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Pedepar:

1. lucepraris IpUCBsAYEHA €KCIIEPUMEHTAIILHUM Ta TEOPETUYHUM JIOCJiTKEHHSIM HECYYO]l 30aTHOCTI,
IepOpMaTUBHOCTI Ta JOBIOBIYHOCTI CKJISHUX IVIUT. MEeTOJ VKA BUNIPOOYBaHHS CKIISIHUX IUIAT [1J151 BUBHAYEHHS
HEeCy40i 34aTHOCTI Ta Je(pOPMATUBHOCTI [10J1sIrasla y BUTPOOYBAaHHI CKJISIHUX IJIAT 3 Pi3HOIO KiJIBKICTIO IIApPiB CKiIa,
OTIEPTHX 110 YOTUPHOX KyTaX Ta sKi MIpaIloBaiy Ha 3TYH Bif] 30CepeKeHOr0 HaBaHTKEHHS ITaMIIoM. Po3pobiieHo
METOJUKY BUIIPOOYBaHHS CKIISIHUX 0aJI0OYHUX IJIUT Ha JOBrOBIYHICTB, 3TiIHO 3 SIKO CKJISIHI 0aJIOYHI IJIUTU
MIpalloBajy SIK HIAPHIPHO O6MEePTi OJHONPOJIITHI 6aiKy, HaBaHTaXKeHi CTaTUYHUM BaHTa’KeM MPOTITOM MEBHOTO
nepiony 4acy. Ilif yac npoBefeHHs €KCIIepUMEHTATIbHUX BUIPOOYBaHb CKIISHUX MJIUT BUKOPUCTAHO Ta
YIOCKOHAJIEHO CyYaCHUM ONITUYHUU METO[, KopeJsiLii tndppoBux 300paxkeHb AJis 3amipy nedopmaliiii Ha IOBepxHi
CKJISIHUX IVIUT. B pe3ysbTaTi IpOBeeHUX HAyKOBUX JIOCTI/I)KEHb PO3PO0JI€EHO METOAUKY PO3PAXyHKY CKIISIHUX IIJIUT
3 Pi3HOIO KiJIBKICTIO MIApiB CKJIA, 10 NPALIOI0Th HA 3TUH, @ TAKOXK PEKOMEHALil o0 iX IPOEKTYBaHHs, SIKi Oyiu
3aCTOCOBaHi Ha peasibHUX 00’eKTaX. 3aCTOCOBAHO Ta yIOCKOHAJIEHO METOJMKY BUMIpIOBaHHS Aedopmalliil TOBepxHi

CKJISIHUX IJIUT 32 JOTIOMOTOI0 OIITUYHOTO MeToAy Kopessuii nudposux 306paskens (K1 3). [Ticsst BunpobyBaHHs



CKJISIHUX 3pas3KiB Ha MIlIHICTb IIpY 3THHI AJ15 aHaJIi3y MIiIJHOCTI CKJIa BUKOPMCTOBYBAJIY ABOIIaPAMETPUYHU
posamozin Beiibysna. XapakTepuCTUYHA MIIJHICTh CKJla BU3HaYeHa IIPU 5% HMOBIPHOCTI pyHHYBaHHS Ta HIKHIN
MeXi HafliiHoCTi Ha piBHI 95%. [IpencTaBieHo pe3ybTaTh (i3UKO-MeXaHIYHUX XapakKTEePUCTUK CKIISIHUX 3Pa3KiB,
HaBeJeHi OCHOBHI [TapamMeTpy Ta peKOMeHalii 1010 BUKopucTaHHd metony KI3 11 TOYHUX BUMIPIOBaHb
nedopmaliiil Ha IOBEPXHi CKJISIHUX MJIUT. PyiiHyBaHHS 3pa3KiB IpY BUNIPOOYBAHHI HAa IOBrOBIYHICTb
XapaKTepU3yBaJIOCh YTBOPEHHSM TPIlIMHY 10 CEPEMHI POJILOTY KA PO3BUBAJIACh BiJl BEPXHBOTO Kpalo rpaHi. ¥
BCiX JBOLIAPOBYUX i TPUIIAPOBHUX IIJIUTAX IIOCJiIOBHICTh PyMHYBaHHS IapiB BinOyBasacs Bif HU>KHbOTO L1apy 10
BEPXHBOTO. BCTaHOBJIEHO, 110 3i 301/IbMIEHHSIM KiJIbKOCTI MIApiB TPUIJIEKCY (TOBLIMHU IUUIMT) - 3pOCTAaE Hecy4a
3IATHICTb IIJIUT. BUKOPHCTaHHS IBOIIAPOBUX IVIUT MTOPIBHSIHO 3 ONHOIIAPOBUMU 3abe3neuye y 1,92 pasu 6inbury
HeCy4Yy 3/IaTHICTb; 3aCTOCYBaHHS TPUILAPOBYUX IUIAT MIOPiBHSIHO 3 OJIHOIIAPOBUMU 3a6e3mnedye y 4,28 pasu 6isbiny
Hecydy 3[IaTHICTb Ta y 2,21 pa3u 6isibllly HeCy4y MOPiBHSHO 3 IBOMIAPOBUMU. [IPOrMHYU IIJIMT TaKOXK 3MEHIIYIOThCS i3
3aCTOCYBaHHS ABOX ab0 6isblle mapiB ckyla. BUKOHAHO MOPIBHAIIPHUI aHAJIi3 3Ha4eHb BiIHOCHUX Aedopmalliil Ha
KOXXHOMY eTarlli 3aBaHTaXeHHS, SIKi OTpPMMaHi 3a JOIIOMOI0l0 MeXaHiYHUX MIKpOiHIUKATOpPIB Ta LUPPOBOTro
exkcreHzomeTpa K113, mo noxkazasno BUCOKY 301KHICTb pe3yJbTaTiB. XapaKTepUCTUUHE 3HAU€HHS MIlJTHOCTI CKJa Ha
PO3TSAT [IPY 3TMHI BU3HA4Ya/IM 3a JOIIOMOTrOI0 KBapTWIIBbHOI (PYHKIIii 3a/1€5KHO Bifl mapameTpiB ? i ? 1151 MeXi BifMOBU
5% Ta 3 HWXKHIM piBHEeM [10Bipuoro inTepBany 95%. XapakTepucTuyHe 3HaUY€HHS MIlIHOCTi CKJIa Ha PO3TSIT IPU 3THHI
ckiano ???2,5% = 40,4 MIla. [logaHo Tpy METOIMKY PO3PaXyHKY CKJISIHUX IJIMT: aHAJIITUYHA METOJUKA PO3PaXyHKy
CKJISIHUX IVIUT HA OCHOBI KOHILeNLii e()eKTUBHOI TOBIIMHU Ta TEOPii IPY>KHOCTI IVIACTUH; YACEIbHO-aHANITUYHUI
PO3paxyHOK Ha OCHOBi MeTozy cKiHueHux esiemeHTiB B [1K Dlubal RFEM; po3paxyHOK TpillMHOCTI!KOCTI Ta
IIOBrOBIYHOCTI CKJIa Ha OCHOBI JIiHIHHO-TIPY>KHOI ME€XaHiK/ pyyHYBaHHS. [IpeCcTaBIeHo pe3yibTaTu Ta
[OPiBHAJIBHUI aHaJIi3 PO3PaxyHKiB TEOPETUYHUX Ta €KCIIEPUMEHTAIBHUX JAHUX [JIS CKIISHUX IUJIUT 3 Pi3HOIO
KiJIBKICTIO 1IapiB. B pe3ysbTaTi po3paxyHKy CKJISIHUX IJIMT y IporpaMHoMy Komiuiekci Dlubal RFEM orpumasi
3HAYEHHS PYIHIBHAX HaBaHTAKEHb, TPOTMHIB, @ TAKOXX MaKCUMaJIbHUX MOMEHTIB, MEMOPaHHUX 3yCUJIb,
HOPMAaJIbHUX Ta JOTUYHUX HAINpPYyXEHb. [I0aHO NOPIBHAHHS PE3YJbTaTiB PO3PAXYHKY OTPMMAHHUX 3a JJOIIOMOTOI0
IBOX YMCEJIbHOQHANITUYHMX METOAMK (HEJIHIHOro po3paxyHKy Ta JiHIHOro po3paxyHKy Ha OCHOBI Teopil
MinHocTi ['ybepa-Miseca) 3 ekCriepuMeHTalIbHUMY 3HAYEHHSIMU J1J15 IJIUT 3 Pi3HOIO KiJIBKICTIO MAapiB CKia.
[TpoBenenuit aHasi3 CBiYUTH [IPO BUCOKY 301KHICTh OTPUMAHUX PE3YJIbTaTiB PO3PaXyHKY 3a JOIIOMOTOI0
nporpaMHoro 3at6esneudeHHs Dlubal RFEM, sikuil Mmoske 6yTi peKOMEHA0BaHUH 117151 OAA/BUINX PO3PAXYHKIB
CKJISIHUX IJIUT 3 Pi3HOIO KiJIbKICTIO 1apiB ckJja. [IpencraBieHo aHaliTUYHY METOIUKY PO3PAXYHKY HaIIPY>KEHO-
IepOpPMOBAHOTO CTaHy CKJISIHUX IUIUT 3 Pi3HOIO KiJIBKICTIO MIapiB CKJIa HAa OCHOBI KOHIEMNii e(peKTUBHOI TOBIMHHU Ta
Teopii IPYXHOCTI I1acTiH TuMomeHka BoiiHoBCcbKoro-Kpurepa. Metonyka po3paxyHKy Ha JOBrOBIYHICTb Ha
OCHOBI JIiHITHO-TIPY’KHOI ME€XaHiKM PyHHYBaHHS MOXe 0yTY PEKOMEHA0BaHa 171l PO3PaxXyHKy 4yacy A0 PyHHYBaHH:
171 CKIISHUX IUT. OTpUMaHi pe3ysibTaTi JUCEPTALiTHOTO SOCIiI)KEHH BUKOPUCTaHi Ha MPaKTULLi IIPU
IIPOEKTYBaHHI CKJISHOI 6araTomapoBoi CTIHKYA KOHCOIbHOTrOo 6aceiny B CITA-30Hi )KUTJIOBOTO KOMILJIEKCY
roTeJIbHOTO TUIly B C. [TossHuis IBaHo-®pankiBepkoi 0641. Big T30B «ITEJE-THXXMHITMHI; cKJIIHOro NOKPUTTS

IIEProJiyd Ha IpUBaTHOMY 00'eKTi y M. JIbBiB Bif, T3OB «KomnaHis sangmadTHOI apxiTeKTypy Po3KBiT».

2. The thesis is devoted to experimental and theoretical studies of the bearing capacity, deformability and
durability of glass plates. The method of testing glass plates to determine the bearing capacity and deformability
consisted in testing glass plates with different numbers of glass layers supported at four corners and working on
bending from a concentrated load with a stamp. A method of testing glass beam plates for durability was
developed, according to which glass beam plates worked as hingedly supported single-span beams loaded with a
static load for a certain period of time. During the experimental tests of glass plates, a modern optical method of
correlation of digital images was used and improved to measure deformations on the surface of glass plates. As a
result of the conducted scientific research, a method of calculating glass plates with different numbers of glass
layers working on bending, as well as recommendations for their design, which were applied to real objects. The
method of measuring the deformations of the surface of glass plates using the optical method of digital image
correlation (DIC) was applied and improved. After testing the glass samples for bending strength, the two-
parameter Weibull distribution was used to analyze the strength of the glass. The characteristic strength of glass



was determined at a 5% probability of failure and a lower reliability limit of 95%. The results of the physical and
mechanical characteristics of glass samples are presented, the main parameters and recommendations for using
the DIC method for accurate measurements of deformations on the surface of glass plates are given. The
destruction of samples during durability testing was characterized by the formation of a crack in the middle of the
span that developed from the upper edge of the face. In all two-layer and three-layer plates, the sequence of layer
failure occurred from the lower layer to the upper one. It was established that with an increase in the number of
triplex layers (plate thickness), the bearing capacity of the plates increases. The use of two-layer plates compared
to single-layer ones provides 1.92 times greater load-bearing capacity; the use of three-layer plates compared to
single-layer ones provides 4.28 times greater load-bearing capacity and 2.21 times greater load-bearing capacity
compared to two-layer ones. Plate deflections are also reduced by using two or more layers of glass. A comparative
analysis of the values of relative deformations at each loading stage, obtained using mechanical microindicators
and a digital extensometer KCZ, was performed, which showed high convergence of the results. The characteristic
value of the glass tensile strength during bending was determined using the quartile function depending on the
parameters ? and ? for a failure limit of 5% and with a lower level of the 95% confidence interval. The characteristic
value of the glass tensile strength during bending was ???,5% = 40.4 MPa. Three methods of calculating glass plates
are presented: an analytical method of calculating glass plates based on the concept of effective thickness and the
theory of plate elasticity; numerical-analytical calculation based on the finite element method in the Dlubal RFEM
software; calculation of crack resistance and durability of glass based on linear-elastic fracture mechanics. The
results and comparative analysis of calculations of theoretical and experimental data for glass plates with different
numbers of layers are presented. As a result of calculating glass plates in the Dlubal RFEM software package, the
values of destructive loads, deflections, as well as maximum moments, membrane forces, normal and tangential
stresses are obtained. A comparison of the calculation results obtained using two numerical-analytical methods
(nonlinear calculation and linear calculation based on the Huber-Mises strength theory) with experimental values
for plates with different numbers of glass layers is presented. The analysis shows a high convergence of the
obtained calculation results using the Dlubal RFEM software, which can be recommended for further calculations
of glass plates with different numbers of glass layers. An analytical method for calculating the stress-strain state of
glass plates with different numbers of glass layers is presented based on the concept of effective thickness and the
theory of plate elasticity of Tymoshenko Voynovsky-Kryger. The method for calculating durability based on linear-
elastic fracture mechanics can be recommended for calculating the time to fracture for glass plates. The obtained
results of the dissertation research were used in practice when designing a glass multilayer wall of a cantilever
pool in the SPA zone of a hotel-type residential complex in the village of Polyanytsia, Ivano-Frankivsk region, by
LLC "PELE-ENGINEERING"; a glass covering of a pergola on a private property in Lviv, by LLC "Landscape
Architecture Company Rozkvit".
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IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0COO0H: JIbBiBCHKMIA HAIiIOHAILHUI yHIBEPCUTET

IIPUPOLOKOPUCTYBAHHS
Kopg 3a €IPIIOY: 00493735

MicueSHaxo,q)KeHHﬂ: ByJ1. Bononumupa Benukoro, 6yg. 1, Iy6ssHy, JIbBiBcbKkUl p-H., 80381, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bo6ano Tapac BonopumupoBud

2. Taras Bobalo

KBasigikamis: . r. u., o, 05.23.01

Imentudikarop ORCID ID: 0000-0001-9581-5533

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ1. Crenana Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. InbHUUBKKI Bopuc Map ssHOBUY

2. Borys Ilnytskyy

KBasigikamis: . t. u., gou., 05.23.01

InenTudikarop ORCID ID: 0000-0002-6875-6328

JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banpepwu, 6y7. 12, JIbeis, 79013, Ykpaina

dopma ByacHOCTI: [lepxkasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Menbhuk Irop Bononumnposn
rOJIOBH pagu

BaacHe IlpizBume Im'st II0-6aTbKOBI Menbuuk Irop Boronumunposud
rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY Mapymak YiisiHa JIMuTpiBHa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




