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Abstract. The paper presents the results of studies of glass plates of series P-2 for durability,
which were made of float glass sheets, the methodology of experimental studies of glass plates for
durability, as well as the design of the test facility. The analysis of literature sources on the subject
made it possible to study the main factors of application of glass slabs as load-bearing structures.
Glass is characterized by high strength, but glass structures are not widely used because of the
possibility of their sudden brittle fracture and the lack of reliable calculation methods. The strength
and reliability of glass structures depend on the type and strength of glass, manufacturing
technology, the magnitude of external load and the duration of its action.

Glass structures are characterized by the phenomenon of rheology and sudden brittle fracture,
so the study of their durability, at different levels of external static load will ensure their reliable
operation for the required time. Durability of a structure is the time from the beginning of static load
action, which does not exceed the destructive load, with its further endurance until the destruction
of the structure. For experimental studies of the durability of glass slabs, there was a need to create
a research technique to ensure the stability of the external static load during the entire experiment
with the possibility to record the growth of the deflection of the glass slab, the time and the nature
of the failure up to the very moment of their sudden brittle failure.

The paper describes the methodology and presents the initial results of the experimental study
of glass beam slabs for durability. The slabs were hinged to two supports and operated as a single-
span beam under a steady static load. Based on the experimental data obtained on the fracture of
glass slabs during the action of a steady static load, we can try to predict their durability.
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Introduction. The modern trend in urban architecture creates the need to use energy-
efficient and environmentally friendly materials while creating non-standard architectural forms.
Such materials include glass. Its main advantages are transparency, high strength, environmental
friendliness. In recent years glass structures are increasingly used as supporting structures for slabs
and coatings, columns, frameless facades, in the construction of pedestrian bridges, etc. The use of
such transparent structures allows maximum use of sunlight thus constructing more energy-
efficient buildings.

Statement of the problem. When designing glass structures, there are factors that require
detailed research, namely: brittle fracture of glass, defects on its surface and their impact on
strength characteristics of the material, its durability in reliable operation. Defects on the glass
surface (scratches, microcracks, and chips) affect the strength and durability of glass structures,
leading to surface stress concentrators. The effects of these defects depend on the quality and type
of glass, the operating conditions of the structure, and the magnitude of the applied load. Thus, the
durability and strength of glass is a topical and little-studied problem, which requires study using
new methods of experimental research of glass structures.
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Analysis of recent research. The results of research glass slabs performance are presented
by a number of scientific works. Experimental studies of the strength and deformability of multi-
layered glass beams and plates are presented in the works of Cherevko M. [1] and Osadchuk T. [2-
3], and studies of glass columns are presented in the works of Tkach R. [4-5]. All these works were
carried out under the supervision of Professor Demchyna B.G. at National University «Lviv
Polytechnicy.

The effect of surface defects of glass (cracks, scratches) causing surface stresses can be
modelled with the help of linear-elastic mechanics of fracture of solid body [6]. But despite the fact
that the arising stresses in the glass under load may be lower than the destructive ones, the cracks
located on the surface may increase. This phenomenon is called pre-critical crack growth. In [7] the
phenomenon of subcritical crack growth is described, modelled on the basis of the Paris P. force
law and Walker K. This law has been taken as the basis for the CARE/LIFE software, which
predicts the reliability and durability of structures. The main provisions of the Evans E. and

Wiederhom S. force law describing crack growth in glass as a function of stress intensity coefficient
are presented in works [8-11]. Dependences for static, dynamic and cyclic fatigue are presented in
works Nemeth N. [7] and Viens M. [12].

Purpose and objectives. To develop the design of the test rig and the methodology of the
glass slab durability test and to study glass slabs for durability, with single-span hinged-supported
slabs operating under constant static load, and to record the growth of their deflections, time and
character of destruction until the very moment of their destruction.

Research methodology. Considering the above tasks, it was decided to develop an installation
for testing glass plates for durability in such a way that it is possible to test glass plates for different
values of stable static load, for a long time, while measuring the deformation of the plate throughout
the duration of the test. A schematic of the test setup is shown in Fig. 1.

The method of testing the glass slab for durability consisted of the following. The experimental
sample of glass slab 2 was placed on the metallic support Table 1, made of a metallic angle bar
(L50%5). The plate was supported by articulated-moving and articulated-non-moving supports 4.
External vertical constant static load P on the glass slab was created by suspended weights 6, through a
metal frame with a roller 7. Frame 7 was suspended from the glass slab in the middle of the span, the
roll to measure the deflections of the slab. The weights 6 were made of metal round bars, which were
carefully weighed before the test.

Under the action of a constant static load, the glass slab deflected during the time of application
of this load, after which the deflections stabilized, and just before collapse sharply increased. To
measure the vertical displacements (deflections) of the plate, a clock-type micro indicator 5 with a
division value of 0.01 mm, fixed to the frame 3, was installed. The deflections in the middle of the
plate through the hole in the roll were measured with the help of micro indicator. In turn, frame 3 was
made of a metal angle bar (L20x3) and rested on the glass plate through hinged supports 4, which
eliminated the need to measure the deformations of supports. Thus, the deflections of the glass slab
from the beginning of its loading to the moment of slab failure were measured using the micro
indicator. The YI Dome Camera 360 — 8 was used for continuous recording of the micro indicator
displays, as well as the moment of plate collapse, which performed real-time video recording during
the entire time of the experiment.
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Fig. 1. Schematic diagram of the installation for testing the durability of glass plates:
a — front view of the installation; b — view A-A; ¢ — view B-B;
1 — supporting metal table; 2 — glass test plate; 3 — metal frame for mounting of measuring
instrument; 4 — hinged supports; 5 — micro indicator of clock type; 6 — load; 7 — frame for mounting
of load; 8 — video camera
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According to this methodology, the glass slab worked as an articulated single-span beam
loaded with a static load. The value of the constant static load on the plate was taken as a part of the
breaking load F, namely 0.6F, 0.7F, and 0.75F, obtained experimentally for similar samples with
the same loading scheme. The general view of the installation for testing glass plates for durability
is shown in Fig. 2, the image from the video camera during the test and after fracture of the test
specimen is shown in Fig. 3.

Fig. 3. Image from the YI Dome Camera 360°:
a — in the process of testing; b — after fracture of the prototype

Research results. To conduct experiments on the durability of glass plates was made a series of
plates with the size in plan 500x50 mm, a thickness of 10 mm. The material of the experimental
samples — sheet float glass M4, according to DSTU B V.2.7-122:2009 [13] and DSTU N B V.2.6-
83:2009 [14] with the following physical and mechanical properties: compressive strength of 700 MPa,
tensile strength — 30 MPa, the bending strength — 15 MPa (the characteristic ultimate bending strength,
which affects the quality of the end and type of glass — fyx = 45 MPa), density — 2500 kg/m?.

To determine the experimental breaking load during the bending operation of the test specimens,
four test plates PS-2.1...PS-2.4 was pre-selected and tested for three-point bending according to ASTM
C158-02(2017) [15]. The specimens were tested for bending under uniformly increasing concentrated
load until the moment of fracture at a rate not exceeding the standard values for normal glass: 1.14+0.2
MPa/s according to paragraph 13.2 of ASTM C158-02(2017) [15]. The view and scheme of the
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experimental installation for testing glass bar slabs are shown in Fig. 4. Lab.Test 6.100.1.20 press with
Test & Motion test system was used to test the prototypes. The accuracy class was according to EN
ISO 7500-1. The data acquisition rate was up to 10 kHz.

The interactive control console software monitored and displayed all test data and parameters in
the graphical and numerical format in real time (load, displacement, or deformation).

a) b)
Fig. 4. Testrig:
a— principle diagram of the installation; b — general view of the installation;
1 — test specimen; 2 — bending roller; 3 — support rollers; 4 — rubber pads;
Is — distance between support rollers

The results and parameters of glass plates bending tests were obtained in the software report and
are shown in Table 1.

Table 1 — Results of bend tests of glass beam plates

Title of the Sizes (LxBxH), Maximum load Flexural strength Maximum
plate mm Frmax, KN obs, MPa deflection u, mm
PS-2.1 0.399 54.89 2.65
PS-2.2 0.381 51.78 2.48
PS-2.3 500~50~10 0.395 53.66 2.62
PS-2.4 0.521 68.77 3.32

According to the results of three-point bending tests, the average value of specimens’ bending
strength opg = 53.44 MPa and average destructive load Frnax = 0.39 kN were established. These values
were taken as the basis for subsequent durability tests of glass beam plates.

The destruction of test specimens during durability tests according to the presented test
procedure was characterized by the formation of cracks in the middle of the span, which developed
from the bottom face of the plate. In the process of research, records were kept of micro indicator
readings by the time of plate failure. The destruction of all the test specimens was caused by subcritical
crack growth along the bottom face of the glass. The values of destructive loads and the largest
deflections for the studied series of slabs for durability are presented in Table 2.
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Table 2 — Characteristics of the tested boards for durability

Title of Sizes Percentage of Maximum
the plate | (LxBxH), Load, kN breaking load, deflection u,
mm % mm
PS-2.5 0.294 0.75F 2.02
PS-2.6 0.294 0.75F 1.78
PS-2.7 0.274 0.7F 1.69
ps2g | ~0030x10 0274 0.7F 1.50
PS-2.9 0.234 0.6F 1.42
PS-2.10 0.234 0.6F 1.47

On the basis of the obtained data, we plotted the deflections U versus load F, time t versus
load F, which are shown in Fig. 5, aand 5, b.
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Fig. 5. Dependence plots for glass test samples of PS-2.5... PS-2.10:
a — deflections from loading; b — the time from loading

As can be seen from Fig. 5, a, and 5, b with decreasing load the deflections of the plate
decrease, and the time of tests increases.

Mathematical dependencies are shown in Fig. 5, a, and 5, b obtained by approximation of
experimental results of the study by the method of least squares. The load-time dependence has a rather
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low convergence parameter R? = 0.4569 which indicates insufficient convergence of the obtained
results and requires additional research.

A view of the sample of the plates after failure is shown in Fig. 6. A view of the characteristic
site of the plate fracture is shown in Fig. 7.

. S

Fig. 6. View of a test specimen after fracture  Fig. 7. The view of the characteristic place of the
cut of the investigated sample of PS-2 slab

Conclusions. The following conclusions can be made based on the results of the research
performed:

1. Installation for testing glass slabs for durability has been developed, which allowed testing
glass slabs under different levels of static load for a long time.

2. Methodology of experimental research of glass slabs on durability, working under constant
static load.

3. In the process of testing glass slabs their deflections have been measured during the whole
experiment up to slab destruction, as well as the time of slabs, work under constant static load.
Preliminary analysis of the results indicates the need for additional research in order to carry out their
statistical analysis and obtain guaranteed durability parameters.

4. Additional analysis of the obtained data from the video camera on the character of glass slab
fracture will help to investigate the growth of cracks in the glass and to establish the ratio of parameters
to the stress intensity coefficient and to investigate the phenomenon of pre-critical crack growth.
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METOJIUKA TA PE3YJbTATH JOCJIKEHHS CKJITHUX ILIUT CEPII I1-2
HA JOBI'OBIYHICTb

T'yaa B.O., acmipanr,

vasylyna.o.hula@Ipnu.ua, ORCID: 0000-0001-5774-966X
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1Hab;i0HaﬂbHuzZ yHigepcumem «JIv6iecbka nonimexnikay
Byi. C. bangepu 12, m. JIsBiB, 79013, Ykpaina

AHoTaniss. B cTarTi HaBeneHO pe3ynbTaTH AOCHIDKEHb CKISTHUX TumT cepii I1-2 Ha
JIOBIOBIYHICTh $IKI OyJIM BUTOTOBJEHI 3 JIMCTOBOTO (hoar-ckiia, METOAUKY €KCIIepUMEHTATIbHUX
JOCTIKEHb CKIISHUX IUIMT Ha JIOBIOBIUHICTh, a TAK0XK KOHCTPYKLIIO BUNPOOYBaIbHOI YCTaHOBKHU.
[TpoBenenuil anami3 JiTepaTypHUX JKEped 3a JaHOK TEMAaTHUKOI, JO3BOJIMB BUBYMTU OCHOBHI
(akToOpu 3aCTOCYBAHHS CKIIIHUX IUIUT B SIKOCTI HECY4YMX KOHCTPYKUIN. CKIIO XapaKTepU3yeThCs
BHCOKOIO MIIIHICTIO, MPOTE IIMPOKOIO 3aCTOCYBaHHS CKJISHI KOHCTPYKIII HE OTpuUMalld depe3
MO>KJIUBICTB 1X palTOBOIO KPUXKOI'O PYHMHYBaHHS Ta BIJCYTHICTh HaJIHHUX METOJUK PO3PaXyHKIB.
BHUTOTOBJICHHSI, BEJIMUWHU 30BHINTHHOTO HABAHTAKEHHS Ta TPUBAIOCTI HOTO Aii.

JInst CKIISIHUX KOHCTPYKIIN XapaKTepHE SBHILE PEOJIOrii Ta panToBOrO0 KPUXKOTro pyHHYBaHHS,
TOMY JOCIHI/DKEHHS iX JOBTOBIYHOCTI, IIPU PI3HOMY piBHI 30BHIIIHBOTO CTaTMYHOIO HAaBAaHTAKEHHS,
JI03BOJIUTh TapaHTYBAaTH IX HaJiiiHy eKCIUlyaTallilf0 MpOTAroM HEOOXiAHOro dYacy. J[OBrOBiYHICTBH
KOHCTPYKIIi — 1€ Yac Bl MOYaTKy Jii CTATUYHOIO HABAaHTAXKEHHS, SIKE HE INEpPEBUILYE PYyiHyrOue
HaBaHTAXXEHHS, 3 TOAAIBLIO HOro BUTPUMKOIO JI0 pyHHYBaHHS  KOHCTpyKuii. Jlmsa
€KCIIEPUMEHTAIBHUX JIOCIIPKEHb JOBIOBIYHOCTI CKJISIHUX IUTUT, BUHUKIIA HEOOXIIHICTH CTBOPHUTH
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METOAMKY JOCHTIKeHb sika O 3abe3mednsia CTaOUTBHICTh 30BHINIHBOTO CTaTUYHOTO HABAHTAKEHHS
MIPOTSATOM YChOTO TEPMIHY €KCIIEPUMEHTY 3 MOXJIMBICTIO 3a(hiKCyBaTH 3pOCTaHHS MPOTHHIB CKIISTHOT
TUTUTH, Yac 1 XapakTep pyHHYBaHHS aX JI0 CAMOT'O MOMEHTY iX PAalTOBOTIO KPHXKOTO pyHHYBaHHSI.

B crarTi onucaHO METOJUMKY Ta MPEACTaBICHO MOYAaTKOBI Pe3yJIbTaTH €KCIIEPUMEHTAIbHOIO
JOCIHIJKEHHSI CKIISTHUX OQJOYHUX IJIMT HA JOBrOBiYHICTh. [lnmuTi Oynu mapHipHO oOnepTi Ha 1Bl
OIIOpH Ta MpAaLOBaJIU SIK OJHONPOrOHOBA OaJIKa MiJl €K CTAJIOr0 CTaTUYHOrO HaBaHTakeHHs. Ha
OCHOBI OTPUMaHHUX E€KCIIEPUMEHTAIBHUX JaHUX 3 PYHHYBaHHS CKJISIHUX IUTHT B 4Yaci Jii MOCTiHHOTO
CTaTUYHOTO HaBaHTAKEHHsI MO’KHA CIIPOOYBATH CIIPOIHO3YBATHU IX JJOBMOBIYHICTb.

KirouoBi cioBa: MilHICTh CKIIa, CKIISHA IUIMTA, Yac PYHHYBaHHS, JOBIOBIYHICTh CKIISTHUX
IUINT, 1e(eKTH CKIIa.

METOJUKA U PE3YJIBTATBI UCCIEJOBAHUS CTEKJISIHHBIX IIVIUT CEPUMU 11-2
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yi. C. banaeps! 12, r. JIsBoB, 79013, Ykpauna

AHHOTanus. B craThe npuBeIeHbl pe3yabTaThl UCCIEIOBAHNUN CTEKISIHHBIX ITUT cepuu 11-2 Ha
JOJTOBEYHOCTh, KOTOpbIE OBUTM  W3TOTOBJICHBI W3 JIUCTOBOIO  (bloaT-cTekia, METOAUKY
SKCIIEPUMEHTAIbHBIX MCCIEIOBAaHUM CTEKJIIHHBIX IUIMUT HA JOJITOBEYHOCTb, & TAKXKE KOHCTPYKIIMIO
WCIIBITATENIbHOM YCTaHOBKH. [IpOBEIEHHBIN aHAN3 JIMTEPATYPHBIX UCTOYHUKOB IO JAHHOW TEMATUKE
MO3BOJIMJI U3YYUTh OCHOBHBIE (DAKTOpHI MPUMEHEHHS CTEKISHHBIX IUIUT B KadeCcTBE HECYILUX
KOHCTpYKIuH. CTEKJI0 XapaKTepU3yeTCs BBICOKOW IPOYHOCTHIO, OAHAKO IIUPOKOE MPUMEHEHUE
CTEKJISIHHBIE KOHCTPYKLIMU HE MOJIYYUIIU U3-32 BO3MOXKHOCTH X BHE3AIMHOIO XPYIKOT0 pa3pyLlICHUs U
OTCYTCTBUS HAIEKHBIX METOAUK pacdeToB. [IpOYHOCTP M HANEKHOCTh CTEKJISIHHBIX KOHCTPYKLIHN
3aBHCUT OT BHJIA M MPOYHOCTU CTEKJA, TEXHOJIOTMU U3TOTOBJICHUS, BEJIMYMHBI BHEIIHEW HArpy3Ku U
JUTATEIFHOCTH €T0 ACHCTBUS.

JInst CTEKJIIHHBIX KOHCTPYKIMH XapakTEPHO SBJICHUE PEOJOTMM M BHE3AIIHOIO XPYIIKOIO
pa3pyllIeHHs], MOATOMY UCCIEAOBAHUE UX JOJITOBEYHOCTH, IPU PA3HOM YPOBHE BHEIIHEW CTATUYECKON
Harpy3KH MO3BOJIUT TapaHTHPOBATh UX HAAEKHYIO SKCILTyaTallMIO B TEYEHHE HEOOXOAUMOTO BPEMEHH.
JIoNTOBEYHOCTh KOHCTPYKIIMM — 9TO BPEMs OT Hadasla AEUCTBUS CTAaTHYECKOW HArpys3Ku, KOTOpas He
MIPEBBIIIAET Pa3pPYILIAOLILYIO HATPY3KY, C IMOCIEAYIOIEN €€ BBIAEPKKON 0 pa3pyLICHNs] KOHCTPYKLUU.
N SKCIEpUMEHTAJbHBIX  HMCCIICIOBAHUM  JIOJITOBEYHOCTH  CTEKJISIHHBIX — IUIAT, BO3HHKJA
HEOOXOJIMMOCTh CO3/1aTh METOJMKY HCCIEIOBaHUN, O0ECHeUMBAIOIIyI0 CTAOUIBHOCTh BHEIIHEH
CTaTUYECKOW HArpy3KH B TEYEHHUE BCETO CPOKA HKCIEPUMEHTA C BOSMOXHOCTBIO 3a(pMKCUPOBATH POCT
MPOTUOOB CTEKIITHHOM IUTUTHI, BpEMsS M XapakTep pa3pyIIeHHs BIUIOTh O CaMOr0 MOMEHTa HUX
BHE3AITHOT'O XPYIIKOT0 pa3pyIICHHUS.

B crarbe ommcaHa MeTonMka M NPEICTaBIEHBl HAYalbHBIE PE3YJIBTATHI AKCIIEPUMEHTAIBHOTO
WCCIIETIOBAHUS CTEKJISTHHBIX OAJIOUHBIX IUTUT Ha JIOJITOBEYHOCTh. [LMUTHI ObUIM MIAPHUPHO OTIEPTHI HA
JIBE OMOpbl M paboTand Kak OIHOIPOJETHas Oaika TOJ NEHCTBUEM YCTONYMBOW CTaTUYECKOM
Harpy3ku. Ha 0OCHOBE MOTy4€HHBIX SKCIEPUMEHTAIBHBIX JAHHBIX 10 PA3pPYIICHUIO CTEKJITHHBIX TIJIUT
BO BpeMsl JEHCTBUS IMOCTOSIHHOW CTAaTHYECKOW HArPY3KH MOXHO IOIBITATHCS CHPOTHO3MPOBATH UX
JIOJITOBEYHOCTb.

KiroueBble ci10Ba: MOpPOYHOCTh CTEKJIA, CTEKJISIHHAs IUIMTa, BpeMs pa3pylIeHHUS,
JIOJITOBEYHOCTh CTEKJISTHHBIX TUTHT, Je()EKThI CTEKJIA.

Crarts Hagiiinuia 1o penakmii 27.01.2022
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