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CxstHi 6aratomnrapoBi KOJIOHH BHIIPOOOBYBAIHMCH BIAMOBIAHO O PO3pOOIEHOT
METOJMKH EKCIIEPUMEHTAIbHUX JIOCHI/PKEHb Ha UEHTPAJIbHUM CTUCK 3 PI3HUM
3aKpIIUICHHSIM Ha OIMOpax, a caMme IIAPHIPHUM Ta MPYKHO-TMOAATIUBUM 3aKPIIUICHHIM
onop. BukopucTano cydyacHUl ONTUYHUNA METO/I, 1JI 3aMipy Jedopmaiiiii KOJIoH, a caMe
METOJI JIBOBUMIPHOI Kopessiii 1mudpoBux 300paxkeHb. Takok, BHU3HAYEHO pealbHI
3HAYEHHA (P13MKO-MEXaHIYHUX XAPAKTEPUCTHUK CKJIA, 3 IKUX OYyJI0 BUTOTOBJIEHO KOJIOHHU.
3a pe3ylbTaTHUMHU MPOBEJCHUX TEOPETUYHUX Ta EKCIIEPUMEHTAIbHUX HAyKOBHUX
JOCTII)KE€Hb, PO3pO0JIEHO METOJUKY PpO3paxyHKy HECydoi 3/JaTHOCTI CKIISIHUX
OaraTomapoBUX KOJIOH, IO MPALIOIOTh HAa IEHTPAILHUHN CTHCK Ta MOIaHO PEKOMEHIaIlii
I0JI0 TX MTPOEKTYBaHHS, SIK1 OyJIM BIPOBAHKEHH] HA 00’ €KTax B OY/IIBHUIITBI.

YV nepwiomy po30ini BUOGpaHO OCHOBHI HAINIPSIMKHU Ta CTAH HAYKOBOT'O JTOCIIIKEHHS
HECYy4Oi 31aTHOCTI Ta J1e(pOPMATUBHOCTI CKIIIHMX OaraTomapoBux koJioH. ChopMOBaHO
OCHOBHI 3ajaui jaucepTaimiiiHoi pob6otu. IIpoBemeHo ormisa HayKOBOI JTEpaTypH.
[IpeacraBieHo cy4acHUM CTaH JOCHIIKEHHS HECY4dOl 3JaTHOCTI CKJISTHUX CTHUCHYTHX
esieMeHTiB. HaBeieHo nmpukiiaim 3acTOCYBaHHS CKIISTHUX KOJIOH Ha peaJIbHUX 00’ €KTaxX Ta
3p00JIEHO OTJISI/T ICHYIOUMX METOIIB TX PO3PAXYHKY.

Ckno, sk OyniBenbHUI MaTepiall, € 1HHOBalliHUM y OymiBHuuTBi. Hiiicce P.
BU3HAYMB IT’ATh KaTETOPIA CKISHUX CTHCHYTHUX KOJIOH TaKuX sIK MpodiiabHi, TpyOUacTi,
OararomapoBi, my4koBi Ta JuTi. [IpodiabHI CKIISIHI KOJOHU CKIIAJAIUCs 3 MPSIMOKYTHUX
TJIOCKUX TIaHENeH, 3'€JTHaHuX 3a JOMOMOTOIO TIPO30POro Kiek. [CHYIOTh pi3HI MOXKIIMBI
KoH(pirypamii mpodiTbHUX CKISHUX KOJOH, Taki fK: xpecromnonionuii, H-npodins, T-
npodiabHI 200 KBaJipaTHUM MPodiib, TAKUI BUJ KOJIOH € HAlO1IbIII BABYCHUM, OCKIJIBKU

IPOBOAMIIOCH 0arato JOCIIIKEHb M0 BChOMY CBITI 1 JaHUM BUJ KOJIOH peai30BaHHi Ha



npakTuii. CKIsHI TpyOUacTi KOJOHU CKIIAJANINCh 3 OJHIET 3ITHYTOT CKIISTHOT MaHed, sSKa
HE Ma€ KpaiB KpiM BepXy 1 HU3y muitiHapa. bararomaposi CKiIsTHI KOJIOHH CKJIaIaUCh 13
mIapiB CKJIa y BUMJISIL TUTACTHH, SIKI CKJIEEHI MK COOOI0 UM BUTOTOBJICHI 32 JJOTIOMOTOIO
Tpuriekcarii. [lydkoBi CKJISTHI KOJIOHM CKJIQJaiucCs 13 IUIBHUX CTEP)KHIB, SKI MalOTh
oOMeXXeHUH JiaMeTp, Ta CKJIeEHI MK CO0O0I0 3a JIOTIOMOI'OK0 PI3HUX KJIETB YTBOPIOIOUU
CKJIQJIHUM, aJie IIJILHUM Mepepi3, a JIMT1 KOJOHW MaJId TTOBHOTIJIE T1JIO.

B OyniBHHIITBI, SIK TPaBUJIO, BHUKOPUCTOBYIOTH HATPI€BO-KAJBIIEBE CHITIKATHE
(b0aT-cKII0 U1t HECyYrX KOHCTPYKIIiH. JlaHe CKIT0 € HailO1JIbIII IIUPOKO 3aCTOCOBYBAaHUM
cKloM. Moro Meron BHpPOOHHITBA OylI0 pO3pOOICHO OPUTAHCHKOK KOMIIAHIERO
Pilkington B 1950-T1 pokwu, sika 3po0uIIa nepeBopoT B CKIISAHIN MPOMUCIOBOCTI.

Orxe, A HNOCHKEHHS AePOPMATUBHOCTI Ta MIIMHOCTI OOpaHO CKIIAHY
OaraTomapoBy KOJIOHY, OCKIJIbKH, JAaHWHA BU KOJIOH MPAKTUIHO HE JOCIIKYyBaBCs, 110
O0OYMOBJIIOE BIJICYTHICTh IIPUKJIAAIB peaiizallii Ha MpaKTUIll TaKUX KOJOH. J[Jis IXHBOTO
BUTOTOBIICHHS 00paHO (hJ0aT-CKJIO, OCKIJIbKM BOHO € HAWMOIIMPEHININM CKJIOM Y
OyJIIBHUILITBI.

MinHicTh ckia 3aiexkana BiJl oOpoOku moBepxHI Horo kpato. Kpai, siki He
0OpoOsIMCs Micis pi3aHHs HasiBHI MIKpOTpIlIMHAMH (Tak 3BaH1 nedextu ['piddira), mo
CYTE€BO 3HIDKYBaJM MIMHICT, ckia. Konm kpai nuordyBamucs Ta MOJdIpyBaIuCs,
MIKPOTPIIIMHHA 3MEHITWIKCH 10 MIHIMYMY 1 PE3yJIbTyI0ua MIIHICTh CKJIa CTaBajia BUIIA.
3 ui€i npuuumHU 1TioBaHe Ta MOJipoBaHe (HI0AT-CKIO OyJIO BUKOPUCTAHE ISt
BUTOTOBJICHHS 0araTomapoBUX CKIISTHUX KOJIOH.

3a pe3yibTaTaMy OIVISIAY HAyKOBOI JIITEPATypU JOCHIKEHb CKISHUX KOJIOH
PI3HOI0 OMEPEYHOT0 NMepepizy BUSHUMU OYyJI0 BUSBICHO, IO CKIIO MA€ BEJIUKY MII[HICTh
Ha CTUCK, TOMY II1 CKJISTHI CTUCHYTI KOJIOHH, SIK MIPABUJIO, BUXOSITh 3 JIaJy Yepe3 BTpaTy
cTiikocTi. OTXe, HeOOXITHO MEPEBIPATH iXHIO HECydy 3[aTHICTh 3a LIUM TPAHUYHUM
CTaHOM.

Ha ocHOBi mpoBeZieHOTO OrJisiay BUIBHO JOCTYMHOI Ta IUIATHOI HOPMATHBHOI Ta
HAyKOBOIi JIITepaTypu, MOKHA CTBEPIPKYBATH, 110 HAYKOB1 JOCIIKEHHS, sIKI O BUBYAIIH
Ta TMOSCHIOBAJIM POOOTY CKIISTHUX KOJIOH JIOCi B YKpaiHi HE MPOBOIWINCH. BimcyTHi

HOpPMH Ta PEKOMEHJallii, I[0JI0 MPOEKTYBAaHHA TAaKUX KOHCTPYKIii. IcHyroya HayKoBi



JOCITIJKEHHS 0araTonapoBUX KOJIOH Majiil HE CUCTEeMHUI Xxapaktep. ToMy, mpoBeaeHHS
KOMITJIEKCHOTO (DYHIaMEHTaIbHOTO JOCTIIKEHHS CKJISHUX OaraTomapoBUX KOJIOH Ha
HEHTPAIbHUM CTUCK JI0MIOMOKE BUPIIIUTH aKTyalIbHY MPOOIIEeMYy.

YV opyeomy po30ini HaBeJIEHO XapaKTEPUCTUKY 3aMPOCKTOBAHUX T4 BUTOTOBIICHUX
JOCIIITHUX 3pa3KiB, JJIA TPOBEJIEHHA EKCIIEpUMEHTaIbHUX JociikeHb. HaBeneHo
pO3p0o0JIeHY METOAUKY IX BUIIPOOYBaHHSI.

JIist BU3HAYEHHS HECY4YOi 3[aTHOCTI Ta e(OpPMATUBHOCTI BHUTOTOBJICHO Y
BUPOOHMUYMX YMOBAX Ta 3aXHUIIEHO MATEHTOM ABAISTh OHY CKJISIHY KOJIOHY, K1 MaJlud
pi3HUN TOmepeyHuil mepepi3, pi3Hy BHUCOTY Ta BHUTOTOBIEHI 13 3BHUYANHHOTO,
TEPMO3MIIIHEHOTO Ta TapTOBAHOTO CKJIa 3a JOIMOMOTO0 TPHILICKCAIlli — MK KOKHUM
mapoM ckia ToBIMHOW h=10MM Bkiananu oaHy nojiMepHy miiBky Mapku EVASAFE
TOBIIUHOK hin=0.38MM (Bridgestone, SAnonis). Ilicas npboro KOJI0HM HarpiBajuch 3a
temriepatypu 130 °C i1 ButpumyBaiuch 20-40 xB y cremianbHii kamepi. CKIsHI KOJIOHU
Oynu mOJIIeHI Ha BICIM cepidf, BIAMOBIAHO J0 TMPOTpamMu EKCIEPUMEHTATBHUX
JTOCJIIIKEHD.

Po3pobiiena Meronuka BUMPOOYBaHHSA CKISIHMX KOJIOH ToOJisiraja B MPOBEEHI
JTOCHTIDKEHb CKJISIHMX 0OaraTollapoBUX KOJOH Ha UEHTPAJbHUN CTUCK TMiJa €0
CTAaTUYHOT'O HABAHTAKEHHS Ta OyJia 3aXUIeHa TAaTEHTOM.

B nepire s 3amipy nedopmariiii CKISHUX KOJIOH OyJIO BUKOPUCTAHO ONTHYHUIN
METOJI JABOBUMIPHOI KOpeulii HudpoBUX 300pa’keHb, SKUW J103BOJUB OTPUMYBATU
MOBHY KapTUHY 1ePOpPMyBaHHS KOHCTPYKIIIT 3 MOYATKy HABAHTAXKEHHS J10 ii pyiHYBaHHS,
JIO3BOJIUB 3MEHIIUTU TPYAOMICTKICTh. JlaHMiI MeToj, mojisraB B aHalli3l MOPIBHSHHS
nepeMillieHb HAaHECEHHWX TOYOK Ha TMOBEPXHI KOJIOHW, 0 Ta Micis aedopMyBaHHS.
[lepemimeHHst TO4OK (hiKCyBajaoCh IU(PPOBUM 300paXKCHHAM Ha KOXHOMY CTYIICHI
HABaHTAKCHHS.

st Bu3HAUEHHA (PI3UMKO-MEXaHIYHUX XapaKTepUCTUK CKJIa, 3 SKUX OyiIn
BUTOTOBJICHI ~ KOJIOHH, TIPOBEIECHO BUIPOOYBAaHHS  BIAMOBITHO JIO MPOTpamMu
EKCTIIEPUMEHTATbHUX JO0CHIKeHb, 20-u KyOiB Ta 20-M mpU3M Ha CTHUCK TiJ JI€I0

CTaTUYHOTO HaBaHTaxeHHs, 30-M IUIaCTUH Ha TPbOX TOYKOBUM 3ruH Ta 12-Tb



pPO3pOOJIEHNX Ta 3aMaTeHTOBAaHUX 3pa3KiB Ha JOCITIKEHHS pOOOTH 3YEIUICHHS IIapiB
CKJI1a 3’€JTHAaHUX MK COOOI0 PI3HUMU METOIaMHU.

Jlns aHami3y MIITHOCTI CKJIa Ha CTHUCK, PO3TAT MPH 3TUHI Ta MOAYJS MPY>KHOCTI
BUKOPHCTAHO HMOBIPHICHO-CTATUCTHYHHUIA METOJT HA OCHOBI 3aKOHY JBOTIAPAMETPUIHOTO
posnojiny BeitOyria.

Y mpemvomy po30ini momaHoO pe3ynbTaTH MPOBEACHUX EKCIEPUMEHTAIBHUX
JIOCIDKEHD Ta iX aHams3. /[ OIHKY MOBEMIHKHM CKIITHUX KOJIOH ITiJ Yac JOCHIIKCHb
mo0y10BaHo rpadiky 3a71eXKHOCTI BIIHOCHUX JiepopMariiii Bii HAPY>KEHb IS KOXKHOT 3
cepiii mocmigHuX 3pa3kiB. HaBeneHo xapakTep BUYEpIaHHS HECY4Oi 3JaTHOCTI KOJIOH
BUTOTOBJICHHUX 13 3BUYAITHOTO, TEPMO3MILIHEHOTO Ta TapTOBAHOTO CKJIA. 3a pe3ysibTaTaMU
aHai3y JOCIIIKEHb 3p00JICHO BUCHOBKH, IO BCl KOJIOHU 3pYyWHYBAJIKCH 3a MEPIIUM
TPAaHUYHUM CTAHOM BIJl BTPaTH CTIMKOCTI (POPMH.

3a pe3ynpTaTaMd BHUMIPIOBaHHS JAedopMalliii CTUCHYTUX CKIISSHMX KOJIOH 3a
nornoMororo aBoBuMipHoi K3 pexomMeH10BaHO HE BUKOPUCTOBYBATU JAHUW METOJ MPHU
JOCJIKEHH] CKIITHUX KOJIOH Ha LEHTPabHUM CTUCK, OCKUIbKU JBoBUMIpHa KII3 He
MO>K€ BpaxyBaTH NEPEMIIICHHS JOCIITHOTO 3pa3Kka B IPOCTOPI [0 TPHOX OCAX, aJie TaHU!
METOJ 4YITKO T[IOKa3ye xapakTep JAepopMyBaHHA JOCHiIHMX 3paskiB. Hamano
peKOMeHaIlli, 1o BapTO CpoOyBaTu BUMIPATH AedOopMallii IPH JTOCHTIHKEH] CKIISTHUX
KOJIOH 32 JIOTIOMOTOI0 TPUBUMIPHOI KOPETSAIisS U(PPOBUX 300paKeHb, OCKUIBKH KOJIOHU
neopMyroThCsl B HampsIMKy TpPbOX oOced B mpoctopi, a aBoBuMipHa KII3 3amipse
nedopmarii miie B OAHIN MIIONIMHI, TOOTO AehOpMyBaHHS O IBOX OCAX.

3a pe3ynbTaTaMu BUIPOOYBaHb CKJISHUX KyOIB Ta TMPHU3M, Ta 3a JOMOMOTOIO
CTATUCTUYHO-UMOBIPHICHOTO  aHaiizy JaHuX (ABOMApaMETPUYHOTO  PO3MOALTY
BeiiOyma) Oys0 BCTAaHOBJIEHO MiHIMAJIbHE 3HAYEHHS MOIYJS MPYKHOCTI 3BUYAHHOTO

CKJIa Ta XapaKTEPUCTUUYHY MPU3MOBY, KYOUKOBY MIIHICTh Ha CTUCK. CIIBBITHOIICHHS
MPU3MOBOI MilHOCTi cKia i Ky6ukoBoi ckmanma  fex prisms% = 0,72 fck,cube,5%.
Takox, BctaHoBJIeHO KoeditieHT [Tyaccona.

3a pesynbTaTamMu TMPOBEACHUX EKCIEPUMEHTAIBHUX JOCIIIKEHbh Ha TPhOX

TOYKOBUH 3TMH Ta 3a JIONOMOIOK CTAaTUCTUYHO-WMOBIPHICHOTO aHANI3y JaHMX

(mBomapamMeTpudHOTO po3nonauty BeliOymia) Oyno BCTAaHOBJIEHO peajibHE 3HAYCHHS



MOJyJI TPYKHOCTI Ta XapaKTePUCTUYHY MIIHICTh HAa PO3TAT MPHU 3THHI 3BUYANHOTO,
TEPMO3MIIIHEHOTO 1 TapTOBAHOTO CKIIA.

Hapeneno pesynbTaTiB €KCHEPUMEHTAIBHUX JOCTIIKEHb POOOTH PI3HUX THIIIB
3’€IHaHb CKJIa MK c00010. Byno mpuiiHATO y CKJISHUX KOJOHAX, BUTOTOBJICHHUX Y
3aBOJICBKMX YMOBax 3a JIOIIOMOTOI0 TpUILUIEKcallli, BAKOPUCTOBYBATU y 3 €JHAHHS CKJIa
nomimMepHy mwiiBky EVASAFE, Tak sik BoHa nokasaiia cebe Haillkparie.

YV yemeepmomy po30ini MogaHO NIBa pe3yJbTaTH PO3PaxXyHKY HECY4Oi 3AaTHOCTI
CKJISIHUX CTHCHYTHUX €JIEMEHTIB, a caM€ aHAJIITUYHUN Ta METOJl KIHI[EBUX EJIEMEHTIB.
HaBeneHo MOpIBHSUIBHUN aHami3 pPI3HUX METOMIB PO3PaxXyHKY 3 OTPUMAHUMHU
EKCIIEPUMEHTAIbHUMHU  3HaueHHsAMU. [logaHo po3poOsieH1 pekoMeHJali 1oA0
IPOEKTYBaHHS CKJISTHUX 0araToiapoBUX KOJIOH.

AHAJIITUYHUN METOJ PO3PaxyHKy IOJSIraB Ha OCHOBI KOHIEMIli €()eKTUBHOL
TOBIIMHHU, (POPMYJIIOBAHHS IKOTO C(HOPMOBAHO 3a pe3ysbTaTaMu OPUTIHAIBLHOI poOOTH
Bonbsdens-bennicona. Takoxk, miis BU3HAUYEHHS MPOEKTHOI CTIMKOCTI CKIISTHUX
OaraTomapoBUX KOJIOH BUKOPUCTaHA OpUTiHaIbHA Teopli AlipTona — [leppi.

Po3paxyHOK KpUTUYHOI CHJIM METOAOM KIHIIEBUX €JEMEHTIB BUKOHAHHHA Yy
nporpami RFEM BukopucrtaBmm koHuenuiro edpexkruBHOi ToBIMHUA (Bonbdens-
bennicona). [Iporpamuuii komruiekc RFEM mpusHaueHuit uisi po3paxyHKy HECYUHx
KOHCTPYKIIH, TMHAMIYHOTO aHali3y, MalluHOOYyBaHHS Ta PO3POOICHUI KOMIAHIEO
Dlubal. V pospaxynky Bukopuctanuii goaatkoBuit moayib RF-STABILITY. anuii
MOJIYJIb TO3BOJISIE PO3PAXOBYBATH CTEPIKHEBI Ta IJIACTUHYACTI KOHCTPYKITIT HA CTIMKICTb.
[Ipote, n03BOJIsIE 3HAXOAWUTHM 3HAYEHHS KPUTHYHOTO HABAaHTAXXEHHS TUIBKH Yy
CTEP)KHEBHUX cUcTeMax. ToMy MOJEb KOJIOH — L€ CTeXEHb. Y 3B’S3KY 13 NPUUHATUMU
yMOBaMHU poOOTH 3pa3ka — MOJIe]b poOOTH MaTepiany MPUUHATO 130TPOMHO0. TaKoK,
JUIsl BUBHAYEHHS METOJIB TOIIYKY BEKTOPIB BTPATH CTIMKOCTI 3aCTOCOBaHUI METO/
Jlannoma. 3a pe3ysibTaTaMM NPOBEIECHOTO PO3PaXyHKY KPUTHYHOI CHJIM METOJIOM
KIHIIEBUX CKJISTHUX 0araTomapoBUX KOJOH Ha IEHTPAIbHO-OChOBE HABAHTAXKCHHS 13
PI3HUM 3aKpIIUIEHHSAM Ha OMOpPaX BCTAHOBJIEHO B SIKIM IUIOLIMHI BiIOyIETbCS BTpaTta

CTIHKOCTI Ta 11 hopmy.



Pesynbpratu gucepramiiiHOro AOCHIKEHHS BUKOPHUCTaHI Ha TMPaKTUIl NpU
PO3paxyHKy Ta MPOEKTYBAaHHS CKISHUX KOHCTPYKIH. [liATBep/HKeHHAM LIbOTO € aKTH
BIIPOBAKEHHS TUCEPTALIAHOTO JOCITIKEHHS.
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ABSTRACT

Tkach R.O. The theme of the dissertation is "Load bearing capacity and
deformability of stacked glass columns". The dissertation is presented to obtain the degree
of Doctor of Philosophy in the specialty 192 — Construction and Civil Engineering, in the
area of expertise 19 — Architecture and Construction, Lviv Polytechnic National
University, Ministry of Education and Science of Ukraine, Lviv, 2021.

The dissertation is devoted to the theoretical and experimental study of the stacked
glass columns tested in the central compression under the static loading and determining
of their bearing capacity and deformability in laboratory conditions. The test specimens
had different cross-sections, different heights and were made of ordinary, heat-
strengthened and tempered glass using triplexing technology. Stacked glass columns were
tested in central compression with different fixing on supports, namely hinged and elastic-

pliable fixing of supports, in accordance with the developed method of experimental



study. A modern optical method is applied to measure the deformations of columns,
namely the method of two-dimensional digital image correlation. Furthermore, the real
values of physical and mechanical properties of the glass from which the columns were
made were determined. Based on the results of theoretical and experimental study, we
developed a method of calculating the bearing capacity of the stacked glass columns
tested in central compression and recommendations for their design, which were
implemented at construction sites.

In the first chapter, the main directions of the scientific study of bearing capacity
and deformability of stacked glass columns are determined. The main objectives of the
dissertation are stated. An overview of the scientific literature is presented. The current
research on bearing capacity of compressed glass elements is described. The examples of
application of glass columns in real objects are viewed and the review of existing methods
of their calculation is made.

Glass is considered to be an innovative building material in construction. R. Nijsse
identified five types of compressed glass columns, namely profile, tubular, stacked,
bundled and cast. Profile glass columns consist of rectangular flat panels connected by
transparent glue. There are various possible configurations of profile glass columns, such
as: cruciform, H-profile, T-profile or square profile, this type of columns is the most
studied, as many studies have been conducted around the world and this type of columns
is implemented in practice. Tubular glass columns consist of a single curved glass panel
that has no edges with the exception of the top and bottom of the cylinder. Stacked glass
columns consist of layers of glass plates, which are glued together or made using
triplexing technology. Bundled glass columns consist of solid rods, which have a limited
diameter, and glued together with different adhesives forming a complex but solid cross
section, and cast columns have a solid body.

Sodium calcium silicate float glass is usually used in construction for load bearing
structures. This glass is the most widely used. The method of its production was
developed by the British company Pilkington in the 1950s, which revolutionized the glass

industry.



Thus, the deformability and strength of the stacked glass columns were viewed in
this research, because this type of columns has not been studied yet and there are no cases
of implementation of such columns in practice. As float glass is the most common glass
in construction, it was chosen for production.

The strength of the glass depended on the edge working. The edges that were not
processed after cutting have microcracks (so-called Griffith defects), which significantly
reduced the strength of the glass. When the edges were ground and polished, the
microcracks were reduced to a minimum and the resulting glass strength became higher.
For this reason, ground and polished float glass was used to make stacked glass columns.

The scientific literature overview on glass columns of different cross-section
showed that scientists have revealed that glass has a high compressive strength, so these
compressed glass columns usually fail due to loss of stability. Therefore, it is necessary
to check their bearing capacity in this limit condition.

As a result of the review of open access and paid specifications and scientific
publications, it can be stated that scientific research explaining the behaviour of glass
columns has not yet been conducted in Ukraine. There are no technical specifications and
recommendations for the design of such structures. Existing scientific research on stacked
columns is not systemic. Therefore, a comprehensive fundamental study of compression
of stacked glass columns will help solve a relevant problem.

The second chapter describes the designed and produced prototypes for
experimental research. The developed procedure of their testing is presented.

In order to determine the load bearing capacity and deformability, we produced in
manufacturing environments and patented glass columns with different cross-sections,
different heights and made of ordinary, heat-strengthened and tempered glass by means
of triplexing. EVASAFE film with thickness h = 0.38 mm connected layers of the glass
h=10mm (Bridgestone, Japan). After that, the columns were heated at a temperature of
130 °C and kept for 20-40 minutes in a special case. Glass columns were divided into
eight series, following the program of experimental studies.

The developed method of testing glass columns consisted of the study of central

compression of stacked glass columns under the static load and was protected by a patent.



For the first time, the optical method of two-dimensional correlation of digital
images was used to measure the deformations of glass columns, which allowed us to
obtain a full picture of the deformation of the structure from the beginning of the load to
its destruction and reduce labour intensity. This method consisted in the analysis of the
comparison of the displacements of the points on the surface of the column, before and
after deformation. The displacement of points was recorded by a digital image at each
load stage.

To determine the physical and mechanical properties of the glass from which the
columns were made, we performed, according to the program of experimental studies,
tests of 20 cubes and 20 compression prisms under static load, 30 plates for three-point
bending and 12 developed and patented samples for the study of the adhesion of glass
layers joined by different methods.

The probability statistical method based on Weibull's law of two-parameter
distribution was used to analyse the compressive and tensile strength of the glass and
modulus of elasticity.

The third chapter presents the results of pilot studies and their analysis. To evaluate
the behaviour of glass columns during the tests, the graphs of the dependence of relative
deformations on stresses were constructed for each of the series of experimental samples.
The character of exhaustion of bearing capacity of columns made of ordinary, heat-
strengthened and tempered glass is presented. Based on the results of the test analysis, it
was concluded that all columns collapsed at the first limit state due to the loss of shape
stability.

Based on the results of measuring the deformations of compressed glass columns
using two-dimensional digital image correlation, it is recommended not to use this
method in the study of central compression of glass columns, because two-dimensional
digital image correlation does not take into account the displacement of the test specimen
in space along three axes, but this method clearly shows deformation of test specimen. It
is recommended to measure deformations in the study of glass columns using three-

dimensional correlation of digital images, because the columns are deformed in the



direction of three axes in space, and two-dimensional digital image correlation measures
deformations in only one plane, i.e., deformation along two axes.

Based on the results of glass cubes and prisms tests and by means of the statistical
probabilistic data analysis (two-parameter Weibull distribution), we established the
minimum value of the modulus of elasticity of ordinary glass and the characteristic prism,

cubic compressive strength. The ratio of the prism and cubic strength of glass is
fekprisms%n = 0,72 fck cube,5%- In addition, the Poisson's ratio is calculated.

As a result of pilot studies on three-point bending and using statistical probabilistic
data analysis (two-parameter Weibull distribution), the real value of the modulus of
elasticity and the characteristic tensile strength in bending of ordinary, heat-strengthened
and tempered glass were established.

The results of experimental studies of the behaviour of different types of glass joints
are presented. It was decided to use EVASAFE polymer film in glass columns made using
triplexing in manufacturing environments, as it proved to be the most effective.

The fourth chapter presents two results of the calculation of bearing capacity of
compressed glass elements, using the analytical and finite element methods. A
comparative analysis of different calculation methods with the obtained experimental
values is given. The developed recommendations for the design of stacked glass columns
are presented.

The analytical method of calculation was based on the concept of effective
thickness, the establishment of which is based on the results of the study of Wolfel-
Bennison. In addition, to determine the design stability of stacked glass columns the
Ayrton and Perry’s theory was used.

The calculation of the critical force by the finite element method is performed using
the RFEM software based on the concept of effective thickness (Wolfel-Bennison). The
RFEM software package is designed for the calculation of load-bearing structures,
dynamic analysis and mechanical engineering. It was developed by Dlubal. Additional
RF-STABILITY module was used in the calculations. This module allows us to calculate
the rod and plate structures for stability. However, it allows us to find the value of the

critical load only in the rod systems. Therefore, the column model is a rod. Due to the



behaviour conditions of the sample, the model of the material behaviour is isotropic.
Furthermore, the Lanczos algorithm was used to determine the methods of determining
stability loss vectors. As a result of the calculation of the critical force by the method of
finite stacked glass columns on the central-axial load with different fixing on the supports,
we established in which plane the loss of stability and its shape will occur.

The results of the dissertation were applied in practice in the calculation and design
of glass structures. This is confirmed by the acts of dissertation research implementation.

The practical significance and technical novelty are confirmed by three patents of
Ukraine: "A glass column", Patent of Ukraine for utility model No.128990, E04C 3/30,
E04B 1/18, EO4B 1/28, EO4H 15/34, EO4H 15-60, application No. u201805969 dated
29.05.2018, published on 10.10.2018, bul. No.19 / 2018; "A method of glass column
testing”, Patent of Ukraine for utility model No.134878, GOIN 3/10, application
No.u201812746 from 21.12.2018, published 10.06.2019, bul. No.11; "A sample for plates
adhesion testing", Patent of Ukraine for utility model No.140007, GO1N 3/08, application
No0.u201905744 from 27.05.2019, published 10.02.2019, bul. No.3.

Keywords: glass cubes, glass prisms, stacked glass column, Weibull's law of two-
parameter distribution, physical and mechanical properties of glass, digital image

correlation, bearing capacity of glass columns.
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