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SALLUUTA TPUNNEKCA MNMPUN MNOXAPE
C noMmoulbio BOAAHOIoO OPOLWUEHHUA

[aH aHanm3 noXxapHOM ONacHOCTM TPUMNMEeKCa 1 ero nosefeHns npu noxape. OTMeYeHO NpenmyLie-
CTBO MCMOJIb30BaHMA BOAAHOIO OPOLLUEHMA B Ka4eCTBE 3aLLWTbl TPUANeKCa OT paspyLUEHUS B yCIIOBUAX
noxapa. PaccMoTpeHO BRMAHME BOASHOrO OPOLLUEHMSA Ha MOXapOoyCTOMYMBOCTb CBETOMPO3PaYHbIX
KOHCTPYKLMI C TpMnnekcoM. lNpeactaBneH 063op pe3ynbTaToB UCMbITaHWI TpMMnekca B “Manown or-
HeBOW Meyn” 1 Ha KpynHomaclwTabHown ycTaHoBKe. MNoka3aHa 3hdhekTMBHOCTb BOASHOIO OpOLLIEHNS

L1l MOBbILIEHNS MOXapOYyCTOMYMBOCTI TPUMIEKCA.

KntoueBble cf10Ba: NoXapoyCcTOMYMBOCTb; CTEKNO; MOXap; B3pbIB; TPUMNEKC; KPynNHOMAacLLTabHble
MCMbITaHWA; BOASHOE OpPOLLEHNE; pacnpoCTpaHeHe Noxapa; NaMUHUPOBAHHOE CTEKJIO.

OHoii U3 IpUYKH yBETHYEHHS 00BEMOB HCIIONB30Ba-
HUSl CTEKJIA B CTPOUTEIILCTBE SBIISCTCS IKOHOMUYHOCTD
1 BO3MOXKHOCTb PealIn3allii OPUTHHAIBHBIX apXUTEK-
TYpHBIX pelieHnil. B ocoOeHHOCTH 3TO KacaeTcs BbI-
COTHBIX 3[IJaHUH M 37JaHHI C MAaCCOBBIM NPEObIBAHUEM
monieit. [1pu 5TOM IaBHBIM HEJOCTATKOM CBETOIPO-
3pauHbIX KOHCTPYKITUH SIBIISIETCS MX HU3Kas MOXKapo-
YCTOWYIHBOCTBH, 00YCIIOBJICHHAS CTIOCOOHOCTBIO CTEKIIA
K OBICTPOMY pPa3pyIICHUIO IPU BO3ICHCTBUU OTHS U
BBICOKOM TeMIIEpaTypbl Ha HaYaJIbHOM cTaluu noxapa.
Pazpymenne corpoBorkaaeTcest 00pa3oBaHNEM KPYITHBIX
1 MEITKUX OCKOJIKOB, KOTOPBIE IPH TTaICHUHU C OOTBIION
BBICOTHI MPECTABISIIOT OONBIIYIO YTrPpO3y VIS JTIOACH.
Kpowme Toro, pa3pyiieHre OKOHHOTO OCTEKJIEHHUS CIIO-
cOOCTBYET OBICTPOMY Pa3BUTHIO U PACIIPOCTPAHEHUIO
noxkapa 1o 3JaHHIO.

TpuUIIIEKChI, COCTOSIIIHE U3 JIBYX JIUCTOB CTEKJIA, CKJIe-
CHHBIX MEXTy COO0H ¢ TOMOIIIBIO BEICOKOTIPOYHOM TO-
JUMEPHOM TUICHKH, 00J1a/1al0T MOBBINICHHOW MEXaHU-
YECKOU POYHOCTHIO U 3aIUTOl 0T YD-13myuenust. [Inen-
Ka KaK CBS3YOIIUI JIEMEHT CJICPKUBACT KOHCTPYKITHEO
OT pa3pyIIeHHs], 3aIIUIIACT OT yIbTpadHOIeTa U CyIIe-
CTBEHHO IIPEJOTBPALLAET [IOTEPH TEIUIA U3 [IOMEIIEHUS.

[Ipenmonoxenue o TOM, YTO HAKJIE€EHHAs Ha CTEKJIO
IUIEHKA [TOBBILIAET MPeJiel OTHECTOMKOCTH, HE HaIIO
TIOATBEPIKACHUS TIPU MCCICAOBAHUAX, KOTOPHIe OBLTH
nposeneHsl Bo BHUUIIO u Axapemun ['TIC MYUC Poc-
cuu (puc. 1). McnipiTanust mokasaim, 9To MOJTMMEPHBIE
IUIEHKU (HE3aBUCUMO OT UX TOJIILMHBI), HAKJICEHHbIE Ha
[MOBEPXHOCTb CTEKJIA, HE TOJIBKO HE YBEITUUMBAIOT OTHE-
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CTOMKOCTB JINCTOBOTO CTEKJIA, @ HAIIPOTUB, MTOBBILLIAIOT

MOYXKAPHYIO OMACHOCTb KOMITO3U LU (IIJITaMeHHOE Tope-

HUE Ha MMOBEPXHOCTU CTeKJIa, 00pa3oBaHUE pacrliaBa

TUICHOK, BBIJICJICHUE 3HAYUTEIHHOTO KOJIMYECTBA AbIMa

¥ TOKCHYHBIX MTPOAYKTOB MPU TEPMHUECKOM Pa3JIoKe-

HuM). [lonoOHbIe siBIEHUST HAOIIOMAIOTCS U IPU CpaB-

HUTEIBHBIX MCIBITAHUAX OMBITHBIX 00pa3llOB MHOTO-

CJIOHOTO CTEKJIa C Pa3TUYHBIMH KJICEBBIMH KOMITO3H-

USIMU (TPUILIEKC, CTEKIIONAKeThI U T. 11.) [ 1].

B cBs131 ¢ 9THM MOSIBHIIACH OCTpasi HEOOXOAMMOCTD
3aIATHI OCTEKJIEHHUS OT TEIJIOBOr0 BO3AECHCTBUS. Y Un-
TBIBasI, YTO MPAKTUIECKN BCE KPYIHBIC 3MaHUS OCHA-
IIAIOTCS] aBTOMAaTHYCCKIMHU CHCTEMaMH BOASHOTO IT0-
YKAPOTYILICHNUS, TIPESITIONIOKIIIN, 9TO 0€3 3HAUNTENIFHBIX
(PMHAHCOBBIX 3aTPAT MOYKHO 00CCIICUUTD 3AIIUTY CBETO-
[IPO3PAYHBIX KOHCTPYKIUH ITyTEM OPOILICHHUS UX BOIOM.
J1 moATBEPIKACHUS ATOTO MPEATIOIOKEHUS HAMH IIPO-
BEJICHBI UCCIIEOBAHUS 110 U3yUeHUIO YPPEKTUBHOCTH
JIaHHOTO criocoba orue3anuTsl [2—4]. C 3ToOH 11e51bI0
OBLJI BBITIOJIHEH PsiJ] SKCIIEpUMEHTOB Ha 00pa3iax Tpu-
iekca 6-1-6 pazmepom 370x270 MM B MaJiol OTHEBOM
neun (puc. 2). IIpu 3ToM paccMOTPEHBI HECKOIBKO Ba-
PUAHTOB UCIIbITAHUI:

e 0e3 opoleHus;

e C OpOIIEHHEM 000TpEeBAEMON CTOPOHEI,

e C OpOIICHHEM HEOOOTpEeBaeMOI CTOPOHBL;

e  CBOASHBIM OpOIICHUEM (OIIPEACTICHNE YCTOHINBO-
CTH TPHILIEKCA K TEMIIEpaTypHOMY “‘IIOKY”).
HWcnbrranus 6e3 oponeHust IPOBOIUIUCE [IPU CTaH-

JapTHOM TeMIIepaTypHOM pekuMme noxkapa [5]. Bo Bpe-
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Puc. 1. O6pa3er 1ucTOBOrO CTEKIa (4 MM) C OJIUMEPHOH IICH-
KOM, HaKJICEHHOH ¢ 000rpeBaeMol CTOPOHEI, B HavYaje UCIbITa-
HUS (@) ¥ IOCIIE BBIKITFOUCHHST POPCYHOK (0)

Msl UCIBITAHUS Ha 5-I MHUHYyTe IIEHKa 3aropajach U
BBITOpasia B cpejiHeM 3a 6 MuH. [1pu aTOM ropenue npo-
HCXOJIMIIO C BBIICIIEHHEM OOJIBIIIOTO KOJTHYECTBa €/IKO-
ro neiMa. Temneparypa Ha moBepXHOCTH Ha 20-i MUHY-
te ipesbimaia 350 °C (puc. 3,a). CTOUT OTMETUTb, YTO
JlaHHas TeMIlepaTypa MOJKeT CIIPOBOLPOBATH PacIpo-
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CTpaHCHHUE IOKapa M3-3a TYyIHCTOTO H3ITyUCHNUS, OT KO-
TOPOTO JAHHOE CTEKJIO HE 3aIUIIACT.

[Ipu ucHbITaHUAX C BOISTHBIM OPOIICHHEM MOada
BOJIbI OCYIIECTBIISATACH NIPH MOMOIIM MEIHOH nepdo-
pupoBanHoil TpybKku ¢ pacxomom 0,05 j1/c. Jlanubiii
pacxon moxOupacss U3 YCIOBHS PaBHOMEPHOTO OpO-
mreHus oopasma. VcpITaHus moKa3aiy, 9To TIpeIeib-
HbIEe 3HaueHMs nokaszarenei E, [ 1 W He nocturarorcs
HA TPOTSHKEHUH 45 MHH, HE3aBUCHMO OT TOTO, Ha Ka-
KyI0 CTOPOHY ITOJACTCsl BOAA JUIsl OpolIeHus (oborpe-
BaeMyIo WM HeoOorpeBaemyto). JlaHHBIN pe3ymbrar
JIOCTHUTACTCS 32 CYET TOTO, UTO BOJIA MIPEIISITCTBYET BBI-
TOpaHUIO TUIEHKH (pucC. 4), 1 00pa3er coXpaHseT CBOIO
1enocTHOCTh. Ha 16-if MUHYTE UCTIBITAHUS TIPH OPOIIIe-
HHM CO CTOPOHBI HATpeBa TeMIIEpaTypa Ha He0OoTrpeBa-
eMoii moBepxHOCTH oOpasna He mpesbimaer 200 °C,
a TIpY OpoIIeHUH HeoborpeBaeMoii ctopoHs — 70 °C.

Haubonee 3pekTuBHbBII cr10c00 OpOIICHHS — 3TO
HCIIOJIb30BaHUE CIUTMHKJICPHBIX OPOCUTENICH, TaK KaK
OHHM PacXOJyIOT MEHbIINI 00bEM BOJIBI 0 CPABHEHHIO
C APYI'UMHU CUCTEMAMU IMOXKAPOTYUICHUSA, YTO aKTyaJlb-
HO TSl BBICOTHBIX 31aHuH. CIUTHHKIIEpHAs CHCTEMa 3a-
ITyCKaeTCsI TIOCJIE TOTO, KaK IMPOHUCXOANUT pa3pyIlIcHNe
TEPMUYECKOTO 3aMKa MPU JAOCTHKEHUU KPUTHYECKON
TEMIIEPATypPbl, HA KOTOPYIO paCCUUTaH OpocuTeb. On-
HAKO CJIeTyeT OTMETUTb, YTO BOBMOXHO CpabaThIBaHNE
OpOCHTENEH MOCIIe TOTO, KaK CTEKIIO HarPEIOCh CBEIIIEC
KPUTHUCCKHUX 3HAUCHUH, TOTOMY OBLTH ITPOBEICHBI C-
IBITAHKSI HA OTIPENICIICHUE YCTOHYUBOCTH TPHUILIEKCA K
TEeMIIEpPaTypHOMY “HIOKY” (pe3KoMy mepemnajay TeMIe-
partyp). Ilpu npoBeaenun ucnsITaHuit 0Opaser] Harpe-
Bautk 10 Temnepatypsl 300 °C (Ha HeoOoTrpeBaeMoi mo-
BEPXHOCTH), & 3aTeM MOAAaBAJIH BOIY Ha 000TpeBacMyTO
cTopony. [lociie opomenus MOBEepXHOCTH BOIOH TeM-
reparypa Ha Heil cHusmiachk 10 45 °C, oOpaser coxpa-
HIJI CBOIO LEJIOCTHOCTb, TEPMHUUECKOE DPA3IOKECHUE
IUICHKH MTPEKpaTuiIocsk. Kputndeckne 3HAYSHUS MTOKa-
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Puc. 2. Cxema manomacmtabHoii ycranoBku naboparopun YHII IITIBC Axagemun ['TIC MUC Poccun: / — ra3oBas ropenka; 2 —
BBITSDKHOM TPy0OITpoBOI; 3 — OrHeBast Kamepa; 4 — IIPoeM ISl yCTAaHOBKHU HCIIBITYEMbIX 00pasiioB; S — o0pasel; 6 — pacroyioKeHne
nepGopUpOBaHHON TPYOKH IIPH OPOIICHNH 000TPEBAEMOI CTOPOHBI; 7 — PacHOJIOKEHHE TPYOKH IIPH OPOIICHUH HE0OOTrpeBaeMoi

CTOPOHBL
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- OTHECTOWKOCTb CTPOUTEABbHBIX KOHCTPYKLIMKA

Puc. 3. O6pazen Tpuriekca 6-1-6 yepes 45 MUH 1ocie HCITbITa-
HUs 0€3 BOASTHOTO OPOIICHUS (a) U ¢ opouieHueM (60)

3aresieil mocie nNoAa4y BO/bl HE HACTYIAIM B TEUEHUE
45 muH. OTCroga MOKHO CJI€JIaTh BBIBOJ, YTO €CJIH 110
KaKMM-IM00 MPUYMHAM MPOUCXOAUT MO3THHM 3aImyCcK
CUCTEMBI, TO 3TO HE MOXKET CIIPOBOLIMPOBATH pa3pyliie-
HUe Tpuriekca. Takum o0pa3oM, BOISIHOE OpOIICHHUE
SBIISIETCSl 0E30MACHBIM TEXHUYECKUM PEIICHHEM ISt
3aIUThI TPUIUICKCA, MOBBIIIAIOIINM €T0 TI0XKaAPOYCTOM-
YUBOCTb.

3TO MOATBEP)KAAIOT KPYITHOMACIITa0OHBIC UCTIBITA-
HUsA, npoBeneHHble B Guimnane BHUUIIO (r. OpeH-
Oypr) [6], c BonssHBIM OpoleHneM u 6e3 Hero. B kaue-
CTBE 00pasloB OBUI B3SAT TPHUIUIEKC 5-1-5 pa3zmepom
1305x1605 mMm. OpotieHre 0CyEecTBISIIOCh PH MO~
MOILHY ep(OPUPOBAHHOM TPYOKH TUAMETPOM 25 MM.

[Tpu ucnibITaHUSAX OBLIH ITOJTYYEHBI CIICTYIOIIUE Pe-
3yIBTATHI.

Vcnbrranmst 6€3 BOASTHOTO OPOIICHHS TOKA3aIIH, YTO
IpeIenbHbIe TOKA3aTeH IOTSPH TeILION30IHPYIOIIeH
cniocoonoctH (I) u BemuuuHbI TeroBoro moroka (W)
HACTYTaK Ha 3-if MuHyTe. [Ipy M0CTHKEHIH IpeIeib-
HbIX 3HaueHuil [ 1 W ucneITaHusl 0CTaHABIUBAJINUCH.
ITotepu nenoctnoctu (E) mpu sToM He HacTymaio
(puc. 4). Ha 4-ii MuHyTe MCIIBITAHUS TEMIIEpaTypa Ha
HeoOorpeBaeMoll moBepxHocTu mpesbimana 350 °C,
BEIIMYMHA TEIIOBOTO MOTOKA cocrasisia 4,6 KBt/ M2

Puc. 4. O6pasen tpuriekca 5-1-5 nmociie ucnsiTanus 6e3 opo-
IIeHHS

VcnpITanust ¢ BOISHBIM OPOIICHHEM ITOKA3aJIH, YTO
IpU OPOILICHUH 00OTPEBACMOM CTOPOHBI C PACcXOI0M
0,38 11/ (M2‘C) MpeJieIbHbIE COCTOSHUS HE HACTYIAIOT B
TedyeHue 61 MMH, BeIMYMHA TEIJIOBOTO IIOTOKA HE IIpe-
Bbimaer 1 kBr/ M, a TEMIIepaTypa Ha IIOBEPXHOCTH —
70 °C (puc. 5,a). Ilpu ucublTaHUK ¢ BOASHBIM OpOILIe-
HHEM HEOOOTpeBaeMOii CTOPOHBI TOTEPS IIEIIOCTHOCTH
(nosiBiIeHMeE 1IeNel, B KOTOPbIe MOT CBOOOHO MTPOHU-
Karh Iy AXaMEeTpoM 25 MM) HacTynaia Ha 22-i Mu-
HYTE€ C Hadajia OTHEBOTO BO3/eHcTBUs. TermoBoii mo-
TOK He npesbiman 1 kBr/ s (puc. 5,0). Ilo xapakrepy
TTOBPEXKICHUI CTEKJIa BUIHO, YTO TIEPBBIN CIIOM CHavYa-
JIa pacTPECKaJICs, a Yepe3 HEKOTOPOE BPEMsI CTAH BbI-
[a1aTh OCKOJIKH OONbIIMMU (parMeHTamu. [1pu aTom
IUIEHKA B 3TOM MecCTe OBICTPO BBITOpENa, MOCIe YEero
BTOPOI CJIOM CTEeKJa MOABEPrcsl MPSIMOMY BO3JIEHCT-
BHIO TCIIOBOTO ITOTOKA.

Paznmune momydeHHBIX PE3yNbTaTOB MOXKHO 00B-
SICHUTD TEM, UTO IIPH UCIIBITAHUAX BOAA [10JaBaJIaCh Ha
o0orpeBaeMyIo MOBEPXHOCT, IIPU TOM CTAHIAPTHBII
TEMIIEPaTypHbII PEKUM I10’Kapa B OTHEBOM Ileud Ha
MPOTSHKEHUU BCETO BPEMEHH UCHIBITAaHUM CHHUXKAJICSA B
cpennem Ha 265-300 °C. CremyeT Takke OTMETHTH TOT
(baxT, UTO PN OPOIICHUH BOAOH HE0OOTpeBaeMoii cTo-
POHBI YBEITUYMIIACH PA3HOCTH TEMIIEpaTyp Ha 00orpe-
BaeMOU 1 HEOOOTPEeBaEMO MMOBEPXHOCTAX CTEKIIA. DTO
TaKXe CIO0COOCTBOBAJIO MPEXKIECBPEMEHHOMY pa3pylie-
HUIO ¥ BBITOPAHHIO IJICHKH, TaK KaK OHa MOABEPraIach
HEIOCPEICTBEHHO TeMIIEpaTypHoMy Bo3zeiicTeuto. Ciie-
JIOBAaTelIbHO, OpOILIEHHE HeoOOTrpeBaeMOl CTOPOHBI
HE MOJKET B IIOJTHOM Mepe CHU3UTh TEMIIepaTypy Ha Io-
BCPXHOCTH IJICHKU U IIPCIATCTBOBATH €€ BHITOPAHUIO.

Taxum 00pazom, MPOBECHHBIE UCCIIEI0BaHUS 110~
Ka3aJIi, YTO BOASHOE OPOIICHHE TPUILIEKCA OBBIIIACT
€ro MoXXapoyCcTOWYMBOCTb ¢ 3 710 45 MUH 1 Oojee mpu
PaBHOMEPHOM OPOIICHNH MOBepXHOCTU. Hanbomnbimas
3((HEKTUBHOCTH JOCTHTACTCSI TPH OPOIISHUH 000Trpe-
BaeMoIi CTOPOHBI 3a cueT Oonee 3 EeKTUBHOI OrHe3a-
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OTHECTOMKOCTb CTPOUTEAbHbIX KOHCTPYKLIIA -

Puc. 5. O6pa3zer Tpuriekca 5-1-5 mocie UCHBITaHKS ¢ OPOIICHHEM 000TpeBaeMO CTOPOHBI (HaYaIo UCIIBITaHus) (@) U Heoborpesa-
eMOii CTOPOHEI (6)

MUTHI MIIeHKH. OCHOBHOW MPUYMHOMN TIOBBIIIEHUS TIO-
JKapOyCTOWINBOCTH TPHILIEKCA SIBISIETCS TO, YTO OPO-
[ICHUE TPEIMATCTBYET TEPMHUUECKOMY Pa3JI0KCHUIO
IJIEHKHU, 00eCleunBaroIeil COXpaHEHUE LEJI0CTHOCTH.
BonsHoe opoleHne CHIKAET TeMIIeparypy Ha Heo0o-

rpeBaeMoii moBepxHocTu crekia ¢ 350 10 70 °C u ymeHb-
[aeT BEJIMYMHY TEIJIOBOTO IIOTOKA OoJiee ueM B 2 pasa.
3a cyeT MHOTOCJIOMHOCTH KOHCTPYKIUH U HaJIM4Us I10-
JUMEPHOH IUICHKU TPUILICKC B PE3yNbTaTe TepMHUYe-
CKOTO “IIIOKa” HE pa3pyIIaeTcs.
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ABSTRACT

The efficiency and the possibility of the realization of the original architectural solutions are the
reasons for the increased use of the glass in the construction area in nowadays. This particularly
applies to the high-rise buildings and the buildings crowded with people. The low fire resistance is
the main disadvantage of the translucent structures. In initial stage of fire it could lead to rapid
destruction. The glass destruction forms large and small fragments that represents the great threat for
people and the firefighters falling from high places. Besides the glass destruction assists in the rapid-
fire spread. One way of improving the fire resistance of the translucent structures is to use the triplex.
The triplex consists of two glasses, which are glued by the solid polymer films, but it was not proved
experimentally. The result of the studies showed that the polymer films assist in the rapid-fire spread
in building and along the facade systems particularly. Thermal decomposition of the films with the
flame burning and the release of toxic products occurred under heating of the triplex. The surface
temperature is higher than 350 °C. As a result the fire resistance (the structure collapse) of such
structures is equal to 30 minutes (E30). Therefore, it is necessary to protect triplex from influence of
high temperatures in case of increasing the fire resistance. An effective way of increasing the fire
resistance of the triplex is water spray systems. As a results of the small and large scale fire tests it has
been established that the fire resistance increased twice and the temperature decreased to 100—150 °C
during water spray usage. The film saves the integrity during the time of fire tests (45 minutes). Thus
the carried experiments showed that the water spray of the triplex lead to the increasing of the fire
resistance from 3 to 45 minutes (EI45). The maximum effect could be achieved in case of steady water
spray usage from the fire side.

Keywords: fire resistance; glass; fire; explosion; triplex; large-scale installation; spread of fire; la-
minated glass.
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