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1. BammHcbkuit O.B. CTBOpeHHS Ta KpUTePii pOO0TH KOHCTPYKTUBHUX MOJIEJIEN CTaleBUX 6AJIOK i3 BOTHE3aXMCTOM.
- Kanigikaniiina HaykoBa npaiisl Ha [paBax pyKonucy. JlucepTatist Ha 300y TTsl HQyKOBOTO CTYII€HS JJOKTOPa
dinocodii 3a cnenianpHicTio 192 — ByniBHUIITBO Ta UBiIbHA iHXeEHepis, raaysb 3HaHb 19 — ApxiTekTypa Ta
OyniBHALTBO. — KHUiBCbKUI HalliOHANIBHUI YHIBEPCUTET OYyAiBHULITBA i apXiTeKTypu. MiHiCTEpPCTBO OCBITH i HAyKU
Ykpainn, Kuis, 2024 p. OcHOBHUI 3MiCT gucepTaliiiHoi poboTtu lucepTrauiiHa pob6oTa CIpsIMOBaHA Ha PO3BUTOK
YMCEJIbHO-PO3PaxyHKOBUX METOJIiB OL[iHKYA MEXXi BOTHECTIMKOCTi CTas€BUX KOHCTPYKIiH, IIJISIXOM BpaXyBaHHS
HEpiBHOMIPHOT'O TeMIIEPaTyPHOTr'0 PO3IIOLily 10 BUCOTI Ilepepisy, HesliHiliHOi 3MiHM Ten1o()i3snYHUX BIaCTUBOCTEN
MarepiasiB Ta BOTHE3aXUCHUX OOJIMIIIOBAaHb. 3a pe3ysibTaTaM/ BUKOHAHUX aHAJli3iB BITUYM3HSIHUX Ta 3aKOPJOHHUX
HayKOBUX JIXKEpeJ Ta HOPMATUBHUX JJOKYMEHTIB, YNCEJIbHUX CKiIHYEHHO-€JIEMEHTHUX Ta €KCIIEPUMEHTAILHUX

IOCJIiIKeHb: - 3'1COBaHO, 10 Yy BITYM3HIHUX Ta 3aKOPAOHHUX JOKYMEHTaX Ta METOIUYHUX [I0CIOHMKAX OIIMCAaHO



JIM1IE CIIPOLIEH] aHAITUYHI METOLVKY OLIIHKY MeKi BOTHECTIMKOCTI CTajleBUX KOHCTPYKLiM; iCHYIOTh
€KCIIEPUMEHTAJIbHI METOIIM OL[iHKU MEXKi BOTHECTIMKOCTI, IPOTE BOHU HE € YHIBEPCaJbHUMU Ta HE JO3BOJISIOTh
IIBUJIKO Ta 3PYYHO OLiHUTH BOTHECTINKICTb Oy/Ab-KOi KOHCTPYKLiM; - aAallTOBAHO Ta BUKOPUCTAHO YMCEJIbHUM
METOJ] CKIHYEHHUX €JIEMEHTIB [JIs1 BUPILIEHH 33424 HECTAL[iOHAPHOI TEIUIONPOBILHOCTI [1J1s1 IPOBELEHHS
TEMNJIOTEXHIYHOTO PO3PaXyHKY IIONIEPEYHOro NEPEPi3y CTaseBoi 6ayKy NEPEKPUTTS; - BCTAHOBJIEHO 3aKOHOMIPHOCTI,
sIKi IpY3BeJIU 10 HEPIBHOMIPHOTO PO3IOAiNy TeMIIEpPATypU 10 BUCOTI IONIEPEYHOrO [epepisy cTajseBoi 6anku
IIEPEKPUTTS]; - BCTAHOBJIEHO JOCTOBIPHICTh PE3YyJIbTaTiB, OTPUMAaHUX 32 BUKOPUCTAHHS YMCEJILHOTO METOLY
CKiHYEHHUX €JIEMEHTIB B ITIOPIiBHSIHHI 3 EKCIIEPUMEHTAJIBHMM METOJOM; - BCTAHOBJIEHO, IO TEIIJIOTEXHIYHUMN
PO3paxyHOK CTajleBOi 6aJIKy IEPEKPUTTS 3 BpaxyBaHHSM HeJIiHIHHOI 3MiHU TenoPi3nyHNX XapaKTepUCTUK
MarepiaiB BiIKpUBa€ 10AaTKOBI pe3epBU HECYUOi CIIPOMOXKHOCTI CTajleBUX 0aJIOK IIPM [Iii BUCOKUX TEMIIEPaTyp; -
CTBOPEHO METOJOJIOTIIO Ta aJITOPUTM PO3PAXyHKY CTaJI€BUX OAJIOK IEPEKPUTTS 3 BOTHE3AXMCTOM 3 peailisalii€lo B
nporpamHomy Komiwnekci JIIPA-CATIP. 3 Touky 30py ¢pinocodii, HayKOBO-TeXHIYHUX PO3BUTOK JIIOJICTBA 3POCTAE B
reoMeTpuUyHiit nporpecii. HoBiTHI TeXHOJIOTi] [03BOJISIOTh IPOBOIUTH TOYHI, 6€3I1€4Hi, 3py4Hi Ta MBUAKI
BUIIYKYBaHHY, SIKi JO3BOJISIOTh BPAXOBYBaTH YUCEJIbHI PAaKTOPU Ta KpUTEpii poOb0TH OyiBeIbHUX KOHCTPYKLH, sKi
HEMO>KJIMBO 0YyJI0 BpaXyBaTu paHille. [laHe NOCIiIPKeHHS CIIPSIMOBaHe Ha 301/IbIIE€HHS] KOHCTPYKTUBHOI 6€3IeKHY,
€KOJIOTIYHOCTi, eHeproedeKTUBHOCTI, 1110 B CBOIO Yepry BIIMBAE Ha 6e3eKy JI0AChKOI XXUTTENiSIbHOCTI, 110 Hapasi
€ Iy>)Ke BKJIMBMM YMHHUKOM. B niepiiomy po3zisi npoaHasizoBaHO Cy4yaCHUI CTaH IIOXKEKHOI 6e3NeKy B KpaiHi Ta
METOJIY OLIIHKM MEXi BOTHECTIMKOCTi OyliB€JIbHUX KOHCTPYKLii. ONNUCaHO CII0COOM BOTHE3AXUCTY OyAiBEIbHUX
KOHCTPYKIIiil Ta HaBeJIEHO HU3KY HAO1/IbII IOMMPEHNX BOTHE3aXNCHUX MaTepiais. [IpoaHasnizoBaHo cydacHi
€KCIIePUMMEHTAJIbHI, aHAJIITUYHI Ta YACEJIbHI METOIU OLIIHKM ME3Ki BOTHECTIMKOCTI CTalIeBUX KOHCTPYKILii, a came
CTajieBUX 0aJIoK epeKpUTTs.. ExcriepuMeHTanbHi METOU € Halbinbil e(pEKTUBHUMHU, IIPOTE HE € YHiBEPCAJIbHUMUY,
a aHaJITUYHI METOIYM HE BPAXOBYIOTh KJIIOYOBUX KPUTEPIiB pOOOTH TEIJIOHABAHTA)KEHUX KOHCTPYKLil, TOMY Ha 6a3i
aHaJIITUYHUX Ta YUCEJIbHUX METOiB HEOOXiiHO 0Oy yBaTH YHiBepCalbHy METOIUKY OL[iHKM MeKi BOTHECTilKOCTi
KOHCTPYKLiN. B Apyromy po3zisi geTasbHO ONMCaHO BUPIMIEHHS 3a/ia4i HECTAL[iOHAPHOI TEIJIONPOBiAHOCTI 3a
IOTIOMOTOI0 YMCEJIBHOTO METOMlY CKIHUEHHUX €JIEMEHTIB. B mporpamuomy xomnekci JIIPA-CAIIP 6ysio npoBeeHo
4UCeJIbHUI €KCIIEPUMEHT BIUIMBY [TOXKEXKi Ha CTasleBy O6AJIKy IEPEKPUTTS, Ha SIKy CIIMPAEThCS 3a/1i300€TOHHA I1JIMTa
nepeKkpuTTs. bysi0 BUKOHAHO [Ba TUNU PO3PaxyHKIB: TENJIOTEXHIUHUI, B IKOMY 0YJI0O BU3HAYEHO PO3IOLiJ
TeMIIEpaTyPHUX I10JIiB B KOKHIl TOY1l] epepisy 6ajKu B KOKHY XBUJIMHY 4acy I10XKeXi; Ta CTaTUYHUH, B IKOMY 0yJI0
[ONEPEHBO 3HIKEHO MilHICHI XapaKTepUCTUKY NIepepi3y Ta NPY>KHO-Ae(POopMalliiiHi XapaKTepUCTUKHU CTalli
BiITIOBiTHO [10 C€peHbOI TeMIIEPaTypH B [IOIIepeYHOMY Iepepisi 6anky y ¢pikcoBaHU MOMEHT 4yacy. Pe3yspraT
TEIJIOTEXHIYHOTO PO3PaxyHKy OYJI0 IOPiBHSIHO 3 pe3yJsbTaTaMy aHAJIOT{YHOrO PO3PaxXyHKY, SIKUM OyJI0 IPOBELEHO B
nporpamHoMy Kominekci ANSYS FLUENT Ta onvcaHo B HODMAaTUBHOMY JOKYMEHTI. B TpETbOMY pO3JiJi OIIMCaHO
aJrOpUTM BU3HAYEHHS HEJIiHITHUX BJIACTUBOCTEN MaTtepiasliB KOHCTPYKIii Ta BOTHE3aXMCHUX OOJIMII0BaHb. Byso
IIPOBEJIEHO TEIJIOTEXHIYHNI PO3PaXyHOK CTajeBOoi 6ajku IEPEKPUTTS 3 BpaXyBaHHSIM BOTHE3aXUCHOT'O MaTepiay.
PesynbTaTu po3paxyHKy 6yJI0 IIOPiBHSIHO 3 pe3yJIbTaTaMU €KCIIEPUMEHTAIbHOTO JOCHiIKeHH. Pe3ynbratu
HiATBEPAWIN JOCTOBIPHICTh METOLOJIOTIYHYX MiTXOAiB [0 BUSHAYEHHIO TEMIIEPATYPHU B IIepepisi, po3pO0JICHUX B
nuceprauii. Takox 6yJ10 TPOBEIEHO TEIJIOTeXHIUHI pOo3paxyHKU MoZesiell CTajeBux 6aJIoK 3 pi3HNMU BapiaHTaMu
BOTHE3aXHUCHUX MaTepiasiB. BUsSBI€HO 3aKOHOMIPDHOCTI PO3IOiy TEMIIEPATYPH 110 IIEPEPi3y B 3aJIESKHOCTI Bif| TUITY

Ta TOBIIMMHMY BOTHE3aXMCHOTO MaTepiaJIy.

2. Bashynskyi O. Creation and operation criteria for structural models of steel beams with fire protection. -
Qualifying scientific work on the rights of the manuscript. The thesis on conferment of a scientific degree of the
Doctor of philosophy on a specialty 192 - Building and civil engineering, area of knowledge 19 - Architecture and
building. - Kyiv National University of Construction and Architecture. Ministry of Education and Science of
Ukraine, Kyiv, 2024. The main content of the thesis. The thesis is aimed at developing numerical methods for
assessing the fire resistance limit of steel structures by taking into account the uneven temperature distribution
along the height of the section, nonlinear changes in the thermophysical properties of materials and fireproof
coatings. Based on the results of the analysis of national and foreign scientific sources and regulatory documents,
as well as numerous finite element and experimental studies: - it has been found that national and foreign



documents and manuals describe only simplified analytical methods for assessing the fire resistance limit of steel
structures; there are experimental methods for assessing the fire resistance limit, but they are not universal and
do not allow for quick and convenient assessment of the fire resistance of any structure; - the numerical finite
element method was adapted and used to solve the problem of nonstationary heat conduction for the
thermotechnical analysis of the cross-section of a steel floor beam; - patterns that led to an uneven temperature
distribution along the height of the cross-section of a steel floor beam were established; - the reliability of the
results obtained by using the numerical finite element method in comparison with the experimental method was
established; - it was found that the thermotechnical analysis of a steel floor beam, taking into account the
nonlinear change in the thermal and physical characteristics of materials, opens up additional reserves of the
bearing capacity of steel beams at high temperatures; - a methodology and algorithm for steel floor beams with
fire protection analysis with implementation in the LIRA-FEM software was created. From the point of view of
philosophy, the scientific and technological development of mankind is growing exponentially. The latest
technologies allow for accurate, safe, convenient and fast surveys that allow for the consideration of numerous
factors and criteria for the operation of building structures that could not be taken into account before. This
research is aimed at increasing structural safety, environmental friendliness, and energy efficiency, which in turn
affects the safety of human life, which is currently a very important factor. In the first section, the current state of
fire safety in the country and methods for assessing the fire resistance limit of building structures were analyzed.
The methods of fire protection of building structures were described and a number of the most common fire
protection materials were presented. Modern experimental, analytical and numerical methods for assessing the
fire resistance limit of steel structures, namely steel floor beams, were analyzed. Experimental methods are the
most effective, but not universal, and analytical methods do not take into account the key criteria for the operation
of heat-loaded structures, so it is necessary to build a universal method for assessing the fire resistance limit of
structures on the basis of analytical and numerical methods. In the second section the solution of the problem of
nonstationary thermal conductivity using the numerical finite element method was described in detail. A
numerical experiment of the effect of a fire on a steel floor beam on which a reinforced concrete floor slab rests
was carried out in the LIRA-FEM software. Two types of analyses were performed: thermotechnical, in which the
distribution of temperature fields at each point of the beam cross-section at each minute of the fire was
determined; and static, in which the strength characteristics of the cross-section and the elastic-deformation
characteristics of steel were preliminarily reduced according to the average temperature in the beam cross-
section at a fixed time. The results of the thermotechnical analysis were compared with the results of a similar
analysis performed in the ANSYS FLUENT software and described in the regulatory document. In the third section
the algorithm for determining the nonlinear properties of structural materials and fireproof coatings was
described. A thermotechnical analysis of the steel floor beam was performed with consideration of the fire
protection material. The analysis results were compared with the results of the experimental research. The results
confirmed the reliability of the methodological approaches to determining the cross-sectional temperature
developed in this thesis.
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InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BnacHe IlpizBuie Im's [10-6aTbKOBI Makcum'tox FOpiit Beceosomosud
rOJIOBH pajgu

Biacue IpizBume Im's I1o-6aTbKOBI Maxkcum'iok FOpifi Beesononosud
rOJIOBYIOYOTO Ha 3acCiflaHHi

BiznoBigassHHI 3a MiATOTOBKY Bamuncekui Oekciit BosoguMuposuy

00JIiIKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




