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ÇÀÙÈÒÀ ÒÐÈÏËÅÊÑÀ ÏÐÈ ÏÎÆÀÐÅ
Ñ ÏÎÌÎÙÜÞ ÂÎÄßÍÎÃÎ ÎÐÎØÅÍÈß

Äàí àíàëèç ïîæàðíîé îïàñíîñòè òðèïëåêñà è åãî ïîâåäåíèÿ ïðè ïîæàðå. Îòìå÷åíî ïðåèìóùå-
ñòâî èñïîëüçîâàíèÿ âîäÿíîãî îðîøåíèÿ â êà÷åñòâå çàùèòû òðèïëåêñà îò ðàçðóøåíèÿ â óñëîâèÿõ
ïîæàðà. Ðàññìîòðåíî âëèÿíèå âîäÿíîãî îðîøåíèÿ íà ïîæàðîóñòîé÷èâîñòü ñâåòîïðîçðà÷íûõ
êîíñòðóêöèé ñ òðèïëåêñîì. Ïðåäñòàâëåí îáçîð ðåçóëüòàòîâ èñïûòàíèé òðèïëåêñà â “ìàëîé îã-
íåâîé ïå÷è” è íà êðóïíîìàñøòàáíîé óñòàíîâêå. Ïîêàçàíà ýôôåêòèâíîñòü âîäÿíîãî îðîøåíèÿ
äëÿ ïîâûøåíèÿ ïîæàðîóñòîé÷èâîñòè òðèïëåêñà.

Êëþ÷åâûå ñëîâà: ïîæàðîóñòîé÷èâîñòü; ñòåêëî; ïîæàð; âçðûâ; òðèïëåêñ; êðóïíîìàñøòàáíûå
èñïûòàíèÿ; âîäÿíîå îðîøåíèå; ðàñïðîñòðàíåíèå ïîæàðà; ëàìèíèðîâàííîå ñòåêëî.

Îäíîé èç ïðè÷èí óâåëè÷åíèÿ îáúåìîâ èñïîëüçîâà-

íèÿ ñòåêëà â ñòðîèòåëüñòâå ÿâëÿåòñÿ ýêîíîìè÷íîñòü

è âîçìîæíîñòü ðåàëèçàöèè îðèãèíàëüíûõ àðõèòåê-

òóðíûõ ðåøåíèé. Â îñîáåííîñòè ýòî êàñàåòñÿ âû-

ñîòíûõ çäàíèé è çäàíèé ñ ìàññîâûì ïðåáûâàíèåì

ëþäåé. Ïðè ýòîì ãëàâíûì íåäîñòàòêîì ñâåòîïðî-

çðà÷íûõ êîíñòðóêöèé ÿâëÿåòñÿ èõ íèçêàÿ ïîæàðî-

óñòîé÷èâîñòü, îáóñëîâëåííàÿ ñïîñîáíîñòüþ ñòåêëà

ê áûñòðîìó ðàçðóøåíèþ ïðè âîçäåéñòâèè îãíÿ è

âûñîêîé òåìïåðàòóðû íà íà÷àëüíîé ñòàäèè ïîæàðà.

Ðàçðóøåíèå ñîïðîâîæäàåòñÿ îáðàçîâàíèåì êðóïíûõ

è ìåëêèõ îñêîëêîâ, êîòîðûå ïðè ïàäåíèè ñ áîëüøîé

âûñîòû ïðåäñòàâëÿþò áîëüøóþ óãðîçó äëÿ ëþäåé.

Êðîìå òîãî, ðàçðóøåíèå îêîííîãî îñòåêëåíèÿ ñïî-

ñîáñòâóåò áûñòðîìó ðàçâèòèþ è ðàñïðîñòðàíåíèþ

ïîæàðà ïî çäàíèþ.

Òðèïëåêñû, ñîñòîÿùèå èç äâóõ ëèñòîâ ñòåêëà, ñêëå-

åííûõ ìåæäó ñîáîé ñ ïîìîùüþ âûñîêîïðî÷íîé ïî-

ëèìåðíîé ïëåíêè, îáëàäàþò ïîâûøåííîé ìåõàíè-

÷åñêîé ïðî÷íîñòüþ è çàùèòîé îò ÓÔ-èçëó÷åíèÿ. Ïëåí-

êà êàê ñâÿçóþùèé ýëåìåíò ñäåðæèâàåò êîíñòðóêöèþ

îò ðàçðóøåíèÿ, çàùèùàåò îò óëüòðàôèîëåòà è ñóùå-

ñòâåííî ïðåäîòâðàùàåò ïîòåðè òåïëà èç ïîìåùåíèÿ.

Ïðåäïîëîæåíèå î òîì, ÷òî íàêëååííàÿ íà ñòåêëî

ïëåíêà ïîâûøàåò ïðåäåë îãíåñòîéêîñòè, íå íàøëî

ïîäòâåðæäåíèÿ ïðè èññëåäîâàíèÿõ, êîòîðûå áûëè

ïðîâåäåíû âî ÂÍÈÈÏÎ è Àêàäåìèè ÃÏÑ Ì×Ñ Ðîñ-

ñèè (ðèñ. 1). Èñïûòàíèÿ ïîêàçàëè, ÷òî ïîëèìåðíûå

ïëåíêè (íåçàâèñèìî îò èõ òîëùèíû), íàêëååííûå íà

ïîâåðõíîñòü ñòåêëà, íå òîëüêî íå óâåëè÷èâàþò îãíå-

ñòîéêîñòü ëèñòîâîãî ñòåêëà, à íàïðîòèâ, ïîâûøàþò

ïîæàðíóþ îïàñíîñòü êîìïîçèöèé (ïëàìåííîå ãîðå-

íèå íà ïîâåðõíîñòè ñòåêëà, îáðàçîâàíèå ðàñïëàâà

ïëåíîê, âûäåëåíèå çíà÷èòåëüíîãî êîëè÷åñòâà äûìà

è òîêñè÷íûõ ïðîäóêòîâ ïðè òåðìè÷åñêîì ðàçëîæå-

íèè). Ïîäîáíûå ÿâëåíèÿ íàáëþäàþòñÿ è ïðè ñðàâ-

íèòåëüíûõ èñïûòàíèÿõ îïûòíûõ îáðàçöîâ ìíîãî-

ñëîéíîãî ñòåêëà ñ ðàçëè÷íûìè êëååâûìè êîìïîçè-

öèÿìè (òðèïëåêñ, ñòåêëîïàêåòû è ò. ï.) [1].

Â ñâÿçè ñ ýòèì ïîÿâèëàñü îñòðàÿ íåîáõîäèìîñòü

çàùèòû îñòåêëåíèÿ îò òåïëîâîãî âîçäåéñòâèÿ. Ó÷è-

òûâàÿ, ÷òî ïðàêòè÷åñêè âñå êðóïíûå çäàíèÿ îñíà-

ùàþòñÿ àâòîìàòè÷åñêèìè ñèñòåìàìè âîäÿíîãî ïî-

æàðîòóøåíèÿ, ïðåäïîëîæèëè, ÷òî áåç çíà÷èòåëüíûõ

ôèíàíñîâûõ çàòðàò ìîæíî îáåñïå÷èòü çàùèòó ñâåòî-

ïðîçðà÷íûõ êîíñòðóêöèé ïóòåì îðîøåíèÿ èõ âîäîé.

Äëÿ ïîäòâåðæäåíèÿ ýòîãî ïðåäïîëîæåíèÿ íàìè ïðî-

âåäåíû èññëåäîâàíèÿ ïî èçó÷åíèþ ýôôåêòèâíîñòè

äàííîãî ñïîñîáà îãíåçàùèòû [2–4]. Ñ ýòîé öåëüþ

áûë âûïîëíåí ðÿä ýêñïåðèìåíòîâ íà îáðàçöàõ òðè-

ïëåêñà 6-1-6 ðàçìåðîì 370�270 ìì â ìàëîé îãíåâîé

ïå÷è (ðèñ. 2). Ïðè ýòîì ðàññìîòðåíû íåñêîëüêî âà-

ðèàíòîâ èñïûòàíèé:
� áåç îðîøåíèÿ;
� ñ îðîøåíèåì îáîãðåâàåìîé ñòîðîíû;
� ñ îðîøåíèåì íåîáîãðåâàåìîé ñòîðîíû;
� ñ âîäÿíûì îðîøåíèåì (îïðåäåëåíèå óñòîé÷èâî-

ñòè òðèïëåêñà ê òåìïåðàòóðíîìó “øîêó”).

Èñïûòàíèÿ áåç îðîøåíèÿ ïðîâîäèëèñü ïðè ñòàí-

äàðòíîì òåìïåðàòóðíîì ðåæèìå ïîæàðà [5]. Âî âðå-
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ìÿ èñïûòàíèÿ íà 5-é ìèíóòå ïëåíêà çàãîðàëàñü è

âûãîðàëà â ñðåäíåì çà 6 ìèí. Ïðè ýòîì ãîðåíèå ïðî-

èñõîäèëî ñ âûäåëåíèåì áîëüøîãî êîëè÷åñòâà åäêî-

ãî äûìà. Òåìïåðàòóðà íà ïîâåðõíîñòè íà 20-é ìèíó-

òå ïðåâûøàëà 350 °Ñ (ðèñ. 3,à). Ñòîèò îòìåòèòü, ÷òî

äàííàÿ òåìïåðàòóðà ìîæåò ñïðîâîöèðîâàòü ðàñïðî-

ñòðàíåíèå ïîæàðà èç-çà ëó÷èñòîãî èçëó÷åíèÿ, îò êî-

òîðîãî äàííîå ñòåêëî íå çàùèùàåò.

Ïðè èñïûòàíèÿõ ñ âîäÿíûì îðîøåíèåì ïîäà÷à

âîäû îñóùåñòâëÿëàñü ïðè ïîìîùè ìåäíîé ïåðôî-

ðèðîâàííîé òðóáêè ñ ðàñõîäîì 0,05 ë�ñ. Äàííûé

ðàñõîä ïîäáèðàëñÿ èç óñëîâèÿ ðàâíîìåðíîãî îðî-

øåíèÿ îáðàçöà. Èñïûòàíèÿ ïîêàçàëè, ÷òî ïðåäåëü-

íûå çíà÷åíèÿ ïîêàçàòåëåé Å, I è W íå äîñòèãàþòñÿ

íà ïðîòÿæåíèè 45 ìèí, íåçàâèñèìî îò òîãî, íà êà-

êóþ ñòîðîíó ïîäàåòñÿ âîäà äëÿ îðîøåíèÿ (îáîãðå-

âàåìóþ èëè íåîáîãðåâàåìóþ). Äàííûé ðåçóëüòàò

äîñòèãàåòñÿ çà ñ÷åò òîãî, ÷òî âîäà ïðåïÿòñòâóåò âû-

ãîðàíèþ ïëåíêè (ðèñ. 4), è îáðàçåö ñîõðàíÿåò ñâîþ

öåëîñòíîñòü. Íà 16-é ìèíóòå èñïûòàíèÿ ïðè îðîøå-

íèè ñî ñòîðîíû íàãðåâà òåìïåðàòóðà íà íåîáîãðåâà-

åìîé ïîâåðõíîñòè îáðàçöà íå ïðåâûøàåò 200 °Ñ,

à ïðè îðîøåíèè íåîáîãðåâàåìîé ñòîðîíû — 70 °Ñ.

Íàèáîëåå ýôôåêòèâíûé ñïîñîá îðîøåíèÿ — ýòî

èñïîëüçîâàíèå ñïëèíêëåðíûõ îðîñèòåëåé, òàê êàê

îíè ðàñõîäóþò ìåíüøèé îáúåì âîäû ïî ñðàâíåíèþ

ñ äðóãèìè ñèñòåìàìè ïîæàðîòóøåíèÿ, ÷òî àêòóàëü-

íî äëÿ âûñîòíûõ çäàíèé. Ñïëèíêëåðíàÿ ñèñòåìà çà-

ïóñêàåòñÿ ïîñëå òîãî, êàê ïðîèñõîäèò ðàçðóøåíèå

òåðìè÷åñêîãî çàìêà ïðè äîñòèæåíèè êðèòè÷åñêîé

òåìïåðàòóðû, íà êîòîðóþ ðàññ÷èòàí îðîñèòåëü. Îä-

íàêî ñëåäóåò îòìåòèòü, ÷òî âîçìîæíî ñðàáàòûâàíèå

îðîñèòåëåé ïîñëå òîãî, êàê ñòåêëî íàãðåëîñü ñâûøå

êðèòè÷åñêèõ çíà÷åíèé, ïîýòîìó áûëè ïðîâåäåíû èñ-

ïûòàíèÿ íà îïðåäåëåíèå óñòîé÷èâîñòè òðèïëåêñà ê

òåìïåðàòóðíîìó “øîêó” (ðåçêîìó ïåðåïàäó òåìïå-

ðàòóð). Ïðè ïðîâåäåíèè èñïûòàíèé îáðàçåö íàãðå-

âàëè äî òåìïåðàòóðû 300 °Ñ (íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè), à çàòåì ïîäàâàëè âîäó íà îáîãðåâàåìóþ

ñòîðîíó. Ïîñëå îðîøåíèÿ ïîâåðõíîñòè âîäîé òåì-

ïåðàòóðà íà íåé ñíèçèëàñü äî 45 °Ñ, îáðàçåö ñîõðà-

íèë ñâîþ öåëîñòíîñòü, òåðìè÷åñêîå ðàçëîæåíèå

ïëåíêè ïðåêðàòèëîñü. Êðèòè÷åñêèå çíà÷åíèÿ ïîêà-

Ðèñ. 1. Îáðàçåö ëèñòîâîãî ñòåêëà (4 ìì) ñ ïîëèìåðíîé ïëåí-

êîé, íàêëååííîé ñ îáîãðåâàåìîé ñòîðîíû, â íà÷àëå èñïûòà-

íèÿ (à) è ïîñëå âûêëþ÷åíèÿ ôîðñóíîê (á)

Ðèñ. 2. Ñõåìà ìàëîìàñøòàáíîé óñòàíîâêè ëàáîðàòîðèè ÓÍÖ ÏÏÁÑ Àêàäåìèè ÃÏÑ Ì×Ñ Ðîññèè: 1 — ãàçîâàÿ ãîðåëêà; 2 —

âûòÿæíîé òðóáîïðîâîä; 3 — îãíåâàÿ êàìåðà; 4 — ïðîåì äëÿ óñòàíîâêè èñïûòóåìûõ îáðàçöîâ; 5 — îáðàçåö; 6 — ðàñïîëîæåíèå

ïåðôîðèðîâàííîé òðóáêè ïðè îðîøåíèè îáîãðåâàåìîé ñòîðîíû; 7 — ðàñïîëîæåíèå òðóáêè ïðè îðîøåíèè íåîáîãðåâàåìîé

ñòîðîíû
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çàòåëåé ïîñëå ïîäà÷è âîäû íå íàñòóïàëè â òå÷åíèå

45 ìèí. Îòñþäà ìîæíî ñäåëàòü âûâîä, ÷òî åñëè ïî

êàêèì-ëèáî ïðè÷èíàì ïðîèñõîäèò ïîçäíèé çàïóñê

ñèñòåìû, òî ýòî íå ìîæåò ñïðîâîöèðîâàòü ðàçðóøå-

íèå òðèïëåêñà. Òàêèì îáðàçîì, âîäÿíîå îðîøåíèå

ÿâëÿåòñÿ áåçîïàñíûì òåõíè÷åñêèì ðåøåíèåì äëÿ

çàùèòû òðèïëåêñà, ïîâûøàþùèì åãî ïîæàðîóñòîé-

÷èâîñòü.

Ýòî ïîäòâåðæäàþò êðóïíîìàñøòàáíûå èñïûòà-

íèÿ, ïðîâåäåííûå â ôèëèàëå ÂÍÈÈÏÎ (ã. Îðåí-

áóðã) [6], ñ âîäÿíûì îðîøåíèåì è áåç íåãî. Â êà÷å-

ñòâå îáðàçöîâ áûë âçÿò òðèïëåêñ 5-1-5 ðàçìåðîì

1305�1605 ìì. Îðîøåíèå îñóùåñòâëÿëîñü ïðè ïî-

ìîùè ïåðôîðèðîâàííîé òðóáêè äèàìåòðîì 25 ìì.

Ïðè èñïûòàíèÿõ áûëè ïîëó÷åíû ñëåäóþùèå ðå-

çóëüòàòû.

Èñïûòàíèÿ áåç âîäÿíîãî îðîøåíèÿ ïîêàçàëè, ÷òî

ïðåäåëüíûå ïîêàçàòåëè ïîòåðè òåïëîèçîëèðóþùåé

ñïîñîáíîñòè (I) è âåëè÷èíû òåïëîâîãî ïîòîêà (W)

íàñòóïàëè íà 3-é ìèíóòå. Ïðè äîñòèæåíèè ïðåäåëü-

íûõ çíà÷åíèé I è W èñïûòàíèÿ îñòàíàâëèâàëèñü.

Ïîòåðè öåëîñòíîñòè (Å) ïðè ýòîì íå íàñòóïàëî

(ðèñ. 4). Íà 4-é ìèíóòå èñïûòàíèÿ òåìïåðàòóðà íà

íåîáîãðåâàåìîé ïîâåðõíîñòè ïðåâûøàëà 350 °Ñ,

âåëè÷èíà òåïëîâîãî ïîòîêà ñîñòàâëÿëà 4,6 êÂò�ì2.

Èñïûòàíèÿ ñ âîäÿíûì îðîøåíèåì ïîêàçàëè, ÷òî

ïðè îðîøåíèè îáîãðåâàåìîé ñòîðîíû ñ ðàñõîäîì

0,38 ë�(ì2·ñ) ïðåäåëüíûå ñîñòîÿíèÿ íå íàñòóïàþò â

òå÷åíèå 61 ìèí, âåëè÷èíà òåïëîâîãî ïîòîêà íå ïðå-

âûøàåò 1 êÂò�ì2, à òåìïåðàòóðà íà ïîâåðõíîñòè —

70 °Ñ (ðèñ. 5,à). Ïðè èñïûòàíèè ñ âîäÿíûì îðîøå-

íèåì íåîáîãðåâàåìîé ñòîðîíû ïîòåðÿ öåëîñòíîñòè

(ïîÿâëåíèå ùåëåé, â êîòîðûå ìîã ñâîáîäíî ïðîíè-

êàòü ùóï äèàìåòðîì 25 ìì) íàñòóïàëà íà 22-é ìè-

íóòå ñ íà÷àëà îãíåâîãî âîçäåéñòâèÿ. Òåïëîâîé ïî-

òîê íå ïðåâûøàë 1 êÂò�ì2 (ðèñ. 5,á). Ïî õàðàêòåðó

ïîâðåæäåíèé ñòåêëà âèäíî, ÷òî ïåðâûé ñëîé ñíà÷à-

ëà ðàñòðåñêàëñÿ, à ÷åðåç íåêîòîðîå âðåìÿ ñòàëè âû-

ïàäàòü îñêîëêè áîëüøèìè ôðàãìåíòàìè. Ïðè ýòîì

ïëåíêà â ýòîì ìåñòå áûñòðî âûãîðåëà, ïîñëå ÷åãî

âòîðîé ñëîé ñòåêëà ïîäâåðãñÿ ïðÿìîìó âîçäåéñò-

âèþ òåïëîâîãî ïîòîêà.

Ðàçëè÷èå ïîëó÷åííûõ ðåçóëüòàòîâ ìîæíî îáú-

ÿñíèòü òåì, ÷òî ïðè èñïûòàíèÿõ âîäà ïîäàâàëàñü íà

îáîãðåâàåìóþ ïîâåðõíîñòü, ïðè ýòîì ñòàíäàðòíûé

òåìïåðàòóðíûé ðåæèì ïîæàðà â îãíåâîé ïå÷è íà

ïðîòÿæåíèè âñåãî âðåìåíè èñïûòàíèé ñíèæàëñÿ â

ñðåäíåì íà 265–300 °Ñ. Ñëåäóåò òàêæå îòìåòèòü òîò

ôàêò, ÷òî ïðè îðîøåíèè âîäîé íåîáîãðåâàåìîé ñòî-

ðîíû óâåëè÷èëàñü ðàçíîñòü òåìïåðàòóð íà îáîãðå-

âàåìîé è íåîáîãðåâàåìîé ïîâåðõíîñòÿõ ñòåêëà. Ýòî

òàêæå ñïîñîáñòâîâàëî ïðåæäåâðåìåííîìó ðàçðóøå-

íèþ è âûãîðàíèþ ïëåíêè, òàê êàê îíà ïîäâåðãàëàñü

íåïîñðåäñòâåííî òåìïåðàòóðíîìó âîçäåéñòâèþ. Ñëå-

äîâàòåëüíî, îðîøåíèå íåîáîãðåâàåìîé ñòîðîíû

íå ìîæåò â ïîëíîé ìåðå ñíèçèòü òåìïåðàòóðó íà ïî-

âåðõíîñòè ïëåíêè è ïðåïÿòñòâîâàòü åå âûãîðàíèþ.

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ ïî-

êàçàëè, ÷òî âîäÿíîå îðîøåíèå òðèïëåêñà ïîâûøàåò

åãî ïîæàðîóñòîé÷èâîñòü c 3 äî 45 ìèí è áîëåå ïðè

ðàâíîìåðíîì îðîøåíèè ïîâåðõíîñòè. Íàèáîëüøàÿ

ýôôåêòèâíîñòü äîñòèãàåòñÿ ïðè îðîøåíèè îáîãðå-

âàåìîé ñòîðîíû çà ñ÷åò áîëåå ýôôåêòèâíîé îãíåçà-

Ðèñ. 3. Îáðàçåö òðèïëåêñà 6-1-6 ÷åðåç 45 ìèí ïîñëå èñïûòà-

íèÿ áåç âîäÿíîãî îðîøåíèÿ (à) è ñ îðîøåíèåì (á)

Ðèñ. 4. Îáðàçåö òðèïëåêñà 5-1-5 ïîñëå èñïûòàíèÿ áåç îðî-

øåíèÿ
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ùèòû ïëåíêè. Îñíîâíîé ïðè÷èíîé ïîâûøåíèÿ ïî-

æàðîóñòîé÷èâîñòè òðèïëåêñà ÿâëÿåòñÿ òî, ÷òî îðî-

øåíèå ïðåïÿòñòâóåò òåðìè÷åñêîìó ðàçëîæåíèþ

ïëåíêè, îáåñïå÷èâàþùåé ñîõðàíåíèå öåëîñòíîñòè.

Âîäÿíîå îðîøåíèå ñíèæàåò òåìïåðàòóðó íà íåîáî-

ãðåâàåìîé ïîâåðõíîñòè ñòåêëà ñ 350 äî 70 °Ñ è óìåíü-

øàåò âåëè÷èíó òåïëîâîãî ïîòîêà áîëåå ÷åì â 2 ðàçà.

Çà ñ÷åò ìíîãîñëîéíîñòè êîíñòðóêöèè è íàëè÷èÿ ïî-

ëèìåðíîé ïëåíêè òðèïëåêñ â ðåçóëüòàòå òåðìè÷å-

ñêîãî “øîêà” íå ðàçðóøàåòñÿ.

Ðèñ. 5. Îáðàçåö òðèïëåêñà 5-1-5 ïîñëå èñïûòàíèÿ ñ îðîøåíèåì îáîãðåâàåìîé ñòîðîíû (íà÷àëî èñïûòàíèÿ) (à) è íåîáîãðåâà-

åìîé ñòîðîíû (á)
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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 °Ñ. 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 °Ñ

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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