOKCHUX II1JT Jac
00MOBUX [I1i, 3 BUKOpUCTaHHAM (i0pobeTony. [ucepTaliist Ha 3100yTTS HAYKOBOTO
CTymeHsl okTopa (imocodii 3a cnemianpHicTIO 192 — ByniBHMIITBO Ta MUBLIBHA
imkenepis. — Oxecpka aepkaBHa akajemis OyAiBHUIITBA Ta apxitekTypu, Omeca,
2024.

Jlucepraiiiiiie AOCTIDKEHHS TPUCBSUEHE BHUBYEHHIO HECY4Ol 3/aTHOCTI,
ne(opMaTUBHOCTI Ta TPIIIMHOCTIMKOCTI MOMIKOKEHHUX 3a11300€TOHHUX 0aJTKOBHUX
€JIEMEHTIB, MIACWICHUX CTanePpiOpoOETOHOM.

Y Berymi  mpuBeneHe  OOrpyHTYBaHHS BHOOPY TEMH  JTOCIHIJIKEHHS,
copMysibOBaHI MeTa Ta 3ajadl JOCIII)KEHb, HAyKOBa HOBHU3HA Ta MPAKTUYHE
3HaUYE€HHA pOOOTH, MpEACTaBi€Ha 1ii 3arajibHa XapakTEpPUCTHKAa Ta 3B 530K 3
HayKOBHMH IIPOTPAMaMHU.

VY mepmomy po3aini quceprarii NpeaCcTaBlIeHUN AeTadbHUM OIS Ta aHali3
ICHYI0YO1 HOpPMATUBHOI 0a31 3 METO/I1B PO3PAXYHKY Ta IM1ICUIJICHHS 3a11300€ TOHHUX
6anok. OcoOnuBy yBary NpuIijeHO PO3TIISAY ICHYIOUNX HOPMATUBHUX JOKYMEHTIB
VkpaiHd 1 OPOMOHOBAaHUX Yy HUX METOAIB MiJACHJICHHS TOIIKOKEHUX OalloK.
3a3HayeHo, 10 Ha JaHUM Yyac B YKpaiHi € Maike OJIMH OCHOBHUW HOPMAaTUBHUM
JIOKYMEHT, SIKUI PEriaMeHTy€ PEMOHT 1 MiJICHJICHHS HECYUUX 1 OTOPOJHKYBAIBHHIX
OyIiBEIbHUX KOHCTPYKIIH, SIKUW MOMIMPIOETHCS HA MPOEKTYBAaHHS, BUKOHAHHS 1
pUitMaHHs pOOIT 3 PEMOHTY 1 MIJCUIICHHS HECYYUX 1 OTOPO/KYBaIbHUX OETOHHHX,
3a11300€TOHHUX, KaM'sTHUX, apMOKaM'ssHUX, CTAJIEBUX 1 J€PEB'SHUX KOHCTPYKIIIH 1
(byHIaMEHTIB, a TAKOK OCHOB OY/IIBEJIb 1 COPY /1, B TOMY YMCJI1 B OCOOJIMBUX YMOBaxX
eKCIUTyaTalli..

ITimcuneHHsIM 3a11300€TOHHUX OalloK 3aliMaliMcs 0araTo BUEHHX, SK HAaIIol
KpaiHu, Tak 1 3akopaoHHux — A.b. bapammukos, €. M. bnani, 3.5. brnixapcekuit, O.

I1. bopuctok, B.A. bospuyk, M.O. Banosoi, J[.I. y6ixkancekuii, F0.}O. 3atioxk,



I.B. 3anopoxnikoBa, [.B. Mensnuk, JI.B. ITonpyra, JI.B. Ilotienko, S.B. Pumap,
A K. Canex, C.JI. Cementok, O.I1. Cynak Ta iHI1i.

CydacHl  JOCHIKEHHS ~ XapaKTEpPHU3yIOThCA  3aCTOCYBAaHHSIM  HOBHUX
BUCOKOC(EKTUBHUX OyIIBEIbHMX MarepialiB, TakuxX SK MiHI OeToHH,
cranediopobeTon, momiMepOeToH, 0OazanmbToOeToH. IIIMpPOKO 3aCTOCOBYETHCS
KOMIIO3UTHA apMaTypa Ha OCHOBI apaMiJIHUX, CKJISTHUX Ta BYTJIEIEBUX BOJIOKOH.
Anie pobOT, IPUCBAYEHUX MIICHIICHHIO 0aoK cTanediopodbeToHOM AyKe Mao.

Pi3HOMaHITHICTP METOJIIB TOCHJICHHS KOHCTPYKIIIH Ta, 30Kpema, OaJloK,
3YMOBJIIO€ PI3HI MIIXOIU O TEOPETUYHUX PO3paxyHKIB mocuiieHb. Hampukian,
MOCWJICHHSI 30HHU YIIKOJDKEHHS (1I0pOOETOHOM MOXKHA YSBUTH MAaT€MaTHYHOIO
MOJCIUTIO TiTa 3 BKJIIOYEHHSM. A TIOCHJICHHS 3 BHUKOPHCTAHHSIM MOJIMEpIB,
apMOBAaHMX BYTJICIICBUM BOJIOKHOM, 1€ BXKE 3aBJIaHHS MEXaHIKH KOMITO3HUTIB.

CriIamHiCTh MAaTeMAaTHYHUX MOJEICH MMiICHICHb TPU3BOAUTH O TOTO, IO
TEOPETUYHI PO3paXyHKH TIOCHJIEHb TOIIKO/DKEHUX KOHCTPYKIM  dacriiie
BUKOHYIOTh YHCEJIbHUMHU MeToAamu. {e MeTos CKiHUeHUX pi3HUIb a00 (YacTilie)
METOJI CKIHYEHHMX €JIEMEHTIB 3 MOJICIIOBAHHSIM Ta peali3allic€lo alroputMy y
Cy4YacHUX 1H)XKCHEPHHUX TpOrpamax.

BukoHaHui1 OrJIs11 MPUBOAUTE 10 BUCHOBKY TIPO T€, 110 BUBYCHHSI ITAPAMETPiB
HaIpPY>KEHO-1e(POPMOBAHOTO CTaHy TMOUIKO/PKEHUX 3alli300€TOHHUX  OaloK,
HIJCUIICHUX CTanediopoOEeTOHOM, € aKTyaJIbHOIO MPOOJIEMOIO.

VY apyromy po3aiji poOOTH OMHUCYIOTHCS €KCIIEPUMEHTAIBHI JTOCTIHKEHHS
MOIIKO/KEHUX  0anok, mocuieHux ¢GiOpoOeTOHOM, BHUKOHAHI O€3MocepeIHbO
aBTOPOM POOOTH.

BiamoBinHo 10 mporpaMu AOCTIHKEHb HECYUOl 3AaTHOCTI, 1e(OPMATUBHOCTI
Ta TPIIMHOCTIMKOCTI TMOIIKO/KEHUX 3a11300€TOHHUX OalloK, MiJACHICHUX
ctasnediopodbeToHOM Ha Kadeapax OyAiBeIbHOI MEXaHIKU Ta ONOPY MaTepiajiB Oyiio
pO3p0o0JIeHO cremiaabHui cTeHa. [lIocko-momnepedynrii BUTMH HaBaHTaXKCHHS
BUMNPOOOBYBAHOI OaJIKM CTBOPIOETHCS 3a JOIMOMOTOIO T1IPaBIIYHOTO JIOMKpaTta i

MeTajeBoi OaJKu JBOTAaBPOBOI TpaBEpCOlO, IO Tepenae Ha Oanky JaBi PiBHI



30cepekeHl cuiu. HaBaHTakeHHs, [0 CTBOPIOETHCS, KOHTPOIIOETHCS 3pa3KOBUM
JTUHAMOMETPOM cHUCTeMU TOKaps 1 KUIbLIEBUM AMHAMOMETPOM, 1110 BUKOHYE POJIb
OTIOpH.

VY mporieci BunpoOyBaHb (DIKCYBanoCs HABaHTAXXEHHS, IO MEPENAEThCS Ha
Oanky, mporuHu Ta Aedopmariii. BukoHaHo mociimkeHHs cepii Oalok i3 pI3HUM
XapaKTepoM YIIKOJDKEHb. BapiroBamacs 30HA TMOIIKOKEHHsS (PO3TATHYTa Ta
CTHUCHYTA), TEOMETPis 30HM TOIIKO/PKEHHS Ta crnocid mocwieHHs. JlocmimkeHHs
IIPOBOIMIIU Ha Oasikax MPSIMOKYTHOTO niepepizy po3mipamu 200x120mMm, apmMoBaHHX
JIBOMa BEPTUKAJILHUMHU KapKacamu.

JocnixyBaHi 3pa3ku 0aiok Oy po3MOAUICHI Ha TPU TPYyNH. Y MEpIIiil rpyIii
MOIIKOJI)KEHO CTHCHYTY 30HY, Y JPYTiid Ta TPETI — pPO3TATHYTY. 3pa3Ku KOKHOI
IpyNH 3 BIATOBIIHUM HOIIKOKEHHSIM BUTOTOBJISUINCS OAHOYACHO, 1 1I0AATKOBO J0
KOKHOI TPyHH JOAaBaliacs HEMOIIKO/pKeHa Oanka. KpiM TOro, BHUTOTOBISLTHCS
Opu3MH Ta KyOM 3 METOK BH3HA4YEHHS (DI3UKO-MEXAHIYHMX BIIACTUBOCTEU
MaTtepiany IMx 3pas3kiB. JlJis BUTOTOBJIEHHS 3pa3KiB Marepiaiay MpU 3aMillyBaHH1
OETOHHOT Macu pIBHOMIPHO JoaaBanacs (pidpa, 3araibHU 00CsT SIKOi CTaHOBUB 2%
o0csry camoro BUpoOy.

3a pe3yibTaTaMU EKCHEPUMEHTAIBHUX JOCHIIKEHb TPU3M MOOYJ0BAHO
niarpamy aegpopMyBaHHs O€TOHY, rpad)iKu 3MIHH BIIHOCHUX JIHIMHUX AeopMarii
¢b16pobeToHy, a Takoxk Trpadiku, MO BITOOPAXKYIOTh TOPIBHSHHSA XapaKTepy
nepopmyBanHs OetoHy Ta (iOpoOeToHy. BumnpoOyBaHHsS 3pa3kiB MaTepiajiB
MOKa3aJid, 10 BBEICHHS J0 CKiIaay OeTOoHy cTajneBoro (piopoBOTO BOJOKHA Yy
KUIbkocTi 2 % 3a o00csroM 30UIbIIye MeEXy MIITHOCTI Ha cTuck Ha 15,3%.
[TouatkoBui MOAYJb MPY>KHOCTI P106poOeTOHY 03HaueHoi cyMiii Ha 38,0% Buile,
HIK Y 3BUYAIfHOT0 OETOHY TaKoro CKJIaay.

Hocmigni 3pa3kd  0OajoK  BUMNPOOOBYBadM Ha  Ji0  OJHOPA30BOTO
KOPOTKOYACHOTO CTYIIHYaCTO 3pOCTAIOYOTr0 HABAaHTAKCHHS 10 PyHHYBaHHS abo
JOCSITHEHHSI TPAHUYHOTO CTaHy, KOJIA IIIMPUHA PO3KPUTTS MOXMIIMX TPIIIUH 1 CTpisia
NPOTUHIB TEPEBUIIYBAJIM JIONyCTHMI 3HadeHHd. KputepisiMu pyiHyBaHHS

JOCIIITHUX 3pa3KiB OyJI0 TaKOXX JOCSITHEHHsI TPAaHUYHHUX 3HAYCHb nedopmariiii B



O0eToHi abo apmarypi, HaJAMIPHO BEJIMKE PO3KPUTTS MOXUIUX ab0 HOPMaJIbHUX
TPILIMH, 1CTOTHE 3OUIBIICHHS CTPUIM TPOTHHY OalKu-3pa3ka, BIACYTHICTh
3017IbIIIeHHS 200 MaIIHHS TTOKa31B MAaHOMETpPa HACOCHOI CTaHIIIi CUJIOBO1 YCTaHOBKH.

TpeTiii po3ain aucepTarllii TPUCBSIUYCHUIN pe3ysibTaTaM JOCIIKEHHS HECY4oi
3JaTHOCTI Ta TPIIMHOCTIAKOCTI MOMIKOKEHUX OaNOK, MOCHICHUX (iOpoOEeTOHOM.

Croyatky 3a pi3HUMH ICHYIOUHMH METOJAMKaMH OyJI0 BU3HAUEHO TEOPETUUHE
3HAQYCHHS HECyd4oi 37aTHOCTI 3aJ1i300€TOHHOI Oajku 0e3 YyIIKO/KEeHb, a MOTIM ii
HECy4y 3JaTHICTh BU3HAYWIA €KCIEPUMEHTANbHO. 3a pe3yJbTaTaMHu MOOYI0BaHO
rpadik 3MiHU TIPOTUHIB MiJ1 JII€I0 HABAaHTAXKEHHS, 1110 3pOcTae, rpadiku 3ajJeKHOCTI
BIJIHOCHOI MO3A0BXKHBOI AedopMaliii BiJl HaBaHTaXEHHs I JIIBOI Ta IpaBoi
OMOPHUX YAaCTUH OAJIKH, a TAKOXK ISl 30HU 11 YHCTOTO 3TUHY .

Ha nactynHoMy ertami qociiiKeHb OyJ0 BU3HAYEHO HECydy 37aTHICTh TPbOX
rpyn nocuieHux Oamok. Ilepmra rpyma ckiamanacst 3 TpbOX 3pasKiB, M0 Maid
MOIIKOKEHHS CTUCHYTO1 30HU; y APYTid rpyIi OyJI0 1Ba 3pa3Ku 3 MOIIKOKEHHIMU
y PO3TATHYTIH 30H1. TpeTs rpyrna — JIMIIe OJIMH 3pa30K TAKOX 3 MOIIKO>KEHHIM
PO3TATHYTO1 30HH, aJie TYT 0yJI0 KOMOIHOBaHE MijcHiIeHHS! — (10poOETOH Ta y 30H1
YUCTOTO0 BUTUHY MIJCHICHHS 000iMor0 3 KyTuka 30x30x3.

OxkpiM Hecyd4oi 34aTHOCTI, JJIsi KOXHOTO 3pa3ka BHU3HAYEHI MNPOTMHHU Ta
BIJIHOCHI TIO3/I0BXHI1 JepopMmaiiii.

OpnHouyacHO 0YJI0 JOCIIIKEHO TPIIIMHOYTBOPEHHS Y HETOIIKO/HKEeH1H Oaili Ta
y TOILIKOJKEHUX Oankax, nocuieHux (hidpoOeToHOM, PiKCyBaoCs HABAHTAKEHHS,
IIPY IKOMY yTBOPUJIACS TEpIlia TPIIKMHA, 3arajibHa KUIBKICTh TPIIIMH, TOYAaTKOBA Ta
KIHIIEBa MIMPUHA POZKPUTTS KOKHOI 3 HUX.

[TigkpecmtoeTbesl, MO0 3a BUHATKOM MEPIIOTO TMOCHUIICHOTO 3pa3ka, B YCiX
BUIAJIKaX CIIOCTEPIrajocsi YTBOPEHHS TPIIIMH TEPEeBAXHO y 30HAX 3pi3y, a
pyiHYBaHHS yCiX 3pa3KiB BiAOyBasoCs 3a MOXUIUMU NIEpepizaMu.

B 4erBepTOMY po3aiii AguceprauiifHOi poOOTH pO3MIISAANOCS KOMIT IOTEpHE
MOJIEJIIOBAHHS Ta CKIHUYEHO-EJIEMEHTHUN aHaJII3 MTOIMIKOLKEHNX OaJIOK.

He3Baxatoun Ha Te, 10 BCl NPOrpaMHI KOMIUIEKCH PEali3yloTh METO]

CKIHUEHUX E€JIEMEHTIB, MPOIEC PO3B’S3aHHS 3a/]adul B KOXXHOMY 3 HHX MAa€ CBOI



0COOJIMBOCTI, SIKI HE3HAYHO, aJIe BCE K TaKU BIUIMBAIOThH Ha pe3yibTaT. [lo-nepie,
B PI3HHMX IporpamMax 3aJisHi pi3HI CKIHUCHI €JIeMEHTH; MO-JIpyTe, BIIPIZHAIOTHCSA
mporecu TMOOYJOBM CKIHUEHO-CJIEMEHTHOI CITKM U, SIK HACHIJOK, KUIBKICTh
CKIHUEHHUX €JIEMEHTIB IPU OJHAKOBI r€OMETPUYHIN MOJIel KOHCTPYKIIIi. Y 3B’S3KY
3 IIUM JJI1 KOMITIOTEPHOTO MOJIETIOBAHHS MOIIKO/KEHUX OajloK Ta BUSHAYEHHS iX
HaIpy>KeHO-1e(POPMOBAHOTO CTaHy IMICIIs MIACUICHHS PI3HUMHU METOJIaMH B POOOTI
BUKOpHCTaHI Tpu mnporpamaux kommiekcn — SOFISTIK, Autodesk Robot
Structural Analysis ta JIIPA-CAIIP.

OTpumaHi pe3ysbTaTH MOPIBHIOIOTHCS OJUH 3 OJIHUM Ta 3 Pe3yJibTaTamu
EKCIIEPUMEHTAIbHUX JTOCII1JIKEHb.

Y m’aromy po3misii  po3rISAAlOThCS  PE3yNbTaTH  EKCIEPUMEHTAJIbHUX
JOCITIJIKEHB T1JICUJICHHS MOIIKO/PKEHUX 0aIOK 3 MIABUIIICHUM apMYBaHHSIM.

AHali3 pe3yabTaTiB  MIJCUJICHHS TMOIIKOKEHUX OalloK, HaBEACHUU Y
nonepeaHIX po3/iiaax, MokazaB ePeKTUBHICTh 3aCTOCOBAHUX CIIOCOO1B TTOCUIJIECHHS.
Ane pyiliHyBaHHS yCiX II€CTH BUIPOOYBaHUX 3pa3KiB MPOXOIWIO 32 MOXUIUMHU
nepepizamu y IpHOMOpHii 30H1. TpilIMHOYTBOPEHHS B 00JIaCT1 MiJCUIICHHS Malixke
HE CIIOCTEPITranocs, 10 pOOIIO HEMOXKJIMBUM B1JICIIIKYBATH XapaKTep pyHHYBaHHS
Oasiku Oe3MmocepeHbO Y MiICKIICHIN 30H1. Y 3B 43Ky 3 LM OYJI0 IPUIHSATE PIlICHHS
MPOBECTU JIOJATKOBI BUMPOOYBAHHS TMOIIKOMKEHUX OaJloK, ajie 3 TiJBUIICHUM
iXHIM apMyBaHHSIM CTPUKHEBOIO apMaryporo. Y 30HI MPOJBOTY 3pi3y BCe
MoTIepeyHe apMyBaHHS OyJI0 BUKOHAHO CTPKHAMH A240(J6 MM 3 KpokoM 44 MM.
Kpim Toro, y neprriii cepii BUripoOyBaHb 11 CTPUXKH1 OyJIH 3'€IHaHI 3 TO37J0BXXHBOIO
apMaTyporo B'S3aJIbHUM JPOTOM, a B HOBIU cepii 3'€THaH] 3BapIOBAHHSM.

JocnimkyBaHi TpU 3pa3Kd MOUIKOKEHUX O0ajIOK 3 OHOBJICHUM apMyBaHHSIM:
OJIMH 3 oKoKeHHAM 40 % mepepi3y y CTUCHYTIN 30HI; OJIMH 3 MOIIKOIKEHHSIM
40 % mnepepidy y po3TarHyTik 30Hi. OOuaBa i 3pa3ka Oyjau TMOCHWICHI y 30HI
MOIIKOJIKEHHS TUIbKU P10poOeToHOM. TpeTiil 3pa3ok TaKoK MaB MOIIKOHKeHHsST 40
% Tmepepidy y pO3TATHYTIM 30HI, KpiM TOro, TyT Oyia po3ipBaHa MO3OBXHS
apMmartypa Ta mpuierii 10 Hei xomyTd. [Ipu peMOHTI MONMIKOKEHHS MTO3I0BKHIO

apMaTypy 3'€IHalI 3BapIOBAaHHSAM TakuM ke cTprkaeM A400(J12 mwM, ajie XoMyTH



HE B1JIHOBJIFOBAJI, @ BUKOPHUCTOBYBAIM KOMOIHOBaHE MOCUJICHHS — (10poOeTOHOM
Ta JOJAATKOBO CTajieBOI0 000HMO10 3 KyTuka 30x30x3 MM

PesynbraTi, oTprMaHi B AaHiil HAyKOBO-IOCHTIIHIN poOOTi, BIPOBAIKEHI B
MPaKTUKY MMPOCKTYBaHHS Ta €KCIUTyaTallii Oy/liBelib, & TAKOK BUKOPUCTOBYIOTHCS B
HaBYAJILHOMY TPOIIEC] 3aKJIaiB BUIIIOT OCBITH.

KirouoBi cioBa: Oanka, TOMIKOIKEHHS, TMOCWICHHS, 0eTOH, (iOpoOeTOH,
3pa30K, BHUIPOOYBaHHS, Hecy4a 3JIaTHICTh, TPIIIMHOCTIHKICTb, KOMII IOTEpHE

MOACITOBAHHA.



ABSTRACT

Yesvandzhyia V. Yu. Reinforcement of beam elements damaged during
hostilities using fiber concrete.

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 load-bearing capacity,
deformability and crack resistance of damaged reinforced concrete beam elements
reinforced with steel fiber concrete.

In the introduction, the justification for the choice of the research topic is
given, the purpose and tasks of the research, scientific novelty and practical
significance of the work are formulated, its general characteristics and connection
with scientific programs are presented.

The first chapter of the thesis presents a detailed review and analysis of the
existing regulatory framework on methods of calculation and reinforcement of
reinforced concrete beams. Special attention is paid to the consideration of the
existing normative documents of Ukraine and the methods proposed in them for
strengthening damaged beams. It is noted that currently in Ukraine there is almost
one main normative document that regulates the repair and strengthening of load-
bearing and enclosing building structures, which applies to the design, execution and
acceptance of repair and strengthening of load-bearing and enclosing concrete,
reinforced concrete, stone, reinforced stone, steel and wooden structures and
foundations, as well as foundations of buildings and structures, including in special
operating conditions.

Reinforcement of reinforced concrete beams was carried out by many
scientists, both from our country and from abroad — A.B. Barashikov, E.M. Blali,
Z.Ya. Bliharskyi, O.P. Borysyuk, B.A. Boyarchuk, M.O. Valovoi, D.I.



Dubizhanskyi, Yu.Yu. Zyatuk, 1.V. Zadorozhnikova, 1.V. Melnyk, D.V. Popruga,
L.V. Potienko, Ya.V. Rymar, A.K. Saleh, S.D. Semenyuk, O.P. Sunak and others.

Modern research is characterized by the use of new highly effective building
materials, such as strong concrete, steel fiber concrete, polymer concrete, basalt
concrete. Composite fittings based on aramid, glass and carbon fibers are widely
used. But there are very few robots dedicated to reinforcing beams with steel-
reinforced concrete.

The variety of methods of strengthening structures and, in particular, beams,
leads to different approaches to theoretical calculations of reinforcements. For
example, reinforcement of the damage zone with fiber concrete can be represented
by a mathematical model of the body with an inclusion. And strengthening with the
use of polymers reinforced with carbon fiber is already a task of the mechanics of
composites.

The complexity of mathematical models of reinforcements leads to the fact that
theoretical calculations of reinforcements of damaged structures are often performed
using numerical methods. This is the finite difference method or (more often) the
finite element method with modeling and implementation of the algorithm in modern
engineering programs.

The performed review leads to the conclusion that studying the parameters of
the stress-strain state of damaged reinforced concrete beams reinforced with steel
fiber concrete is an urgent problem.

The second section of the work describes experimental studies of damaged
beams reinforced with fiber concrete, performed directly by the author of the work.

In accordance with the research program of the load-bearing capacity,
deformability and crack resistance of damaged reinforced concrete beams reinforced
with steel fiber concrete, a special stand was developed at the departments of
construction mechanics and resistance of materials. The flat transverse bending of
the load of the tested beam is created with the help of a hydraulic jack and a metal

beam with a two-beam traverse, which transmits two equal concentrated forces to



the beam. The load created is controlled by a sample dynamometer of the Tokar
system and a ring dynamometer that acts as a support.

During the tests, the load transmitted to the beam, deflections and deformations
were recorded. A study of a series of beams with different types of damage was
carried out. The damage zone (stretched and compressed), the geometry of the
damage zone and the method of strengthening were varied. The research was carried
out on beams of rectangular cross-section with dimensions of 200x120 mm,
reinforced with two vertical frames.

The studied beam samples were divided into three groups. In the first group,
the compressed zone was damaged, in the second and third - the stretched zone.
Specimens of each group with corresponding damage were produced
simultaneously, and an undamaged beam was additionally added to each group. In
addition, prisms and cubes were made in order to determine the physical and
mechanical properties of the material of these samples. For the production of
material samples, when mixing the concrete mass, fiber was uniformly added, the
total volume of which was 2% of the volume of the product itself.

According to the results of experimental studies of prisms, a diagram of
concrete deformation, graphs of changes in relative linear deformations of fiber
concrete, as well as graphs showing a comparison of the nature of deformation of
concrete and fiber concrete were constructed. Tests of material samples showed that
the introduction of steel fiber into the composition of concrete in the amount of 2%
by volume increases the compressive strength limit by 15.3%. The initial modulus
of elasticity of fiber concrete of the specified mixture is 38.0% higher than that of
ordinary concrete of this composition.

Test samples of the beams were tested for the effect of a one-time short-term
gradually increasing load until destruction or reaching the limit state, when the
opening width of inclined cracks and the arrow of deflections exceeded the
permissible values. The criteria for the failure of the test samples were also the
achievement of the limit values of deformations in concrete or reinforcement,

excessively large opening of inclined or normal cracks, a significant increase in the



deflection of the sample beam, no increase or decrease in the readings of the pressure
gauge of the pumping station of the power plant.

The third chapter of the dissertation is devoted to the results of the study of
the load-bearing capacity and crack resistance of damaged beams reinforced with
fiber concrete.

First, the theoretical value of the load-bearing capacity of a reinforced concrete
beam without damage was determined using various existing methods, and then its
load-bearing capacity was determined experimentally. Based on the results, a graph
of the change in deflections under the influence of an increasing load, graphs of the
dependence of the relative longitudinal deformation on the load for the left and right
supporting parts of the beam, as well as for the zone of its net bending, was
constructed. At the next stage of research, the bearing capacity of three groups of
reinforced beams was determined. The first group consisted of three samples with
compression zone damage; the second group had two samples with damage in the
stretched zone. The third group is only one sample also with damage in the stretched
zone, but here there was a combined reinforcement - fiber concrete and in the zone
of clean bending reinforcement with a clip from the corner 30x30x3. In addition to
the bearing capacity, deflections and relative longitudinal deformations are
determined for each sample.

At the same time, crack formation in the undamaged beam and in the damaged
beams reinforced with fiber concrete was investigated, the load at which the first
crack formed, the total number of cracks, and the initial and final opening width of
each of them were recorded. It is emphasized that, with the exception of the first
reinforced sample, in all cases the formation of cracks was observed mainly in the
shear zones, and the destruction of all samples occurred along inclined sections.

In the fourth chapter of the dissertation, computer modeling and finite element
analysis of damaged beams were considered. Despite the fact that all software
complexes implement the method of finite elements, the process of solving the
problem in each of them has its own peculiarities, which slightly but still affect the

result. First, different finite elements are involved in different programs; secondly,



the processes of constructing a finite-element mesh and, as a result, the number of
finite elements with the same geometric model of the structure are different. In this
regard, for computer modeling of damaged beams and determination of their stress-
strain state after strengthening by various methods, three software complexes were
used in the work — SOFISTIK, Autodesk Robot Structural Analysis and LIRA-
SAPR. The obtained results are compared with each other and with the results of
experimental studies.

The fifth chapter examines the results of experimental studies of strengthening
damaged beams with increased reinforcement.

The analysis of the results of the strengthening of damaged beams, given in the
previous sections, showed the effectiveness of the applied strengthening methods.
But the destruction of all six tested samples took place along inclined sections in the
support zone. Crack formation in the reinforcement area was almost not observed,
which made it impossible to monitor the nature of the beam's destruction directly in
the reinforced area. In this regard, it was decided to conduct additional tests of the
damaged beams, but with increased reinforcement of them with rod reinforcement.
In the section span area, all transverse reinforcement was made with A240 mm rods
with a step of 44 mm. In addition, in the first series of tests, these rods were
connected to the longitudinal reinforcement by knitting wire, and in the new series
they were connected by welding.

Three samples of damaged beams with renewed reinforcement are studied: one
with damage of 40% of the section in the compressed zone; one with 40% cross-
sectional damage in the stretched zone. Both of these samples were reinforced in the
damage zone only with fiber concrete. The third sample also had damage of 40% of
the section in the stretched zone, in addition, the longitudinal reinforcement and
adjacent clamps were torn. When repairing the damage, the longitudinal

reinforcement was connected by welding with the same A400 mm rod, but the



clamps were not restored, but combined reinforcement was used — with fiber
concrete and additionally with a steel bracket from a corner of 30x30x3 mm.

The results obtained in this research work are implemented in the practice of
building design and operation, and are also used in the educational process of higher
education institutions.

Keywords: beam, damage, strengthening, concrete, fiber concrete, specimen,

test, bearing capacity, crack resistance, computer simulation.



