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1. Hanpy>xeHo-gedopMoBaHuil CTaH 3a71i306€TOHHUX apOK 3 BUCOKOMIIIHOTO OETOHY Ta YI,OCKOHAJIE€HHS METOVKU
iX pO3paxyHKy

2. Stress-strain state of reinforced concrete arches made of high-strength concrete and improvement of the
methodology for their calculation

Pedepar:

1. Bnepie ekcriep¥MeHTaIbHUM LIISIXOM JOCJIIPKEHO POOOTY [IBOIIAPHIPHUX 3aJ1i300€ TOHHUX apOK 3
BHCOKOMIIIHUX IBUJKOTBEPIHYYUX OETOHIB, SKi 1AM MOXKJIUBICTD JOCTIIUTU OCOOIMBOCTI HAIIPY>KEHO-
IepOpMOBAHOTO CTaHy IepepisiB [05ICY Ta XapaKTep PO3BUTKY ITPOTHHIB i TPILMH Npy OGHOPa30BUX Ta TIOBTOPHUX
(MaJyIOLMKIIOBYX) KOPOTKOYACHUX CTAaTUYHUX i IOBTOPHUX YIAPHUX HaBaHTAKEHHSIX. [IJ1s1 JOCTiTHUX 3pa3KiB apoK
no6yoBaHi rpadiky 3a/1€>KHOCTI «HaBaHTaXXEHHS — fedopMallii 6eTOHY», «<HaBaHTKEHHS — Aedopmarlii
apMarypu», «<HaBaHTAKEHHS — 3yCUJLJIS PO3IIPY», «<HABAHTAXKEHHS — IIPOTMHU», «<HABAHTAXKEHHS — [IE€PEMIIICHHS

OIIOP» Ta JliarpaMu 3aJI€KHOCTI Bifl HABAaHTQKE€Hb IIMPYUHU PO3KPUTTS TPILMH i KiJILKOCTI TPIlIUH y MOSICi apOK.



HaBepneni miarpamu 1epopMyBaHHS Ta MEXaHiYHi XapaKT€PUCTUKU BUCOKOMILIHUX MIBUIKOTBEPIHYIUX OETOHIB y
Binji 1 mo6a Ta 28 ni6. OTprMaHO HOBi eKCIIepUMEHTAaNbHI JaHi o0 Halpy>KeHO-1epOPMOBAHOTO CTaHy
IIBOUIAPHIpHUX 327113066 TOHHUX apOK 3 3aTSKKOI0 Ta 6e3 Hel 1pu Jiii Ha HUX 0JHOPA30BUX i TOBTOPHUX
KOPOTKOYaCHUX HAaBaHTaKE€Hb Pi3HOI iIHTEHCUBHOCTI. [IpoBeI€HO YNCI0BUIl €KCIIEPMMEHT — BUKOHAHI PO3PaxXyHKU
pocuigaux apok y K «JIIPA-CATIP» ta TIK «ANSYS» MeTOoOM CKiHYEHHMX €JIEMEHTIB, CIIiIBCTABJIEHHI [aHi
YHMCJIOBOTO €KCIIEPUMEHTY 3 €KCIIEPUMEHTAJILHUMU JOCIIIPKEHHAIMU apOK. Y IOCKOHAJIEHA METOJMKA PO3PaxyHKy
MILIHOCTi HOpMaJIbHUX I1€pePi3iB i Hanpy>keHo1e(POPMOBAHOTO CTaHy [IBOIIAPHIPHUX 3aJ1i300€ TOHHUX apOK Ha
OCHOBI €KCIIEPUMEHTAJIbHUX JAHUX Ta YUCJIOBOTO €KCIIEPMMEHTY. Y BCTYIIi OOIPYHTOBAHO AKTyaJIbHICTh TEMU
IOCJIimKeHb, HaBeIeHi MeTa Ta 3aBHOAHHS IUCePTaliitHOI po60TH, 00'EKT, MPEIMET Ta METOAU IOCIiIKEHHS,
HayKOBa HOBM3HA OTPMMAaHUX B Po6OTi pe3yibTaTiB. BUCBiTIIeHI 0COOMCTHI BHECOK 3/100yBaya Ta anpobdallis
MarepiasiB IUCEPTaLiliHOI pO60TH, 3B’130K pOOOTH 3 HAYKOBMMU MTPOTPaMaMy, a TAKOXK NPAKTUYHE 3HAUYEHHS
OTPMMAaHUX Pe3yJbTaTiB. [lepmuii po3is MPUCBSYEHO OIJISy POOIT, 1[0 BUCBITIIOITh CTAH €KCIIEPUMEHTAIbHO-
TEOPeTUYHUX JOCIiIPKEHb 327113006 TOHHUX apOK, 30KpeMa: 00J1aCTi 3aCTOCYBaHHSI 3a71i300€ TOHHUX apOYHUX
KOHCTPYKIIi#l B OyJliBHUILITBI; 3araJlbHUM BiJOMOCTSIM IIPO apKy, HABAaHTAKEHHSIM Ha HUX, CTATUYHOMY PO3PaxyHKY
IBOIIAPHIPHUX apOK; HAIIPY>KEeHO-e(OPMOBAaHOMY CTaHy Ta PO3PAaxyHKYy HECYUOi 3IaTHOCTI IepepisiB
IBOIIAPHIPHUX apOK; OIJISIAY eKCIIePUMEHTAJIbHUX AOCiIKeHb pOOOTH 3a1i300€TOHHUX [IBOMIapHIPHUX apoK. B
PO37iJi HaBeIEHO OIJIAA], HAyKOBYX Ipallb, IPUCBSYEHNUX PE3YJIbTaTaM €KCIIEPUMEHTAJIbBHUX NOCIIiIKEHb
BHCOKOMIIIHUAX MIBUJIKOTBEPIHYUYMX BaXXKMX OETOHIB, a TAKOXX KOPOTKUH OIJIS] OOCiIPKEHD 10 BUBYEHHIO OIOPY
0eToHy [ii MaJIOLIMKIOBUX IOBTOPHUX HABAHTAXXEHb. Y IPYroMy po3iji HaBeleHO 06CST eKCIIEPUMEHTAbHUX
IOCJIiIPKEHD 3 KiJIbKICTIO 3pa3KiB Ta IX XapakTepucTukaMmu. OnrMcaHo KOHCTPYKIIO NOCTiTHUX 3pa3KiB Ta IIpoLec ix
BUTOTOBJIEHHS, BKa3aHi MaTepiasy Ta ix OCHOBHI (pi3MKO-MexaHiuHi XxapakKTePUCTUKU. JleTalbHO ONUCYETHCS
MeTO/IMKa BUITPOOYBAHHS JOCIJHUX apOK, 300paXkeHi cXxeMU BUITPOOYBAHHSI 3 PO3MIllJ€eHHSIM BUMIPIOBAaJIbHUX
IIpUJIaZiB, PEXKUMHU iX HaBaHTa)KeHHSI. 306pa’keHO Ta OINKMCAHO IIPHHLIMI POOOTHU YCTAHOBKHU [1JIs1 IOBTOPHOTO
yIapHOro BUIIPOOYBaHHS apKU. Y TPeTbOMY PO3ZiJi IpeACTaBjleHi pe3ybTaTu eKCIIePUMEHTAJIbHUX JOCiIKeHb
3aJ1i306€TOHHMX [ABOLIAPHIPHUX apOK 3 3aTSDKKOIO Ta 0€3 Hei i3 BUCOKOMILIHOTO MBUAKOTBEPAHYYOr0 6€TOHY KjaciB
€60, C80, C90, 3okpema: ix poboTa Ta HanpyxkeHonedOopMOBaHUI CTaH IIPY Aii CTATUYHOrO OJJHOPA30BOr0
HaBaHTa)KeHHSI JI0 PyMHYBaHH4, 32 [ii CTaATUYHOTrO MaJIOLIMKJIOBOIO IOBTOPHOTO HaBaHTakeHHs piBHs 0 = (0,16...0,8)
Fu, npu noBTOpHOMY yjapHOMY HaBaHTaXXEHHI. Y pe3yJbTaTi BUIIPOOYBaHHSI OTPUMaHi HOBi €KCIIEPUMEHTAJIbHI 1aHi
Ha CTYIEHSX Ta LMKJIaX HAaBAaHTAKEHHS apOK, a CaMe: BiTHOCHI fedopmallii CTUCKy Ta pO3TIry OETOHY i apMaTypHOi
cTaJi B mepepisax Moscy apku, BinHocHi gedopmarii po3Tsary 3aTspKKY, 3HaY€HHS pO3IIipy Ta [epeMillieHHs O11op,
IIPOTVHIB M05ICY, MOMEHTY TPILMHOYTBOPEHHS Ta XapaKTePy PO3BUTKY TPILllUH Y MOSCI, LIMPUHU PO3KPUTTS TPIIIUH.
Ha ocHOBI IUX eKCIIepUMEHTAJIbHMX 3Ha4€Hb [T00YIOBaHi 3aJ71€XKHOCTI Ta JiarpaMi. JleTajbHO OIMCAHO
0CO06JIMBOCTi POOOTH Mif} HABAHTAXKEHHSIM Ta XapaKTep PyMHYBaHHS KOXHOI JOCTigHOI apKu, BCTAHOBJIEHO iX HECy4y
3/1aTHICTb Ta HABAaHTAKEHHS, [IPYU SIKOMY OYJI0 LOCITHYTO KPUTEPIiB pylHYBaHHS. Y 4eTBEPTOMY pO3[Liji puBeneHi
Pe3yJIbTaTU BUKOHAHOT'O YMCJIOBOTO €KCIIEPMMEHTY 3 PO3PAXYHKY JOCJiHUAX JBOIAPHIPHUX 3aJ1i300€TOHHUX apOK
IIPY OJJHOPa30BOMY KOPOTKOYaCHOMY HAaBaHTAXEHHI METOJOM CKiHY€HHUX €JIEMEHTIB B IPDOrPAMHOMY KOMILJIEKCI
«JIIPA-CAIIP» Ta «<ANSYS». OTprMaHi JaHi 3a pe3ysbTaTaMy YMCJIOBOTO €KCIIEPUMEHTY OyJiM CIiBCTABJIEHHI 3
IAHVMU OZEPKaHUMU 32 Pe3yJIbTaTaMU €KCIIEPUMEHTAJIbHOTO JOCIiIKEHHS apOK. Y JOCKOHAJIEHO
HAyKOBOIIPUKJIAJHi IOJIOKEHHSI PO3PaxyHKy MillHOCTi HOpPMaJIbHUX I1€pePi3iB i Hanpy>keHOAe()OPMOBAHOTO CTaHy
IBOLIAPHIPHUX 3aJ1i300€TOHHMX apOK Ha OCHOBI lepopMaLifiHOI MOjieJli Ta CIIPOIIEHOT0 PO3PaxXyHKY 3TifHO YAHHUX

HOPM IIPOEKTYBaHHSA 3 BUKOPUCTAHHAM €KCIIEPDUMEHTAJIbHUX NAaHUX Ta peBYJIbTaTiB YHCJIOBOTO EKCIIEPDUMEHTY.

2. For the first time, the operation of six double-hinged reinforced concrete arches made of high-strength quick-
hardening concrete was experimentally studied, which made it possible to investigate the peculiarities of the
stress-strain state of the belt sections and the nature of deflections and cracks development under single and
repeated (low-cycle) short-term static and repeated impact loads. For the prototypes of the arches, we
constructed diagrams of the dependence of "load - concrete deformation”, "load - reinforcement deformation”,
"load - tensile force", "load - deflection”, "load - displacement of supports”, and diagrams of the dependence of

crack opening width and the number of cracks in the arch belt on the load. The deformation diagrams and



mechanical characteristics of high-strength quick-setting concrete at the age of 1 day and 28 days are presented.
New experimental data on the stress-strain state of two-hinged reinforced concrete arches with and without tie-
in under single and repeated short-term loads of varying intensity were obtained. A numerical experiment was
carried out, i.e., calculations of experimental arches were performed in «LIRA» and «ANSYS» using the finite
element method, and the data of the numerical experiment were compared with experimental studies of arches.
An improved methodology for calculating the strength of normal sections and the stress-strain state of two-
hinged reinforced concrete arches based on design standards, experimental data, and numerical experiments. The
first section is devoted to a review of works covering the state of experimental and theoretical research on
reinforced concrete arches, in particular: the scope of application of reinforced concrete arch structures in
construction; general information about arches, loads on them, static calculation of double-hinged arches; stress-
strain state and calculation of the bearing capacity of sections of double-hinged arches; review of experimental
studies of reinforced concrete double-hinged arches. The chapter provides an overview of scientific papers on the
results of experimental studies of high-strength rapidly hardening heavy concrete, as well as a brief review of
studies on the resistance of concrete under low-cycle repeated loads. The second section presents the scope of
experimental studies with the number of samples and their characteristics. The design of the prototypes and the
process of their manufacture are described, the materials and their main physical and mechanical characteristics
are specified. The test methodology for the experimental arches is described in detail, test schemes with the
placement of measuring devices and their loading modes are shown. The principle of operation of the installation
for dynamic testing of the arch is shown and described. The section presents the fracture criteria for the
experimental arch specimens and concludes with the results. The third section presents the results of
experimental studies of reinforced concrete double-hinged arches with and without tie-in from high-strength
quick-setting concrete of classes C60, C80, and C90, in particular, their operation and stress-strain state under
the action of a static single load to failure, under the action of a static low-cycle repeated load of o = (0.16...0.8) Fu,
and under dynamic loading. As a result of the test, new experimental data were obtained on the stages and cycles
of arch loading, namely: relative compressive and tensile strains of concrete and reinforcing steel in the cross-
sections of the arch belt, relative tensile strains of the tie-in, values of the spacing and displacement of supports,
deflections of the belt, the moment of crack formation and the nature of crack development in the belt, and the
width of crack opening. Dependencies and diagrams were constructed based on these experimental values. The
peculiarities of work under load and the nature of the failure of each experimental arch are described in detail,
their bearing capacity and the load at which the failure criteria were reached are determined. The fourth section
presents the results of a numerical experiment on the calculation of experimental two-hinged reinforced concrete
arches under a single short-term load using the finite element method in the «LIRA» and «ANSYS» software
packages; the data obtained from the numerical experiment were compared with the data obtained from the
results of the experimental study of the arches. The scientific and applied provisions for calculating the strength of
normal sections and the stress-strain state of two hinged reinforced concrete arches based on the deformation
model and simplified calculation in accordance with current design standards using experimental data and the
results of a numerical experiment have been improved.
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IloBHe HaiMEeHYBaHHSI IOPHUIHUYHOI 0COOH: JIbBiBCHKMII HAL[IOHAJIBHUI YHIBEPCUTET

MIPUPOJOKOPUCTYBAHHS
Kopg 3a € IPIIOY: 00493735

Micuesnaxo;perHﬂ: ByJI. Bonogumupa Benukoro, 6yq. 1, ly6ssHy, JIbBiBcbKkUE p-H., 80381, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Maciok I'puropiit XapuToHOBUY

2. Hryhorii Masiuk

KBasigikamis: . r. u., npodecop, 05.23.01
Imentudikarop ORCID ID: 0000-0001-5207-3111
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMil yHIBEDCUTET BOLHOTO FOCIIOAPCTBA Ta

[IPUPOIOKOPUCTYBAHHS

Kog 3a €IPIIOY: 02071116

Micue3HaxoaKeHHS: ByJs. CobopHa, 6yz,. 11, PiBHe, PiBHeHCbKUM p-H., 33028, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Kopaintuyk OsiekcaHnp IBaHoBuY

2. Oleksandr Korniichuk

KBasigikamis: . t. u., gou., 05.23.01
InenTudikarop ORCID ID: 0000-0002-5678-8314
JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMil yHIBEPCUTET BOLHOTO FOCIIOAPCTBA Ta

MIPUPOJOKOPUCTYBAHHS
Kog 3a €IPIIOY: 02071116
Micue3HaxoaKeHHS: ByJ. CobopHa, 6yz,. 11, PiBHe, PiBHeHCbKUM p-H., 33028, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Pomamko Bacuiapr MukoJsanoBuy

Pomamko Bacunb MukosanioBu4

Boupapesa TetsHa ['puropisHa

VkpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



