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ÐÅÇÞÌÅ

Ââåäåíèå. Æåëåçîáåòîííûå êîíñòðóêöèè èç òÿæåëîãî áåòîíà ïîâûøåííîé âëàæíîñòè (áîëåå 3,5 %) èìåþò

ñêëîííîñòü ê âçðûâîîáðàçíîìó ðàçðóøåíèþ, êîòîðîå ìîæåò ïðèâåñòè ê ïðåæäåâðåìåííîìó íàñòóïëåíèþ

ïðåäåëà îãíåñòîéêîñòè òàêèõ êîíñòðóêöèé è ÷àñòè÷íîìó èëè ïîëíîìó îáðóøåíèþ çäàíèé è ñîîðóæåíèé. Ïîâû-

øåííàÿ âëàæíîñòü æåëåçîáåòîííûõ êîíñòðóêöèé îáû÷íî âñòðå÷àåòñÿ â ïîäçåìíûõ ñîîðóæåíèÿõ è âî âíîâü

âîçâîäèìûõ çäàíèÿõ. Îãíåñòîéêîñòü æåëåçîáåòîííûõ òþáèíãîâ ïîäçåìíûõ ñîîðóæåíèé â çíà÷èòåëüíîé ñòå-

ïåíè çàâèñèò îò âçðûâîîáðàçíîãî (õðóïêîãî) ðàçðóøåíèÿ áåòîíà ïðè âîçäåéñòâèè âûñîêèõ òåìïåðàòóð ïîæà-

ðà íà ïîâåðõíîñòü îáäåëêè òîííåëÿ.

Ìàòåðèàëû è ìåòîäû. Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëè âûáðàíû æåëåçîáåòîííûå òþáèíãè èç òÿæå-

ëîãî áåòîíà âëàæíîñòüþ 6 % ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû â êîëè÷åñòâå 1 êã/ì3. Ïðîâåäåíû êðóïíî-

ìàñøòàáíûå îãíåâûå èñïûòàíèÿ íà ñïåöèàëüíî èçãîòîâëåííîì ñòåíäå ïðè íàãðóæåíèè îáðàçöîâ âåðòèêàëü-

íîé è ãîðèçîíòàëüíîé íàãðóçêîé.

Ðåçóëüòàòû è îáñóæäåíèå. Ïðåäñòàâëåíû îñíîâíûå ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ

îãíåñòîéêîñòè æåëåçîáåòîííûõ òþáèíãîâ ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû è áåç íåå. Ïî ðåçóëüòàòàì

óñòàíîâëåíî, ÷òî ïðåäåë îãíåñòîéêîñòè æåëåçîáåòîííîãî òþáèíãà ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû ñî-

ãëàñíî ÃÎÑÒ 30247.0–94 ñîñòàâèë íå ìåíåå 125 ìèí (REI 120). Ðàçðàáîòàíà àíàëèòè÷åñêàÿ ìîäåëü îöåíêè

îãíåñòîéêîñòè. Äëÿ ðåøåíèÿ òåïëîòåõíè÷åñêîé çàäà÷è ïðîâåäåí ÷èñëåííûé ýêñïåðèìåíò ñ ïîìîùüþ

ïðîãðàììíîãî êîìïëåêñà “ANSYS”. Ïðåäëîæåíà àíàëèòè÷åñêàÿ çàâèñèìîñòü îïðåäåëåíèÿ äîïîëíèòåëüíîãî

òåìïåðàòóðíîãî ïðîãèáà äëÿ ãåîìåòðè÷åñêè íåëèíåéíîãî ýëåìåíòà. Ðàñ÷åò ïðåäåëà îãíåñòîéêîñòè æåëåçî-

áåòîííîãî òþáèíãà ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû ïî ðàçðàáîòàííîé àíàëèòè÷åñêîé ìîäåëè ñ ó÷åòîì

ðàíåå ïîëó÷åííûõ ïðî÷íîñòíûõ è òåïëîòåõíè÷åñêèõ õàðàêòåðèñòèê ïîäòâåðäèë ðåçóëüòàòû îãíåâûõ èñïûòàíèé:

ïðåäåë îãíåñòîéêîñòè ñîñòàâèë REI 120.

Çàêëþ÷åíèå. Èñïîëüçîâàíèå äëÿ îãðàæäàþùèõ êîíñòðóêöèé òîííåëÿ æåëåçîáåòîííûõ òþáèíãîâ èç ôèáðî-

áåòîíà ñ ïîëèïðîïèëåíîâîé ôèáðîé ïîçâîëèò çíà÷èòåëüíî ñíèçèòü çàòðàòû íà óñòðîéñòâî îãíåçàùèòû è ñî-

êðàòèòü ñðîêè ñòðîèòåëüñòâà.
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ABSTRACT

Introduction. Reinforced concrete structures made of heavy concrete of high humidity (more than 3.5 %) are

prone to explosive destruction. This phenomenon can lead to premature onset of the fire resistance of such struc-

tures and the partial or complete collapse of buildings and structures. The increased humidity of reinforced

concrete structures is usually found in underground structures and newly constructed buildings. The fire resistance

of reinforced concrete tubes of underground structures largely depends on the explosive (brittle) destruction of

concrete when exposed to high temperatures of fire on the surface of the tunnel lining.
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Materials and methods. As the object of the study were selected reinforced concrete tubes of heavy concrete with

a moisture content of 6 % with the addition of polypropylene fiber in the amount of 1 kg/m3. Large-scale fire tests

were carried out on a specially manufactured test bench when loading samples with vertical and horizontal loads.

Results and discussion. The main results on the study of fire resistance of reinforced concrete tubes with the addi-

tion of polypropylene fiber and without additives are presented. According to the results of experimental studies,

it was established that the fire resistance limit of reinforced concrete tubing with the addition of polypropylene

fiber according to GOST 30247.0–94 was at least 125 minutes (REI 120). The analytical model of fire resistance

assessment is developed. To solve the thermal engineering problem, a numerical experiment was performed in

the ANSYS software package. An analytical dependence is proposed for determining an additional temperature

deflection for a geometrically nonlinear element. The calculation of the fire resistance limit of reinforced concrete

tubing with the addition of polypropylene fiber according to the developed analytical model, considering the pre-

viously obtained strength and thermal characteristics, confirmed the results of fire tests, and amounted to REI 120.

Conclusion. The use of reinforced concrete tubing made of fiber-reinforced concrete with polypropylene fiber for

building envelopes will significantly reduce the cost of a fire protection device and shorten the construction time.

Keywords: standard temperature fire; thermal engineering problem; static (strength) problem; explosive (brittle)

concrete destruction; tunnel lining.
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Ââåäåíèå

Æåëåçîáåòîííûå êîíñòðóêöèè èç òÿæåëîãî áåòîíà

ïîâûøåííîé âëàæíîñòè (áîëåå 3,5 %) èìåþò ñêëîí-

íîñòü ê âçðûâîîáðàçíîìó ðàçðóøåíèþ. Äàííîå ÿâëå-

íèå ìîæåò ïðèâåñòè ê ïðåæäåâðåìåííîìó íàñòóï-

ëåíèþ ïðåäåëà îãíåñòîéêîñòè íåñóùèõ æåëåçîáå-

òîííûõ êîíñòðóêöèé è, êàê ñëåäñòâèå, ê ÷àñòè÷íîìó

èëè ïîëíîìó îáðóøåíèþ çäàíèé è ñîîðóæåíèé. Ïî-

âûøåííàÿ âëàæíîñòü òàêèõ êîíñòðóêöèé îáû÷íî

âñòðå÷àåòñÿ â ïîäçåìíûõ ñîîðóæåíèÿõ è âî âíîâü

âîçâîäèìûõ çäàíèÿõ.

Èññëåäîâàíèÿ ïî çàùèòå æåëåçîáåòîííûõ êîíñò-

ðóêöèé îò âçðûâîîáðàçíîãî ðàçðóøåíèÿ áåòîíà [1–6]

ïðîâîäèëèñü â ðÿäå åâðîïåéñêèõ ñòðàí. Äîáàâêà â

áåòîííóþ ñìåñü ïîëèïðîïèëåíîâîé ôèáðû [7–13]

ÿâëÿåòñÿ íàèáîëåå ýôôåêòèâíûì ñïîñîáîì çàùèòû

æåëåçîáåòîííûõ êîíñòðóêöèé îò âçðûâîîáðàçíîãî

ðàçðóøåíèÿ.

Îäíàêî ïðè äîáàâêå ôèáðû â ñîñòàâ áåòîííîé

ñìåñè èçìåíÿþòñÿ ôèçèêî-ìåõàíè÷åñêèå è òåïëî-

òåõíè÷åñêèå õàðàêòåðèñòèêè áåòîíà, êîòîðûå î÷åíü

âàæíû ïðè îöåíêå îãíåñòîéêîñòè æåëåçîáåòîííûõ

êîíñòðóêöèé ðàñ÷åòíûìè ìåòîäàìè. Çíà÷åíèÿ ýòèõ

õàðàêòåðèñòèê áûëè ïîëó÷åíû â ðàíåå ïðîâåäåííûõ

èññëåäîâàíèÿõ.

Òàê êàê ïîëèïðîïèëåíîâàÿ ôèáðà ïðåäîòâðàùà-

åò âçðûâîîáðàçíîå ðàçðóøåíèå áåòîíà, öåëåñîîáðàç-

íî ïðèìåíÿòü äàííûé ìàòåðèàë íà òàêèõ îáúåêòàõ,

êàê ïîäçåìíûå ñîîðóæåíèÿ, âëàæíîñòü êîíñòðóê-

öèé êîòîðûõ ìîæåò ïðåâûøàòü ïîðîãîâûå çíà÷åíèÿ.

Îñíîâíûìè êîíñòðóêöèÿìè ïîäîáíûõ ñîîðóæåíèé

ÿâëÿþòñÿ æåëåçîáåòîííûå òþáèíãè, êîòîðûå îáðà-

çóþò îáäåëêó òîííåëÿ è èñïîëüçóþòñÿ äëÿ ïðîêëàä-

êè â ãðóíòå àâòîäîðîæíûõ òîííåëåé è ìåòðîïîëè-

òåíà. Îáåñïå÷åíèå ïîæàðíîé áåçîïàñíîñòè òàêèõ

îáúåêòîâ — âàæíàÿ íàðîäíîõîçÿéñòâåííàÿ çàäà÷à,

öåëüþ êîòîðîé ÿâëÿåòñÿ îáåñïå÷åíèå äîñòàòî÷íîé

íåñóùåé ñïîñîáíîñòè êîíñòðóêöèé ïðè âîçäåéñòâèè

ïîæàðà, à àêòóàëüíîñòü ýòèõ èññëåäîâàíèé îáóñëàâ-

ëèâàåòñÿ ïåðåâîçêîé áîëüøîãî êîëè÷åñòâà ëþäåé,

ïîæàðîîïàñíûõ ãðóçîâ è ò. ä. [14, 15]. Íåñóùàÿ ñïî-

ñîáíîñòü êîíñòðóêöèé ïðè âîçäåéñòâèè ïîæàðà îáåñ-

ïå÷èâàåòñÿ äîñòàòî÷íûìè ïðåäåëàìè îãíåñòîéêîñòè

æåëåçîáåòîííûõ êîíñòðóêöèé, êîòîðûå îöåíèâàþò-

ñÿ êàê ýêñïåðèìåíòàëüíûìè, òàê è ðàñ÷åòíûìè ìå-

òîäàìè.

Ýêñïåðèìåíòàëüíûå ìåòîäû ïîçâîëÿþò ïîñðåä-

ñòâîì êðóïíîìàñøòàáíûõ îãíåâûõ èñïûòàíèé îöå-

íèòü îãíåñòîéêîñòü êîíñòðóêöèè è íàãëÿäíî ðàñ-

ñìîòðåòü åå ïîâåäåíèå â óñëîâèÿõ ïîæàðà. Îäíàêî

äàííûé ìåòîä ÿâëÿåòñÿ òðóäîåìêèì è ýêîíîìè÷åñêè

çàòðàòíûì.

Ïðè ðàññìîòðåíèè ñóùåñòâóþùèõ ðàñ÷åòíûõ ìå-

òîäîâ óñòàíîâëåíî, ÷òî íè îäèí èç íèõ íå ïîçâîëÿåò

ïðîèçâîäèòü ðàñ÷åò îãíåñòîéêîñòè æåëåçîáåòîííûõ

òþáèíãîâ.

Â òî æå âðåìÿ â ñîîòâåòñòâèè ñ ÃÎÑÒ 30247.0–94

(Êîíñòðóêöèè ñòðîèòåëüíûå. Ìåòîäû èñïûòàíèé íà

îãíåñòîéêîñòü. Îáùèå òðåáîâàíèÿ) ðàñ÷åòíûå ìåòî-

äû äëÿ îöåíêè îãíåñòîéêîñòè êîíñòðóêöèé äîëæíû

áûòü ïîäòâåðæäåíû ðåçóëüòàòàìè ýêñïåðèìåíòîâ

äëÿ êîíñòðóêöèé, àíàëîãè÷íûõ ïî ôîðìå, ìàòåðèà-

ëàì è êîíñòðóêòèâíîìó èñïîëíåíèþ. Â ñîîòâåò-

ñòâèè ñ ýòèì áûëè ïðîâåäåíû êðóïíîìàñøòàáíûå

îãíåâûå ýêñïåðèìåíòû ñ òþáèíãàìè òîííåëüíîé îá-

äåëêè.

Öåëüþ èññëåäîâàíèé ÿâëÿåòñÿ:

1) îïðåäåëåíèå âëèÿíèÿ äîáàâêè ïîëèïðîïèëå-

íîâîé ôèáðû â áåòîííóþ ñìåñü æåëåçîáåòîííîãî òþ-

áèíãà òîííåëüíîé îáäåëêè íà ïðåäîòâðàùåíèå âçðû-

âîîáðàçíîãî ðàçðóøåíèÿ áåòîíà ñ âëàæíîñòüþ 6 %;

2) óñòàíîâëåíèå ïðåäåëà îãíåñòîéêîñòè æåëåçî-

áåòîííîãî òþáèíãà ñ äîáàâêîé ïîëèïðîïèëåíîâîé

ôèáðû;
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3) ðàçðàáîòêà ìåòîäèêè ðàñ÷åòà îãíåñòîéêîñòè

æåëåçîáåòîííûõ òþáèíãîâ ñ äîáàâêîé ïîëèïðîïè-

ëåíîâîé ôèáðû ñ ó÷åòîì ïîëó÷åííûõ ðàíåå ôèçèêî-

ìåõàíè÷åñêèõ è òåïëîòåõíè÷åñêèõ õàðàêòåðèñòèê

ôèáðîáåòîíà.

Ìàòåðèàëû è ìåòîäèêà

ïðîâåäåíèÿ ýêñïåðèìåíòà

Îáðàçöû æåëåçîáåòîííûõ òþáèíãîâ äëÿ ïðîâå-

äåíèÿ ýêñïåðèìåíòà èçãîòàâëèâàëèñü èç òÿæåëîãî

áåòîíà íà çàâîäå ÎÀÎ “Ìîñïðîìæåëåçîáåòîí”. Ñî-

ñòàâ áåòîíà: ïîðòëàíäöåìåíò ìàðêè ÏÖ I-500-Í, ìåë-

êèé çàïîëíèòåëü — êâàðöåâûé ïåñîê, êðóïíûé çà-

ïîëíèòåëü — ãðàíèòíûé ùåáåíü (ôðàêöèè 5–15 ìì),

ïëàñòèôèêàòîð — Glenium 51. Ðàçìåðû òþáèíãîâ —

2984�1400�300 ìì. Â ñîñòàâ æåëåçîáåòîííûõ òþ-

áèíãîâ ââîäèëàñü ïîëèïðîïèëåíîâàÿ ôèáðà “Pro-

ZASK IGS” ñ äëèíîé âîëîêîí 6 ìì, äèàìåòðîì 18 ìêì

â êîëè÷åñòâå 1 êã�ì3. Àðìèðîâàíèå: 28 �12 ìì,

êëàññ ñòàëè Â500Ñ. Àðìàòóðíûå êàðêàñû èçãîòàâ-

ëèâàëèñü ñ ïðèìåíåíèåì òî÷å÷íîé ñâàðêè. Òîëùè-

íà çàùèòíîãî ñëîÿ îò îáîãðåâàåìîé ïîâåðõíîñòè äî

êðàÿ àðìàòóðû ñîñòàâëÿëà 34 ìì. Îáùèé âèä èñïû-

òóåìûõ îáðàçöîâ ïðåäñòàâëåí íà ðèñ. 1.

Èñïûòàíèÿ íà îãíåñòîéêîñòü ïðîâîäèëèñü ïî

ÃÎÑÒ 30247.0–94 è ÃÎÑÒ 30247.1–94, â êîòîðûõ

óñòàíîâëåíû òðåáîâàíèÿ ê îáîðóäîâàíèþ, ðàçìåùå-

íèþ òåðìîïðåîáðàçîâàòåëåé è ðåãèñòðàöèè íåîáõî-

äèìûõ ïàðàìåòðîâ.

Â õîäå èñïûòàíèé íà îãíåñòîéêîñòü òþáèíãîâ

íåîáõîäèìî âîñïðîèçâåñòè íàãðóçêó, êîòîðàÿ âîç-

äåéñòâóåò íà êîíñòðóêöèþ ïðè ýêñïëóàòàöèè îáú-

åêòà ñ ìàêñèìàëüíûì ìîìåíòîì è ïðîäîëüíîé ñèëîé

â ñå÷åíèè îáäåëêè òîííåëÿ. Ýêñïåðèìåíòû ïðîâî-

äèëè âî ÂÍÈÈÏÎ Ì×Ñ Ðîññèè. Òàê êàê íà äàííóþ

êîíñòðóêöèþ â ïðîöåññå åå ýêñïëóàòàöèè äåéñòâóþò

êàê âåðòèêàëüíûå, òàê è ãîðèçîíòàëüíûå íàãðóçêè,

íåîáõîäèìî áûëî óñîâåðøåíñòâîâàòü ñèñòåìó îïè-

ðàíèÿ è íàãðóæåíèÿ íà íîâîé óñòàíîâêå äëÿ èñïûòà-

íèé íà îãíåñòîéêîñòü ïåðåêðûòèé, ïîêðûòèé è áà-

ëîê äîïîëíèòåëüíîé ñèñòåìîé íàãðóæåíèÿ. Íà ðèñ. 2

ïðåäñòàâëåíà ñõåìà óñîâåðøåíñòâîâàííîé ñèñòåìû

íàãðóæåíèÿ, êîòîðàÿ âî âðåìÿ îãíåâûõ èñïûòàíèé

íàõîäèëàñü âíå çîíû íàãðåâà.

Ïåðåä íà÷àëîì ïðîâåäåíèÿ ýêñïåðèìåíòà ñîãëàñ-

íî ÃÎÑÒ 30247.1–94 ðàññ÷èòûâàëè ìàêñèìàëüíûå

çíà÷åíèÿ ïðîãèáà (99,5 ìì) è ïðåäåëüíîé ñêîðîñòè

äåôîðìàöèè (0,33 ñì�ìèí), ïðåâûøåíèå êîòîðûõ õà-

ðàêòåðèçèðóåò íàñòóïëåíèå ïðåäåëüíîãî ñîñòîÿíèÿ

ïî íåñóùåé ñïîñîáíîñòè. Â õîäå ýêñïåðèìåíòà ïðî-

ãèá ôèêñèðîâàëè ñ ïîìîùüþ ïðèáîðà “Ïðîãèáîìåð

ÌÏ-3”. Äëÿ óñòàíîâëåíèÿ ïðåäåëüíîãî ñîñòîÿíèÿ

ïî òåïëîèçîëèðóþùåé ñïîñîáíîñòè íà íåîáîãðåâà-

åìîé ïîâåðõíîñòè ðàçìåùàëè òåðìîïðåîáðàçîâàòå-

ëè äëÿ èçìåðåíèÿ òåìïåðàòóð.

Íàãðóçêà â ýêñïåðèìåíòå ðàññ÷èòûâàëàñü ÎÀÎ

“Ìîñèíæïðîåêò” äëÿ òþáèíãîâ òîííåëüíîé îáäåë-

êè äèàìåòðîì 6,0 ì.

Çà 30 ìèí äî íà÷àëà îãíåâûõ èñïûòàíèé êîíñò-

ðóêöèÿ íàãðóæàëàñü ðàñ÷åòíîé íàãðóçêîé, êîòîðàÿ

ñîñòàâëÿëà: âåðòèêàëüíàÿ — 50 òñ (490,5 êÍ), ãîðè-

çîíòàëüíàÿ — 30 òñ (294,3 êÍ). Ïîñëå ýòîãî èñïûòó-

åìûé îáðàçåö òþáèíãà ïîäâåðãàëñÿ âîçäåéñòâèþ

òåìïåðàòóðíîãî ðåæèìà ñòàíäàðòíîãî ïîæàðà.

Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

áûëè ïîñòðîåíû ãðàôèêè èçìåíåíèÿ òåìïåðàòóðû

â îãíåâîé êàìåðå è ïðîãèáà (ðèñ. 3), à òàêæå òåìïå-

ðàòóðû íà íåîáîãðåâàåìîé ïîâåðõíîñòè (ðèñ. 4).

Ðèñ. 1. Îáùèé âèä èññëåäóåìûõ æåëåçîáåòîííûõ òþáèíãîâ

Fig. 1. General view of the tested reinforced concrete tubings

Ðèñ. 2. Óñîâåðøåíñòâîâàííàÿ ñèñòåìà íàãðóæåíèÿ äëÿ èñ-

ñëåäîâàíèÿ îãíåñòîéêîñòè æåëåçîáåòîííûõ òþáèíãîâ: 1 —

ãîðèçîíòàëüíàÿ ðàìà; 2 — íåïîäâèæíàÿ îïîðà äîìêðàòà; 3 —

ðàìû äëÿ ñîçäàíèÿ âåðòèêàëüíîé íàãðóçêè; 4 — ãèäðàâëè÷å-

ñêèé äîìêðàò äëÿ âåðòèêàëüíîé íàãðóçêè; 5 — âåðòèêàëüíàÿ

ðàìà; 6 — óïîð äîìêðàòà; 7 — èñïûòóåìûé îáðàçåö; 8 — ïî-

äâèæíàÿ îïîðà; 9 — ãèäðàâëè÷åñêèé äîìêðàò äëÿ ãîðèçîí-

òàëüíîé íàãðóçêè; 10 — îïîðà ãèäðàâëè÷åñêîãî äîìêðàòà

Fig. 2. The advanced loading system for the study of fire resis-

tance of reinforced concrete tubings: 1 — horizontal frame; 2 —

fixed jack support; 3 — vertical load frames; 4 — hydraulic jack

for vertical load; 5 — vertical frame; 6 — jack rest; 7 — test

sample; 8 — movable support; 9 — hydraulic jack for horizontal

load; 10 — hydraulic jack support



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 5 63

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

Íîðìàòèâíûé ïðåäåë îãíåñòîéêîñòè òþáèíãîâ

ñîñòàâëÿë REI 120, ïîýòîìó îãíåâûå èñïûòàíèÿ

ïðîâîäèëèñü â òå÷åíèå 125 ìèí.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòà ñ òþáèíãàìè áåç

äîáàâêè ïîëèïðîïèëåíîâîé ôèáðû îòìå÷åíî âçðûâî-

îáðàçíîå ðàçðóøåíèå áåòîíà ïðè âîçäåéñòâèè âû-

ñîêèõ òåìïåðàòóð, êîòîðîå ñîïðîâîæäàëîñü ñèëüíû-

ìè õëîïêàìè. Ýòî ïðèâåëî ê îòñëàèâàíèþ çàùèò-

íîãî ñëîÿ áåòîíà è áûñòðîìó ïðîãðåâó àðìàòóðû äî

êðèòè÷åñêèõ çíà÷åíèé. Îáðàçåö ïîñëå îãíåâûõ èñ-

ïûòàíèé ñ ðàçðóøåííûì çàùèòíûì ñëîåì áåòîíà

ïðåäñòàâëåí íà ðèñ. 5,a.

Â õîäå îãíåâûõ èñïûòàíèé òþáèíãîâ ñ äîáàâêîé

ïîëèïðîïèëåíîâîé ôèáðû âçðûâîîáðàçíîãî ðàçðó-

øåíèÿ áåòîíà íå îòìå÷åíî. Ïðåäåëüíàÿ äåôîðìàöèÿ

ñîñòàâèëà 7 ìì, ÷òî íå ïðåâûøàåò ïðåäåëüíî äîïó-

ñòèìîãî ïðîãèáà (99,5 ìì). Ñðåäíÿÿ òåìïåðàòóðà ïî

ïÿòè òåðìîïàðàì â èíòåðâàëå 0–120 ìèí ñîñòàâèëà

25 °Ñ, ÷òî çíà÷èòåëüíî ìåíüøå äîïóñòèìîé òåìïå-

ðàòóðû (160 °Ñ). Â õîäå èñïûòàíèé âèçóàëüíî îïðå-

äåëåíî, ÷òî âûïàðèâàíèå âëàãè íà íåîáîãðåâàåìîé

ïîâåðõíîñòè îáðàçöîâ ïðîèñõîäèò íà 30–37-é ìè-

Ðèñ. 4. Çàâèñèìîñòü òåìïåðàòóðû íà íåîáîãðåâàåìîé ïîâåðõ-

íîñòè òþáèíãà îò âðåìåíè ïðè îãíåâûõ èñïûòàíèÿõ

Fig. 4. The time dependence of the temperature on the unheated

surface of the tubing during fire tests

Ðèñ. 5. Æåëåçîáåòîííûå òþáèíãè ïîñëå èñïûòàíèé áåç äîáàâêè (à) è ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû (á)

Fig. 5. Reinforced concrete tubings after testing without the addition of polypropylene fiber (a) and with the addition of polypropylene fiber (b)

Ðèñ. 3. Ðåçóëüòàòû èñïûòàíèé íà îãíåñòîéêîñòü æåëåçîáå-

òîííîãî òþáèíãà ñ ïîëèïðîïèëåíîâîé ôèáðîé

Fig. 3. The test results on the fire resistance of reinforced concrete

tubing with polypropylene fiber
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íóòå è ïðîäîëæàåòñÿ äî ìîìåíòà çàâåðøåíèÿ èñïû-

òàíèé.

Ïî îêîí÷àíèè èñïûòàíèé è äåìîíòàæà îáðàçöà

ñ óñòàíîâêè íà îáîãðåâàåìîé ñòîðîíå îáíàðóæåíû

äâå ïîïåðå÷íûå òðåùèíû øèðèíîé 1–3 ìì è ãëóáè-

íîé 20–30 ìì è ìíîãî÷èñëåííûå íèòåâèäíûå òðå-

ùèíû (ðèñ. 5,á).

Ïðè âèçóàëüíîì îñìîòðå ïîñëå îãíåâûõ èñïû-

òàíèé îáîãðåâàåìîé ïîâåðõíîñòè òþáèíãà ñ äîáàâ-

êîé ïîëèïðîïèëåíîâîé ôèáðû (ñì. ðèñ. 5,á) ïîâðåæ-

äåíèé çàùèòíîãî ñëîÿ áåòîíà íå îòìå÷åíî. Îáíàðó-

æåíû ëèøü íåçíà÷èòåëüíûå îòêîëû çàùèòíîãî ñëîÿ

áåòîíà, îáðàçîâàâøèåñÿ â ðåçóëüòàòå äåìîíòàæà îá-

ðàçöà ñ îïîð óñòàíîâêè. Ýòî ñâèäåòåëüñòâóåò îá îò-

ñóòñòâèè âçðûâîîáðàçíîãî ðàçðóøåíèÿ áåòîíà íà

ïîâåðõíîñòè èññëåäóåìîãî îáðàçöà.

Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

æåëåçîáåòîííûõ òþáèíãîâ ñ ïîëèïðîïèëåíîâîé

ôèáðîé óñòàíîâëåíî, ÷òî ïðåäåë îãíåñòîéêîñòè òþ-

áèíãîâ ñîñòàâèë REI 120, ÷òî ñîîòâåòñòâóåò íîðìè-

ðóåìîìó ïðåäåëó îãíåñòîéêîñòè. Ýêñïåðèìåíò áûë

ïðåêðàùåí íà 125-é ìèíóòå.

Àíàëèòè÷åñêàÿ îöåíêà îãíåñòîéêîñòè

æåëåçîáåòîííîãî òþáèíãà

Äëÿ óñòàíîâëåíèÿ ïðåäåëà îãíåñòîéêîñòè ðàñ-

÷åòíûì ìåòîäîì íåîáõîäèìî ðåøèòü äâå çàäà÷è —

òåïëîòåõíè÷åñêóþ è ñòàòè÷åñêóþ (ïðî÷íîñòíóþ).

Ñîâìåñòíî ñ ÎÎÎ “Íàó÷íî-èíæåíåðíûé öåíòð

òîííåëüíîé àññîöèàöèè” ïðîâîäèëñÿ ðàñ÷åò ìîìåí-

òîâ è ñæèìàþùèõ óñèëèé, âîçíèêàþùèõ â èññëåäó-

åìîì áëîêå îò âíåøíåé íàãðóçêè ïðè íîðìàëüíîé

òåìïåðàòóðå (äî îãíåâûõ èñïûòàíèé). Ñ ïîìîùüþ

ìåòîäà êîíå÷íûõ ýëåìåíòîâ (ÌÊÝ) ðåøàëàñü çàäà÷à

íà áàçå ïðîãðàììíî-âû÷èñëèòåëüíîãî êîìïëåêñà

(ÏÂÊ) Z_Soil.

Â ðåçóëüòàòå âû÷èñëåíèé ïîëó÷åíû ìàêñèìàëü-

íûå ìîìåíòû è ñæèìàþùèå óñèëèÿ îò âíåøíèõ íà-

ãðóçîê, îáðàçóþùèåñÿ â ïîïåðå÷íûõ ñå÷åíèÿõ áëî-

êà (ðèñ. 6 è 7).

Êðîìå òîãî, îïðåäåëåíî ðàñ÷åòíîå ñå÷åíèå ñ

ìàêñèìàëüíûì ïîëîæèòåëüíûì ìîìåíòîì Ìïð =

= 131,5 êÍì è ïðîäîëüíîé ñèëîé Nïð = 139,7 êÍ, ãäå

ðàñòÿíóòàÿ çîíà ðàñïîëàãàåòñÿ ñ îáîãðåâàåìîé ñòî-

ðîíû îáðàçöà.

Ðèñ. 6. Çàâèñèìîñòü èçãèáàþùåãî ìîìåíòà îò ðàññòîÿíèÿ ìåæäó îïîðàìè òþáèíãà ïðè ðàñ÷åòå â ïðîãðàììíîì êîìïëåêñå Z_Soil

Fig. 6. The dependence of the bending moment on the distance between the supports of tubing in the calculation in the software package Z_Soil

Ðèñ. 7. Ýïþðà ìîìåíòîâ è ñæèìàþùèõ óñèëèé æåëåçîáåòîí-

íîãî òþáèíãà: Ìïð, Nïð — ðàñ÷åòíûå óñèëèÿ â ïîïåðå÷íîì

ñå÷åíèè â ñåðåäèíå ïðîëåòà òþáèíãà

Fig. 7. Plot of moments and compressive forces of reinforced

concrete tubing: Mspan, Nspan — calculated forces in the cross sec-

tion in the middle of the tubing span

Òåìïåðàòóðà, °Ñ

Temperature, °Ñ 20 100 200 300 400 500 600 700 800

Êîýôôèöèåíò �bt

Coefficient �bt
1 1 1 0,99 0,96 0,82 0,72 0,5 0,21

Òàáëèöà 1. Êîýôôèöèåíòû �bt óñëîâèÿ ðàáîòû áåòîíà ïðè íàãðåâå ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû ProZASK IGS

Table 1. The coefficients �bt of the working conditions of concrete when heated with the addition of polypropylene fibers ProZASK IGS
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Ñîñòàâ îáðàçöîâ äëÿ èññëåäîâàíèÿ ïðî÷íîñò-

íûõ ïîêàçàòåëåé ôèáðîáåòîíà ñîîòâåòñòâîâàë ñî-

ñòàâó, èç êîòîðîãî áûëè èçãîòîâëåíû áëîêè.

Èññëåäîâàíèÿìè óñòàíîâëåíî, ÷òî ïðèçìåííàÿ

ïðî÷íîñòü áåòîíà ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèá-

ðû Rbn = 33,7 ÌÏà, ÷òî ñîãëàñíî ÑÏ 63.13330.2012

(Áåòîííûå è æåëåçîáåòîííûå êîíñòðóêöèè. Îñíîâ-

íûå ïîëîæåíèÿ. Àêòóàëèçèðîâàííàÿ ðåäàêöèÿ ÑÍèÏ

51-01–2003) ñîîòâåòñòâóåò êëàññó áåòîíà Â45. Ýêñ-

ïåðèìåíòàëüíûå äàííûå ïî èçìåíåíèþ ïðî÷íîñòè

ôèáðîáåòîíà îò òåìïåðàòóðû ïðè íàãðåâå ïðåäñòàâ-

ëåíû â òàáë. 1.

Äëÿ ðåøåíèÿ òåïëîòåõíè÷åñêîé çàäà÷è èñïîëü-

çîâàëèñü ïîêàçàòåëè òåïëîïðîâîäíîñòè � t è òåïëî-

åìêîñòè ct, ïîëó÷åííûå â õîäå èññëåäîâàíèé áåòîíà

ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû [16, 17]:

� t = 1,2 – 0,0006 t; (1)

ct = 710 + 0,92t. (2)

Îñíîâíîé öåëüþ òåïëîòåõíè÷åñêîé ÷àñòè ðàñ-

÷åòà ÿâëÿåòñÿ îïðåäåëåíèå òåìïåðàòóðû ïî ñå÷åíèþ

òþáèíãà â ïðîöåññå îãíåâîãî âîçäåéñòâèÿ. Èçìåíå-

íèå òåìïåðàòóðû â æåëåçîáåòîííîì ýëåìåíòå ðàñ-

ñ÷èòûâàþò ïóòåì ðåøåíèÿ äèôôåðåíöèàëüíîãî

óðàâíåíèÿ òåïëîïðîâîäíîñòè Ôóðüå [15].

Ïîñêîëüêó çàäà÷à òàêîãî ðîäà ÿâëÿåòñÿ òðóäî-

åìêîé èç-çà íàëè÷èÿ áîëüøîãî êîëè÷åñòâà ïåðåìåí-

íûõ è íåëèíåéíûõ ãðàíè÷íûõ óñëîâèé, äëÿ åå ðåøå-

íèÿ èñïîëüçîâàëñÿ ïðîãðàììíûé êîìïëåêñ ANSYS

[18–21].

Ïðè ïîäãîòîâêå ê ðàñ÷åòó ìîäåëèðîâàëàñü îáú-

åìíàÿ êîíñòðóêöèÿ (ðàñ÷åòíàÿ îáëàñòü) â âèäå æåëå-

çîáåòîííîãî òþáèíãà; áåòîíó è àðìàòóðå ïðèñâàèâà-

ëèñü ñâîéñòâà, ïðåäñòàâëåííûå â òàáë. 2 (íà÷àëüíûå

óñëîâèÿ). Ìîäåëü ðàçáèâàëàñü íà êîíå÷íûå ýëåìåíòû.

Äëÿ ðàñ÷åòà â ïðîãðàììíîì êîìïëåêñå çàäàâà-

ëèñü ãðàíè÷íûå óñëîâèÿ 3-ãî ðîäà. Äëÿ îáîãðåâàå-

ìîé ïîâåðõíîñòè çàäàâàëèñü õàðàêòåðèñòèêè, ïðè-

âåäåííûå â òàáë. 3.

Íà íåîáîãðåâàåìîé ïîâåðõíîñòè â òàáëè÷íîì

âèäå çàäàâàëñÿ êîýôôèöèåíò òåïëîîòäà÷è ��:
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�
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, (3)

ãäå �� — êîýôôèöèåíò òåïëîîòäà÷è îò íåîáîãðåâà-

åìîé ïîâåðõíîñòè ê ñðåäå, Âò�(ì2·Ê);

ti — òåìïåðàòóðà íåîáîãðåâàåìîé ïîâåðõíîñòè, Ê;

tí — íà÷àëüíàÿ òåìïåðàòóðà êîíñòðóêöèè, Ê;

åïð — ïðèâåäåííàÿ ñòåïåíü ÷åðíîòû êîíñòðóêöèè.

Òàê êàê áåòîí ÿâëÿåòñÿ ãèãðîñêîïè÷íûì ìàòå-

ðèàëîì, ó÷èòûâàëîñü âûïàðèâàíèå ñâîáîäíîé âëà-

ãè èç ïîð áåòîíà çà ñ÷åò óâåëè÷åíèÿ êîýôôèöèåíòà

òåïëîåìêîñòè â èíòåðâàëå òåìïåðàòóð 100–140 °Ñ.

Ðàñ÷åò âûïîëíÿëñÿ ïðè âîçäåéñòâèè ñòàíäàðòíîãî

òåìïåðàòóðíîãî ðåæèìà ïîæàðà â òå÷åíèå 120 ìèí.

Ðåçóëüòàòû ðàñ÷åòà ïðåäñòàâëåíû íà ðèñ. 8 è 9.

Ïî îêîí÷àíèè òåïëîòåõíè÷åñêîãî ðàñ÷åòà ïðîâî-

äèëàñü îáðàáîòêà ðåçóëüòàòîâ ÷èñëåííîãî ýêñïåðè-

ìåíòà â öåëÿõ îïðåäåëåíèÿ îñíîâíûõ ïàðàìåòðîâ,

íåîáõîäèìûõ äëÿ ðåøåíèÿ ïðî÷íîñòíîé çàäà÷è.
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Õàðàêòåðèñòèêà

Property

Çíà÷åíèå

Value

Áåòîí ñ ïîëèïðîïèëåíîâîé ôèáðîé

Concrete with polypropylene fiber

Êîýôôèöèåíò òåïëîïðîâîäíîñòè �t ,
Âò�(ì·Ê)

Thermal conductivity �t , W�(m·K)
1,3 – 0,0006t

Êîýôôèöèåíò òåïëîåìêîñòè ct, Äæ�(êã·Ê)

Heat capacity ct, J�(kg·K) 481 + 0,92t

Ïëîòíîñòü, êã�ì3 � Density, kg�m3
2400

Âëàæíîñòü W, %

Humidity W, % 6

Àðìàòóðà � Reinforcement

Êîýôôèöèåíò òåïëîïðîâîäíîñòè � t,
Âò�(ì�Ê)

Thermal conductivity �t, W�(m·K)
78 – 0,048t

Êîýôôèöèåíò òåïëîåìêîñòè ct,
Äæ�(êã·Ê)

Heat capacity ct, J�(kg·K)
310 + 0,48t

Ïëîòíîñòü, êã�ì3 � Density, kg�m3
7800

Òàáëèöà 2. Ñâîéñòâà áåòîíà ñ ïîëèïðîïèëåíîâîé ôèáðîé è

àðìàòóðû

Table 2. Properties of concrete with polypropylene fiber and re-

inforcement

Õàðàêòåðèñòèêà � Property Çíà÷åíèå � Value

Êîýôôèöèåíò ïåðåäà÷è òåïëà êîíâåêöèåé �ê, Âò�(ì2·°Ñ)

Convection heat transfer coefficient �ñonv, W�(m2·°C) 29

Ïðèâåäåííàÿ ñòåïåíü ÷åðíîòû ñèñòåìû îãíåâàÿ êàìåðà – áåòîííàÿ ïîâåðõíîñòü 
ïð

The degree of blackness of the system fire chamber – concrete surface 
ref
0,67 – 0,0004t

Çàâèñèìîñòü ñòàíäàðòíîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà (tí — íà÷àëüíàÿ òåìïåðà-
òóðà êîíñòðóêöèè, °Ñ)

The temperature dependence of the standard mode of fire (tin — initial temperature of const-
ruction, °Ñ)

345 lg (0,133t + 1) + tí

345 lg (0.133t + 1) + tin

Òàáëèöà 3. Ãðàíè÷íûå óñëîâèÿ äëÿ îáîãðåâàåìîé ïîâåðõíîñòè � Table 3. Boundary conditions for heated surface
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Ïðè ýòîì äëÿ îïðåäåëåíèÿ äîñòîâåðíîñòè ïî-

ëó÷åííûõ ðåçóëüòàòîâ ñðàâíèâàëèñü ðàñ÷åòíûå è

ýêñïåðèìåíòàëüíûå êðèâûå ðîñòà òåìïåðàòóðû íà

íåîáîãðåâàåìîé ïîâåðõíîñòè òþáèíãà (ðèñ. 10).

Ñðàâíåíèå ïîêàçàëî, ÷òî ðàñõîæäåíèå ðàñ÷åòíûõ è

ýêñïåðèìåíòàëüíûõ äàííûõ íå ïðåâûøàåò 10 %.

Â ðåçóëüòàòå òåïëîòåõíè÷åñêîãî ðàñ÷åòà îïðå-

äåëåíû: òåìïåðàòóðà ðàñòÿíóòîé àðìàòóðû íà 120-é

ìèíóòå ïðîãðåâà 475,1 °Ñ; êîýôôèöèåíò ñíèæåíèÿ

íîðìàòèâíîãî ñîïðîòèâëåíèÿ àðìàòóðíîé ñòàëè

�s, t = 0,662; êîýôôèöèåíò ñíèæåíèÿ ìîäóëÿ óïðóãî-

ñòè �s, t = 0,812.

Ðàñ÷åò íåñóùåé ñïîñîáíîñòè òþáèíãà ïðîâîäèë-

ñÿ äëÿ íàèáîëåå íàïðÿæåííîãî ïîïåðå÷íîãî ñå÷åíèÿ,

ðàñïîëîæåííîãî â ñåðåäèíå ïðîëåòà.

Îò íåðàâíîìåðíîãî íàãðåâà ïî òîëùèíå áëîêà

îáðàçóåòñÿ äîïîëíèòåëüíûé òåìïåðàòóðíûé ïðîãèá

[15, 22, 23], êîòîðûé óâåëè÷èâàåò ýêñöåíòðèñèòåò

ïðîäîëüíîé ñèëû.

Æåëåçîáåòîííûé òþáèíã ÿâëÿåòñÿ ãåîìåòðè÷å-

ñêè íåëèíåéíûì ýëåìåíòîì, ïîýòîìó èñïîëüçîâàíèå

äëÿ åãî ðàñ÷åòà ïðèâåäåííûõ â ñïðàâî÷íîé ëèòåðà-

òóðå ôîðìóë äëÿ êîëîíí è ñòåí íå ïðåäñòàâëÿåòñÿ

âîçìîæíûì.

Â ïðîöåññå èññëåäîâàíèÿ ïîëó÷åíà ðàñ÷åòíàÿ

ñõåìà (ðèñ. 11) è ôîðìóëà äëÿ îïðåäåëåíèÿ äîïîë-

íèòåëüíîãî òåìïåðàòóðíîãî ïðîãèáà et (ì) æåëåçî-

áåòîííîãî òþáèíãà ïðè îãíåâîì âîçäåéñòâèè:

e
t t r

h
t

t s t b

t

s b�
�

�
3

2
0 00612

2 2

0

( ) sin
,

,

� � �
ì, (4)

ãäå � ts
— êîýôôèöèåíò òåìïåðàòóðíîãî ðàñøèðå-

íèÿ àðìàòóðû ðàñòÿíóòîé çîíû ïðè íàãðåâå äî ts

(475,1 °Ñ);

� tb
— êîýôôèöèåíò òåìïåðàòóðíîãî ðàñøèðåíèÿ

áåòîíà ñæàòîé ãðàíè ïðè íàãðåâå äî tb (25 °Ñ);

r — äëèíà îò îïîðû òþáèíãà äî ñåðåäèíû êîíñò-

ðóêöèè ïî íåéòðàëüíîé îñè ýëåìåíòà, ì;

� — óãîë ìåæäó r è îñüþ ÎÕ;

h0, t — ðàáî÷àÿ âûñîòà ñå÷åíèÿ, ì.

Ýêñöåíòðèñèòåò å (ì) âíåøíåé ïðîäîëüíîé ñèëû

N îòíîñèòåëüíî öåíòðà òÿæåñòè ñå÷åíèÿ àðìàòóðû

Ðèñ. 8. Ðåçóëüòàòû ðàñ÷åòà òåìïåðàòóðíûõ ïîëåé äëÿ æåëåçîáåòîííîãî òþáèíãà â ïðîãðàììíîì êîìïëåêñå ANSYS

Fig. 8. The results of the calculation of temperature fields for reinforced concrete tubing in the software package ANSYS

Ðèñ. 9. Èçîòåðìû ïðîãðåâà äëÿ æåëåçîáåòîííîãî òþáèíãà ñ ïîëèïðîïèëåíîâîé ôèáðîé

Fig. 9. Heating isotherms for reinforced concrete tubing with polypropylene fiber
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òþáèíãà ïðè îãíåâîì âîçäåéñòâèè ðàññ÷èòûâàëñÿ

ïî ôîðìóëå

å = å0 + 0,5 (h0, t – à�) + et = 1,1 ì, (5)

ãäå e0 — ýêñöåíòðèñèòåò ïðîäîëüíîé ñèëû, ì;

 — êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå ïðî-

äîëüíîãî èçãèáà áëîêà íà åãî íåñóùóþ ñïîñîá-

íîñòü;

à�— ðàññòîÿíèå îò ðàâíîäåéñòâóþùåé óñèëèé â

ñæàòîé àðìàòóðå äî áëèæàéøåé ãðàíè ñå÷åíèÿ, ì.

Íåñóùàÿ ñïîñîáíîñòü Mp, t ñå÷åíèÿ òþáèíãà ðàñ-

ñ÷èòûâàëàñü ñ ó÷åòîì èçìåíåíèÿ ñâîéñòâ áåòîíà è

àðìàòóðû ïðè îäíîñòîðîííåì âîçäåéñòâèè â òå÷å-

íèå 120 ìèí òåìïåðàòóðíîãî ðåæèìà ñòàíäàðòíîãî

ïîæàðà:

M R bx h
x

p t bn t t, , ,� 
�
�
�

�
�
� �0

2

� � 
 � �R A h asn t s t, ,( )0 341,8 êÍì,
(6)

ãäå Rbn, t — íîðìàòèâíîå ñîïðîòèâëåíèå áåòîíà îñå-

âîìó ñæàòèþ ñ ó÷åòîì êîýôôèöèåíòà �bt, ÌÏà;

b — øèðèíà ïðÿìîóãîëüíîãî ñå÷åíèÿ òþáèíãà, ì;

õ — âûñîòà ñæàòîé çîíû áåòîíà, ì;

Rsn, t — íîðìàòèâíîå ñîïðîòèâëåíèå àðìàòóðû ñ

ó÷åòîì êîýôôèöèåíòà �s,t, ÌÏà;
�As — ïëîùàäü ñå÷åíèÿ ñæàòîé àðìàòóðû, ì2.

Ìîìåíò âíåøíåãî óñèëèÿ îò íàãðóçêè îòíîñè-

òåëüíî öåíòðà òÿæåñòè ñå÷åíèÿ àðìàòóðû

Nïð e = 153,7 êÍì. (7)

Òàêèì îáðàçîì, óñëîâèå Nïð e ! Mp, t âûïîëíåíî.

Ïðåäåë îãíåñòîéêîñòè òþáèíãà ïî ïîòåðå íåñóùåé

ñïîñîáíîñòè R 120 áóäåò îáåñïå÷åí. Ïðîâåäåííûå

îãíåâûå èñïûòàíèÿ ïîäòâåðæäàþò ðåçóëüòàòû ðàñ-

÷åòîâ ïî òåïëîèçîëèðóþùåé ñïîñîáíîñòè (I 120).

Çàêëþ÷åíèå

Â ðåçóëüòàòå îãíåâûõ èñïûòàíèé æåëåçîáåòîí-

íûõ òþáèíãîâ ñ äîáàâêîé ïîëèïðîïèëåíîâîé ôèáðû

â êîëè÷åñòâå 1 êã�ì3 âçðûâîîáðàçíîãî ðàçðóøåíèÿ

áåòîíà íå ïðîèñõîäèëî, ÷òî ïîäòâåðæäàåò ïîëîæè-

òåëüíîå âëèÿíèå äîáàâêè íà îãíåñòîéêîñòü êîíñòðóê-

öèé èç òÿæåëîãî áåòîíà ñ ïîâûøåííîé âëàæíîñòüþ.

Çíà÷åíèÿ äîïóñòèìîãî ìàêñèìàëüíîãî ïðîãèáà

(99,5 ìì) è òåìïåðàòóðû íà íåîáîãðåâàåìîé ïîâåðõ-

íîñòè êîíñòðóêöèè (160 °Ñ) íå äîñòèãíóòû, ñëåäîâà-

òåëüíî, ïðåäåëüíûå ñîñòîÿíèÿ ïî ïîòåðå íåñóùåé è

òåïëîèçîëèðóþùåé ñïîñîáíîñòè â òå÷åíèå 125 ìèí

âîçäåéñòâèÿ òåìïåðàòóðíîãî ðåæèìà ïîæàðà íà îá-

ðàçöàõ íå íàñòóïèëè.

Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

óñòàíîâëåíî, ÷òî ïðåäåë îãíåñòîéêîñòè êîíñòðóêöèè

ñîñòàâèë REI 120.

Ðåøåíà òåïëîòåõíè÷åñêàÿ çàäà÷à â ïðîãðàììíîì

êîìïëåêñå ANSYS, â ðåçóëüòàòå ÷åãî ïîëó÷åíû äàí-

íûå ïî ïðîãðåâó àðìàòóðû è áåòîíà, à òàêæå ïðî-

âåäåíî ñðàâíåíèå ýêñïåðèìåíòàëüíûõ è ðàñ÷åòíûõ

òåìïåðàòóð íà íåîáîãðåâàåìîé ïîâåðõíîñòè êîíñò-

ðóêöèè. Ðàñõîæäåíèå èõ ñîñòàâèëî íå áîëåå 10 %,

÷òî ãîâîðèò î äîñòîâåðíîñòè ÷èñëåííîãî ýêñïåðè-

ìåíòà. Ïîëó÷åíà ôîðìóëà äëÿ îïðåäåëåíèÿ äîïîë-

íèòåëüíîãî òåìïåðàòóðíîãî ïðîãèáà ïðè îãíåâîì

âîçäåéñòâèè äëÿ ãåîìåòðè÷åñêè íåëèíåéíîãî ýëå-

ìåíòà, êàêîâûì ÿâëÿåòñÿ æåëåçîáåòîííûé òþáèíã.

Ðàçðàáîòàíà àíàëèòè÷åñêàÿ ìîäåëü îöåíêè îãíå-

ñòîéêîñòè æåëåçîáåòîííûõ òþáèíãîâ ñ ïîëèïðîïè-

ëåíîâîé ôèáðîé è îïðåäåëåí ôàêòè÷åñêèé ïðåäåë

îãíåñòîéêîñòè äàííîé êîíñòðóêöèè.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Moore D. B., Lennon T. Fire engineering design of steel structures �� Progress in Structural Engineering

and Materials. — 1997. — Vol. 1, No. 1. — P. 4–9. DOI: 10.1002�pse.2260010104.

Ðèñ. 11. Æåëåçîáåòîííûé òþáèíã ñ ëèíåéíûì õàðàêòåðîì

èçìåíåíèÿ òåìïåðàòóðû ïî âûñîòå ñå÷åíèÿ

Fig. 11. Reinforced concrete tubing with a linear character of

temperature variation along the section height

Ðèñ. 10. Çàâèñèìîñòü òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè òþáèíãà îò âðåìåíè ïðè îãíåâûõ èñïûòàíèÿõ è

òåïëîòåõíè÷åñêîì ðàñ÷åòå

Fig. 10. The time dependence of the temperature on the unheated

surface of the tubing during fire tests and thermal engineering

calculation



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 VOL. 28 No. 568

SAFETY OF BUILDINGS, STRUCTURES, OBJECTS

2. Maraveas C., Vrakas A. A. Design of concrete tunnel linings for fire safety �� Structural Engineering

International. — 2014. — Vol. 24, No. 3. — P. 319–329. DOI: 10.2749�101686614X13830790993041.

3. Áàðòåëåìè Á., Êðþïïà Æ. Îãíåñòîéêîñòü ñòðîèòåëüíûõ êîíñòðóêöèé � Ïåð. ñ ôð. — Ì. : Ñòðîé-

èçäàò, 1985. — 216 ñ.

4. Ãîëîâàíîâ Â. È., Êóçíåöîâà Å. Â. Ýôôåêòèâíûå ñðåäñòâà îãíåçàùèòû äëÿ ñòàëüíûõ è æåëåçîáå-

òîííûõ êîíñòðóêöèé �� Ïðîìûøëåííîå è ãðàæäàíñêîå ñòðîèòåëüñòâî. — 2015. — ¹ 9. —

Ñ. 82–90.

5. Ãîëîâàíîâ Â. È., Ïàâëîâ Â. Â., Ïåõîòèêîâ À. Â. Çàùèòà æåëåçîáåòîííûõ òþáèíãîâ àâòîäîðîæíûõ

òîííåëåé îò õðóïêîãî ðàçðóøåíèÿ ïðè ïîæàðå �� Ïîæàðíàÿ áåçîïàñíîñòü. — 2008. — ¹ 2. —

Ñ. 50–55.

6. Ô¸äîðîâ Â. Ñ., Ëåâèòñêèé Â. Å., Ìîë÷àäñêèé È. Ñ., Àëåêñàíäðîâ À. Â. Îãíåñòîéêîñòü è ïîæàðíàÿ

îïàñíîñòü ñòðîèòåëüíûõ êîíñòðóêöèé. — Ì. : ÀÑÂ, 2009. — 408 ñ.

7. Heo Y.-S., Sanjayan J. G., Han C.-G., Han M.-C. Synergistic effect of combined fibers for spalling

protection of concrete in fire �� Cement and Concrete Research. — 2010. — Vol. 40, No. 10. —

P. 1547–1554. DOI: 10.1016�j.cemconres.2010.06.011.

8. Werther N. Brandversuche an Tunnelinnenschalenbetonen für den M 30-Nordtunnel in Madrid �� Beton-

und Stahlbetonbau. —2006.—Vol. 101,No.9.—P. 729–731(inGerman).DOI: 10.1002�best.200608187.

9. Dutta Dey S., Winterberg R., Korulla M., Gharpure A. D. Steel fibre reinforced concrete for underground

structures �� 6th Asian Rock Mechanics Symposium. — 2010. — 8 p.

10. Rodrigues J. P. C., Laím L., Correia A. M. Behaviour of fiber reinforced concrete columns in fire �� Compo-

site Structures. — 2010. — Vol. 92, Issue 5. — P. 1263–1268. DOI: 10.1016�j.compstruct.2009.10.029.

11. Êóçíåöîâà È. Ñ., Ðÿá÷åíêîâà Â. Ã., Êîðíþøèíà Ì. Ï., Ñàâðàñîâ È. Ï., Âîñòðîâ Ì. Ñ. Ïîëèïðîïè-

ëåíîâàÿ ôèáðà — ýôôåêòèâíûé ñïîñîá áîðüáû ñî âçðûâîîáðàçíûì ðàçðóøåíèåì áåòîíà ïðè ïî-

æàðå �� Ñòðîèòåëüíûå ìàòåðèàëû. — 2018. — ¹ 11. — Ñ. 15–20. DOI: 10.31659�0585-430Õ- 2018-

765-11-15-20.

12. Dehn F., Werther N., Knitl J. Gro�brandversuche für den City-Tunnel Leipzig �� Beton- und Stahl-

betonbau. — 2006. — Vol. 101, Issue 8. — P. 631–636 (in German). DOI: 10.1002�best.200608186.

13. Kordina K. Brände in unterirdischen Verkehrsanlagen �� Bautechnik. — 2003. — Vol. 80, No. 5. —

P. 327–338 (in German). DOI: 10.1002�bate.200302620.

14. Ðîéòìàí Â. Ì., Ãîëîâàíîâ Â. È. Íåîáõîäèìîñòü òåõíè÷åñêîãî ðåãóëèðîâàíèÿ îãíåñòîéêîñòè

çäàíèé ñ ó÷åòîì âîçìîæíîñòè êîìáèíèðîâàííûõ îñîáûõ âîçäåéñòâèé ñ ó÷àñòèåì ïîæàðà �� Ïî-

æàðíàÿ áåçîïàñíîñòü. — 2014. — ¹ 1. — Ñ. 86–93.

15. ßêîâëåâ À. È. Ðàñ÷åò îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé. — Ì. : Ñòðîéèçäàò, 1988. — 144 ñ.

16. Ãîëîâàíîâ Â. È., Íîâèêîâ Í. Ñ., Ïàâëîâ Â. Â., Êóçíåöîâà Å. Â. Ïðî÷íîñòíûå è òåïëîôèçè÷åñêèå

ñâîéñòâà áåòîíà ñ ïîëèïðîïèëåíîâîé ôèáðîé â óñëîâèÿõ òåìïåðàòóðíîãî ðåæèìà ñòàíäàðòíîãî

ïîæàðà �� Ïîæàðîâçðûâîáåçîïàñíîñòü�Fire and Explosion Safety. — 2017. — Ò. 26, ¹ 5. —

Ñ. 37–44. DOI: 10.18322�PVB.2017.26.05.37-44.

17. Ãîëîâàíîâ Â. È., Íîâèêîâ Í. Ñ., Ïàâëîâ Â. Â., Àíòîíîâ Ñ. Ï. Ïðî÷íîñòíûå õàðàêòåðèñòèêè ôèáðî-

áåòîíà äëÿ òîííåëüíûõ ñîîðóæåíèé â óñëîâèÿõ âûñîêèõ òåìïåðàòóð �� Ïîæàðû è ÷ðåçâû÷àéíûå

ñèòóàöèè: ïðåäîòâðàùåíèå, ëèêâèäàöèÿ. — 2017. — ¹ 2. — Ñ. 63–67.

18. Âîëêîâ À. À., Ðîéòìàí Â. Ì., Ïðèñòóïþê Ä. Í., Ôåäîðîâ Â. Þ. Âëèÿíèå âëàæíîñòè ñòðîèòåëüíûõ

ìàòåðèàëîâ íà òî÷íîñòü ðàñ÷åòîâ ïðîãðåâà êîíñòðóêöèé ïðè îöåíêå èõ îãíåñòîéêîñòè �� Èíòåã-

ðàöèÿ, ïàðòíåðñòâî è èííîâàöèè â ñòðîèòåëüíîé íàóêå è îáðàçîâàíèè : cá. ìàòåð. VI Ìåæäóíà-

ðîäíîé íàó÷íîé êîíôåðåíöèè. — Ì. : ÍÈÓ ÌÃÑÓ, 2018. — Ñ. 207–212.

19. Êàìëþê À. Í., Øèðêî À. Â., ßíêîâñêèé À. Ã. Òåïëîòåõíè÷åñêèé è ïðî÷íîñòíîé ðàñ÷åò æåëåçîáå-

òîííûõ êîëîíí â ïðîãðàììíîé ñðåäå ANSYS �� Òåõíîñôåðíàÿ áåçîïàñíîñòü. — 2014. — ¹ 2(3).

— Ñ. 26–33.

20. Øèðêî À. Â., Êàìëþê À. Í., Ïîëåâîäà È. È., Çàéíóäèíîâà Í. Â. Ïðî÷íîñòíîé ðàñ÷åò æåëåçîáåòîí-

íûõ ïëèò ïðè ïîæàðå ñ èñïîëüçîâàíèåì ïðîãðàììíîé ñðåäû ANSYS �� Âåñòíèê Êîìàíäíî-

èíæåíåðíîãî èíñòèòóòà Ì×Ñ Ðåñïóáëèêè Áåëàðóñü. — 2014. — ¹ 1(19). — Ñ. 48–58.

21. Êàìëþê À. Í., Ïîëåâîäà È. È., Øèðêî À. Â. Ìîäåëè ìàòåðèàëîâ àðìàòóðû è áåòîíà äëÿ òåïëî-

òåõíè÷åñêèõ è ïðî÷íîñòíûõ ðàñ÷åòîâ íà ïðèìåðå Ðîññèéñêîãî ñòàíäàðòà �� Âåñòíèê Êîìàíäíî-

èíæåíåðíîãî èíñòèòóòà Ì×Ñ Ðåñïóáëèêè Áåëàðóñü. — 2013. — ¹ 1(17). — Ñ. 104–116.

22. Kordina K., Meyer-Ottens C. Beton brandschutz. Handbuch. 2 Auflage. — Düsseldorf : Verlag Bau +

Technik, 1999. — 284 p. (in Germany).

23. Nause P. Brandschutztechnische Bewertung tragender Bauteile im Bestand. — Brandschutz-Forum-

München, 21.06.2013. — 47 p. URL: https:��docplayer.org�2762246-Brandschutztechnische-bewertung-

tragender-bauteile-im-bestand.html (äàòà îáðàùåíèÿ: 15.05.2019).



69ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 5

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

REFERENCES

1. D. B. Moore, T. Lennon. Fire engineering design of steel structures. Progress in Structural Engineering

and Materials, 1997, vol. 1, no. 1, pp. 4–9. DOI: 10.1002�pse.2260010104.

2. C. Maraveas, A. A. Vrakas. Design of concrete tunnel linings for fire safety. Structural Engineering

International, 2014, vol. 24, no. 3, pp. 319–329. DOI: 10.2749�101686614X13830790993041.

3. Barthélèmy B., Kruppa J. Résistace au feu des structurs beton – acier – bois. Paris, Ediitions Eyrolles,

1978. 216 p. (in French) (Russ. ed.: Barthélèmy B., Kruppa J. Ognestoykost stroitelnykh konstruktsiy.

Moscow, Stroyizdat Publ., 1985. 216 p.).

4. V. I. Golovanov, E. V. Kuznetsova. Effective means of fire protection for steel and concrete structures.

Promyshlennoye i grazhdanskoye stroitelstvo � Industrial and Civil Engineering, 2015, no. 9, pp. 82–90

(in Russian).

5. V. I. Golovanov, V. V. Pavlov, A. V. Pekhotikov. Protection of concrete tubing highway tunnels by

brittle fracture during a fire. Pozharnaya bezopasnost � Fire Safety, 2008, no. 2, pp. 50–55 (in Russian).

6. V. S. Fedorov, V. E. Levitskiy, I. S. Molchadskiy, A. V. Aleksandrov. Ognestoykost i pozharnaya opas-

nost stroitelnykh konstruktsiy [Fire behavior and fire danger of building designs]. Moscow, ASV Publ.,

2009. 408 p. (in Russian).

7. Y.-S. Heo, J. G. Sanjayan, C.-G. Han, M.-C. Han. Synergistic effect of combined fibers for spalling

protection of concrete in fire. Cement and Concrete Research, vol. 40, no. 10, pp. 1547–1554. DOI:

10.1016�j.cemconres.2010.06.011.

8. N. Werther. Brandversuche an Tunnelinnenschalenbetonen für den M 30-Nordtunnel in Madrid. Beton-

und Stahlbetonbau, 2006, vol. 101, issue 9, pp. 729–731 (in German). DOI: 10.1002�best.200608187.

9. S. Dutta Dey, R. Winterberg, M. Korulla, A. D. Gharpure. Steel fibre reinforced concrete for under-

ground structures. In: 6th Asian Rock Mechanics Symposium, 2010. 8 p.

10. J. P. C. Rodrigues, L. Laím, A. M. Correia. Behaviour of fiber reinforced concrete columns in fire. Com-

posite Structures, 2010, vol. 92, issue 5, pp. 1263–1268. DOI: 10.1016�j.compstruct.2009.10.029.

11. I. S. Kuznetsova, V. G. Ryabchenkova, M. P. Kornyushina, I. P. Savrasov, M. S. Vostrov. Polypro-

pylene fiber is an effective way to struggle with the explosion — like destruction of concrete

in case of fire. Stroitel’nye Materialy � Construction Materials, 2018, no. 11, pp. 15–20. DOI:

10.31659�0585-430Õ-2018-765-11-15-20.

12. F. Dehn, N. Werther, J. Knitl. Gro�brandversuche für den City-Tunnel Leipzig. Beton- und Stahl-

betonbau, 2006, vol. 101, issue 8, pp. 631–636 (in German). DOI: 10.1002�best.200608186.

13. K. Kordina. Brände in unterirdischen Verkehrsanlagen. Bautechnik, 2003, vol. 80, no. 5, pp. 327–338

(in German). DOI: 10.1002�bate.200302620.

14. V. Ì. Roytman, V. I. Golovanov. Need for technical regulation of the buildings fire resistance taking

into account the possible combined hazardous fire exposure. Pozharnaya bezopasnost � Fire Safety,

2014, no. 1, pp. 86–93 (in Russian).

15. A. I. Yakovlev. Raschet ognestoykosti stroitelnykh konstruktsiy [Calculation of fire resistance of build-

ing structures]. Ìoscow, Stroyizdat Publ., 1988. 143 p. (in Russian).

16. V. I. Golovanov, N. S. Novikov, V. V. Pavlov, E. V. Kuznetsova. Strength and thermo-physical

properties of concrete with polypropylene fiber under standard temperature regimes. Pozharo-

vzryvobezopasnost�Fire and Explosion Safety, 2017, vol. 26, no. 5, pp. 37–44 (in Russian). DOI:

10.18322�PVB.2017.26.05.37-44.

17. Golovanov V. I., Novikov N. S., Pavlov V. V., Antonov S. P. Strength characteristics of fiber reinforced

concrete for tunnel structures in high temperatures. Pozhary i chrezvychaynyye situatsii: predotvra-

shcheniye, likvidatsiya � Fire and Emergencies: Prevention, Elimination, 2017, no. 2, pp. 63–67

(in Russian).

18. A. A. Volkov, V. M. Roytman, D. N. Pristupyuk, V. Yu. Fedorov. The influence of humidity of const-

ruction materials on the accuracy of calculations of the heating of structures in assessing their fire resis-

tance. In: Integratsiya, partnerstvo i innovatsii v stroitelnoy nauke i obrazovanii. Sbornik materialov

VI Mezhdunarodnoy nauchnoy konferentsii [Partnership and Innovation in Construction Science and

Education. Proceedings of VI International Scientific Conference]. 2018, pp. 207–212 (in Russian).

19. A. N. Kamluk, A. V. Shirko, A. G. Yankovskiy. The thermal and strength calculation of concrete

columns in a software environment ÀNSYS. Tekhnosfernaya bezopasnost � Technosphere Safety,

2014, no. 2(3), pp. 26–33 (in Russian).

20. A. V. Shirko, A. N. Kamlyuk, I. I. Polevoda, N. V. Zaynudinova. The strength calculation of concrete

stabs in a soft-ware environment ANSYS. Vestnik Komandno-inzhenernogo instituta MChS Respubliki

Belarus � Vestnik of the Institute for Command Engineers of the MES of the Republic of Belarus, 2014,

no. 1(19), pp. 48–58 (in Russian).



Èíôîðìàöèÿ îá àâòîðàõ Information about the authors

ÃÎËÎÂÀÍÎÂ Âëàäèìèð Èëüè÷, ä-ð òåõí. íàóê, ãëàâíûé

íàó÷íûé ñîòðóäíèê, Âñåðîññèéñêèé íàó÷íî-èññëåäîâà-

òåëüñêèé èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè,

ã. Áàëàøèõà Ìîñêîâñêîé îáë., Ðîññèéñêàÿ Ôåäåðàöèÿ;

ORCID: 0000-0001-6043-0537; e-mail: pavelgol1@yandex.ru

Vladimir I. GOLOVANOV, Dr. Sci. (Eng), Main Researcher,

All-Russian Research Institute for Fire Protection of Emercom

of Russia, Balashikha, Moscow Region, Russian Federation;

ORCID: 0000-0001-6043-0537; e-mail: pavelgol1@yandex.ru

ÏÅÕÎÒÈÊÎÂ Àíäðåé Âëàäèìèðîâè÷, êàíä. òåõí. íàóê,

íà÷àëüíèê îòäåëà, Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëü-

ñêèé èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè,

ã. Áàëàøèõà Ìîñêîâñêîé îáë., Ðîññèéñêàÿ Ôåäåðàöèÿ;

ORCID: 0000-0003-2396-3136; e-mail: pekhotikov.a@mail.ru

Andrey V. PEKHOTIKOV, Cand. Sci. (Eng.), Head of De-

partment, All-Russian Research Institute for Fire Protection

of Emercom of Russia, Balashikha, Moscow Region, Russian

Federation; ORCID: 0000-0003-2396-3136;

e-mail: pekhotikov.a@mail.ru

ÍÎÂÈÊÎÂ Íèêîëàé Ñåðãååâè÷, íàó÷íûé ñîòðóäíèê,

Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò

ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè, ã. Áàëàøèõà

Ìîñêîâñêîé îáë., Ðîññèéñêàÿ Ôåäåðàöèÿ; ORCID:

0000-0002-2945-663X; e-mail: agps.nick182@gmail.com

Nikolay S. NOVIKOV, Researcher, All-Russian Research

Institute for Fire Protection of Emercom of Russia, Balashikha,

Moscow region, Russian Federation;

ORCID: 0000-0002-2945-663X;

e-mail: agps.nick182@gmail.com

ÏÀÂËÎÂ Âëàäèìèð Âàëåðüåâè÷, íà÷àëüíèê ñåêòîðà,

Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò

ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè, ã. Áàëàøèõà

Ìîñêîâñêîé îáë., Ðîññèéñêàÿ Ôåäåðàöèÿ; ORCID:

0000-0001-5131-7401; e-mail: vv.pavlov@mail.ru

Vladimir V. PAVLOV, Head of Sector, All-Russian Re-

search Institute for Fire Protection of Emercom of Russia,

Balashikha, Moscow region, Russian Federation; ORCID:

0000-0001-5131-7401; e-mail: vv.pavlov@mail.ru

ÊÓÇÍÅÖÎÂÀ Åëåíà Âÿ÷åñëàâîâíà, ñòàðøèé íàó÷íûé

ñîòðóäíèê, Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé

èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè, ã. Áà-

ëàøèõà Ìîñêîâñêîé îáë., Ðîññèéñêàÿ Ôåäåðàöèÿ; ORCID:

0000-0002-4711-0210; e-mail: lenkus01@mail.ru

Elena V. KUZNETSOVA, Senior Researcher, All-Russian

Research Institute for Fire Protection of Emercom of Russia,

Balashikha, Moscow region, Russian Federation; ORCID:

0000-0002-4711-0210; e-mail: lenkus01@mail.ru

POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 VOL. 28 No. 570

SAFETY OF BUILDINGS, STRUCTURES, OBJECTS

21. A. N. Kamlyuk, I. I. Polevoda, A. V. Shirko. Models of reinforcement and concrete materials for

thermal engineering and strength calculations on the example of the Russian standard. Vestnik Komandno-

inzhenernogo instituta MChS Respubliki Belarus � Vestnik of the Institute for Command Engineers of

the MES of the Republic of Belarus, 2013, no. 1(17), pp. 104–116 (in Russian).

22. K. Kordina, C. Meyer-Ottens. Beton brandschutz. Handbuch. 2 Auflage. Düsseldorf, Verlag Bau +

Technik, 1999. 284 p. (in Germany).

23. P. Nause. Brandschutztechnische Bewertung tragender Bauteile im Bestand. Brandschutz-Forum, München,

21.06.2013. 47 p. (in German). Available at: https:��docplayer.org�2762246-Brandschutztechnische-

bewertung-tragender-bauteile-im-bestand.html (Accessed 15 May 2019).

Ïîñòóïèëà 28.05.2019, ïîñëå äîðàáîòêè 19.07.2019;

ïðèíÿòà ê ïóáëèêàöèè 25.08.2019

Received 28 May 2019; Received in revised form 19 July 2019;

Accepted 25 August 2019


