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JOCIIITKEHHA HAITPYKEHO-AE®@OPMOBAHOI'O CTAHY
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SHU/KEHUX TEMIIEPATYP
TepHnoninbcokuu HayioHATbHUU MeXHIYHUU YHigepcumem imeni leana 1lynios

Pe3tome. J{ocnioscerno nanpyosiceno-oegpopmosanuti cman (HAC), saxutl unHuKae 8 mpumiapoeux KiecHux
CKIAHUX KOHCMPYKYIAX — 2OMOCEHHUX MA 2eMepOeHHUX MPUNIeKcax 3 0OpaMieHHAM ma 6e3 Hbo2o, 8
pe3yavmami memMnepamypHux 6Naueie Ha KOHCMpPYKYiio.

Knrouosi  cnosa:  Hanpyoweno-degpopmosanuti  cmaH,  CKIO,  memMnepamypd, — MpUniexc,
gomonpycricme.

O. Mylnikov, M. Pidhurskyy

RESEARCH OF THE STRESSED-STRAINED STATE OF TRIPLEXES
IN EXPLOITATION AT LOW TEMPERATURES

The summary. Triplex glass is widely used for glassing vehicles (automobiles, railway vehicles,
aircrafts and ships), windows and facades of buildings. Such constructions often work under sudden drops in
temperature [extreme temperatures]. Therefore, the research of the stressed-strained state of triplexes in
exploitation at low temperatures is of a great topicality

The aim of the work is to research the stressed-strained state (SSS) appearing in the three-layered glued
glass constructions: homogeneous and non-homogeneous triplexes with and without framing line, as a result of
temperature influences.

The problem has been solved with the polarized-optical method (POMM) — method of photoelastisity.

The idea of modeling had been considered and implemented before analyzing SSS in full scale samples,
in order to create and practice the methods of temperature load and research, as well as destruction of samples.
Herewith, the same materials were chosen for triplexes models and full scale samples.

Experimental conditions lied in determining the stressed-strained state (SSS) in the explored triplexes
during the decrease of temperature from room T=293K to the fixed values of T = 273, 253, 233, 213 K and
identifying the moment of their destruction.

The method of integrating differential equations of equilibrium in finite differences has been used for
the stress separation.

According to the research objectives the maximum tangential (critical) stresses T, and normal stresses
o.and o, formed in the zones of glued surfaces contact have been defined.

The distribution of normal stresses o, directed at each point along the gluing in triplexes, stress o,
directed perpendicular to the gluing layer and tangential stresses t,,, are presented graphically.

The analysis of the received results has been conducted. The testing data indicates that the fracture of
heterogeneous triplexes without framing line occurs at temperatures ~ 268 K, and with the frame line - at
temperatures ~ 245 K. Moreover, the process of destruction takes place in the layer of silica glass in parallel
with the gluing. In other samples the destruction in the researched range of temperatures was not observed. The
reason for the destruction of heterogeneous structures is, evidently, the character of SSS, changing from
compressive stresses at the edges of samples to stretching stresses in the middle of the sample. This situation
leads to the detachment of silica glass and its destruction.
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The testing data can be used in glassing vehicles (automobiles, railway vehicles, aircrafts and ships),
windows and facades of buildings.
Key words: stressed-strained state, glass, temperature, triplex, photoelastisity.

IloctanoBka mnpoOgeMu. [l 3acKiIeHHS TPaHCIOPTHUX 3aco0iB (aBTOMOOLIIB,
3aJII3HUYHOTO PYXOMOTO CKJIaay, JITakiB, CyAeH), BITpUH 1 (QacamiB OynaiBedab MIUPOKO
3aCTOCOBYIOTh TPHUIUIEKCHE CKJIO, IO SBISiE COOOI0 JaBa 1 OUIbIIE IIapiB OPraHIYHOTO YH
CWTIKaTHOTO cKia [1], ckiIeeHuX Mik COOOIO TMOJIMEPHOK TUTIBKOK ab0 3aTBEp/IiBalOvuOr0
KOMITO3HUIIIEI0, 3/1aTHOI0 MPU yJaapi BTPUMYBATH OCKOJKH. TPHIIEKCH 3 OPraHiyHOTO CKJa
Jerur 3a CHJIIKaTHI, IJIACTHYHINI, Kpalle THYThCS, ajie iX MILHICTh CYTT€BO MEHIIA, HiX
cumiKaTHUX. TakoX HUKYMMHU € ONTHUYHI XapaKTEPUCTUKH, OCOOJIMBO MpPH 3alOTIBaHHI YU
3amep3aHHi. [[is opraniyHuX, a 0COOJIMBO JAJSl CHIIIKATHUX TPHUILIEKCIB BaXIIMUBOIO € SIKICTh
CKJICHKH, SKa BHM3HAYAE€ThCH SKICTIO K€t (IUIIBKM) W aAre3ifHUMHU  BIIACTUBOCTSIMH
MOBEPXOHb CKJICIOBAHHS, OCOOJMBO 3 YpaxyBaHHSIM TeMIleparyp ekcruryaramii. Tomy
aKTyaJIbHUM € JIOCIIJDKCHHSI HampyKeHO-Ie()OPMIBHOTO CTaHy TPHUILICKCIB TMPU 3HUKCHUX
TeMIIepaTypax eKcIuTyaTaiii.

Amnaniz myosaikauniii. [Ipobremam MojenmoBaHHS HampyKeHO-Ie(hOPMIBHOTO CTaHy
(HAC) aBTOMOOiTEHOTO CKJIa MPH CKJIAJaHHI MpUCBsYeHi podotu [2, 3]. [l monemtoBaHHs
3aCTOCOBYBAJIMCh CIElialli30BaHlI MporpaMHi makeTu. JloCHipKeHHS MPOBOAMIUCH 32
HOpMAJIbHUX TeMIepaTyp. Bia3HaueHO, M0 BaXIIMBOK IMPUYMHOK PANTOBUX PYyHHYBaHb
00’€KTIB € BHYTPIIIHI 3aJMIIKOBI HAmpyXeHHs, [0 BUHUKAIOTH y JeTali, 3’€lHaHHI abo
KOHCTpYKUii. Y [4] BiI3Hau€HO, IO NPUYMHOI PYHHYBaHb MOXYTh TaKOXK OYyTH SK
MIOBEPXHEBI, TaK 1 0COOIUBO BHYTPIMIHI Je(PEKTH, 110 BUHUKAIOTH Y MPOIEC CKIOBAPIHHA Ta
ckieroBanHsA. OIUiHIOBaHHS HAIHHOCTI OPraHIYHOTO W CHIIIKaTHOTO CKJIa B JIITaKOOyTyBaHHI
posrimsganack B poboti [5]. Ilpore pesymbratd maHux poOiT 0a3yloThCs Ha JaHUX
moemroBanHs HJIC 3a 1omoMororo mporpaMHUX MaKETIiB, MO0 MOXKE MPU3BECTH O CYTTEBUX
noxubok [6]. Kpim wnworo, HJIC Ta mpouecu pyiiHyBaHHS HE OCHIDKyBajucs 3a
HECTaI[IOHAPHHUX TEMIIEPATyp BUIIPOOYBaHb.

Mera pobGoru. JlocmimkeHHs HampyxeHo-aepopmoanoro crany (HIC), skuit
BUHUKAE B TPUIIAPOBHUX KICEHUX KOHCTPYKIIISIX — TOMOTEHHHUX Ta F€TEPOreHHUX TPHUILIEKCAX
3 oOpamiIeHHSIM Ta 0€3 HbOTO, B pe3yJIbTaTi TEMIIEPATyPHUX BIUIMBIB HA KOHCTPYKIIIIO.

3amaqy po3B’sA3yBaIH MOJIIPU3ALIKHO-ONTHIHUM METOJOM JIOCIIHKCHHS Halpy>KeHb
(ITOMH) — meTonoM (hOTOMPY>KHOCTI.

HatypHi gocmikeHHs IPOBOIMIIN Ha 3pa3Kax, MPeJCTaBICHUX Ha puc. 1:
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Pucynok 1. 'oMoreHHi (a,6) Ta reTepOreHHi (8,2) TPUILICKCH:

a) TOMOTCHHUH TPHUILICKC 0e3 00paMIICHHS;
6) TOMOTCHHUI TPUILICKC 3 00PaMIICHHSIM;
6) TETEPOrCHHUI TPUIUIEKC O3 0OpaMIICHHS,
2) TeTepOreHHUI TPUILIEKC 3 00paMIICHHAM

Figure 1. Homogeneous (a, b) and heterogeneous (c, d) triplexes
a) homogeneous triplex without framing line;
b) homogeneous triplex with framing line;
¢) heterogeneous triplex without framing line;
d) heterogeneous triplex with framing line

1. l'omorennuit Tpumiekc posmipamu 100x12x10 MM, y SKOTO 30BHIIIHIM 1
BHYTPIIIHIM IIapaMH € CHJIKaTHE CKJIO (TOBLIIMHOI 5 MM) 3 TOBIIMHOI KJIEHOBOTO
npouapky 2 MM — puc. la.

2. 'OMOTeHHUH TPUILIEKC aHAIOTIYHOI OyIOBM Ta 3 THMH X po3Mipamu, aie 3
00paMJIEHHSIM I10 Kpasix, TOBIIUHOIO 3 MM — puc. 16.

3. I'ereporennmii Tpuruieke po3mipamu 100x10x10 MM, y SIKOTO 30BHIIIHIM IIAPOM €
CWJTIKATHE CKJIO TOBIIMHOIO 5 MM, KJICHOBHI Mpomapok — 2 MM Ta opradiuae ckiio — OACO —
E2 - 3 MM — puc. 1s.

4. I'eTeporeHHU TPUIUIEKC aHAJOTIYHOI OYyIOBM Ta 3 TUMHU X po3mipamu 3 [-
MoiOHMM 0OpaMIICHHSIM, TOBIIIMHOO 3 MM — puc. le.

Jlng mpomiapky B yCiX TpHUIUIEKCax BUKOPHCTOBYBaiu juctoBuii Matepian EIICA
napyroi cramii mosiMepm3amii, a 3’€qHaHHA (CKJICHKa) €JIEeMEHTIB 3pa3KiB MK COO0OI0
BUKOHYBAJIOCh 13 ~ 3aCTOCYBaHHsIM  emokcuaHoi — cmomu  EJI-20,  cryxkaBinoi
nonierunennoniaminoM [IEITA 3 mmactudikaropom auOyTuiadTasaToM y CriBBiIHOIIEHHSIX
10:1:1. O6pamiienns B ycix 3pa3kax BukoHyanocs 3 EIICA apyroi cranii momimepizarii.

[epen BuBuenusm HJIC y HaTypHUX 3pa3Kax, 3 METOIO CTBOPEHHS Ta BiANIPALIOBAHHS
METOJMKH TeMIIepaTypHUX HaBaHTA)KEHb 1 JOCITIKEHb, a TAKOXK PYHHYBaHHS 3paskiB Oyna
po3risiHyTa W peanizoBaHa ifes MojnentoBaHHSA. [Ipu 1mpomy uisi MoJeneil TPUILIEKCIB
BUOUPATH Ti K cami MaTepiaiu, o i 17 HATYpPHUX 3Pa3KiB.
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OpnuM 13 HaWBAXIMBINIMX €TamiB Yy PO3YMiIHHI MPOIECiB, IO BigO0yBalOThCA B
TPUILICKCAX NPU TEMIIEPATYpPHUX BIUIMBAX, € MOJICIIOBAHHS CKJICHKH MaTepiajiiB 3 pi3HUMH
koedimienTamu niHiAHOTO TeruoBoro po3mupeHHs (KJITP).

OCHOBHI OINTHUKO-MEXaHI4HI BJIACTUBOCTI MaTepialiB, L0 BUKOPUCTOBYBAJHCS MpU
MO/ICITIOBaHH] TPUILIEKCIB, HABEJCHO B Ta0. 1.

Taomums 1.
OnTHKO-MEXaHIgHI XapaKTePUCTHKH MaTepialiB TPUIUICKCIB
Koediii M
Oe(bllllef.I'T Temnepatypa Oy ) KJITP
) ONTHYHOI MPY>KHOCTI 5
Marepian . 3aMOpO’KYBAHHS 3 ar-10°,
YyTJIUBOCTI T. K E-107, rpar!
C-107, MITa” > MIIa P
Oprckiio OACO — 50 443 35 3,6
E2
EIICA nepoi 60 198 1,8 7,3
cramii
norimepu3antii
EIICA npyroi 55 218 2,1 6,7
cramii
noJriMepu3artii
CuikaTHe CKII0 2,5 - 7.5 2,3

Y pe3ynpTaTi CKJCIOBaHHS ONTHYHA aHI30TPOMis B OPICKIi MPAaKTUYHO HE
criocTepiranacs i Ipy NOJAIBIINX TOCTIDKCHHIX HE BPAXOBYBAJIACh.

MeToaunka A0CTilXKeHb. YMOBH TIPOBEICHHS €KCIIEPUMEHTY IMOJIATaIN Y BU3SHAYCHHI
HanpyxeHo-nepopmoBanoro crany (HJIC) y mocmimkyBaHUX TpUIDICKCaX IPU 3HMKCHHI
Temneparypu Bif kKiMHatHOI 7=293K no ¢ikcoBanux 3HaueHs 7 = 273, 253, 233, 213 K Ta
BU3HAYCHHI MOMEHTY iX pylHyBaHHA. [IpHu 11bOMY 3pa3Ku, MO AOCHTIHKYBAINCS, TOMIIIATU B
KaMepu Uil OXOJIOJDKCHHS, BCTAaHOBJICHI y poOOYOMYy TIOJi KOOPIMHATHO-CHHXPOHHOTO
nonsipumerpa KCII-7 (puc. 2).
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Pucynox 2. BunpoOyBaHHs TpHILIEKCIB y Aiana3oHi Temneparyp 293-213K
Figure 2. Triplexes testing in the temperature range 293-213 K

Mertoauka JOCTIKeHb, HHU3BKOTEMIEpAaTYpHI KaMepH Ta CHelialbHI MPUCTPOi
JIeTanbHO onucaHo y [7]. HeoOXigHO Bi3HAYUTH, MO 3TiAHO 3 METOJUKOI BUIIPOOYBAHB JI0
HU3BKOTEMIIEPATyPHUX KaMep CTaBUJIMCh TaKi BUMOTH:

- 3a0e3NeueHHs ONTUYHUX JTOCII/DKEHb Y MTPOXiTHOMY CBITJIi;

- 130JIALIis 3pa3KiB BiJ 30BHIIIHHOTO CEPEIOBUINA /IS TIONEPEKEHHS KOHACH AT Ha
HUX aTMOC(EpPHOT BOJIOTH TPHU 3HIKEHHI TEMIIepaTypH;

- TepMocTabimizamis 3pa3KiB y MIMPOKOMY [iama3oHl pPEryIbOBaHHX TEeMIEpaTyp
213-293 K.

Hnsa ouintoBanas HJIC metomom ¢GoTONMpyXKHOCTI MPOBOIMIM BUMIPH ONTUYHOI
pizHuII Xoxy ¢ y 3paskax. llpm po3poOAeHHI METOIMKH BpPaxOBYBalach HU3bKa OINTHYHA
YYTJIMBICTh CHJIIKaTHOTO CKJIa. JIOCTaTHIO TOYHICTh PH BU3HAYCHHI ApaMETPiB HAIPYKEHHS
JUISL TaKuX JOCTIDKEHb Ja€ JAemo BIOCKoHajeHWd Hamu wMeton Cenapmona [8, 9].
BukopuctanHs pi3HUX JOBXHH POOOYHMX XBHIb MOHOXPOMATHYHOTO CBITJIa JJAJI0 MOKJIMBICTD
HA/I1I{HO BU3HAYUTH HE TUIbKU APOOOBUH, aje i LNl MOPsII0K CMYT (130XpOM).

Peamizamis 1poro MeToay 3IIHCHIOBAJIACH HA  KOOPAMHATHO-CHHXPOHHOMY
nonsipumetpi KCII-7 y MOHOXpOMaTHYHOMY CBITJIi 3 OCHOBHOIO JIOBXKHHOO XBHIIL A; = 546,
HM Ta JOIIOMIXKHOIO — Ay, = 578 Hm.

MeToanka BU3HAYEHHS HANIPYKeHb. 3pa3Ku, BCTAHOBJICHI Y CIIEIialIbHI KaMepu IS
iX OXONO/KEHHS Ta TepMocTadinmizamii, MPOCBIYYBAINCS MOHOXPOMATHYHUM CBITJIIOM 3
PI3HOIO JTOBKMHOIO XBHWJIb 30HIYIOUOTO BHIIPOMIHIOBAaHHS, IO /aBal0 MOXKIIUBICTb
BU3HAYUTH (OTONPYXKHI MapaMeTpu, 30KpeMa MOPSIOK cMyru — n (Ui i ApoOoBHid) Ta
130kJ1iH. Jlani 3a BiIOMOIO JOBKUHOIO 30HAYIOYOTO MPOMEHS CBITJIa — A BU3HAYAIU ONTUYHY
PI3HULIIO X0y — O B TOUIII

o=n-A.

38’30k HJAC Ta kapTHHM ONTHYHOI aHI30TpOIii BU3HAYAETHCA B TPYXKHIH 30HI
3akoHOM Beprreiima:

0,—0,= °

1 2 Cd H

1€ 0 — ONITUYHA PI3HUIIA X0y IPOMEHIB B TOYIIL;
C — xoeimieHT ONTUYHOI YyTIUBOCTI MaTepiaiy;
d — TOBIIMHA 3pa3Ka, 0 MPOCBITYETHCS;
01, 02— KBA3IrOJIOBHI HANIPY)KEHHS B TOYIII, 1110 TPOCBIYYETHCA.
Pi3HuWIM KBa3iroJOBHMX HANpPyKEeHb Yy TOYIl JIa€ MOXJIMBICTH OOYUCIHTH
MaKCHUMaJbHi JOTUYHI HAIPYKEeHHsI Y (POHTAIbHIN MJIOLUIMHI MPOCBIUYBaHHS

o,—0, =21

max >

a TaKOX IUIIXOM MOJUTY HampyXeHb (MpU BiAOMOMY MapameTpi 130KIIHH ¢ Yy TOYI), 3HAUTH
KOMIIOHEHTH HaIpYXEHb 0y Ta 0.
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Jlnist moniny Hampy)XeHb BHKOPHCTOBYBAIM METOJl IHTEIPYBaHHS TU(EpEHIIATbHIX
PIBHSIHb PIBHOBaru y CKiHYEHHHX DIi3HUISX [7]. SIK BimoMmo, Ui IJIOCKOTO HANpy>KEHOTO

CTaHy
do. Ot 0
X + Y —
ox Oy
97,99
ox Oy

ITicaa iHTeI‘p}IBaHHH, MMOYHNHAKOYH 3 KOHTYPY MOI[GJ'Ii, OTPHUMAHO:

X 82‘
o, =—| ——dx
Xo ay
y 8Txy
o, ==
Yo ax
Toni B CKIHUEHHUX PI3HHUIIX
x AX
O-X - O-xo - Zx(] R A_y
_ y Ay
0, =0y~ yOA Xy E

. . . 2
OckinbKM Ha BUIBHOMY KOHTYpI O, =0,:C0S" @ (y HamoMmy Bumaaky ¢ = 0),

X

OTPUMAEMO 0y = 01 . Toxl oy = 07 , 1 BIANIOBITHO

o,—-0, .
T =——=.8In20.
> Q

xy

Cucremy koopauHaT XVZ BHOUpATU TaKUM YHHOM, 100 Bich X Oyna crmpsMoBaHa
B3JIOBX CKJICHKH, BICh V — MEPIEHIUKYIAPHO A0 CKJICHKH, a BiCh Z — Y HANPSMKY TOBIIUHU
3paskiB (puc. 3).

3amipy ONTUYHOI PI3HUII X0y MPOBOAMINCH y TOUYKAX, IO PO3TAIIOBaHI IO JiHII Ha
BifcTani 1 MM Bix Kpawo Tpuruiekca (y BUNAAKY oOpamieHHS — Ha BiacTtaHi | MM Bifg
oOpamMJyIeHHS).

OcCkinbKH TeMIlepaTypHi HaNpYXKEHHS B TPUIUICKCAX BUKIUKAIOTH ONTHYHY
AHI30TPOIII0 B CHIIIKATHOMY CKJIi, IO HE MEPEBUIIYE OJHY CMYTY — i30Xpomy (To0TO 12 < 1),
BUMIPIOBaHHS ONTHYHOI Pi3HHI XOAy O B IIapi CHIIIKAaTHOTO CKJIa OOMEXYBAJIUCS TUIBKA
BHU3HAUEHHSAM JPOOOBOT YaCTUHU CMYTH, B TOM Yac K BUMIPIOBAHHS 0 y IIapi OPraHiuHOTO
CKJIa TIPOBOJIMIIA 3 BU3HAYEHHSM SIK IPOOOBOT, TaK 1 MiJIOI YaCTUH CMYTH, SKa MaKCUMAaJIbHO
Jocsiraja 3HaYCHHS 2.
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Pucynok 3. Monens Tpumiekca:

a) — BUOIp CHCTEMH KOOPAWHAT;

6) — opi€HTAIlis] HAIIPYKCHB;

6) — cxeMa po30MBKU 30HH BU3HAYCHHS HAIPY)KCHb
Figure 3. Triplex model:

a) — choice of coordinate system,;

b) — stress orientation;

¢) — scheme of splitting a stress defining zone

Anauni3z pesyabtariB gociairkens H/IC 0aratomapoBux KOHCTPyKUiH. 3rigHo 3
3aJja4aMy JTOCIPKCHb BU3HAYAIIUCS TaKi KOMIIOHEHTH HAIPYXCHOTO CTaHYy:
- MakKCHMAaJIbHI JOTUYHI (CKOJIFOI0Y1) HAIPYKCHHS Ty
- HOpMAJIbHI HAIIPYXKEHHS 0, Ta Oy.
3aNeKHICTh MAaKCUMAaJIbHUX JOTHYHUX HAMPYXKEHb Tnqe BiloOpakeHa Ha rpadikax
puc. 4
Toax, Mlla

15,0

™ N\
AN

0,0 T T T T T T Z K
210 240 270 300

PucyHox 4. 3a1exHicTh MaKCUMAIIbHUX JOTHYHUX HANPYKEHb y TOUKaxX Xx=1 MM,
y=1 MM TpPHUIUIEKCIB Bifl TeMIIEpaTypH:
1- romoreHHH# TpUIUIeKC 6e3 00paMIICHHS;
2- TOMOTCHHHH TPHUILIEKC 3 00paMIICHHSIM;
3- reTeporeHHUH TPHUILICKC Oe3 00paMIICHHS,;
4- TeTeporeHHHH TPUILIEKC 3 0OpaMICHHAM
Figure 4. Dependence of maximum tangential stresses in the triplexes’ boundary zones (x=1 mm, y=1
mm) from temperature:

1 - homogeneous triplex without framing line;

2 - homogeneous triplex with framing line;

3 - heterogeneous triplex without framing line;

4 - heterogeneous triplex with framing line
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Po3noin HopMallbHUX HANPYKEHb 0y , HATPABICHUX Y KOXKHIM TOYIl B3JJOBXK CKJICHKU
B TPUIUIEKCAX, Ta HAIpPYXEHb 0y, HANpPaBICHUX MNEPHCHAMKYISIPHO 1O IIapy CKICHKH,
300pakeHi Ha puc. 5, 6.
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Pucynox 5. Po3noain HanpyxeHb o, Ha BificTaHi 1 MM BiZ 0OpaMIICHHS UM Kparo B3iplisi:
a) TOMOTEHHHUH TpHUIUIeKC 0e3 00paMIIeHHS;
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6) TOMOTCHHUI TPUILICKC 3 00PaMIICHHSIM;

6) TETEPOTCHHUI TPUIUIEKC 03 0OpaMIICHHS,

2) TeTepOTCHHUI TPUILIECKC 3 00paMIICHHSIM
Figure 5. The distribution of stresses o, at | mm distance from the framing line or the edge of the model:
a) homogeneous triplex without framing line;
b) homogeneous triplex with framing line;
¢) heterogeneous triplex without framing line;
d) heterogeneous triplex with framing line
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Pucynok 6. Po3nonin HanpyxeHb o, 110 JIiHii, 1[0 MepeHANKYIISIPHA NiHii CKIeI0BaHHS B TPHILIEKCAX:
@) TOMOTCHHUH TPHUILICKC 0¢3 00paMIICHHST;
6) TOMOT€HHUI TPUILIIEKC 3 0OpaMIICHHSM;
6) TeTEPOTeHHUI TPUILTIEKC 6€3 00paMIIeHHS;
2) TeTepOreHHUH TPHIUIEKC 3 00paMIICHHAM

Figure 6. The distribution of stresses o, on the line perpendicular to the gluing line in triplexes:

a) homogeneous triplex without framing line;
b) homogeneous triplex with framing line;
¢) heterogeneous triplex without framing line;
d) heterogeneous triplex with framing line

BucHoBKH. AHATI3YIOYH PE3YIIBTATH JIOCIIKEHb, BIJ3HAYUMO HACTYITHE:

1. HopmainpHi HanpyXeHHs oy CyTTEBO MEHIII 3a a0COJIIOTHOI BEIUYUHOIO, HIK 0.
Ha xpasx 3pa3kiB 0e3 oOpamiieHHs HalpyXEHHS o, € JOJaTHHUMH, a Ha 3pa3Kax 3
oOpamIICHHSIM — BiJI’ €EMHUMU.

2. 3a HasBHOCTI OOpaMJIEHHs JELIO IMiJABUILYIOTCS BiA €MHI HanpyxeHHs o, Omxe
00paMJICHHSI CYTTEBO 3HIDKYE PiBHI PO3TATYIOUMX HAIMPY)KEHb Y KPAaHOBHX 30HAX TPUIUIEKCIB.
VY nopaneioMy Ha MIIHICTB 3pa3KiB 3 00paMJICHHSM BXKE BIUIMBATUMYTh BIACTHBOCTI CaMOTO
oOpaMJyIeHHsI, 0COOIMBO HOTO a/ire3iifHi BJaCTUBOCTI IIOJ0 CHIIIKATHOTO CKJIa.

3. 3HIDKEHHA TeMIlepaTypd BUKIUKAae CyTTe€Be 30UIBLIEHHS HAmpyXeHb 3a
abcomotHo BenmuuuHOw. Jlocnimkenns HJIC y HaTypHUX 3pa3kax JO3BOJUJIO OTPUMATH
SIKICHI CITIBITAJJaHHS KapTUH PO3IMOJALUTY HAlPYXCHb 3 TUMHU, 110 BUHUKAIU MPU MOJICIBHUX
JOCITi JKCHHSIX..

4. Ilpu nocmiKeHHI KapTHUHU ONTHUYHOI aHi30Tpomii 0aunMo, 0 B KpalOBUX 30HAX
TPUILICKCIB 32 HU3BKHUX TEMIIEpaTyp CHOCTEPIraeThCsi MaKCHUMAIbHE 3HAUYEHHS CKOJIOIYNX
JOTUYHUX HampyxeHb (puc. 4). [Ipu mpomy B TpuIUIeKcax 3 oOpaMJICHHSM BEIUYMHH IIHX
HANPYXKCHb IEPEBUIIYIOTh BEIMYMHY BIAIOBIIHUX HANPYXEHb Yy TpHIUICKcax 0e3
oOpamyeHHs. Y TOU e Yac HasBHICTh OOpaMIJICHHS 3a JaHUMH CKCIIEPUMEHTIB € (haKTOpOM,
10 TiABUIILY€E MIIIHICTh TPUILIEKCIB.

5. Jlani BumpoOyBaHb CBi4YaTh MpO T, IO PYHHYBAaHHS TETEPOTCHHHUX TPHILICKCIB
0e3 oOpamieHHs BinOyBaeTbcs Ipu TemmepaTypax ~ 268 K, a 3 oOpamieHHSIM — mpu
temneparypax ~ 245 K. Ilpudomy nporec pydHyBaHHS MIPOXOAMTH y MIapi CHIIIKATHOTO CKJIA,
napajeiabHO CKJICHIi. B iHmMMX Takmx 3paskax pyHHYBaHHS B Jiama3oHi JOCIIKYBaHHX
Temreparyp He crocrepiranocs. [lpuynHOIO pyliHYBaHHS TE€TEPOr€HHUX CTPYKTYp €,
oueBuHO, xapakTep H/IC, sikuii 3MiHIOETBCS BiJl CTUCKAIOYMX HAINPYKEHb Ha Kpasx 3pa3KiB
JI0 PO3TATYIOUYMX HaNpyKeHb TOCEpeIHHI 3pa3ka. Takuil CTaH 3yMOBIIOE BiANIapyBaHHS
CHIIIKaTHOTO CKJIa Ta HOTO pyHHYBaHHSI.

6. OTpumaHi  pe3ylnbTaTHd MOXYTh  3aCTOCOBYBATHUCS IPH  KOHCTPYHOBaHHI
TPAHCIIOPTHUX 3ac00iB aBTOMOOIIBLHOTO TPAHCIOPTY, B aBia0ylnyBaHHI, CyaHOOyAyBaHHI,
OY/IIBHUIITBI.

Conclusions. Having analyzed the results of the research, we would like to note the
following:

1. Normal stresses oy are significantly smaller in absolute value than o,. At the edges
of the samples without framing line o, stress is positive, and at the samples with framing line -
negative.
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2. If there is a framing line the negative stresses o, slightly increase. Thus, the framing
line significantly reduces the levels of stretching stresses in the boundary zones of triplexes.
Further, the strength [solidity] of samples with framing line is influenced by the properties of
the framing line, particularly by its adhesive features concerning silica glass.

3. A decrease in temperature causes a substantial increase in stresses in absolute value.
The research of SSS in full scale samples allowed obtaining high-quality match depiction of
stress distribution comparing with those appearing in model studies.

4. During the research of optical anisotropy it was evident that maximum value of
critical tangential stresses is observed in the boundary zones of triplexes at low temperatures
(fig. 4). Herewith, the values of these stresses in the triplex with framing line exceed the
values of the corresponding stresses in the triplexes without framing line. At the same time in
accordance with the experimental data the framing line is a factor that increases the triplexes'
strength [solidity].

5. The testing data indicates that the fracture of heterogeneous triplexes without
framing line occurs at temperatures ~ 268 K, and with the frame line - at temperatures ~ 245
K. Moreover, the process of destruction takes place in the layer of silica glass in parallel with
the gluing. In other samples the destruction in the researched range of temperatures was not
observed. The reason for the destruction of heterogeneous structures is, evidently, the
character of SSS, changing from compressive stresses at the edges of samples to stretching
stresses in the middle of the sample. This situation leads to the detachment of silica glass and
its destruction.

6. The testing data can be used in glassing vehicles (automobiles, railway vehicles,
aircrafts and ships), windows and facades of buildings.
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