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ÑÏÎÑÎÁ ÎÃÍÅÇÀÙÈÒÛ ÎÁÄÅËÊÈ ÒÐÀÍÑÏÎÐÒÍÛÕ
ÒÎÍÍÅËÅÉ ÈÇ ×ÓÃÓÍÍÛÕ ÒÞÁÈÍÃÎÂ

Ðàññìîòðåíà ïðîáëåìà îáåñïå÷åíèÿ îãíåñòîéêîñòè ïóòåâûõ òîííåëåé ìåòðîïîëèòåíà ñ îáäåë-
êîé èç ÷óãóííûõ òþáèíãîâ. Ïðåäëîæåí ñïîñîá îãíåçàùèòû êîíñòðóêöèé òþáèíãîâ, êîòîðûé ïî-
çâîëÿåò ñîõðàíèòü ïåðâîíà÷àëüíîå ñå÷åíèå òîííåëÿ. Ïîêàçàíî, ÷òî îãíåçàùèòíûå ïëèòû äîëæ-
íû óñòàíàâëèâàòüñÿ â íèøàõ òþáèíãîâ ìåæäó ðåáðàìè òàê, ÷òîáû îòêðûòàÿ ïëîùàäü áîêîâîé
ïîâåðõíîñòè ðåáåð áûëà ìèíèìàëüíîé. Ïðîâåäåíû ðàñ÷åòû ïðîãðåâà îáäåëêè ñ ïðèìåíåíèåì
îãíåçàùèòíûõ ìèíåðàëîâàòíûõ ïëèò. Ïîñðåäñòâîì ðàñ÷åòîâ ïîêàçàíà âîçìîæíîñòü îáåñïå÷å-
íèÿ ïðåäåëà îãíåñòîéêîñòè êîíñòðóêöèé òîííåëåé ïî íåñóùåé ñïîñîáíîñòè íå ìåíåå 90 ìèí.
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Òîííåëè ÿâëÿþòñÿ âàæíîé ÷àñòüþ òðàíñïîðòíûõ
ìàãèñòðàëåé. Ïðè ïðîêëàäêå òîííåëåé â ñëîæíûõ
ãèäðîãåîëîãè÷åñêèõ óñëîâèÿõ ïðèìåíÿþò ÷óãóííóþ
òþáèíãîâóþ îáäåëêó. Âíåøíèé âèä òèïîâîãî ÷óãóí-
íîãî òþáèíãà, èñïîëüçóåìîãî ïðè ñòðîèòåëüñòâå
ïîäçåìíûõ ñîîðóæåíèé ìåòðîïîëèòåíà, ïðèâåäåí
íà ðèñ. 1.

Ê îáäåëêàì òîííåëåé ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ
ïî îãíåñòîéêîñòè îò 60–90 ìèí (ýñêàëàòîðû è ïåðå-
ãîííûå òîííåëè ìåòðîïîëèòåíîâ, æåëåçíîäîðîæ-
íûå òîííåëè) äî 180 ìèí (àâòîäîðîæíûå òîííåëè).
Âðåìÿ ïðîãðåâà ÷óãóííûõ êîíñòðóêöèé äî 500 °Ñ
(îðèåíòèðîâî÷íàÿ êðèòè÷åñêàÿ òåìïåðàòóðà äëÿ
ñòàëüíûõ êîíñòðóêöèé [1]) è äî 636 °Ñ (òåìïåðàòó-
ðà, ïðè êîòîðîé òåìïåðàòóðíûé êîýôôèöèåíò óñëî-
âèé ðàáîòû ÷óãóíà [2, 3] ñíèæàåòñÿ äî çíà÷åíèÿ êî-
ýôôèöèåíòà óñëîâèé ðàáîòû ñòàëè ïðè 500 °Ñ [4])
çàâèñèò îò ïðèâåäåííîé òîëùèíû ìåòàëëà (ÏÒÌ),
à òàêæå îò âèäà è âëàæíîñòè ãðóíòîâ, ÷åðåç êîòîðûå
ïðîõîäèò òîííåëü. Â ðàáîòå [5] áûëî èññëåäîâàíî
èõ âëèÿíèå íà ïðîãðåâ ÷óãóííûõ òþáèíãîâ òîííå-
ëåé ìåòðîïîëèòåíà. Ðåçóëüòàòû ðàñ÷åòîâ ïîêàçàëè,
÷òî ïðåäåëû îãíåñòîéêîñòè ÷óãóííûõ òþáèíãîâ ñî-
îòâåòñòâóþùåé ïðèâåäåííîé òîëùèíû ìîãóò äîñòè-
ãàòü 60 ìèí áåç íàíåñåíèÿ îãíåçàùèòíûõ ïîêðûòèé
ïðè äîñòàòî÷íîé ïðèâåäåííîé òîëùèíå ìåòàëëà èëè
íàëè÷èè âîäû (ïåðåóâëàæíåííîãî ãðóíòà) íà íå-
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Ðèñ. 1. Ôðàãìåíò òîííåëÿ ñ îáäåëêîé èç ÷óãóííûõ òþáèíãîâ
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îáîãðåâàåìîé ïîâåðõíîñòè. Â ñëó÷àå íàëè÷èÿ çà îá-
äåëêîé òîííåëÿ âîäû ïðåäåë îãíåñòîéêîñòè êîíñò-
ðóêöèè ïî íåñóùåé ñïîñîáíîñòè ïðåâûøàåò R 90
(âîïðîñ î ñîõðàííîñòè ãèäðîèçîëÿöèè íå ðàññìàò-
ðèâàëñÿ).

Äëÿ îïðåäåëåíèÿ ïðèâåäåííîé òîëùèíû ìåòàëëà,
ãàðàíòèðóþùåé îáåñïå÷åíèå ïðåäåëà îãíåñòîéêîñòè
R 90, áûëè ïðîâåäåíû ðàñ÷åòû ïðîãðåâà ÷óãóííîé
îáäåëêè òîííåëÿ ïðè âîçäåéñòâèè íà âíóòðåííèå
ïîâåðõíîñòè òþáèíãà ñòàíäàðòíîãî òåìïåðàòóðíî-
ãî ðåæèìà ïîæàðà ïî îäíîìåðíîé ìîäåëè â çàâèñè-
ìîñòè îò ïðèâåäåííîé òîëùèíû ìåòàëëà. Êðèòè÷å-
ñêèå çíà÷åíèÿ òåìïåðàòóðû ÷óãóíà îïðåäåëÿëèñü íà
îñíîâàíèè àíàëèçà îòå÷åñòâåííûõ è çàðóáåæíûõ èñ-
ñëåäîâàíèé [2, 3, 6–8].

Ïðèâåäåííàÿ òîëùèíà ìåòàëëà �red âû÷èñëÿëàñü
ïî ôîðìóëå

�red = A�u, (1)

ãäå À — ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ, ì2;
u — îáîãðåâàåìàÿ ÷àñòü ïåðèìåòðà ñå÷åíèÿ, ì.
Ñòàíäàðòíûé òåìïåðàòóðíûé ðåæèì ïîæàðà îï-

ðåäåëÿëñÿ â âèäå ñëåäóþùåé çàâèñèìîñòè:
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ãäå T0 — íà÷àëüíàÿ òåìïåðàòóðà, °Ñ;
� — âðåìÿ ñ ìîìåíòà íà÷àëà èñïûòàíèé, ñ.
Ðàñ÷åò ðàñïðåäåëåíèÿ òåìïåðàòóðû â ïîïåðå÷-

íîì ñå÷åíèè îáäåëêè òîííåëÿ è îêðóæàþùåì ãðóíòå
ïðîâîäèëñÿ ïóòåì ÷èñëåííîãî ðåøåíèÿ óðàâíåíèÿ
òåïëîïðîâîäíîñòè ñ ó÷åòîì çàâèñèìîñòè òåïëîôè-
çè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëîâ îò òåìïåðàòóðû:
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ãäå ñ, �, � — óäåëüíàÿ òåïëîåìêîñòü, ïëîòíîñòü è
òåïëîïðîâîäíîñòü ìàòåðèàëà ñîîòâåòñòâåííî.

Ãðàíè÷íûå óñëîâèÿ çàäà÷è îïèñûâàëèñü óðàâíå-
íèåì ëó÷èñòîãî è êîíâåêòèâíîãî òåïëîîáìåíà ìåæ-
äó âíóòðåííåé ïîâåðõíîñòüþ êîíñòðóêöèè è îêðó-
æàþùåé ñðåäîé:

� � � �� �grad ê ã ïT T Ò( )

� � � �� �ïð ã ï[( ) ( ) ],T T273 2734 4 (4)

ãäå �ê — êîýôôèöèåíò êîíâåêòèâíîãî òåïëîîáìåíà
äëÿ îáîãðåâàåìîé ïîâåðõíîñòè; �ê = 29 Âò�ì2;
Tï, Tã — òåìïåðàòóðà ñîîòâåòñòâåííî ïîâåðõíî-
ñòè êîíñòðóêöèè è ãàçîâîé ôàçû, °Ñ;
�ïð — ïðèâåäåííàÿ ñòåïåíü ÷åðíîòû ñèñòåìû îáî-

ãðåâàþùàÿ ñðåäà – ïîâåðõíîñòü êîíñòðóêöèè;
äëÿ ñèñòåìû ïîâåðõíîñòü êîíñòðóêöèè – ÷óãóí

�ïð = 0,72;
� — ïîñòîÿííàÿ Ñòåôàíà – Áîëüöìàíà.
Íà ïîâåðõíîñòè êîíòàêòà ÷óãóíà è ãðóíòà ïðè-

íÿòû óñëîâèÿ ðàâåíñòâà òåìïåðàòóð è òåïëîâûõ ïî-
òîêîâ.

Êîýôôèöèåíòû òåïëîîáìåíà âçÿòû èç ÃÎÑÒ
30247.0–94 äëÿ óñëîâèé èñïûòàíèé â îãíåâîé ïå÷è.

Òåïëîôèçè÷åñêèå õàðàêòåðèñòèêè ñåðîãî ÷óãóíà
Ñ×20 [3, 9, 10] è ãðóíòà (ãëèíû è èçâåñòíÿêà [11])
ïðèâåäåíû â òàáë. 1 è 2.

Ïðè ïðîâåäåíèè ðàñ÷åòîâ äëÿ ñëó÷àÿ íåîáîãðå-
âàåìîé ïîâåðõíîñòè êîíñòðóêöèè ïðèíèìàëèñü
íàèõóäøèå óñëîâèÿ òåïëîîáìåíà, êîòîðûå ðåàëèçó-
þòñÿ ïðè èñïîëüçîâàíèè â êà÷åñòâå ãðóíòà ñóõîãî
èçâåñòíÿêà, êàê èìåþùåãî ìèíèìàëüíûé êîýôôè-
öèåíò òåìïåðàòóðîïðîâîäíîñòè. Ïëîùàäü îáîãðåâà-
åìîé ïîâåðõíîñòè êîíñòðóêöèè ïðèíèìàëàñü ðàâíîé
ïëîùàäè êîíòàêòà ñ ãðóíòîì, ÷òî ïðèâîäèëî ê íå-
ñêîëüêî çàíèæåííûì ðàñ÷åòíûì çíà÷åíèÿì òåìïå-
ðàòóðû. Â ðåàëüíîñòè èç-çà ðàçâèòîé âíóòðåííåé ïî-
âåðõíîñòè òþáèíãîâ ïëîùàäü îáîãðåâà áûëà áîëüøå
ïëîùàäè òåïëîîòäà÷è.

Òåìïåðàòóðíûå çàâèñèìîñòè äëÿ íåñóùèõ ÷óãóí-
íûõ êîíñòðóêöèé òîííåëÿ áåç îãíåçàùèòû, ïðîëî-
æåííîãî â ñóõîì èçâåñòíÿêå, ïðèâåäåíû íà ðèñ. 2–4.
Ðàñ÷åòû ïîêàçàëè, ÷òî ïðåäåëû îãíåñòîéêîñòè îá-
äåëîê òîííåëåé â ñóõîì ãðóíòå äîñòèãàþò 90 ìèí ïðè
ÏÒÌ = 82 ìì (êðèòè÷åñêàÿ òåìïåðàòóðà 636 °Ñ)
èëè 123 ìì (êðèòè÷åñêàÿ òåìïåðàòóðà 500 °Ñ), ÷òî

Òåìïåðàòóðà, °Ñ 0 160 260 360 510

ñ, Äæ�(êã ·°Ñ) 502 523 553 586 620

Òàáëèöà 1. Çàâèñèìîñòü óäåëüíîé òåïëîåìêîñòè ÷óãóíà îò
òåìïåðàòóðû [10]

Ïîêàçàòåëü ×óãóí ñåðûé
ROCKWOOL

CONLIT SL 150

Ãðóíò

Ãëèíà Èçâåñòíÿê [11]

Ïëîòíîñòü, êã�ì3 7100 [3] 165 [12] 2000 2100

Êîýôôèöèåíò òåïëîïðîâîäíîñòè, Âò�(ì·°Ñ) 52 [9] 0,0569 + 0,00011T [13] 1,71 1,25

Óäåëüíàÿ òåïëîåìêîñòü, Äæ�(êã·°Ñ) Ñì. òàáë. 1 752 + 0,63T [14] 1420 920

Âëàæíîñòü, % 0 0 0 0

Ï ð è ì å ÷ à í è å . T — òåìïåðàòóðà, °Ñ.

Òàáëèöà 2. Òåïëîôèçè÷åñêèå õàðàêòåðèñòèêè ñåðîãî ÷óãóíà, áàçàëüòîâîëîêíèñòûõ ìèíåðàëîâàòíûõ ïëèò ROCKWOOL
CONLIT SL 150 è ãðóíòà
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çíà÷èòåëüíî áîëüøå ïðèâåäåííûõ òîëùèí ïðèìå-
íÿåìûõ òþáèíãîâ (25–60 ìì). Ñëåäîâàòåëüíî, äëÿ
âûïîëíåíèÿ òðåáîâàíèé ïî ïðåäåëàì îãíåñòîéêî-
ñòè íåîáõîäèìà îãíåçàùèòà òþáèíãîâ. Ïðè ðàçðà-
áîòêå è âíåäðåíèè íîâûõ îáëåã÷åííûõ ÷óãóííûõ

îáäåëîê [15] ïðèâåäåííàÿ òîëùèíà ìåòàëëà ìîæåò
ñòàòü åùå ìåíüøå, à ïðîáëåìà îáåñïå÷åíèÿ îãíå-
ñòîéêîñòè êîíñòðóêöèé óñóãóáèòñÿ åùå ñèëüíåå.

Íà ðèñ. 5 ïðåäñòàâëåíû çàâèñèìîñòè òåìïåðà-
òóðû ÷óãóííûõ êîíñòðóêöèé ïðè ðàçëè÷íûõ òîëùè-
íàõ áàçàëüòîâîëîêíèñòûõ ìèíåðàëîâàòíûõ ïëèò
ROCKWOOL CONLIT SL 150, óñòàíîâëåííûõ ïî
âíóòðåííåé ïîâåðõíîñòè ÷óãóííûõ òþáèíãîâ. Òåïëî-
ôèçè÷åñêèå õàðàêòåðèñòèêè áàçàëüòîâîëîêíèñòûõ
ìèíåðàëîâàòíûõ ïëèò ROCKWOOL CONLIT SL 150
[12–14] ïðèâåäåíû â òàáë. 2 ïðè �ïð = 0,82 (ïîâåðõ-
íîñòü êîíñòðóêöèè — ìèíåðàëîâàòíàÿ ïëèòà). Íà ïî-
âåðõíîñòè êîíòàêòà ìèíåðàëîâàòíûõ ïëèò è ÷óãóíà
ïðèíÿòû óñëîâèÿ ðàâåíñòâà òåìïåðàòóð è òåïëîâûõ
ïîòîêîâ.

Ðàñ÷åòû ïîêàçàëè, ÷òî ìèíåðàëîâàòíûå ïëèòû,
ïðèìåíÿåìûå â êà÷åñòâå îãíåçàùèòû ÷óãóííîé òîí-
íåëüíîé îáäåëêè, ÿâëÿþòñÿ äîâîëüíî ýôôåêòèâíûì
ñðåäñòâîì. Ê íåäîñòàòêàì ýòîãî ñïîñîáà îãíåçàùèòû
ìîæíî îòíåñòè ñëîæíîñòü êðåïëåíèÿ îãíåçàùèòíî-
ãî ïîêðûòèÿ ê ïîâåðõíîñòè êîíñòðóêöèè è óìåíü-
øåíèå ñâîáîäíîãî ñå÷åíèÿ òîííåëÿ.

Äëÿ îáåñïå÷åíèÿ ïðåäåëà îãíåñòîéêîñòè 90 ìèí
ýôôåêòèâíûì ðåøåíèåì ÿâëÿåòñÿ âàðèàíò “çîííîé”
çàùèòû, ò. å. óñòàíîâêà îãíåçàùèòíûõ ïëèò, êîòî-
ðûå çàùèùàþò òîëüêî âíóòðåííèå ïîâåðõíîñòè òþ-
áèíãà, à òîðöû åãî ðåáåð îñòàþòñÿ îòêðûòûìè.

Äëÿ îïðåäåëåíèÿ ñðåäíåé òåìïåðàòóðû òþáèíãà
ïðîâîäèòñÿ äâà îäíîìåðíûõ ðàñ÷åòà — òåìïåðà-
òóðû ðåáåð áåç îãíåçàùèòû (ïðèâåäåííàÿ òîëùèíà
ìåòàëëà ðàâíÿåòñÿ âûñîòå ðåáðà) è òåìïåðàòóðû ïî-
ëîê ñ îãíåçàùèòîé (ïðèâåäåííàÿ òîëùèíà ìåòàëëà
ðàâíÿåòñÿ òîëùèíå ïîëêè).

Ñðåäíÿÿ òåìïåðàòóðà òþáèíãà Òòþá (°Ñ) îïðåäå-
ëÿåòñÿ ïî ôîðìóëå

Ò
m T M m T

M
òþá

ðåá ðåá òþá ðåá ïîë

òþá

�
� �( )

, (5)

ãäå mðåá — ìàññà íåçàùèùåííûõ ðåáåð òþáèíãà, êã;
Òðåá — ñðåäíÿÿ òåìïåðàòóðà ìåòàëëà ðåáåð òþ-
áèíãà áåç îãíåçàùèòíîãî ïîêðûòèÿ, °Ñ (òàáë. 3);
Ìòþá — ìàññà òþáèíãà, êã;
Òïîë — ñðåäíÿÿ òåìïåðàòóðà ìåòàëëà ïîëîê òþ-
áèíãà ïîä îãíåçàùèòíûì ïîêðûòèåì, °Ñ (òàáë. 4);
Òòþá — ñðåäíÿÿ òåìïåðàòóðà òþáèíãà, °Ñ.
Çàâèñèìîñòè òåìïåðàòóðû òþáèíãà îò ïðèâåäåí-

íîé òîëùèíû ìåòàëëà è òîëùèíû îãíåçàùèòíîãî ïî-
êðûòèÿ ïðè âðåìåíè âîçäåéñòâèÿ ïîæàðà 60 è 90 ìèí
(ýñêàëàòîðíûå è ïåðåãîííûå òîííåëè) ïðèâåäåíû â
òàáë. 3 è 4 è íà ðèñ. 2–5.

Ïîñêîëüêó òåïëîåìêîñòü ÷óãóíà çàâèñèò îò òåì-
ïåðàòóðû, êðèòåðèé äîñòèæåíèÿ ñðåäíåé òåìïåðà-
òóðîé êðèòè÷åñêîãî çíà÷åíèÿ òî÷íåå óñòàíàâëèâàåò-
ñÿ ÷åðåç òåïëîñîäåðæàíèå (ýíòàëüïèþ) ìàòåðèàëà.
Äëÿ òâåðäîãî òåëà ïðè íàãðåâå â ñëó÷àå îòñóòñòâèÿ

Ðèñ. 2. Çàâèñèìîñòü ïðîãðåâà ÷óãóííûõ êîíñòðóêöèé òîííåëÿ
áåç îãíåçàùèòû îò âðåìåíè ïðè ÏÒÌ 10, 30, 50, 70, 90, 110,
130, 170, 210 è 250 ìì

Ðèñ. 3. Çàâèñèìîñòü òåìïåðàòóðû êîíñòðóêöèè îò ÏÒÌ ïðè
âðåìåíè âîçäåéñòâèÿ ïîæàðà 60 è 90 ìèí

Ðèñ. 4. Çàâèñèìîñòü âðåìåíè ïðîãðåâà ÷óãóííûõ òþáèíãîâ
áåç îãíåçàùèòû ïðè êðèòè÷åñêîé òåìïåðàòóðå 500 è 636 °Ñ
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ôàçîâûõ ïåðåõîäîâ èçìåíåíèå ýíòàëüïèè �Í îïðå-
äåëÿåòñÿ êîëè÷åñòâîì òåïëîòû, ïîëó÷åííîé òåëîì:

�H T T C T T

T

T

( ) ( ) ,0

0

� � �íàãð d
íàãð

(6)

ãäå Òíàãð — ñðåäíÿÿ òåìïåðàòóðà íàãðåâà òâåðäîãî
òåëà, °C.
Çàâèñèìîñòè òåïëîåìêîñòè è ýíòàëüïèè ñåðîãî

÷óãóíà îò åãî òåìïåðàòóðû ïðèâåäåíû â òàáë. 5 è
íà ðèñ. 6.

Òîãäà óñëîâèå äîñòèæåíèÿ êðèòè÷åñêîé òåìïå-
ðàòóðû ìîæíî âûðàçèòü ñëåäóþùèì îáðàçîì:
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ãäå çíà÷åíèÿ �H îïðåäåëÿþòñÿ ïî ðèñ. 6.
Â êà÷åñòâå èëëþñòðàöèè íà ðèñ. 7 ïðèâåäåíà êîí-

ñòðóêöèÿ òèïîâîãî òþáèíãà, âûñîòà ðåáåð êîòîðîãî

íàìíîãî ïðåâûøàåò 250 ìì. Ïðè ïðîãðåâå ÷óãóííîé
ïëèòû òîëùèíîé 250 ìì ñ òåïëîîòäà÷åé â ãðóíò (ñó-
õîé èçâåñòíÿê) ñðåäíÿÿ òåìïåðàòóðà íà 90-é ìèíóòå
íå áóäåò ïðåâûøàòü 290 °Ñ. Òîëùèíà ïîëêè ïðè ýòîì
ñîñòàâëÿåò 60 ìì. Òåìïåðàòóðà íà 90-é ìèíóòå ïðè
òîëùèíå îãíåçàùèòíîé ïëèòû 30 ìì íå áóäåò ïðå-
âîñõîäèòü 67 °Ñ. Ñëåäîâàòåëüíî, ïðåäëàãàåìûé âà-
ðèàíò îãíåçàùèòû îáåñïå÷èâàåò ïðåäåë îãíåñòîé-
êîñòè ÷óãóííîãî òþáèíãà íå ìåíåå 90 ìèí.

Âåðîÿòíî, â ñëó÷àå êðåïëåíèÿ òþáèíãîâ âûñî-
êîòåìïåðàòóðíûì ñèëèêàòíûì êëååì ïî ïåðèìåòðó
òîëùèíó ìèíåðàëîâàòíûõ ïëèò ïðèäåòñÿ óâåëè÷èòü
äëÿ ðàñøèðåíèÿ ïëîùàäè êîíòàêòà è âîçìîæíîñòè
âñòàâêè ïëèò “âðàñïîð” ìåæäó ðåáðàìè òþáèíãîâ.
Ïðè äîñòàòî÷íîé øåðîõîâàòîñòè áîêîâûõ ïîâåðõíî-
ñòåé ðåáåð (èëè ïðîðåçàíèè êàíàâêè) âîçìîæíà äî-
ïîëíèòåëüíàÿ ôèêñàöèÿ ìèíåðàëîâàòíûõ ïëèò, óñòà-
íàâëèâàåìûõ “âðàñïîð” âûïóêëîñòüþ ââåðõ, ñ ïî-
ìîùüþ ïëîñêèõ ìåòàëëè÷åñêèõ ñòåðæíåé, “ïðèøè-
òûõ” ê ïëèòàì íà íåîáîãðåâàåìîé ïîâåðõíîñòè âäîëü
êîðîòêîé ñòîðîíû. Â ñëó÷àå äîñòàòî÷íîñòè êëååâî-
ãî ñîåäèíåíèÿ ïðè óñòàíîâêå ìèíåðàëîâàòíûõ ïëèò
ìîæíî èõ çàôèêñèðîâàòü ñ ïîìîùüþ ïëîñêèõ ñòåðæ-
íåé, óñòàíàâëèâàåìûõ ñî ñòîðîíû îòêðûòîé ïîâåðõ-
íîñòè, íà âðåìÿ ñõâàòûâàíèÿ êëåÿ. Äëÿ ïðîåêòèðó-
åìûõ òîííåëåé, ïî-âèäèìîìó, ëó÷øèì âàðèàíòîì
ÿâëÿåòñÿ ïðèìåíåíèå òþáèíãîâ ñ ìåñòàìè äëÿ êðåï-
ëåíèÿ îãíåçàùèòíîãî ïîêðûòèÿ, îáîðóäîâàííûìè â
çàâîäñêèõ óñëîâèÿõ.

ÏÒÌ,
ìì

Òåìïåðàòóðà òþáèíãà, °Ñ, ïðè òîëùèíå îãíåçàùèòíîãî ïîêðûòèÿ, ìì
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160
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119
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96

58
81

50
69

44
61
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365
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122
184
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98
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133

83
122

78
114

69
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62
89

57
81

53
74

50
69

39
52

Ï ð è ì å ÷ à í è å . Íàä ÷åðòîé ïðèâåäåíû ïîêàçàòåëè äëÿ âðåìåíè âîçäåéñòâèÿ 60 ìèí, ïîä ÷åðòîé — 90 ìèí.

Òàáëèöà 4. Òåìïåðàòóðà òþáèíãà â çàâèñèìîñòè îò ïðèâåäåííîé òîëùèíû ìåòàëëà è òîëùèíû îãíåçàùèòíîãî ïîêðûòèÿ
ROCKWOOL CONLIT SL 150 ïðè âðåìåíè âîçäåéñòâèÿ ïîæàðà 60 è 90 ìèí

Âðåìÿ âîçäåéñòâèÿ
ïîæàðà, ìèí

Òåìïåðàòóðà òþáèíãà, °Ñ, ïðè ÏÒÌ, ìì

30 40 50 60 80 100 150 200 250

60 689 618 555 501 423 365 272 214 175

90 882 839 786 738 645 565 441 349 287

Òàáëèöà 3. Òåìïåðàòóðà òþáèíãà áåç îãíåçàùèòíîãî ïîêðûòèÿ â çàâèñèìîñòè îò ïðèâåäåííîé òîëùèíû ìåòàëëà ïðè âðå-
ìåíè âîçäåéñòâèÿ ïîæàðà 60 è 90 ìèí

Òåìïåðàòóðà, °Ñ ñ, Äæ�(êã·°Ñ) �H, êÄæ�êã

0 502 0

160 523 82,00

260 553 135,80

360 586 192,75

510 620 283,20

Òàáëèöà 5. Çàâèñèìîñòü òåïëîåìêîñòè è ýíòàëüïèè ñåðî-
ãî ÷óãóíà îò òåìïåðàòóðû [11]
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Ðèñ. 5. Çàâèñèìîñòü ïðîãðåâà ìåòàëëè÷åñêèõ êîíñòðóêöèé
òîííåëÿ ñ îãíåçàùèòíûì ïîêðûòèåì èç ìèíåðàëîâàòíûõ ïëèò
ROCKWOOL CONLIT SL 150 îò âðåìåíè ïðè òîëùèíå îãíå-
çàùèòíîãî ïîêðûòèÿ 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 30 ìì:
à — ÏÒÌ = 25 ìì; á — ÏÒÌ = 35 ìì; â — ÏÒÌ = 50 ìì;
ã — ÏÒÌ = 75 ìì; ä — ÏÒÌ = 100 ìì

Ðèñ. 6. Çàâèñèìîñòü ýíòàëüïèè ñåðîãî ÷óãóíà îò òåìïåðà-
òóðû
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Áåçóñëîâíî, ïîäõîä ê îöåíêå ïðåäåëà îãíåñòîé-
êîñòè ìåòàëëè÷åñêèõ êîíñòðóêöèé òþáèíãîâ òîí-
íåëåé, îñíîâàííûé íà äîñòèæåíèè êðèòè÷åñêîé òåì-
ïåðàòóðû, òðåáóåò ýêñïåðèìåíòàëüíîãî ïîäòâåðæ-
äåíèÿ â ïðîöåññå èñïûòàíèé ïðåäñòàâèòåëüíûõ
ôðàãìåíòîâ òîííåëåé ïðè íàãðóçêàõ è óñëîâèÿõ
òåïëîîòäà÷è â ãðóíòû, ïðèáëèæåííûõ ê ðåàëüíûì.
Íà äàííûé ìîìåíò ñòåíäà, ïîçâîëÿþùåãî ðåàëèçî-
âàòü òàêèå óñëîâèÿ, â Ðîññèè íå ñóùåñòâóåò. Â ñëó-
÷àå ïåðåõîäà ê ãèáêîìó íîðìèðîâàíèþ ïðè ïåðåõî-
äå íà ðåàëüíûå òåìïåðàòóðíûå ðåæèìû ïîæàðà íà
ðàññìàòðèâàåìîì îáúåêòå òàêæå ïîòðåáóåòñÿ ïðî-
âåäåíèå äîïîëíèòåëüíûõ ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèé.Ðèñ. 7. Ýñêèç òþáèíãà 105Í
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ABSTRACT

Subways are an important part of the transport system in large cities. Damage to load-bearing struc-
tures of underground tunnels under fire for a long time disrupts the functioning of the transport
pipeline. In this regard, to the structural elements lining tunnels there are imposed high requirements
for fire resistance of 60–90 minutes (for escalators, subway tunnels and rail tunnels) and to 180 minutes
for road tunnels.

The purpose of research, the results of which are shown in the article, is the provision of fire
resistance and lining of underground tunnels, made of iron tubing.

The analysis of domestic and foreign experience in the field of fire resistance of cast iron
structures for different purposes and different operating conditions was conducted.

Initial and boundary conditions for the production and the estimated task of forming a mathe-
matical model were formulated. Calculations of warm lining from cast iron tubing when exposed to
the standard temperature of fire, depending on the thickness of construction, taking into account
the heat transfer from the unheated side were conducted. Based on the results of the calculations it was
determined the need for a fire-retardant action.

A method of fire protection constructions, which allows you to keep the original tunnel section,
was suggested. The essence of the method lies in the structural protection of structural iron tubing
using fire-retardant mineral woolplates.

The next stage of research was to conduct calculations of the regiment of heating the lining from
cast iron tubing when exposed to the standard temperature of fire mode when using the proposed fire
protection options. The calculation results have shown high efficiency of mineral wool plates use as
fire protection of the iron tunnel lining.

Calculations have shown that even under the worst conditions of heat irradiation into the ground
it’s possible to provide the limit of fire resistance of cast iron tubing on the bearing capacity for at least
90 minutes. The results of the research show that the approach to defining the limit of fire resistance of
structural metal tubing tunnels based on the achievement of critical temperature, requires expe-
rimental confirmation in tests of representative fragments of tunnels under the strain and conditions of
heat irradiation into the ground close to the real.
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In the case of the transition to a flexible standardization in the transition to the real temperature of
fire regimes on the object in question will also require further experimental work.

Keywords: fire safety; fire; tunnel; tubing; cast iron.
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