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Pedepar:

1. 3acTOCOBYI0YM NEPLINII 3aKOH TEPMOJIMHAMIKM PO 6a/IaHC €HEPreTUYHMX CKJIAIOBUX Ta 6ajlaHC IBUIKOCTEN
3MiHM €HEepPreTUYHUX CKJIAJJOBUX, T0OYI0OBAHO 3arajibHy MaTeMaTU4YHy MOZENb — TUudepeHLiajibHe PiBHSHHS 3
IIOYATKOBOIO i KiHI|€BOI YMOBaMH JJ1s1 BUBHAYEHHSI JOBrOBIYHOCTI (PiOpOOETOHHUX €J1EMEHTIB KOHCTPYKLH 3
NI0YaTKOBUM 00'€MHUM ITOIKOPKEHHSM 3a Jii JOBroTpUBAajIOro CTaTUYHOTO HaBaHTAXKEHHS, 110 BUKJIMKAE JIOKAJIbHY
MIOB3Y4iCTb — YIOBiJIbHEHE PO3KPUTTS TPillMHU, 1e(POPMYBaHHS i BUTATYBAHHS BOJIOKOH. [Ipy IbOMY, BB€JI€Hi TaKi
IONYILEHHS i IOJIOXKEHHS: MaTepianu MaTpuli i Gpiép e siHilHO-NIPYy>)KHUMMU, OJHOPIAHUMU Ta i30TPOITHUMUY;
TPIIMHYBATICTh y 6€TOHI BUHMKAE MiCJIs JOCATHEHHS HANPYKEHHSMU MilIHOCTi 6€TOHY (KPiM II0YaTKOBUX
MIKPOTPIlL1H); PO3KPUTTSI OTPMMAHUX MIKPOTPIIIMH i BUTSATYBaHHS (DiOp i3 6ETOHY BBa)KAETHCSI OCHOBHUM

MexaHi3MOM HOTro 1OB3Yy4O0CTi; Jiarpama po3Tsry piopobeTo-~Hy KyCKOBO-JIiHIMHA; 115 IPOCTOTU 00YMCIIEHb



IiNSHKY fiarpamu po3Tsry, IO BifnoBigae Opyriil ctazii nedpopmyBaHHs, HAGIMKEHO 300paKEHO MPSIMOJIIHIITHOIO,
SK i 3a CTUCKY; i6pU (04HAKOBI KPYIJIOro Ne~pe—~TUHY i IOBXXUHH) B PO3IJISIHYTOMY eJleMeH-Ti piBHOMipHO
po3IogineHi y Bcix Ha~Ipsi~Max i NPalo0Th TijIb~KU Ha po3Tsr; pi6bpu i 6€TOH MOBHICTIO 34YellyieH] (TOMy
nedopmanis ¢iopu piBHa fedopmaliii KOMIIO3UTY); peasi3yeTbcsl IOBHA Aiarpama NOB3y4OCTi 0 PyHHYBaHHS
¢$i6pobeToHy. Ha 0CHOBI aHami3y i CUHTE3y €KCIIepUMEHTAIbHUX JOCIIiIPKEHb IIOB3Y40CTi (PiOpOOETOHIB Ta METOAY
HalMEHIIVX KBaJlpaTiB 100y10BaHO aHAJITUYHY 3aJI€5KHICTh 3MIHU IIOB3Y4YOCT] Bifl 4acy i BeIMYMHU HANIPYKEHHS.
Mopesb 3aCTOCOBaHO 1151 IPOrHO3YBAaHHS JOBrOBIYHOCTI (piOpOOETOHHOI IIJINTU 3 KPYTOBUM OTBOPOM 3a
IOBrOTPUBAJIOTO IBOCTO~POHHBO-TO PO3TSTY, [0 BUKJIMKAE TIOB3Y4iCTb B 30Hi OTBOPY. BusiB€HO, 1110 HABITh 3a
HEBEJIMKOTO 30ibIIeHHSI HABAHTAKEHHSI B MEXKax IPy-Toi cTafii Hanpy>keHo-IedopMOBaHOIO CTaHy
IIOBrO—BiYHICTb IVIUTU Pi3KO 3MEHINYeThCS. PO3pobiieHa po3paxyHKOBa MOZEJb [1JIs BU3HAUYE€HHSI JOBTOBIYHOCTI
($i6po-6eTOHHUX €JIEMEHTIB KOHCTPYKIiii 3 KyJIbOBUMU MOPOXXHUHAMU 32 iX JOBrO~TPU-BaJIOTO PO3TATY. B OCHOBY
LIbOTO MOKJIAZlEHO €eHepre-TUYHUI MifIXif| Ta CIpOoILeHa Aiarpama po3sTary piopodeToHy. 3acTocyBaHHs Liiei monei
IIPOJIEMOHCTPOBAHO Ha 3a7lavi 3 KOHKPETHUMU eKCIUyaTaliiHUMK apameT-pamu ¢pibpobeToHy i fiarpamoro 1oro
IIOB3Y4OCTi. 3aCTOCOBYIOYM BHUIIE 3ralaHUl €HepreTUYHUH MifXif], M00yA0BaHO PO3PaXyHKOBY MOZEJb JJIs
BU3HA4YEHHS IOBrOBIYHOCTI (Pi6POOGETOHHOI 6aJIKM 32 YUCTOrO 3TMHY MOMEHTAMMU, 1J0 BUKJIMKAIOTb Oijisl BEPXHIX
PO3TATHYTUX BOJIOKOH IIOLIKO/’KEHY 30HY I10YaTKOBOI ITIMOMHMU 11 00'€MY B SIKif peasti3yeTbcs oB3y4icTh. [Ipu
LIbOMY IIpUMMaJIACS CIIPABEJJIMBOIO TIIIOTE3a MJIOCKUX NTePEPi3iB. 3a BiICYTHOCTI €KCIIEPUMEHTAJIBHUX JAHUX 100
30HU CTUCKY, AJIs OLIiHKU JOBrO-BiYHOCTI 6aJIKV B IEPLIOMY HaOJIVDKEHHI IPOIIOHYETLCSI BUKOPUCTOBYBATH PO3MipH
Pe0JI0-TiYHMX XapaKTe~PUCTHUK, aHAJIOTIYHi TAKUM 4K i [I7151 30HU PO3TATY (CUMETPUYHUI 3r1H). OLiHEHO BILJIUB
3TMHHOTO MOMEHTY Ha IOBroBiYHiCTb Pi6pobeToHHOi 6anku. Ha 6a3i Biomux y jiTepaTypi aHaliTHYHUX
CIiBBiHOLIEHb C()OPMYJILOBAHO PO3PAXYHKOBY MOZEJb i Ha ii OCHOBI IPOBEAEHO PO3PAXyHOK 3aIMIIKOBOI
IOBro—-BiYHOCTI (Pi6POOETOHHOI 6AJIKU 3 Hallepe/] HAIIPY>KEHOI0 apMaTypPOIo, II0CJIA0JIEHOI0 IBOMA CETMEHTHUMU
TpillMHAMU ITOB3Y4OCTi 3a ii JOBFOTPUBAJIOTO CTATUYHOTO 3rMHY. [I0Ka3aHo, 10 HasIBHICTb HABITh JOCTATHBO MAJIUX
TPIlIMH B apMaTypi IPU3BOJSATE IO Pi3KOro 3MEHIIEHH 3aJIMIIKOBOI JOBIOBIYHOCTI apMaTypH, a BifTax i
(i6poOETOHHOI 6AJIKNU B LIiJIOMY.

2. Applying the first law of thermodynamics on the balance of energy components and the balance of the energy
components change rates, a general mathematical model is created - differential equation with initial and final
conditions for determining the durability of fiber-reinforced concrete structural elements with initial bulk damage
due to static load causing local creep - delayed crack growth, deformation and drawing of fibers. At the same time,
the below assumptions and provisions are introduced: matrix and fiber materials are linearly elastic, homogeneous
and isotropic; cracking in concrete occurs after the stresses have reached the concrete strength (except for the
initial microcracks); the opening of the obtained microcracks and the drawing of fibers from concrete is
considered to be the main mechanism of its creep; the fiber concrete tensile diagram is piecewise linear; for
simplicity of calculations, the tensile diagram section corresponds to the second stage of deformation, is
approximately depicted as rectilinear, like in compression; the fibers (of the same circular section and length) in
the element under consideration are evenly spread in all directions and work only for tensile; the fibers and
concrete are fully bonded (therefore, the deformation of the fiber is equal to the deformation of the composite); a
complete diagram of the creep to the fracture of fiber concrete is implemented. Based on the analysis and
synthesis of experimental studies of the fiber-reinforced concrete creep and the least squares method, an
analytical dependence of the creep change on time and the magnitude of stress is created. The model is used to
predict the durability of a fiber-reinforced concrete slab with a circular hole during long-term bilateral tensile
causing creep in the hole area. It was revealed that even with a slight increase in the load within the second stage
of the stress-strain state, the durability of the plate decreases sharply. A computational model has been developed
to determine the durability of fiber-reinforced concrete structural elements with spherical cavities during their
long-term tensile. This is built on an energy approach and a simplified tensile diagram of fiber concrete. The
application of this model is demonstrated on a task with specific operational parameters of fiber concrete and a
diagram of its creep. Applying the above-mentioned energy approach, a computational model is created for
determining the durability of a fiber-concrete beam under pure bending by moments causing a damaged zone of



initial depth and bulk in which creep is realized in the upper tensioned fibers. At the same time, the true
hypothesis of plane sections was accepted. In the absence of experimental data on the compression zone, in order
to assess the durability of the beam in the first approximation, it is suggested to use the dimensions of rheological
characteristics as well as for the tensile zone (symmetrical bending). The influence of the flexing moment on the
durability of the fiber-concrete beam is estimated. Based on the analytical relations known in the literature, a
computational model was developed and based on it, the residual durability of a fiber-concrete beam with
prestressed reinforcement weakened by two segmental creep cracks during its prolonged static bending was
calculated. It is demonstrated that the presence of even sufficiently small cracks in the reinforcement leads to a
sharp decrease in the residual durability of the reinforcement, and consequently of the fiber-concrete beam as a
whole.
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