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Opechka nepxkaBHa akajeMis OyIIBHULTBA Ta apXITEKTYpPHU

KOMIT'FOTEPHE MOJIEJTIOBAHHSA TA UACEJIbHUI AHAJII3
IHOWKO/’KEHUX BAJIOK, INIACHJIEHUX ®IBPOBETOHOM

lIpeocmaeneni pezyromamu KOMN '1OMEPHO20 MOOENI08AHHA MA CKIHYEHO-
eeMEeHMHO020 aHANI3y NOUKOONCEHUX OanoK, niocuieHux giopobemonom. B pobomi
sukopucmauni 08a npoecpamuux romniexcu — SOFiSTIK ma Autodesk Robot
Structural Analysis. Ilonepednvo 6ynu npogedeni ekcnepumeHmanbHi 00CIIOHCEHHS]
0aNoK, HNOWKOOMCEHUX 'y po3msAcHymiu abo CMUCHYmil 30HI, NOCUIEHUX
cmaneghiopooemonom. Ilpu yvomy 6yn0 6uzHaueHo Hecyuy 30amHICMb 080X 2PN
nocunenux oanok. Ilepwa epyna cknaoanacsa 3 mpvox 3paskie (36111, 35112, 3b113),
WO Manu NOWKOOMCEHHs CMUCHYMOI 30HU; Yy Opyeiti epyni 0y10 08a 3pasku 3
NOWKOOMCeHHAMU Y pozmsaeHymil 30HI (3B114, 3B115). Okpim necyyoi 30amuocmi,
0/l KOJCHO20 3PA3KA BU3HAYEHI NPOo2UHU ma BIOHOCHI NO3008CHI Oehopmayii.
OoHouacno 6y10 00CAIOHCEHO MPIWYUHOYMBOPEHHS ) HENOWKOONCe il banyi ma y
NOWKOOMCEHUX OanKax, nocuienux @iopoboemonom, @HiKcy8anocs HABAHMANCEHHS,
npu sIKOMY YMEOpUIacs nepuia mpimuna, 3a2aibHa KilbKicmb mpiuut, nouamkosa
ma KiHyeea WUPUHA PO3KPUMMISL KOJCHOI 3 HUX. 3 Memoio OYIHKU OMPUMAHUX
pe3yibmamie  eKCnepuUMeHmaibHux O00CHi0dCeHb 0)Y10 NpoBedeHO KOMN tomepHe
MOOeN08aAHHS MA CKIHYeHO-eleMeHMHULL aHaliz nocuileHux oanok. Becmanosneno, wo
NPOCUHU MA HABAHMAIICEHHS, OMPUMAHI 8 pe3ylbmami pO3PAXYHKI8 y Npozcpami
Robot Structural Analysis dewo euwi 3a mi e cami 6eauduHu, wWo OMPUMAHI Y
SOFiSTiK. Maxcumanvra po30idicHicms Y NPOSUHAX CROCMEPI2acmbCsl O 3PA3Ka
3b115 i cknaoae 1,52 %, y nanpyscennsx — ons 3pazka 3b113 (15,6 %). Ilopignanus
pe3yarbmamie obuucienHs makcumanouux Hanpyscenv v SOFiSTIK 3 pezynemamamu
EeKCNePUMEHMANbHUX OO0CNIONCEHb O0AE€ MAKCUMANbHY po30idchicmsb 5,85% (3paszok
3b113). A Hatibinbwa po30idcHICMb OAHUX eKCHNepUMEHM) Md YUCEIbHO20 AHAI3Y
BUHUKAE )Y NPOUHAX — MYm 80HA Koausaecmucs 6 inmepeani 19,0+19,2 %.

Kniouosi cnosa: nowkoodcena 6anka; cmanegiopobemon; excnepumenm,
memoo ckinuenux enemenmis;, SOFiSTiK; Robot.
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Beryn. TeopetnuHi MeTonM poO3paxyHKYy MOCHWIEHb HHUHI po3po0OJIEHO
HenocTaTHhO. Lle IMOSICHIOEThCS CKIQOHICTIO MaTEeMaTHYHOI MOJENl ITOCHJICHHS,
HE3aJIeXKHO B1Jl 3aCTOCOBYBAHOI0 crnoco0y. Cka3aHe MOBHOK MipOI BIJHOCUTHCS 10
0anok, nocuineHux (HidpodeToHOM. Y 3B’SI3KY 3 IIUM, llepeBara HaJaeThCs YUCEIbHUM
metonaM. Hacamnepen, merony ckindenux eiaeMeHTiB (MCE), ockiibku 1€ €1MHUI
YVHIBEpCAIbHUN METOJl, Ha MOXMJIMBICTh 3aCTOCYBaHHSI SIKOTO HE HaKJIada€eThCs
MPAKTUYHO JKOTHUX oOOMexeHb. [lum moscHoeTbess BukopuctanHs MCE  nns
YHCEJIBHOIO aHAJI3Y y BCIX CyYaCHUX 1H)KEHEPHUX MPOrpaMax po3paxyHKy.

He3Baxkaroum Ha Te, M0 BCl MOpOrpaMHI KOMIUIEKCH peali3yloTh METO
CKIHUEHUX €JIEMEHTIB, NPOLEC PO3B’s3aHHA 3aJadyl B KOXHOMY 3 HHUX MAa€ CBOIi
0COOJMBOCTI, 5IKi HE3HAYHO, aJIe BCE K TaKW BIUIMBAIOThH Ha pe3yibrat. [lo-nepiue, B
pI3HUX Mporpamax 3ajisiHI Pi3HI CKIHYEHI €JEMEHTH; MO-Apyre, BIIPIZHSAIOTHCS
MPOIIECH MOOYI0BU CKIHUEHO-€JIEMEHTHOT CITKH U, K HACIJIOK, KIJTbKICTh CKIHUEHUX
€JIEMEHTIB IIPU OJIHAKOBIM Tr€OMETPUYHINA MOJIEI1 KOHCTPYKIIIi.

AHaJi3 momepeaHix aociaimxenb. [lyOmikamiii, mo BiZOMBAIOTH peE3yibTaTH
YUCEJIBHOI0 aHali3y MOIIKO/KEHUX Oallok, ayxke 0arato. MoXIuBO, JEU0 YMOBHO
iX MOXHa moauMTH Ha 1Bl rpynu. Ilepmy rpymy ckiagaroTe poOOTH, y SIKUX
pPO3MISAAIOTHCS TEOPETUUYHI acleKTU 4vucenabHoro anamizy [1-5]. Takux poOitT
nopiBHsiHO Maiio. Jlpyra rpyma — 1e myOmikaiii, A€ ONHUCYIOThCA MPaKTUYHI
pPO3paxyHKd 3 BHUKOPUCTAHHSM TOTO UM IHIIOTO MPOTPAMHOrO0 KOMILIEKCY.
3neoinbinoro e Bigomi naketn — ANSYS, ABAQUS, FEMAP, NASTRAN, LIRA-
SAPR, SCAD Tta in. Yacrime 3a Bce 3acTocoByeThcsi ANSY'S.

VY poboti [6] pyliHyBaHHS OaJKW MOJEIIOETHCS Y TPUBUMIPHIA MOCTAHOBIII.
IlikaBa po0OoTa mpeacTaBieHa aBTOpaMu CTaTTi [7], A€ mpoBeaeHO O6araTohakTOpHUM
YUCEJIbHUM EKCIEPUMEHT 13 3aCTOCYBaHHSM KOMI'IOTEPHOTO MOJEIIOBAaHHS B
ANSYS. BuxoHaHo NOpIBHAHHS OTPUMAaHUX PE3yIbTaTIB 13 JaHUMH (HI3UYHOTO
EKCIEPUMEHTY IHIIMX aBTOPiB. OTpUMaHO ONTHUMAJIbHI 3HAYEHHS JMJIsI BiJICOTKA
apMyBaHHsI CTajeBO0 (PiOpOI0 Ta TOBIIMHU «COPOUYKH». BCTaHOBIIEHO, 1110 HANOUIBII
ONM3bKI 10 pe3yJbTAaTiB JOCHITHUX JaHUX PO3paxyHKu 3 BBeleHHsIM B ANSYS
KPUBOJIIHIMHUX JAiarpamM AedopMyBaHHsS OE€TOHY, 3alIPOMIOHOBAHUX aBTOPAMH paHIiIlle
JUISL €JIEMEHTIB, IO 3TUHaIThcA. Cxoxid mpoOsiemi mnpucBsueHi crarti [8-10]
3apyOixkHux BuyeHUX. ukn pob6it [11-13] npucBsueHuil MOIENIOBaHHIO OaloK,
3MIIHEHUX JIMCTaMH 3 MOJIMEpy, apMOBAaHOIO BYTJElEeBUM BoJOKHOM. He meHmn
mikaBi po6otu B ANSY S Hamumx cniBBiTUM3HUKIB [14-15].

VY nHamni kpaiHi JUisi MOJIENIOBAaHHS Ta YHUCEIBHOTO aHai3y MOIIKOIKEHUX
0aJIOK TaKOX aKTUBHO 3acTocoBYyeThCsl kKomruieke LIRA-SAPR [16-18].
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Baprto BigMmituTH Takox poo6oty [19], Bukonany B ABAQUS, ne BukiaaeHo
METOJMKY MOJICNIIOBAHHS Ta HENIHIMHOrO aHamidy i BUMIPIOBAHHS peakilii
3a711300€TOHHOT OaJIKK, 3MILHEHOI JINCTOM 3 apMOBAHOIO BYIJIELIEBUM BOJOKHOM
nonimepy (CFRP), sikuit mignaeTbest yiapHUM HaBaHTAKEHHSIM.

Mera. Metowo poOGoTH OyJI0 KOMIT'IOTEpHE MOJEIIOBAaHHS Ta CKIHYEHO-
€JIEMEHTHUM aHaJ13 MOIIKOHKEHUX OaoK, MiACHIeHUX (HiOpoOeTOHOM.

Marepiaju Ta MeETOAM MOCJiAKEHHA. [[19 KOMIT'FOTEPHOTO MOJICITFOBAHHS
MOIIKO/KEHUX OaloK Ta BU3HAYEHHS iX HANpPY>KEHO-Ie(POPMOBAHOTO CTaHY MiCHs
MIJICUJICHHS. B po0OTI BUKOpUCTaH1 JiBa mporpamMuux komriuieken — SOFiSTiK [20]
ta Autodesk Robot Structural Analysis [21].

Pe3yabTaTn Ta 00roBOpeHHH. [Tonepeauro Oynu MPOBEJIEH1
€KCIIEpUMEHTaJIbHI  JOCHI/UKEHHSI OalloK, NOIIKOJDKEHUX Y PO3TATHYTIA abo
CTUCHYTIN 30HI, mocuiieHux ctaiediopodeToHom. CrovaTKy 3a pi3HUMHU ICHYIOUUMH
METOJUMKaMu OyJl0 BHU3HAUYEHO TEOPETHYHE 3HAYEHHS HECy4yoi 3AaTHOCTI
3a11300€TOHHOT Oanku 0e3 YIIKOKEHb, a MOTIM il HECydyy 3JaTHICTb BU3HAYWIH
EKCIEPUMEHTANIbHO. 3a pe3yiabTaTaMu MO0Y10BaHO Ipadik 3MIHU MPOTUHIB i €0
HaBaHTWXEHHS, IO 3pocTae, Tpadikd 3aJeKHOCTI BITHOCHOI IO3JO0BKHBOL
nedopmMaliii Bii HABaHTaXKEHHS J1JIs JIIBOT Ta MPaBO1 OMOPHUX YACTUH OaJKH, a TAKOXK
JJIL 30HU 11 YUCTOT'O 3TUHY.

Ha nactynHOMy erami JoCHiKe€Hb OyJ0 BHU3HAYEHO HECYdy 3AAaTHICTh JIBOX
rpyn nocuieHux Oanok. [lepmia rpyna ckmamanacs 3 Tprox 3paskiB (3BI11, 3BI12,
3bI13), n10 Manu NOWIKOKEHHsSI CTUCHYTOI 30HM; y JIPYTiid rpyni Oyio ABa 3pa3ku 3
MOIIKO/KEHHAME Y po3TArHyTiH 30H1 (3bI14, 3BI1S). OxpiM Hecydoi 3MaTHOCTI, ISt
KOKHOT'0 3pa3ka BU3HAUY€HI MPOTMHU Ta BIIHOCHI MO3JJ0BXHI1 JedopMmaiiii.

OpHouyacHO OyJ0 JOCIHIJIKEHO TPIIIMHOYTBOPEHHS Y HEMOIIKOKEHIN Oaiii Ta
y TONIKO/KEHUX Oankax, mocuieHux ¢(iOpoObeToHOM, (PiKCyBanocs HaBaHTAKEHHS,
MpU SIKOMY YTBOpHUJIAcA TMepiiia TPIIMHA, 3arajibHa KUIbKICTh TPIIIUH, MOYAaTKOBA Ta
KIHIEBA MIUPUHA PO3KPUTTS KOXKHOI 3 HUX.

Ocb 3 MeTOI OLIHKA OTPUMAaHUX PpPEe3yJbTaTiB €KCIIEPUMEHTAIBHUX
JIOCIIPKeHb OyJ0 W TpOBEAEHO KOMII'IOTEpPHE MOJICNIIOBaHHS Ta CKIHYEHO-
€JIEMEHTHUM aHai3 MOCUJIEHUX OaJoK.

MogentoBaHHsI Ta PO3PAaXyHKH BUKOHYBAJIMCS JIA ITATH 3pPa3KiB MOCUICHUX
6anok — 3BI11 — 3BII5. Ockinbku K0/IHA 3 MPOrpaM HE JAa€ MOMKIMBOCTI BUBHAUUTH
HECy4y 3/IaTHICTh, B YCIX pO3paxyHKax po3IisiAAIOCS HABAHTAXKEHHS Y BUIJISIAL IBOX
30CcepeHKeHUX Cujl, BeanunHow F = 40,3 xH KoXHa, IO BIANOBIAA€ CEpeaHIN
HeCy4id 3JaTHOCTI HEMOIIKOKeHUX Oanok. CuiM MpuKIaieHi Ha BiacTaHsx 60 cm
B1JI Kparo Oajku; Oopy po3TallloBaHi Ha 5 ¢M BiJ Kpaw. Takum 4MHOM, 30Ha YUCTOTO
BUTHHY ckinanana 80 cwm.
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[IpyxH1 KOHCTaHTH, SIKI 3aJaBajucCs JJIS PO3PaxyHKiB, OyJld OTpUMAHI MICIHs
o0OpoOKM MeToAaMu MAaTeMaTHYHOI CTATHCTHKM IEPBHUHHHMX IIOKa3HHUKIB 3a
pe3yiibTaTaMu BUNPOOYBaHb MPU3M Ta KyOiB:

— st G10poOeTOHYy:

II0YaTKOBHUI MOyJIb Py XHOCTI — E = 3,6:10* MIla;

koediuient Ilyaccona — p = 0,22;

— 1151 OETOHY:

II0YaTKOBHUI MOyJIb Py XHOCTI — E = 2,6-10* MIla;

koediuient Ilyaccona — pu = 0,2.

PesynbraTu po3paxyskiB y [IK SOFiSTiK 3Beaeno no tabdmn. 1.

Tabmurs 1

Pesynpratu po3paxynkis y I[IK SOFiSTiK

3pasox KiJIBKiC’IjB MakcumanbHui MakcumanbHe HanpyxeHHs, MIla
€JICMEHTIB MPOTUH, MM XX YY

3BI11 272 4,06 32,80 14,70

3BI12 240 4,03 31,00 13,60

3BI13 263 3,98 29,77 11,97

3bI14 252 4,00 30,66 12,35

3BI15 256 3,90 30,53 14,45

Ha puc. 1, 2 moka3zaHo reoMeTpUYHY Ta CKIHYEHO-EJIEMEHTHY MOJENI 3pa3Ka
O6anku 3bBII3, y sKOi MONIKOJXEHO, a MOTIM MHiACUICHO (PiOPOOETOHOM CTUCHYTY
30Hy. Ha puc. 3, 4 300paxeH1 enopu Hanpy>KeHb Ta MIPOTUHIB.

8

Puc. 2. CkinueHo-eneMeHTHa Moenb 3pa3ka 3bI13

CKiHUEHO-EJIEMEHTHI MOJIeN1, €MIOPU HANPYKEeHb Ta MPOTUHIB YOTUPHOX 1HIINX
3pa3KiB MOLIKOKEHUX OAJIOK TYT HE HAaBOAMMO, OCKUIBKM BOHHM MAalOTh aHAJIOTTYHHMA
XapakTep.
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Utilization {sigma/fc)
max. |sigmav-QUAD| approx. 29.79 MPa (sigma/fc = 2.44 )

compression
sigmaffc = -2.444

0.0

tension
sigma/fc = 2.444

Puc. 3. Hanpyxenns y 3pa3ky 3bI13
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Puc. 4. Ilporunu 3pazka 3bI13

Tenep po3risiHEMO pe3yibTaTH MOJEIIOBaHHS Ta PO3pPaxyHKIB y mporpami
Autodesk Robot Structural Analysis nHa npuxnam 3paska 3I1B5, y skoro Oyio
MOIIKO/[KEHO PO3TATHYTY 30HY.

3arayibH1 pe3yabTaTy PO3PaxyHKIB MO BCIX 3pa3Kax 3BeJACHO J10 TaouI. 2.

Ha puc. 5 mnokazano reomeTpuuyHy wmojenb 3paska Oanku 3BIIS, y sxoi
MOIIKO/KEHO, a MOTIM MifcuiaeHo ¢$i0poObeToHOM po3TIrHyTy 30Hy. Ha puc. 6,8
300paxeH1 eMpHu HANPYKEeHb Ta IPOTHHIB.

Ta0mung 2
PesynbpraTn po3paxyHkiB y Robot Structural Analysis Professional
3pasox KinbkicTh MaxkcuManbHUI MakcumanpHe HanpyskeHHs, MlIla
p CJIEMEHTIB IIPOT'MH, MM XX YY
3bI11 282 4,07 37,66 20,12
3bI12 278 4,08 35,26 18,28
3bI13 278 4,04 35,27 18,28
3bI14 278 4,05 35,30 17,98
3bI15 278 3,96 35,20 17,98
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Puc. 8. Hanpyxennst YY y 3pasky 3bII5

[HITi  pe3ynbTaTH MOJENIOBAaHHS Ta PO3PAXyHKY TIOMIKOHKEHUX OOk Yy
nporpami Robot Structural Analysis Professional Burisiarots aHanorivHo.
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VY Tabn. 3 HaBeJeHI MaKCUMaJlbHI MPOTUHHM Ta HANpPYKEHHS, OTpUMaHl 3a
pe3yibTaTaMu €KCIEPUMEHTAIbHUX JIOCTIKEHb, Ta CKIHYEHO-EJIEMEHTHOTO aHalI3y
y ABOX Mporpamax.

Tabnuis 3
[TopiBHSIHHA pe3yJIbTATIB EKCIEPUMEHTY Ta KOMII IOTEPHOTO aHaJi3y
MakcumanbHui IPOruH, MM Maxcimaise
3pa3ok ’ HanpyxeHHs, MIla
SOFiSTiK | Robot | Exkcnepument | SOFiSTiK | Robot Excniepument

3bIT1 4,06 4,07 4,97 32,80 37,66 33,71
3BI12 4,03 4,08 4,98 31,00 35,26 32,18
3bI13 3,98 4,04 4,84 29,77 35,27 31,62
3bI14 4,00 4,05 4,95 30,66 35,30 31,28
3BII5 3,90 3,96 4,76 30,53 35,20 31,76

BucHoBku

TakuM 4YWHOM, TMPOBEIEHE KOMI'IOTEPHE MOJICIIOBAHHSI Ta PO3paxXyHKH
METOJIOM CKIHYEHUX €JIEMEHTIB IT’SITU 3pa3KiB MOCUJIEHUX OaloK y JABOX Mporpamax
— SOFiSTiIK Tta Autodesk Robot Structural Analysis. OtTpumaHni 3HauYeHHA
Harpy>KeHb Ta MPOTMHIB. BCTaHOBIIEHO, 110 MPOTUHU Ta HABAHTAXKECHHS, OTPUMaHI B
pe3yibTari po3paxyHkiB y nporpami Robot Structural Analysis aemio Bumi 3a Ti X
cami BennuunH, o orpuMani y SOFiSTiK. MakcumanbsHa po301KHICTh y POTHHAX
crioctepiraerbes st 3paska 3bI1S 1 cknanae 1,52 %, y Hanpy»KeHHsIX — JUIs 3pa3ka
3BI13 (15,6 %). [lopiBHSIHHS pe3yabTaTiB OOYUCICHHS MaKCUMAJIbHUX HAMPYXEHb Y
SOFiSTiK 3 pe3synbraTamu €KCIEpUMEHTAIbHUX JOCHIIIKEHb Ja€ MAaKCHUMAIIbHY
po30KHICTB 5,85% (3pa3ok 3bI13). A Haitbu1bIIa PO301KHICT BUHUKAE Y TIPOTUHAX
— TYT BOHA KOJIUBAa€eTheA B iHTEpBaii 19,0+19,2 %.
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COMPUTER SIMULATION AND NUMERICAL ANALYSIS
OF DAMAGED BEAMS REINFORCED WITH FIBER CONCRETE

The results of computer modeling and finite element analysis of damaged
beams reinforced with fiber concrete are presented. The work uses two software
complexes — SOFiSTiK and Autodesk Robot Structural Analysis. Previously,
experimental studies of beams damaged in the stretched or compressed zone,
reinforced with steel fiber concrete, were carried out. At the same time, the bearing
capacity of two groups of reinforced beams was determined. The first group consisted
of three samples (ZBP1, ZBP2, ZBP3) that had damage to the compressed zone; in
the second group there were two samples with damage in the stretched zone (ZBP4,
ZBP5). 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. In order to evaluate
the obtained results of experimental studies, computer modeling and finite element
analysis of reinforced beams were carried out. It is established that the deflections
and loads obtained as a result of calculations in the Robot Structural Analysis
program are slightly higher than the same values obtained in SOFiSTiK. The
maximum discrepancy in deflections is observed for sample ZBP5 and 1s 1.52%, in
stresses — for sample ZBP3 (15.6%). Comparing the results of calculating the
maximum stresses in SOFiSTiK with the results of experimental studies gives a
maximum discrepancy of 5.85% (sample ZBP3). And the biggest discrepancy
between the data of the experiment and the numerical analysis occurs in the
deflections — here it fluctuates in the range of 19.0+19.2%.

Keywords: damaged beam; reinforced concrete; experiment; finite element
method; SOFiSTiK; Robot.

REFERENSES
1. Pazdan, M. (2021). FEM modelling of the static behaviour of reinforced
concrete beams considering the nonlinear behaviour of the concrete. Studia
Geotechnica et Mechanica, 43(3). P/ 206-223. https://doi.org/10.2478/sgem-2021-
0012. {in English}



Micmobyoyeanns ma mepumopianbhe niaHy8aHHs. 623

2. Hawileh, Rami & Musto, H.A. & Abdalla, Jamal & Naser, M.Z. (2019).
Finite element modeling of reinforced concrete beams externally strengthened in
flexure with side-bonded FRP laminates. Composites Part B: Engineering. 173.
106952. 10.1016/j.compositesb.2019.106952. {in English}

3. Oller Ibars, E., Ferreira, D., Mari Bernat, A., & Bairan Garcia, J. M. (2017).
Numerical analysis of reinforced concrete beams strengthened in shear by externally
bonded (EB) fibre reinforced polymer (FRP) sheets. Hormigén y Acero. doi:
10.1016/j.hya.2017.04.022. {in English}

4. Sheikh-Sobeh, A.; Kachouh, N.; El-Maaddawy, T. Numerical Analysis of
Concrete Deep Beams Reinforced with Glass Fiber-Reinforced Polymer Bars.
Buildings 2023, 13, 2767. https://doi.org/10.3390/buildings13112767. {in English}

5. Thanh Tung Pham, Ngoc Tan Nguyen, Thi-Thanh Thao Nguyen, Ngoc Linh
Nguyen, Numerical analysis of the shear behavior for steel fiber reinforced concrete
beams with corroded reinforcing bars, Structures, Volume 57, 2023, 105081, ISSN
2352-0124, https://doi.org/10.1016/j.istruc.2023.105081. {in English}

6. Tjitradi, Darmansyah & Eliatun, Eliatun & Taufik, Syahril. (2017). 3D
ANSYS Numerical Modeling of Reinforced Concrete Beam Behavior under
Different Collapsed Mechanisms. 7. 14-23. 10.5923/j.mechanics.20170701.02. {in
English}

7. Radaikin O.V., & Sharafutdinov L.A. (2017). To assess the strength, rigidity
and crack resistance of bendable reinforced concrete elements reinforced with steel
fiber concrete “Shirt”, based on computer modeling in the ANSYS PC. News of the
Kazan State University of Architecture and Civil Engineering, (1 (39)), 111-120. {in
Ukrainian}

8. Vasudevan G., Kothandaraman S., Azhagarsamyb S. Study on non-linear
flexural behavior of reinforced concrete beams using ANSYS by discrete
reinforcement modeling // Strenght of materials. Puducherry. 2013. Pp. 149-162. {in
English}

9. Tiberti G., Minelli F., Plizzari G. Reinforcement optimization of fiber
reinforced concrete linings for conventional tunnels // Composites. 2014. Pp. 199—
207. {in English}

10. Tiberti G., Minelli F., Plizzari G. Cracking behavior in reinforced concrete
members with steel fibers: A comprehensive experimental study. // Cement and
concrete research. 2015. P. 24-34. {in English}

11. Barour, S., & Zergua, A. (2020). Numerical analysis of reinforced concrete
beams strengthened in shear using carbon fiber reinforced polymer materials. Journal
of Engineering, Design and Technology, ahead-of-print(ahead-of-print).
doi:10.1108/jedt-03-2020-0099. {in English}



624 Micmobyoysanns ma mepumopianvhe niaHy8aHHs.

12. Barour, S., Zergua, A., Bouziadi, F., & Abed Jasim, W. (2019). Finite
element analysis of CFRP-externally strengthened reinforced concrete beams
subjected to three-point bending. World Journal of Engineering, 17(2), 183-202.
doi:10.1108/wje-04-2019-0121. {in English}

13. Barour, S., Zergua, A., Bouziadi, F., Kaloop, M.R., & El-Demerdash, W.E.
(2022). Nonlinear Numerical and Analytical Assessment of the Shear Strength of RC
and SFRC Beams Externally Strengthened with CFRP Sheets. Advances in Civil
Engineering. {in English}

14. Modeling of the stress-deformed state and cracking in reinforced concrete
structures using ANSYS MECHANICAL. V.S. Dorofeev, V.M. Karpyuk, O.S.
Neutov, S.F. Neutov / Technical Sciences. University of Warmia and Mazuru in
Olsztun. 2014. Ne 17(2), Pp. 105-121. {in English}

15. Sakhno S., Liulchenko Y., Chyrva T., Pischikova O. Determination of
bearing capacity and calculation of the gain of the damaged span of a railway
overpass by the finite element method, Topical scientific researches into resource-
saving technologies of mineral mining and processing. Multi-authored monograph.
— Sofia: Publishing House “St. Ivan Rilski”, 2020. Pp. 326 - 340. {in English}

16. Modeling the operation of damaged reinforced concrete beams in "LIRA-
SAPR" / Klymenko E.V., Antonyuk N.R., Polyanskyi K.V. // Bulletin of the Odessa
State Academy of Construction and Architecture. 2019. Issue 77. P. 58-65. {in
Ukrainian}

17. Investigation of Residual Bearing Capacity of Inclined Sections of
Damaged Reinforced Concrete Beams. Y. Klymenko, Z. Kos, 1. Grynyova, K.
Polianskyi / Croatian Regional Development Journal, Croatia, 2020. Vol. 1, No. 1.
Pp. 16-29. {in English}

18. Numerical modeling of the process of destruction of reinforced concrete
beams of a monolithic fence and its reinforcement with carbon materials / V. Chirva,
T. Chirva, O. Panchenko et al. // Building structures. Theory and practice: coll. of
science works. Kyiv: KNUBA, 2020. Issue 6. P. 34 —41. {in Ukrainian}

19. Alshaarbaf, 1., Mouwainea, E. & Said, A. (2023). Numerical analysis of
reinforced concrete beams subjected to impact loads. Journal of the Mechanical
Behavior of Materials, 32(1), 20220232. https://doi.org/10.1515/jmbm-2022-0232.
{in English}

20. Kukhtin V.N., Bulaev 1.V., Baranov L.S. Application of the SOFiSTiK
calculation complex for the calculation of bridge structures. Tutorial. M.: MADI,
2015. 136 p. {in Ukrainian}

21. Sukhorukov V.V. Autodesk Robot Structural Analysis Professional. Design
and computing complex: reference and training manual. DIA, 2009. 128 p. {in
Ukrainian}



