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ÐÅÇÞÌÅ

Ââåäåíèå. Îòìå÷åíà àêòóàëüíîñòü ïîíèìàíèÿ ìåõàíèçìîâ ôîðìèðîâàíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî

ñîñòîÿíèÿ æåëåçîáåòîííûõ êîíñòðóêöèé â óñëîâèÿõ ïîæàðà. Âûÿâëåíà íåîáõîäèìîñòü ó÷åòà ðàñ÷åòíîé ñèòóà-

öèè, ïðè êîòîðîé àâàðèéíîå âûñîêîòåìïåðàòóðíîå âîçäåéñòâèå ïðèêëàäûâàåòñÿ ïî âåðõíåé ãðàíè æåëåçî-

áåòîííîé ïëèòû. Îáîçíà÷åíà ñâÿçü ðàáîòîñïîñîáíîñòè æåëåçîáåòîííîãî ñå÷åíèÿ, îáîãðåâàåìîãî ïî âåðõ-

íåé ãðàíè, ñ èçìåíåíèåì ïîëåçíîé íàãðóçêè â ïðîöåññå ðàçâèòèÿ ïîæàðà âñëåäñòâèå åå âûãîðàíèÿ. Öåëüþ

ðàáîòû ÿâëÿåòñÿ ïîëó÷åíèå ðàñ÷åòíîé ìåòîäèêè, ïîçâîëÿþùåé îöåíèòü çàâèñèìîñòü îòêàçà êîíñòðóêöèè îò

èçìåíÿþùåéñÿ ïîëåçíîé íàãðóçêè è îïðåäåëèòü ðåçåðâû íåñóùåé ñïîñîáíîñòè ñå÷åíèÿ êîíñòðóêöèè.

Òåîðåòè÷åñêèå ïîëîæåíèÿ èññëåäîâàíèÿ. Ïðèâåäåí àíàëèòè÷åñêèé âûâîä çàâèñèìîñòè ñèëîâîé íàãðóçêè îò

âðåìåíè ðàçâèòèÿ ïîæàðà, åãî òåìïåðàòóðû, à òàêæå íèçøåé ðàáî÷åé òåïëîòû ñãîðàíèÿ ïîìåùåíèé. Âûâîä

àíàëèòè÷åñêîé çàâèñèìîñòè âûïîëíåí ÷åðåç ýêâèâàëåíò ñãîðàíèÿ ìàññû äðåâåñèíû ê ñèëîâîé íàãðóçêå.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Íà îñíîâàíèè ïðåäëîæåííûõ çàâèñèìîñòåé ïðîâåäåíû ÷èñëåííûå ðàñ÷åòû äëÿ

àäìèíèñòðàòèâíîãî çäàíèÿ. Ïðèâåäåíû ãðàôèêè çàâèñèìîñòè óìåíüøåíèÿ íàãðóçêè îò âðåìåíè ïîæàðà è

åãî òåìïåðàòóðû. Ðàñ÷åòàìè óñòàíîâëåíî, ÷òî â àäìèíèñòðàòèâíûõ çäàíèÿõ ÷åðåç 60 ìèí ñ ìîìåíòà íà÷àëà

ïîæàðà ñèëîâàÿ íàãðóçêà íà íåñóùèå êîíñòðóêöèè óìåíüøàåòñÿ íå ìåíåå ÷åì íà 420 Í/ì2. Ñ ó÷åòîì ïîëó-

÷åííûõ çàâèñèìîñòåé óñòàíîâëåíî, ÷òî ðåçåðâû íåñóùåé ñïîñîáíîñòè æåëåçîáåòîííûõ ïëèò ïåðåêðûòèé äî-

ñòèãàþò íå ìåíåå 79 ìèí ïðè ó÷åòå óáûâàíèÿ íàãðóçêè, èçìåíÿþùåéñÿ âî âðåìåíè, ïî ñðàâíåíèþ ñ ïîñòî-

ÿííîé íàãðóçêîé.

Çàêëþ÷åíèå. Ñäåëàí âûâîä î òîì, ÷òî ïðè ìîäåëèðîâàíèè âûñîêîòåìïåðàòóðíîãî çàãðóæåíèÿ ïî âåðõíåé

ãðàíè æåëåçîáåòîííûõ ïëèò ïåðåêðûòèé öåëåñîîáðàçíî ó÷èòûâàòü óìåíüøåíèå íàãðóçêè âñëåäñòâèå åå âû-

ãîðàíèÿ. Ýòî ïîçâîëèò ó÷èòûâàòü äîïîëíèòåëüíûå ðåçåðâû íåñóùåé ñïîñîáíîñòè æåëåçîáåòîííûõ ïëèò ïðè

ïîæàðå.
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ABSTRACT

Introduction. The relevance of understanding the mechanisms of formation of the stress-strain state of reinforced

concrete structures in fire conditions is noted. The need to take into account the design situation in which an emer-

gency high-temperature effect is applied along the upper face of a reinforced concrete slab is highlighted. The con-

nection between the performance of a reinforced concrete section heated along the upper face and the change in

the payload during the development of a fire due to its burnout is indicated. The aim of the work is to obtain a calcu-

lation methodology that allows us to assess the dependence of structural failure on a changing payload and deter-

mine the reserves of the bearing capacity of the structural section.

Theoretical theses of research. There is given the analytical conclusion about the dependence of the forced load-

ing value on the fire timing, its temperature and the lowest working combustion heat value within building.

The conclusion about the analytical dependence is carried out using the equivalent of wood-pulp combustion to

the forced loading.
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Results and discussion. On the basis of the presented dependences there numerous calculations for an administ-

rative building were carried out. Graphs showing the dependence of forced loading decrease on fire timing and its

temperature are given. The calculation showed that in administrative buildings in 60 minutes after the fire starts

the forced loading decrease on the bearing structures reaches not less than 420 H/m2. Taking into account the

above dependences, it was determined that the emergency bearing capacity of reinforced stabs is reached in

79 minutes considering the forced loading decrease changing in time compared with the constant load.

Conclusion. There was drawn a conclusion that while modeling a high temperature loading on the upper boarder of

reinforced slab floors and coverings, it’s advisable to consider the decrease of forced loading because of its de-

struction by fire. It will allow to include additional reserves of load bearing capacity of reinforced stabs in case of fire.

Keywords: fire resistance of reinforced concrete slabs; standard temperature regime of fire; change in payload;

fire load; forced loading; rate of change of bending moments; heat engineering problem; isotherm five hundred de-

grees; safety margins of reinforced concrete section.
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Ââåäåíèå

Àíàëèç è ïðîãíîçèðîâàíèå ôîðìèðîâàíèÿ íàïðÿ-

æåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ æåëåçîáåòîí-

íîãî ñå÷åíèÿ ïîä äåéñòâèåì âûñîêèõ òåìïåðàòóð â

ïðîöåññå ïîæàðà ïîçâîëÿò îáåñïå÷èòü áåçàâàðèé-

íóþ ðàáîòó êîíñòðóêöèé çäàíèé è ñîîðóæåíèé ïðè

íàèáîëåå ýôôåêòèâíîì èñïîëüçîâàíèè ðàáîòû ñå-

÷åíèÿ è íàèìåíüøåé ìàòåðèàëîåìêîñòè. Âàæíûì

ôàêòîðîì, âíîñÿùèì ñóùåñòâåííûé âêëàä â ôàêòè-

÷åñêóþ ðàáîòó êîíñòðóêöèè, ÿâëÿåòñÿ ïîëåçíàÿ íà-

ãðóçêà, îáóñëàâëèâàþùàÿ âåëè÷èíû íàãðóçî÷íûõ ýô-

ôåêòîâ (èçãèáàþùèõ ìîìåíòîâ, ïîïåðå÷íûõ ñèë).

Â îñíîâå äåéñòâóþùèõ íîðìàòèâíûõ äîêóìåí-

òîâ (ÃÎÑÒ 30247.1–94 “Êîíñòðóêöèè ñòðîèòåëüíûå.

Ìåòîäû èñïûòàíèé íà îãíåñòîéêîñòü. Íåñóùèå è

îãðàæäàþùèå êîíñòðóêöèè”; ÑÒÎ 36554501-006–

2006 “Ïðàâèëà ïî îáåñïå÷åíèþ îãíåñòîéêîñòè è

îãíåñîõðàííîñòè æåëåçîáåòîííûõ êîíñòðóêöèé”;

ÑÏ 329.1325800.2017 “Çäàíèÿ è ñîîðóæåíèÿ. Ïðà-

âèëà îáñëåäîâàíèÿ ïîñëå ïîæàðà”), à òàêæå ïðîâå-

äåííûõ èññëåäîâàíèé [1–9] ëåæèò ãèïîòåçà ïðèëî-

æåíèÿ è âîçäåéñòâèÿ âûñîêîé òåìïåðàòóðû ïîæàðà

íà íèæíþþ ãðàíü êîíñòðóêöèè ïëèò ïåðåêðûòèé è

ïîêðûòèé. Âîçìîæíîñòü âûñîêîòåìïåðàòóðíîãî

îáîãðåâà âåðõíåé ïîâåðõíîñòè ïëèò ïåðåêðûòèé è

ïîêðûòèé íå ðàññìàòðèâàåòñÿ. Îäíàêî âåðîÿòíîñòü

ïîäîáíîãî âîçäåéñòâèÿ â óñëîâèÿõ ïîæàðà, íåñìîò-

ðÿ íà íàëè÷èå îòäåëî÷íûõ ñëîåâ, êîòîðûå íåðåäêî

íå ÿâëÿþòñÿ îãíåóïîðíûìè, âûñîêà (êàê ïîêàçû-

âàþò òåõíè÷åñêèå îò÷åòû* ïî îáñëåäîâàíèþ êîíñò-

ðóêöèé ïîñëå ïîæàðà), ÷òî çà÷àñòóþ ìîæåò ïðèâî-

äèòü ê êðèòè÷åñêèì ïîñëåäñòâèÿì.

Âûñîêîòåìïåðàòóðíîå âîçäåéñòâèå ïîæàðà íà

âåðõíþþ ãðàíü ïëèòû ïåðåêðûòèÿ îñîáåííî àêòóàëü-

íî äëÿ ìîíîëèòíûõ æåëåçîáåòîííûõ çäàíèé è ñîîðó-

æåíèé ñ êàðêàñíîé êîíñòðóêòèâíîé ñèñòåìîé [10–12].

Íàëè÷èå æåñòêèõ óçëîâ ñîïðÿæåíèé ýëåìåíòîâ êàð-

êàñà îáóñëàâëèâàåò áîëüøèå îïîðíûå ìîìåíòû è ðà-

áî÷åå àðìèðîâàíèå ïî âåðõíåé ãðàíè æåëåçîáåòîí-

íûõ ïëèò ïåðåêðûòèé. Íåìàëîâàæíûì ôàêòîðîì,

âëèÿþùèì íà îáåñïå÷åíèå áåçîïàñíîñòè çäàíèé è

ñîîðóæåíèé ñ ìîíîëèòíûì æåëåçîáåòîííûì êàðêà-

ñîì è ïëîñêèìè áåçáàëî÷íûìè ïëèòàìè ïåðåêðûòèé,

ÿâëÿåòñÿ ïðîäàâëèâàíèå, ò. å. ðàáîòà ïëèò íà äåéñò-

âèå ïîïåðå÷íîé ñèëû è èçãèáàþùåãî ìîìåíòà [13,14].

Âîïðîñ âûñîêîòåìïåðàòóðíûõ âîçäåéñòâèé íà

âåðõíþþ ãðàíü æåëåçîáåòîííûõ ïëèò òàêæå àêòóàëåí

ïðè ðàññìîòðåíèè ðàáîòû ñòàòè÷åñêè îïðåäåëèìûõ

êîíñòðóêöèé. Íàñòóïëåíèå ïðåäåëüíîãî ñîñòîÿíèÿ

ïî íåñóùåé ñïîñîáíîñòè ïëèò ïåðåêðûòèé èç æåëå-

çîáåòîíà ïðîèñõîäèò âñëåäñòâèå íàãðåâà ñæàòîé çîíû

áåòîíà ñå÷åíèÿ [15].

Îäíàêî, êàê ïîêàçûâàåò àíàëèç ïîñëåäñòâèé ðå-

àëüíûõ ïîæàðîâ, ïðè ìîäåëèðîâàíèè íàãðóæåíèÿ

âûñîêîòåìïåðàòóðíûì âîçäåéñòâèåì âåðõíåé ãðàíè

êîíñòðóêöèè â ðàñ÷åòàõ íåñóùåé ñïîñîáíîñòè öåëå-

ñîîáðàçíî ó÷èòûâàòü âîçìîæíîñòü óìåíüøåíèÿ ñè-

ëîâîé íàãðóçêè â õîäå ðàçâèòèÿ ïîæàðà, ÷òî ïîçâî-

ëÿåò áîëåå äîñòîâåðíî ïðîãíîçèðîâàòü ðåñóðñû ðà-

áîòû êîíñòðóêöèè â óñëîâèÿõ àâàðèéíîé ñèòóàöèè.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ âûâîä àíà-

ëèòè÷åñêîãî ðåøåíèÿ, îïèñûâàþùåãî àëãîðèòìû

èçìåíåíèÿ ñèëîâîé íàãðóçêè â õîäå ïîæàðà, àíàëèç

è îöåíêà âêëàäà èçìåíÿþùåéñÿ ïîëåçíîé íàãðóçêè

â ðåçåðâû íåñóùåé ñïîñîáíîñòè æåëåçîáåòîííûõ

ïëèò ïðè îáîãðåâå âåðõíåé ãðàíè.

Òåîðåòè÷åñêèå ïîëîæåíèÿ

èññëåäîâàíèÿ

Óìåíüøåíèå ñèëîâîé íàãðóçêè íàïðÿìóþ ñâÿçà-

íî ñ ïîæàðíîé íàãðóçêîé. Ïîæàðíàÿ íàãðóçêà â ïî-

* Òåõíè÷åñêèé îò÷åò “Ðåçóëüòàòû âèçóàëüíîãî, èíñòðóìåíòàëü-

íîãî îáñëåäîâàíèÿ è ïîâåðî÷íûõ ðàñ÷åòîâ æåëåçîáåòîííûõ

êîíñòðóêöèé, ïîâðåæäåííûõ ïîæàðîì, ìíîãîôóíêöèîíàëü-

íîãî ãîñòèíè÷íîãî êîìïëåêñà, ïî àäðåñó: ã. Ìîñêâà, óë. Íîâî-

êîñèíñêàÿ, âë. 18”, âûïîëíåííûé ÎÎÎ “Òîïãåîìîíèòîðèíã”

â 2015 ã.; Òåõíè÷åñêèé îò÷åò “Ðåçóëüòàòû îáñëåäîâàíèÿ è êîí-

ñòðóêòèâíûõ ðàñ÷åòîâ æåëåçîáåòîííûõ êîíñòðóêöèé ïîñëå

ïîæàðà îáúåêòà: “Ìíîãîýòàæíûé æèëîé äîì ñ âñòðîåííûìè è

ïðèñòðîåííûìè íåæèëûìè ïîìåùåíèÿìè îáùåñòâåííîãî íà-

çíà÷åíèÿ. Êîðïóñ 7”, ïî àäðåñó: ã. Ìîñêâà, ïðîåçä Âûñîêî-

âîëüòíûé, âë. 21, âûïîëíåííûé ÎÎÎ “ÍÈÈÏÒÝÑ” â 2019 ã.
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ìåùåíèÿõ çäàíèé è ñîîðóæåíèé ñêëàäûâàåòñÿ èç ïî-

ñòîÿííîé (ìàòåðèàëû, èç êîòîðûõ ñîñòîÿò ñòðîè-

òåëüíûå êîíñòðóêöèè, — ãîðþ÷èå è òðóäíîãîðþ÷èå;

êîíñòðóêöèÿ ïîëîâ, êðîâåëü, ïîäâåñíûõ ïîòîëêîâ

è ò. ï.), è âðåìåííîé äëèòåëüíîé (ñòàöèîíàðíîå îáî-

ðóäîâàíèå, ñûðüå, ãîòîâàÿ ïðîäóêöèÿ, ìåáåëü è ò. ï.).

Èçâåñòíî [15–18], ÷òî óäåëüíîé ïðèâåäåííîé

ïîæàðíîé íàãðóçêîé (ò. å. íàãðóçêîé, îòíåñåííîé ê

ïëîùàäè ïîëà ïîìåùåíèÿ) íàçûâàþò íàãðóçêó, èñ-

÷èñëÿåìóþ â ýêâèâàëåíòå ñãîðàíèÿ âåñà äðåâåñèíû

g0 (H�ì2):

g
M

F

m Q

Q

i i
0 � � í

íä

ð

ð
, (1)

ãäå M — âåñ ñãîðàåìîé ÷àñòè ñèëîâîé íàãðóçêè, Í;

F — ïëîùàäü ïîìåùåíèÿ, ì2;

mi — îòíîñèòåëüíàÿ ìàññîâàÿ äîëÿ i-ãî ìàòå-

ðèàëà â ñîñòàâå ïîæàðíîé íàãðóçêè, äîëè åä.;

Q
ií

p — òåïëîòà ñãîðàíèÿ i-ãî ìàòåðèàëà â ñîñòàâå

ïîæàðíîé íàãðóçêè, Äæ�êã;

Qíä
ð — òåïëîòà ñãîðàíèÿ äðåâåñèíû, Äæ�êã.

Òîãäà ÷àñòü ñèëîâîé íàãðóçêè qãîð, êîòîðàÿ ñëà-

ãàåò ïîæàðíóþ íàãðóçêó è âûãîðàåò â ïðîöåññå ïî-

æàðà, áóäåò îïðåäåëÿòüñÿ âûðàæåíèåì

q
M

F
g

Q

m Qi i

ãîð
íä

í

� �
�

0

ð

ð
, (2)

ãäå qãîð — ñãîðàåìàÿ è òðóäíîñãîðàåìàÿ ÷àñòü ñèëî-

âîé íàãðóçêè, Í�ì2.

Íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿ ïîìåùåíèÿ

Qí ïîì
ð
. (Äæ�êã) îïðåäåëÿåòñÿ äîëÿìè ìàññ ìàòåðè-

àëîâ, à òàêæå ðàáî÷åé òåïëîòîé ñãîðàíèÿ êàæäîãî

èç íèõ:

Q m Qi ií ïîì
ð

í

ð
. .� � (3)

Ó÷èòûâàÿ (2) è (3), ïîëó÷èì:

q g Q Qãîð íä í.ïîì� 0 ( ) .ð ð (4)

Âåëè÷èíà âûãîðåâøåé óäåëüíîé ïðèâåäåííîé

ïîæàðíîé íàãðóçêè�g0 (Í�ì2) â ëþáîé ìîìåíò âðå-

ìåíè t çàâèñèò îò ñêîðîñòè ñãîðàíèÿ äðåâåñèíû

�ñãîð.ä (Í�(ì2·ñ)) è îïðåäåëÿåòñÿ ïî ôîðìóëå

�g0 = �ñãîð.ä t, (5)

ãäå t — âðåìÿ ñ ìîìåíòà íà÷àëà ïîæàðà, ñ.

Ó÷èòûâàÿ ôîðìóëû (4) è (5), ïîëó÷èì âûðà-

æåíèå äëÿ ñãîðåâøåé ÷àñòè ñèëîâîé íàãðóçêè �qãîð

(Í�ì2), ñëàãàþùåé ïîæàðíóþ íàãðóçêó, â ëþáîé

ìîìåíò âðåìåíè t:

�qãîð = �ñãîð.ä t
Q

Q

íä

í.ïîì

ð

ð
. (6)

Ïîñêîëüêó ðåæèì ïîæàðà ñòàíäàðòíûé, òåìïå-

ðàòóðà ïîæàðà îïèñûâàåòñÿ ñëåäóþùåé çàâèñèìî-

ñòüþ îò âðåìåíè t (íà îñíîâàíèè ÃÎÑÒ 30247.0–94

“Êîíñòðóêöèè ñòðîèòåëüíûå. Ìåòîäû èñïûòàíèé íà

îãíåñòîéêîñòü. Îáùèå òðåáîâàíèÿ”):

T
t

T� � �	


�

�


� �345

8

60
1 0lg , (7)

ãäå Ò — òåìïåðàòóðà ïîæàðà â ìîìåíò âðåìåíè t, °Ñ;

Ò0 — òåìïåðàòóðà ñðåäû â ïîìåùåíèè äî íà÷àëà

ïîæàðà, °Ñ.

Òîãäà âðåìÿ ïîæàðà êàê ôóíêöèÿ îò òåìïåðàòóðû

t
T T� ��

7 5 10 1
0 0029 0, ( ).

, ( )
(8)

Ó÷èòûâàÿ óðàâíåíèÿ (6) è (8), ïîëó÷èì:

�q
Q

Q

T T
ãîð ñãîð.ä

íä
ð

í.ïîì

� ��
7 5 10 1

0 0029 0, ( ) .
, ( )

ð
� (9)

Âûïîëíèì ïðîâåðêó ïîëó÷åííîé ôîðìóëû ïî ðàç-

ìåðíîñòÿì:

ñ
Í

ì ñ

Äæ

êã

êã

Äæ

Í

ì2 2
�

�
� �

�

�
�

�

�
� �

�
��

�
��

, (10)

÷òî ñîîòâåòñòâóåò ðàçìåðíîñòè íàãðóçêè.

Òàê êàê ñêîðîñòü ñãîðàíèÿ äðåâåñèíû �ñãîð.ä è

íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿ äðåâåñèíûQíä
ð èç-

âåñòíû (â ðàìêàõ ãðàíè÷íûõ óñëîâèé íàøåé çàäà÷è

èõ ìîæíî ïðèíÿòü çà êîíñòàíòû [19, 20]), ïîëó÷èì:

�q
Q

T T

ãîð

í.ïîì

� �
��

142 10
10 17

0 0029 0

, .
, ( )

ð
(11)

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà îñíîâàíèè ôîðìóëû (11) âûïîëíèì ðàñ÷åò èç-

ìåíåíèÿ íàãðóçêè ïðè ïîæàðå â àäìèíèñòðàòèâíîì

çäàíèè. Íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿQí àäì çä
ð
. . =

= 14,0 ÌÄæ�êã (äàííûå âçÿòû èç [19, 20]). Ðåçóëüòàòû

ðàñ÷åòà ïðåäñòàâèì â ãðàôè÷åñêîì âèäå: çàâèñèìîñòü

èçìåíåíèÿ ñèëîâîé íàãðóçêè îò òåìïåðàòóðû ïîæà-

ðà — íà ðèñ. 1, çàâèñèìîñòü èçìåíåíèÿ ñèëîâîé íà-

ãðóçêè îò âðåìåíè ïîæàðà — íà ðèñ. 2.

Òàêèì îáðàçîì, ìîæíî ïðîãíîçèðîâàòü ñóùåñò-

âåííîå ñíèæåíèå ñèëîâîé íàãðóçêè óæå ÷åðåç 60 ìèí

ñ ìîìåíòà íà÷àëà îãíåâîãî âîçäåéñòâèÿ (íå ìåíåå

÷åì íà 420 Í�ì2).

Äëÿ íàãëÿäíîé èëëþñòðàöèè âûïîëíèì ðàñ÷åò

ñòàòè÷åñêè îïðåäåëèìîé ïëèòû ïåðåêðûòèÿ, ðàáî-

òàþùåé ïî áàëî÷íîé ñõåìå (îïèðàíèå ïî äâóì ñòî-

ðîíàì). Ðàçðóøåíèå ïëèòû ïåðåêðûòèÿ ïðîèçîéäåò

â ðåçóëüòàòå ïðîãðåâà áåòîíà ñæàòîé çîíû ñ ïîñëå-

äóþùèì ñíèæåíèåì åãî ïðî÷íîñòè, óìåíüøåíèåì

ðàáî÷åé âûñîòû ñå÷åíèÿ è ðàçðóøåíèåì ïëèòû ïî

ðàñòÿíóòîé àðìàòóðå.

Èñõîäíûå äàííûå äëÿ ðàñ÷åòà: âûñîòà ïëèòû ïå-

ðåêðûòèÿ h = 160 ìì, åå øèðèíà b = 1000 ìì, ïðî-

ëåò ïëèòû l = 4000 ìì; áåòîí òÿæåëûé êëàññà Â25;
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íîðìàòèâíàÿ ïðèçìåííàÿ ïðî÷íîñòü áåòîíà Rbn =

= 18,5 ÌÏà; àðìàòóðà êëàññà À500, àðìèðîâàíèå

As = 2,51 ñì2, íîðìàòèâíîå ñîïðîòèâëåíèå àðìàòó-

ðû ðàñòÿæåíèþ Rsn = 500 ÌÏà; òîëùèíà çàùèòíîãî

ñëîÿ áåòîíà 15 ìì; íîðìàòèâíàÿ ïîñòîÿííàÿ è äëè-

òåëüíàÿ íàãðóçêà 6400 Í�ì2; ñãîðàåìàÿ ÷àñòü íà-

ãðóçêè 2400 Í�ì2.

Ñîîòíåñåì èçìåíåíèå íàãðóçêè ñ íà÷àëüíûì çíà-

÷åíèåì ñãîðàåìîé ÷àñòè íàãðóçêè äëÿ íàøåé çàäà÷è

è âûðàçèì åãî â ïðîöåíòàõ (òàáë. 1).

Êàê âèäíî èç òàáë. 1, 100 % ñãîðàåìîé ÷àñòè íà-

ãðóçêè âûãîðèò íå ðàíåå ÷åì ÷åðåç 300 ìèí ñ ìîìåí-

òà îãíåâîãî âîçäåéñòâèÿ.

Èçãèáàþùèé ìîìåíò îò äåéñòâèÿ âíåøíèõ ñèë â

ïëèòå ïåðåêðûòèÿ Ì (Í·ì) áåç ó÷åòà âûãîðàíèÿ íà-

ãðóçêè ñîñòàâëÿåò:

M
ql

� �
�

�
2 2

8

6400 4 0

8
12800

,
Í·ì. (12)

Èçãèáàþùèé ìîìåíò îò äåéñòâèÿ âíåøíèõ ñèë

â ïëèòå ïåðåêðûòèÿ ñ ó÷åòîì âûãîðàíèÿ íàãðóçêè

íå ÿâëÿåòñÿ êîíñòàíòîé è âû÷èñëÿåòñÿ ïî ôîðìóëå

M q
Q

l
T T

� � �
�	




�
�

�




�
�

�
1

8
142 10

10 17
0 0029

2
0

, .
, ( )

í .ïîì
ð

(13)

Âûïîëíèì òåïëîòåõíè÷åñêèé ðàñ÷åò ìåòîäîì

êîíå÷íûõ ýëåìåíòîâ ñ èñïîëüçîâàíèåì ïðåïðîöåñ-

ñîðà — ïðîãðàììíîãî êîìïëåêñà “Salome”, ðåøàòå-

ëÿ — ìàòåìàòè÷åñêîãî ïàêåòà “Elmer FEM solver” è

ïîñòïðîöåññîðà — ïðîãðàììíîãî êîìïëåêñà “Para

View”. Ðåçóëüòàòû ðàñ÷åòà ïðîãðåâà áåòîíà ñå÷åíèÿ

ïëèòû ïðèâåäåíû íà ðèñ. 3.

Ïî ðåçóëüòàòàì ðàñ÷åòà ïîëó÷åíû èçîòåðìû

ïðîãðåâà ñæàòîé çîíû áåòîíà ñå÷åíèÿ âî âðåìåíè

(ðèñ. 4).

Ðàñ÷åò ïðî÷íîñòè æåëåçîáåòîííîãî ñå÷åíèÿ èç-

ãèáàåìîé ïëèòû âûïîëíèì ïî ìåòîäó “Èçîòåðìû

500 °Ñ”. Áåòîí, ïðîãðåòûé äî 500 °Ñ, âûêëþ÷àåì

Ðèñ. 2. Çàâèñèìîñòü èçìåíåíèÿ ñèëîâîé íàãðóçêè îò âðåìå-

íè ïîæàðà

Fig. 2. The dependence of forced loading changes on fire timing

Âðåìÿ ïîæàðà
t, ìèí

Fire time t,
min

Òåìïåðàòóðà
ïîæàðà T, °C

Fire temperature
T, °C

Óìåíüøåíèå

íàãðóçêè �qãîð, %

Decrease of forced

loading �qcomb, %

30 821 11

45 875 14

60 925 18

90 986 29

120 1029 41

150 1060 48

180 1090 57

240 1133 80

300 1184 100

Òàáëèöà 1. Óìåíüøåíèå ñãîðàåìîé ÷àñòè íàãðóçêè

Table 1. Decrease of forced loading (in per cents) from the initial

value

Ðèñ. 3. Èçîòåðìû â ñå÷åíèè ïëèòû ïðè îäíîñòîðîííåì îáî-

ãðåâå âåðõíåé ÷àñòè ñå÷åíèÿ ÷åðåç 180 ìèí âîçäåéñòâèÿ ñòàí-

äàðòíîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà

Fig. 3. Isotherms in the cross section of the stove with one-sided

heating along the upper part of the cross section after 180 minutes

of the standard temperature of the fire

Ðèñ. 1. Çàâèñèìîñòü èçìåíåíèÿ ñèëîâîé íàãðóçêè îò òåìïå-

ðàòóðû ïîæàðà

Fig. 1. The dependence of forced loading changes on temperature

of fire



30 POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2020 VOL. 29 NO. 2

SAFETY OF BUILDINGS, STRUCTURES, OBJECTS

èç ðàáîòû ñå÷åíèÿ. Ðåçóëüòàòû ðàñ÷åòà ïðèâåäåíû

â òàáë. 2 è íà ðèñ. 5.

Èç ãðàôèêîâ íà ðèñ. 5 âèäíî, ÷òî ðåçåðâ íåñóùåé

ñïîñîáíîñòè R (çàêðàøåííàÿ êðàñíûì öâåòîì îá-

ëàñòü) ñîñòàâëÿåò íå ìåíåå 79 ìèí.

Èñïîëüçóÿ ìåòîä íàèìåíüøèõ êâàäðàòîâ, ïîëó-

÷èì àíàëèòè÷åñêîå ðåøåíèå äëÿ ïðî÷íîñòè ñå÷åíèÿ

ðàññìàòðèâàåìîé ïëèòû â çàâèñèìîñòè îò âðåìåíè:

M R bx tb1
9 201 10� � ��[( ,

� � � ��0 6 10 0145 0 55, , ) , ].t x
(14)

Âûïîëíèì îöåíêó âêëàäà â èçìåíåíèå íàïðÿ-

æåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ñå÷åíèÿ ïëèòû

ôóíêöèè óìåíüøåíèÿ íàãðóçêè è ôóíêöèè ñíèæå-

íèÿ íåñóùåé ñïîñîáíîñòè. Äëÿ ýòîãî îïðåäåëèì ñêî-

ðîñòü èçìåíåíèÿ äàííûõ ôóíêöèé â çàâèñèìîñòè îò

âðåìåíè, ò. å. âû÷èñëèì ïðîèçâîäíûå ôóíêöèé:

d

d

M

t
t1 40 22 10 0 645� � ��, , (H·ì�ñ); (15)

d

d

M

t
2 0 27� � , (H·ì�ñ). (16)

Ïîñòðîèì ãðàôèêè ïîëó÷åííûõ ôóíêöèé (ðèñ. 6).

Òàêèì îáðàçîì, èç ãðàôèêîâ ðèñ. 6 âèäíî, ÷òî

êàæäóþ ìèíóòó íàãðóçêà óáûâàåò íà âåëè÷èíó îò

0,13 % îò íà÷àëüíîãî çíà÷åíèÿ (â íà÷àëå âûñîêîòåì-

ïåðàòóðíîãî âîçäåéñòâèÿ) äî 0,19 % îò íà÷àëüíîãî

çíà÷åíèÿ (÷åðåç 240 ìèí ñ ìîìåíòà íà÷àëà âûñîêî-

òåìïåðàòóðíîãî âîçäåéñòâèÿ), à íåñóùàÿ ñïîñîáíîñòü

ïîíèæàåòñÿ áîëåå ðàâíîìåðíî — íà 0,25–0,26 % îò

íà÷àëüíîãî çíà÷åíèÿ â òå÷åíèå âñåãî âðåìåíè âîç-

äåéñòâèÿ.

Ðèñ. 4. Èçîòåðìû ïðîãðåâà ñæàòîé çîíû áåòîíà ñå÷åíèÿ ïëè-

òû íà ãëóáèíå 0 ìì (1), 0,015 ìì (2), 0,030 ìì (3), 0,045 ìì (4),

0,060 ìì (5), 0,075 ìì (6), 0,090 ìì (7) è 0,100 ìì (8)

Fig. 4. Isotherms of heating the compressed zone of the concrete

section of the slab at the depth 0 mm (1), 0.015 mm (2), 0.030 mm

(3), 0.045 mm (4), 0.060 mm (5), 0.075 mm (6), 0.090 mm (7) and

0.100 mm (8)
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ct

io
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d
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n
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h
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ti
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h
0
t,

m
m

�R th0 ,
ìì

�R th0 ,
mm

Èçãèáàþùèé
ìîìåíò, Í·ì

Bending moment,
N·m

âîñïðèíè-
ìàåìûé

ñå÷åíèåì
M1

Taken
by section

M1

îò äåé-
ñòâèÿ

íàãðóçêè
M2

Under
acting load

M2

0 0 145 71,5 15275 12800

30 10 135 66,5 14200 12284

45 15 130 64,1 13663 12079

60 20 125 61,6 13125 11948

69 23 122 60,2 12800 11792

90 30 115 56,7 12050 11392

120 35 110 54,2 11513 10833

148 44 101 49,8 10501 10501

150 45 100 49,3 10438 10476

180 50 95 46,8 9900 10053

240 65 80 39,4 8288 8963

Òàáëèöà 2. Çíà÷åíèÿ èçãèáàþùåãî ìîìåíòà ñ ó÷åòîì âûãî-

ðàíèÿ íàãðóçêè ïðè âûñîòå ñæàòîé çîíû áåòîíà õ = 5,81 ìì

Table 2. Values of bending moment considering forced loading

destroyed by fire at the height of compressed concrete zone

x = 5.81 mm

Ðèñ. 5. Çàâèñèìîñòü èçãèáàþùèõ ìîìåíòîâ, âîñïðèíèìà-

åìîãî ñå÷åíèåì Ì1; âîçíèêàþùåãî ñ ó÷åòîì óìåíüøåíèÿ íà-

ãðóçêè Ì2; âîçíèêàþùåãî îò ïîñòîÿííîé íàãðóçêè Ì3, îò âðå-

ìåíè

Fig. 5. The dependence of bending moments on time, perceived

by the cross-section M1; arising taking into account the reduction

of the load M2; arising from the constant load M3
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Çàêëþ÷åíèå

Ñîâðåìåííàÿ íîðìàòèâíàÿ áàçà íå ó÷èòûâàåò âîç-

ìîæíîñòåé âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ íà

âåðõíþþ ãðàíü æåëåçîáåòîííûõ ïëèò ïåðåêðûòèé

è ïîêðûòèé. Â óñëîâèÿõ ïîæàðà ïðîèñõîäèò íàãðåâ

âåðõíåé ÷àñòè ïëèò ïåðåêðûòèé è ïîêðûòèé, âñëåä-

ñòâèå ÷åãî â êîíñòðóêöèÿõ âîçíèêàþò íåïðîåêòíûå

ñõåìû ðàçðóøåíèÿ.

Â íàñòîÿùåé ðàáîòå àâòîðû ðàññìîòðåëè âîç-

ìîæíîñòü ó÷åòà èçìåíåíèÿ ñèëîâîé íàãðóçêè â ñâÿ-

çè ñ åå âûãîðàíèåì â õîäå ïîæàðà. Â ñòàòüå ïðåäëî-

æåíû àíàëèòè÷åñêèå çàâèñèìîñòè, ïîçâîëÿþùèå

ó÷èòûâàòü ôàêòè÷åñêóþ ñèëîâóþ íàãðóçêó, èçìåíÿ-

þùóþñÿ â õîäå ïîæàðà, ïðè ðàñ÷åòàõ ïëèò ïîêðû-

òèé è ïåðåêðûòèé íà îãíåñòîéêîñòü. Ïðîâåäåíî ðàñ-

÷åòíîå èññëåäîâàíèå è îáîñíîâàíû ðåçåðâû íåñóùåé

ñïîñîáíîñòè èçãèáàåìûõ ýëåìåíòîâ, êîòîðûå íå ó÷è-

òûâàþòñÿ íà äàííûé ìîìåíò.

Ïðèìåíåíèå ïðåäëîæåííîé ìåòîäèêè ïîçâîëèò

íàèáîëåå äîñòîâåðíî îöåíèâàòü è ïðîãíîçèðîâàòü

ðåçåðâû íåñóùåé ñïîñîáíîñòè æåëåçîáåòîííûõ ïëèò

ïåðåêðûòèé è ïîêðûòèé ïðè âûñîêîòåìïåðàòóðíîì

âîçäåéñòâèè â óñëîâèÿõ ïîæàðà.
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