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ANALYSIS OF STRENGTH AND
DEFORMATIVITY OF GLASS PLATE
JOINTS UNDER STATIC LOADING

Crabkum micuem 0yov-aKoi KOHCMPYKYLL 360U € 8Y30. 3’ c0nanms eremenmie. Y pobomi nasedeno pesyivma-
mu 00CHI0NCeHHS 3UCTILeHIS CKASHUX NAACTUN, SKI 3'¢0nani mix co6010 no 6Ciil NOBEPXHI 3a 00NOMO2010 KACTOBUX
mamepianie ma 6Uz0moGLEHUX NO MEXHOI0ZI MPUNIEKCYBaNiis, 3a 0il cmamuuiozo nasanmaicenis. Bcmamnosneno
necyuy 3oammicmo ma depopmamusnicms maxkux 3’eonans. /Jus nposedenns 0ocaioxcenv 6Yio cnpoexmosano,
suzomosieno ma sunpobysano 6 cepiti docuionux spaskie. Omoice, 00’ cxmom docuioncenns € 6 cepiii docaionUx
3pasxie 0 eunpobyeais 3uenienis CKISHUX naacmun mixe co6oi0o. /locaionuil 3pasox cxkiadascs 3 3 CKAAHUX
naacmui, mosugunoto 10 mm, 3’'ednanux mive co6oio 3a oNOMO2010 MEeXHOL02iT MPUNIEKCYBANILL MA PISHUX KJe-
tiosux mamepianie. Ileped cxknereannam ckismi naacmuny 0ocaionux spasxie cepii -V ovuwwanu 6id 6pydy ma
snexcuprosaru. Kuei nanocuiu na 6cio nosepxuio oouiei niacmunu. /lani ckasni naacmumu Miuio 3’ 60HY6atucy
M 06010 3a 0noMOzo10 Jewam ma sumpumysanucy npomsizom 5—10 xe. Tpusanicmv myocasinms 3anemncana
610 Kaetiosux mamepianis. Tyscasinns xieio 3paskie uemeepmoi ma n’smoi cepii 30ilcHI06aI0CH Ni0 NPOMEHAMU
yavmpagpionemosoi aamnu. Inacmunu docrionux 3pasxie wocmoi cepii 3’ednyeanu mixc co6010 3a MEXHOLOZIEI0
mpuniekcysanist, 0e mije niacmunamu exiadarace norimepna niiexa EVASAFE (Bridgestone, fInownis), a docnioni
3pasku naepisanucs do memnepamypu 130 °C i sumpumysanucy 30 xe.

Pospobiaero memoouxy excnepumenmanrviux 00caioxceny. Yemanoexka 0ns eunpobyeaniis cKkiadaiacs iz cmenoy
OJLsL CIMAMUUNUX BUNPOOYBaHD KOHCMPYKUIL na miynicmo. 3oeniwne nasanmagcenns N npuxiadanioco 3a 0onomo-
2010 2i0pasniuiozo domxpama ma 6id6yearochL NOkKPokoso. Beruwuna cmynens nasanmancenns cmanosura 1,0 kH
ma KOHMpOMO8ALACh 34 00ONOMOZ0K OUHAMOMEMPA axXc 00 NO8HO20 PYliHYeants 00CaioHoz0 3paska. Ha xoxcnomy
cmyneni nasanmagncenis 6iooysanracy sumpumra 10 x6, Nicis 4020 UKOHYGANU 3UUMYBANHA NOKA3IE NPULANIG.

Ha ocnosi ompumanux pesyivmamia 3po6ieno ananiz pobomu 3uenienis CKIAHUX niacmun ma no6ydosano
ycepednenuil zpadix 3anexcnocmi degpopmayii 3cysy ma domuunux Hanpyxcerv T=N/A das cepiil docrionux
3paskie. 3a60aKuU UboMYy 3A0E3NCUYEMBCL MONCIUBICTIL OMPUMAHI Miypocmi ma degpopmamusnocmi Ons cepiti
docuionux 3pasxis.
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1. Introduction

The weak point in any structure is always a junction of
elements. Glass steel structures were no exception. When
designing glass supporting structures, it is necessary to
understand that glass is a material whose relative plastic
deformations are practically equal to zero. In other words,
glass is a brittle material [1].

The joining of glass surfaces is a procedure of high
technical significance. Today, the most common method of
joining glass is adhesive bonding and glass joining using
the triplex technology. The triplex compound is that a poly-
mer film is inserted between the glass. The advantage of
adhesive bonding is the ability to join surfaces of com-
plex shape. In most cases, such compounds are tight and
impervious to vapors and liquids.

Connection is one of the most critical parts of struc-
tures [2, 3]. In 2017, the study of glass multilayer columns
for central compression was started at the Lviv Polytechnic
National University (Ukraine) [4, 5]. At the same time, it
became necessary to determine the ductility of adhesion of
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the layers of triplex glass, which is becoming more widely
used as a carrier material. Patents were obtained for a proto-
type for testing the adhesion of plates to each other [6].
An example of the use of glass as a structural supporting
element is the Talus du Temple glass pavilion near the
French town of Noyers (architect Dirk Jan Postel, 2001).
The pavilion 5.04x5.1 m in size is covered by a wooden
roof, the walls of the pavilion 2.3 m high consists of two
10 mm layers of float glass. The walls are connected to
the base and the roof using steel corners with neoprene
gaskets. The construction during its existence suffered two
strongest storms, which proved its strength.

The above examples show the possibility of using glass
as a supporting structural element [7-10]. However, to date,
there are no norms, rules or methods for calculating such
structures. Given all of the above, this study is relevant
today and has a great prospect of practical application in
the future in Ukraine and in the world. Thus, the object of
research is six series of prototypes for testing the adhesion of
glass plates to each other [6]. And the aim of research is to
determine the strength and deformability of such compounds.
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2. Methods of research hesive materials. The general view of the prototypes is
shown in Fig. 1.
6 series of prototypes were made of non-tempered M4 Before gluing, the glass plates of the prototypes of

sheet glass (Table 1). The prototypes consisted of 3 glass the [-V series were cleaned of dirt and fat-free. Glue
plates interconnected using triplex technology and ad- was applied on the entire surface of one plate.

Table 1
Prototype characteristics
No. of Series Prototype Bonding area, Material for connecting Plate thickness, Glass characteristics
pos. brand cm? plates mm Glass mark | Compressive strength, MPa
1 I 5z-1.1 Den Braven Montagefix-AQ
2 57-1.2 (black colar)
3 I 5Z-2.1 Den Braven Zwaluw Aqua-
4 57 3-2.2 Silicone (transparent color)
50.7

5 5Z-3.1

I Topex 42E113 hot glue
6 5Z-3.2
7 SZ-4.1

v 10 M4 700
8 5z-4.2 Loxeal Adhesives UV
9 57-5.1 30-23 Engineering UV glue

' 4
10 5Z-5.2
11 SZ 3-6.1
12 5Z-6.2 Polymer film EVASAFE

VI 84 .
1% 57-6.1 (Bridgestone, Japan)
14 SZ-6.2
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Fig. 1. General view of the prototypes: a — general view of the prototypes of the [-IV series; b — general view of prototypes of the V series;
¢ — structural diagram of prototypes of the I-IV series; d — structural diagram of prototypes of the V series; e — structural design of prototypes
of the VI series; 1 — glass plate; 2 — seam clutch of glass plates
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Then the glass plates were firmly connected to each
other with a vise and held for 5-10 minutes. The cur-
ing time depended on the adhesive materials. Gluing of
prototypes of the fourth and fifth series was carried out
under the rays of an ultraviolet lamp. The plates of the
experimental prototypes of the sixth se-
ries were interconnected using the triplex
technique, where EVASAFE polymer film
(Bridgestone, Japan) was placed between
the plates, and the experimental prototypes
were heated to a temperature of 130 °C
and held for 30 minutes.

The unit for testing consisted of a stand
for static structural strength tests. An ex-
ternal load N was applied using a hydrau-
lic jack and occurred step by step. The
magnitude of the load was 1.0 kN and
was monitored using a DOSM-3-50 dy-
namometer (Ukraine) for the I-V series
prototypes and a ring dynamometer for the 0
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To do this, reduce the area of connection of the glass
plates and repeat the experiment.

Based on the results of the study, an average graph of
the dependence of shear deformations and shear stresses
1=N/A for a series of prototypes was constructed (Fig. 2).
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= Series VI
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=== Series 11

e Series V
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VI series prototypes until the experimental 0
prototype was completely destroyed. At
each load stage, an exposure of 10 min
took place, after which readings of the
readings of the instruments were performed.

Prototype 1 was positioned vertically. In order to
avoid local chipping and breaking of glass in places where
the prototype rests on the metal, a felt pad was laid.
To measure absolute deformations, dial gauges 5 were used
with a division value of 0.001 mm for prototypes of the
IV-VI series and 0.01 mm for the I-III series. Measure-
ments of absolute deformations were carried out until the
complete destruction of the prototypes of the I-V series.
For VI series of prototypes, instruments were removed at
a load of 80 % of the expected destructive load.

3. Research results and discussion

Prototypes of the I-11I series were destroyed along the
seam of adhesion of the layers of glass, the destruction
occurred gradually upon reaching the destructive load
value, SZ-1.1 Np.x — 8.82 kN, SZ-1.2 N,.x — 8.77 kN,
SZ-2.1 Npax — 13.13 kN, SZ-2.2 Ny — 13.93 kN, SZ-3.1
Npax — 1.34 kKN and for SZ-3.2 Ny« — 1.32 kN. Proto-
types of the IV series collapsed instantly after reaching
a destructive load value, which was 32.3 kN for the brand
of the SZ-4.1 prototype and 33.1 kN for the SZ-3.2 Npux.
Shear deformation was not more than 0.5 mm. The IV proto-
types collapsed along the glass plates without breaking
the adhesion joints of the glass layers.

Prototypes of the V series were destroyed instantly
after reaching the destructive value of the load, which
was 9.57 kN for the brand of the prototype SZ-5.1 Ny
and 8.45 kN for the SZ-5.2. Shear deformation was not
more than 0.5 mm. Prototypes of the V series collapsed
along the seam of adhesion of the layers of glass.

Prototypes of the VI series collapsed instantly after
reaching a destructive load value, which was for: SZ-6.1

Ninax — 89.09 kN, SZ-6.2 Ny — 88.56 kN, SZ-6.3 Nyax —
88.64 kN ta mna SZ-6.4 Np.x — 89.02 kN. Shear strain
was not more than 1 mm. Prototypes VI collapsed on
glass plates without destroying the seams of adhesion of
the layers of glass. Therefore, the adhesion strength of the
glass layers during shear strain could not be determined.

0.5 1 1.5 2 2.5 3

Shear deformations Al, mm

Fig. 2. Dependence of shear deformations and shear stresses T

As can be seen from the graph in Fig. 2, the highest
shear stresses in prototype V with Loxeal Engineering
Adhesives UV 30-23 UV glue. The greatest shear defor-
mation was in series I with Den Braven Montagefix-AQ

glue (black).

4. Conclusions

An experimental research technique has been develo-
ped, which made it possible to compare the adhesion of
glass plates to each other using the technology of triplex
and adhesive materials under the action of a static load.
In the prototypes of the I-III series of destruction, de-
struction occurred gradually, while the destruction of the
IV-VI series occurred instantly. It is more expedient to
use triplex technology when using joints in load-bearing
structures made of glass, since the prototypes V were
destroyed along the glass plates without breaking the
adhesion joints of the glass layers
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