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ÐÅÇÞÌÅ

Ââåäåíèå. Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ÑÏ 2.13130.2012 (ï. 5.4.3) äîïóñêàåòñÿ ïðèìåíåíèå íåçàùèùåí-

íûõ ñòàëüíûõ êîíñòðóêöèé, åñëè òðåáóåìûé ïðåäåë èõ îãíåñòîéêîñòè ñîñòàâëÿåò R 15 (RE 15, REI 15). Îäíàêî

ôàêòè÷åñêèé ïðåäåë îãíåñòîéêîñòè çàâèñèò êàê îò ïðèâåäåííîé òîëùèíû êîíñòðóêöèè, òàê è îò òåìïåðàòóðíî-

ãî ðåæèìà ïîæàðà (“öåëëþëîçíûé” èëè óãëåâîäîðîäíûé). Ðàáîòà ïîñâÿùåíà ðàñ÷åòíîé îöåíêå ôàêòè÷åñêîãî

ïðåäåëà îãíåñòîéêîñòè íåçàùèùåííûõ ñòàëüíûõ êîíñòðóêöèé äëÿ òåìïåðàòóðíûõ ðåæèìîâ, ñîîòâåòñòâóþùèõ

ñòàíäàðòíûì “öåëëþëîçíîìó” è óãëåâîäîðîäíîìó ïîæàðàì, â çàâèñèìîñòè îò ïðèâåäåííîé òîëùèíû êîíñò-

ðóêöèé.

Ìåòîäèêà ðàñ÷åòà è ïîëó÷åííûå ðåçóëüòàòû. ×èñëåííîå ìîäåëèðîâàíèå ïðîãðåâà êîíñòðóêöèé ïðîâîäèëè

ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà FDS 6. Ðàññìàòðèâàëèñü ñòàëüíûå íåçàùèùåííûå êîíñòðóêöèè ñ ïðè-

âåäåííîé òîëùèíîé �êð îò 3 äî 60 ìì. Ïðåäåë îãíåñòîéêîñòè óñòàíàâëèâàëè ïî äîñòèæåíèè êîíñòðóêöèåé òåì-

ïåðàòóðû 500 °Ñ. Ïîëó÷åíû çàâèñèìîñòè ôàêòè÷åñêîãî ïðåäåëà îãíåñòîéêîñòè êîíñòðóêöèè îò åå ïðèâå-

äåííîé òîëùèíû �êð, êîòîðûé äëÿ óãëåâîäîðîäíîãî ðåæèìà ïîæàðà îêàçàëñÿ ñóùåñòâåííî íèæå, ÷åì äëÿ

“öåëëþëîçíîãî”. Íàéäåíà çàâèñèìîñòü îòíîøåíèÿ ïðåäåëîâ îãíåñòîéêîñòè äëÿ óãëåâîäîðîäíîãî è “öåëëþëîç-

íîãî” ïîæàðîâ îò ïðèâåäåííîé òîëùèíû ñòðîèòåëüíîé êîíñòðóêöèè.

Çàêëþ÷åíèå. Ðåçóëüòàòû ðàáîòû ïîäòâåðæäàþò îáîñíîâàííîñòü òðåáîâàíèé ÑÏ 2.13130.2012 (ï. 5.4.3) â

÷àñòè âîçìîæíîñòè ïðèìåíåíèÿ íåçàùèùåííûõ ñòàëüíûõ êîíñòðóêöèé, åñëè òðåáóåìûé ïðåäåë îãíåñòîéêî-

ñòè ñîñòàâëÿåò R 15 (RE 15, REI 15) äëÿ “öåëëþëîçíîãî” ïîæàðà. Â òî æå âðåìÿ äëÿ óãëåâîäîðîäíîãî ðåæèìà

ïîæàðà äàííîå òðåáîâàíèå íåïðèìåíèìî.
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ABSTRACT

Introduction. A normative document Set of Rules 2.13130.2012 (item 5.4.3) states that if an required fire re-

sistance limit of structures is equal to R 15 (RE 15, REI 15) an application of non-protected steel structures is

possible. But an actual fire resistance limit depends both on a reduced thickness of the structure and a tempera-

ture regime of a fire (for example “cellulose” or hydrocarbon regime). This study is aimed on a numerical evaluation

of the actual fire resistance limit of the non-protected steel structures for the standard “cellulose” and hydro-

carbon temperature regimes of fires at various reduced thickness of the structures.

Methodology and results. A numerical modeling of a heating of the structures was carried out using the software

FDS 6. The non-protected steel structures having the reduced thickness �cr from 3 to 60 mm were considered.

The fire resistance limits were determined as a time interval from a beginning of the fire to the time moment when

the temperature of the structure reaches a value of 500 °C. Dependences of the actual fire resistance limits on �cr

were obtained. These limits for the hydrocarbon fire were substantially lower than for “cellulose” one. A depen-

dence of a ratio of the fire resistance limits for the hydrocarbon and “cellulose” fires on the reduced thickness of

the structure was found.
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Conclusion. The results of this study confirm the requirement of the normative document Set of Rules

2.13130.2012 (item 5.4.3) concerning a possibility of the application of the non-protected steel structures in

the case when the required fire resistance limit is equal to R 15 (RE 15, REI 15), but only for the “cellulose” fire.

But this requirement is not valid for the hydrocarbon fire.

Keywords: “cellulose” fire; hydrocarbon fire; reduced thickness of a structure; software FDS 6; temperatures of

steel structures.
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Ââåäåíèå

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè íîðìàòèâíûõ äî-

êóìåíòîâ ïî ïîæàðíîé áåçîïàñíîñòè (ñì., íàïðèìåð,

ï. 5.4.3 ÑÏ 2.13130.2012 “Ñèñòåìû ïðîòèâîïîæàð-

íîé çàùèòû. Îáåñïå÷åíèå îãíåñòîéêîñòè îáúåêòîâ

çàùèòû”), åñëè òðåáóåìûé ïðåäåë îãíåñòîéêîñòè êîí-

ñòðóêöèé (çà èñêëþ÷åíèåì êîíñòðóêöèé â ñîñòàâå

ïðîòèâîïîæàðíûõ ïðåãðàä) ñîñòàâëÿåò R 15 (RE 15,

REI 15), äîïóñêàåòñÿ ïðèìåíÿòü íåçàùèùåííûå ñòàëü-

íûå êîíñòðóêöèè íåçàâèñèìî îò èõ ôàêòè÷åñêîãî

ïðåäåëà îãíåñòîéêîñòè. Èñêëþ÷åíèåì ÿâëÿþòñÿ

ñëó÷àè, êîãäà ïðåäåë îãíåñòîéêîñòè õîòÿ áû îäíîãî

èç ýëåìåíòîâ íåñóùèõ êîíñòðóêöèé (ñòðóêòóðíûå

ýëåìåíòû ôåðì, áàëîê, êîëîíí è ò. ï.) ïî ðåçóëüòà-

òàì èñïûòàíèé ñîñòàâëÿåò ìåíåå R 8. Îäíàêî íà

ïðàêòèêå ïîñëåäíèì óñëîâèåì çà÷àñòóþ ïðåíåáðå-

ãàþò è ïðèíèìàþò ïðåäåë îãíåñòîéêîñòè äëÿ íåçà-

ùèùåííûõ ñòàëüíûõ êîíñòðóêöèé ðàâíûì R 15.

Êðîìå òîãî, íåäîñòàòî÷íî ÿñíî, êàê ôàêòè÷åñêèé

ïðåäåë îãíåñòîéêîñòè íåçàùèùåííûõ ñòàëüíûõ êîí-

ñòðóêöèé çàâèñèò îò èõ ïðèâåäåííîé òîëùèíû �êð

(ìì). Ïðè ýòîì âåëè÷èíà R 15 ìîæåò áûòü êàê èçáû-

òî÷íîé (ïðè áîëüøèõ çíà÷åíèÿõ �êð), òàê è íåäîñòà-

òî÷íîé (ïðè ìàëûõ çíà÷åíèÿõ �êð). Äàííûå ïî ôàê-

òè÷åñêîìó ïðåäåëó îãíåñòîéêîñòè ñòàëüíûõ íåçà-

ùèùåííûõ êîíñòðóêöèé ïðè ðàçëè÷íûõ çíà÷åíèÿõ

�êð, ïðåäñòàâëåííûå â [1], îòíîñÿòñÿ ê ñòàíäàðòíî-

ìó òåìïåðàòóðíîìó ðåæèìó òàê íàçûâàåìîãî “öåë-

ëþëîçíîãî” ïîæàðà (ñì. ISO 834-1:1999 “Èñïûòàíèÿ

íà îãíåñòîéêîñòü. Ýëåìåíòû ñòðîèòåëüíûõ êîíñòðóê-

öèé. ×àñòü 1. Îáùèå òðåáîâàíèÿ”; ÃÎÑÒ 30247.0–94

“Êîíñòðóêöèè ñòðîèòåëüíûå. Ìåòîäû èñïûòàíèé íà

îãíåñòîéêîñòü. Îáùèå òðåáîâàíèÿ”). Â òî æå âðåìÿ

íåçàùèùåííûå ñòàëüíûå êîíñòðóêöèè çà÷àñòóþ èñ-

ïîëüçóþòñÿ íà ïðåäïðèÿòèÿõ íåôòåãàçîâîãî êîìïëåê-

ñà, äëÿ êîòîðûõ õàðàêòåðåí óãëåâîäîðîäíûé òåìïå-

ðàòóðíûé ðåæèì ïîæàðà (ñì. ÃÎÑÒ Ð ÅÍ 1363-2–2014

“Êîíñòðóêöèè ñòðîèòåëüíûå. Èñïûòàíèÿ íà îãíå-

ñòîéêîñòü. ×àñòü 2. Àëüòåðíàòèâíûå è äîïîëíèòåëü-

íûå ìåòîäû”). Îäíàêî â ëèòåðàòóðå äëÿ òàêîãî ñëó÷àÿ

îòñóòñòâóåò çàâèñèìîñòü ïðåäåëà îãíåñòîéêîñòè îò

ïðèâåäåííîé òîëùèíû êîíñòðóêöèè �êð.

Â ðàáîòå [2] ïðåäñòàâëåí èíæåíåðíûé ìåòîä

ðàñ÷åòà ïðåäåëîâ îãíåñòîéêîñòè ñòàëüíûõ êîíñò-

ðóêöèé è äëÿ ñòàíäàðòíîãî “öåëëþëîçíîãî” ïîæàðà

âû÷èñëåíû òåìïåðàòóðû êîíñòðóêöèé, èìåþùèõ ðàç-

ëè÷íûå ïðèâåäåííûå òîëùèíû. Âîïðîñû îöåíêè

îãíåñòîéêîñòè ñòàëüíûõ êîíñòðóêöèé, à òàêæå ïî-

âåäåíèÿ ñòðîèòåëüíûõ êîíñòðóêöèé (â òîì ÷èñëå

ñòàëüíûõ íåçàùèùåííûõ) ïðè ïîæàðå îñâåùàëèñü

è â ðàáîòàõ [3–16], íî òîæå â îñíîâíîì äëÿ ñëó÷àÿ

ñòàíäàðòíîãî “öåëëþëîçíîãî” ïîæàðà. È ëèøü â ðà-

áîòàõ [17–19] ðàññìàòðèâàþòñÿ èíûå òåìïåðàòóð-

íûå ðåæèìû ïîæàðà.

Â ñâÿçè ñ âûøåèçëîæåííûì íàñòîÿùàÿ ðàáîòà

ïîñâÿùåíà ðàñ÷åòíîé îöåíêå ôàêòè÷åñêîãî ïðåäåëà

îãíåñòîéêîñòè íåçàùèùåííûõ ñòàëüíûõ êîíñòðóê-

öèé äëÿ òåìïåðàòóðíûõ ðåæèìîâ, ñîîòâåòñòâóþùèõ

ñòàíäàðòíûì “öåëëþëîçíîìó” è óãëåâîäîðîäíîìó

ïîæàðàì.

Ìåòîäèêà ðàñ÷åòà
è ïîëó÷åííûå ðåçóëüòàòû

Ïðîâåäåíî ÷èñëåííîå ìîäåëèðîâàíèå ïðîãðåâà

íåçàùèùåííûõ ñòàëüíûõ êîíñòðóêöèé, èìåþùèõ

ðàçëè÷íûå ïðèâåäåííûå òîëùèíû �êð, ïðè âîçäåé-

ñòâèè ñòàíäàðòíûõ “öåëëþëîçíîãî” è óãëåâîäîðîä-

íîãî ïîæàðîâ. Èñïîëüçîâàí ïðîãðàììíûé êîìïëåêñ

FDS 6 [20]. Òåìïåðàòóðíûå ðåæèìû “öåëëþëîçíîãî”

è óãëåâîäîðîäíîãî ïîæàðîâ îïèñûâàëèñü ñîîòíî-

øåíèÿìè:
� “öåëëþëîçíûé” ðåæèì (ÃÎÑÒ 30247.0–94):

T T t� 
 
0 345 8 1log ( ); (1)

� óãëåâîäîðîäíûé ðåæèì (ÃÎÑÒ Ð ÅÍ 1363-2–

2014):

T e et t� � � 
� �1080 1 0 325 0 675 200 167 2 5( , , ) ,, , (2)

ãäå Ò, Ò0 — òåêóùàÿ è íà÷àëüíàÿ òåìïåðàòóðû, °Ñ;

t — âðåìÿ îò íà÷àëà ïîæàðà, ìèí.

Ðàññìîòðåíû ñòàëüíûå íåçàùèùåííûå êîíñòðóê-

öèè ñ ïðèâåäåííîé òîëùèíîé îò 3 äî 60 ìì. Ïðåäåë

îãíåñòîéêîñòè îïðåäåëÿëñÿ ïî äîñòèæåíèè êîíñò-

ðóêöèåé òåìïåðàòóðû 500 °Ñ (ÃÎÑÒ Ð 53295–2009

“Ñðåäñòâà îãíåçàùèòû äëÿ ñòàëüíûõ êîíñòðóêöèé.

Îáùèå òðåáîâàíèÿ. Ìåòîäû îïðåäåëåíèÿ îãíåçàùèò-

íîé ýôôåêòèâíîñòè”).

Íà ðèñ. 1 ïðåäñòàâëåíà çàâèñèìîñòü ôàêòè÷å-

ñêîãî ïðåäåëà îãíåñòîéêîñòè íåçàùèùåííûõ ñòàëü-

íûõ êîíñòðóêöèé îò èõ ïðèâåäåííîé òîëùèíû ïðè
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âîçäåéñòâèè ñòàíäàðòíûõ “öåëëþëîçíîãî” (êðèâàÿ 1)

è óãëåâîäîðîäíîãî (êðèâàÿ 2) ïîæàðîâ. Íà ðèñ. 1 äëÿ

ñðàâíåíèÿ ïðåäñòàâëåíû òàêæå äàííûå ðàáîòû [1,

ñ. 356] äëÿ ñòàíäàðòíîãî “öåëëþëîçíîãî” ïîæàðà

(êðèâàÿ 3). Âèäíî, ÷òî ñ óâåëè÷åíèåì ïðèâåäåííîé

òîëùèíû êîíñòðóêöèè �êð ôàêòè÷åñêèé ïðåäåë îãíå-

ñòîéêîñòè çàìåòíî âîçðàñòàåò. Îáðàùàåò íà ñåáÿ âíè-

ìàíèå è òîò ôàêò, ÷òî äëÿ ñòàíäàðòíîãî “öåëëþëîçíî-

ãî” ïîæàðà ðàññ÷èòàííûé ïðåäåë îãíåñòîéêîñòè ïðå-

âûøàåò 15 ìèí. Â ñîîòâåòñòâèè ñ ÑÏ 2.13130.2012

(ï. 5.4.3), åñëè òðåáóåìûé ïðåäåë îãíåñòîéêîñòè

êîíñòðóêöèè (çà èñ- êëþ÷åíèåì êîíñòðóêöèè â ñî-

ñòàâå ïðîòèâîïîæàðíûõ ïðåãðàä) ñîñòàâëÿåò R 15

(RE 15, REI 15), äîïóñêàåòñÿ ïðèìåíÿòü íåçàùèùåí-

íûå ñòàëüíûå êîíñòðóêöèè íåçàâèñèìî îò èõ ôàê-

òè÷åñêîãî ïðåäåëà îãíåñòîéêîñòè. Èñêëþ÷åíèå ñî-

ñòàâëÿþò ñëó÷àè, êîãäà ïðåäåë îãíåñòîéêîñòè õîòÿ áû

îäíîãî èç ýëåìåíòîâ íåñóùèõ êîíñòðóêöèé ïî ðå-

çóëüòàòàì èñïûòàíèé ìåíåå R 8. Ðåçóëüòàòû ðàñ÷å-

òîâ, âûïîëíåííûõ â íàñòîÿùåé ðàáîòå, ïîäòâåðæ-

äàþò ïðàâèëüíîñòü ýòîãî òðåáîâàíèÿ äëÿ ñëó÷àÿ

ñòàíäàðòíîãî “öåëëþëîçíîãî” ïîæàðà. Â òî æå âðåìÿ

ïðèìåíåíèå äàííîãî òðåáîâàíèÿ äëÿ ñòàíäàðòíîãî

óãëåâîäîðîäíîãî ïîæàðà ìîæåò ïðèâåñòè ê îøè-

áî÷íûì ðåçóëüòàòàì, òàê êàê ôàêòè÷åñêèé ïðåäåë

îãíåñòîéêîñòè (ñì. ðèñ. 1) ìîæåò áûòü ìåíåå 15 ìèí.

Ñëåäóåò îòìåòèòü óäîâëåòâîðèòåëüíîå ñîãëàñèå ðå-

çóëüòàòîâ, ïîëó÷åííûõ â íàñòîÿùåé ðàáîòå äëÿ

ñòàíäàðòíîãî “öåëëþëîçíîãî” ïîæàðà, ñ äàííûìè,

ïðèâåäåííûìè â [1] (ñì. ðèñ. 1, êðèâûå 1 è 3).

Â ðàáîòå [19] íàéäåíî ïðèáëèæåííîå ñîîòíîøå-

íèå ìåæäó òåìïåðàòóðàìè ñòðîèòåëüíûõ êîíñòðóê-

öèé ïðè âîçäåéñòâèè íà íèõ ñòàíäàðòíûõ “öåëëþ-

ëîçíîãî” è óãëåâîäîðîäíîãî ïîæàðîâ:

th = Kts, (3)

ãäå th, ts — âðåìåíà äîñòèæåíèÿ îäíîé è òîé æå òåì-

ïåðàòóðû ñîîòâåòñòâåííî äëÿ óãëåâîäîðîäíîãî

è “öåëëþëîçíîãî” ðåæèìîâ ïîæàðà;

K — êîýôôèöèåíò, ðàâíûé 0,6 äëÿ áåòîííîé êîí-

ñòðóêöèè è 0,28 äëÿ ñòàëüíîé íåçàùèùåííîé

êîíñòðóêöèè.

Ñîîòíîøåíèå (3) ìîæåò áûòü ðàñïðîñòðàíåíî è

íà ðàññìàòðèâàåìûé ñëó÷àé. Ïðè ýòîì äëÿ ñòàëüíîé

íåçàùèùåííîé êîíñòðóêöèè êîýôôèöèåíò K ìîæåò

çàâèñåòü îò åå ïðèâåäåííîé òîëùèíû.

Äëÿ îïðåäåëåíèÿ çàâèñèìîñòè êîýôôèöèåíòà K

îò ïðèâåäåííîé òîëùèíû êîíñòðóêöèè (ðèñ. 2) èñ-

ïîëüçîâàíû äàííûå, ïðåäñòàâëåííûå íà ðèñ. 1 (êðè-

âûå 1 è 2).

Èç ðèñ. 2 âèäíî, ÷òî êîýôôèöèåíò K çàâèñèò îò

ïðèâåäåííîé òîëùèíû ñòðîèòåëüíîé êîíñòðóêöèè

�êð. Ïðè ýòîì ïðè �êð áîëåå 30 ìì ýòà çàâèñèìîñòü

äîâîëüíî ñëàáàÿ, è â ýòîì ñëó÷àå âåëè÷èíà K ìîæåò

áûòü ïðèíÿòà ïðèáëèæåííî ðàâíîé 0,39.

Âûâîäû

Â íàñòîÿùåé ðàáîòå ñ ïîìîùüþ ïðîãðàììíîãî

êîìïëåêñà FDS 6 ïðîâåäåíî ÷èñëåííîå ìîäåëèðî-

âàíèå âîçäåéñòâèÿ ñòàíäàðòíûõ “öåëëþëîçíîãî” è

óãëåâîäîðîäíîãî ïîæàðîâ íà ñòàëüíûå íåçàùèùåí-

íûå ñòðîèòåëüíûå êîíñòðóêöèè ïðè èõ ðàçëè÷íûõ

ïðèâåäåííûõ òîëùèíàõ �êð. Íàéäåíî, ÷òî äëÿ “öåë-

ëþëîçíîãî” ïîæàðà ôàêòè÷åñêèé ïðåäåë îãíåñòîéêî-

ñòè ïðåâûøàåò 15 ìèí ïðè �êð = 5 ìì, ÷òî ïîäòâåðæ-

äàåò îáîñíîâàííîñòü äîïóùåíèÿ ÑÏ 2.13130.2012

î ïðèìåíåíèè íåçàùèùåííûõ ñòàëüíûõ êîíñòðóê-

öèé äëÿ äàííîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà.

Â òî æå âðåìÿ äëÿ óãëåâîäîðîäíîãî ïîæàðà ýòî äîïó-

ùåíèå íåïðèåìëåìî. Íàéäåíà çàâèñèìîñòü ìåæäó

ïðåäåëàìè îãíåñòîéêîñòè äëÿ “öåëëþëîçíîãî” è óã-

Ðèñ. 1. Çàâèñèìîñòü ôàêòè÷åñêîãî ïðåäåëà îãíåñòîéêîñòè

íåçàùèùåííûõ ñòàëüíûõ êîíñòðóêöèé îò èõ ïðèâåäåííîé

òîëùèíû ïðè âîçäåéñòâèè ñòàíäàðòíûõ “öåëëþëîçíîãî” (1)

è óãëåâîäîðîäíîãî (2) ïîæàðîâ è ïî äàííûì ðàáîòû [1] (3)

Fig. 1. Dependence of the actual fire resistance limit of the non-

protected steel structures on their reduced thickness at an action

of the standard “cellulose” (1) and hydrocarbon (2) fires, and

on data [1] (3)

Ðèñ. 2. Çàâèñèìîñòü êîýôôèöèåíòà K îò ïðèâåäåííîé òîëùè-

íû êîíñòðóêöèè

Fig. 2. Dependence of the coefficient K on the reduced thickness

of the structure



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 VOL. 28 NO. 632

SAFETY OF BUILDINGS, STRUCTURES, OBJECTS

ëåâîäîðîäíîãî ïîæàðîâ ïðè ðàçëè÷íîé ïðèâåäåííîé

òîëùèíå êîíñòðóêöèé. Ðåçóëüòàòû ðàáîòû ñâèäåòåëü-

ñòâóþò î íåîáõîäèìîñòè êîððåêòèðîâêè ï. 5.4.3

ÑÏ 2.13130.2012 â ÷àñòè ïðèìåíåíèÿ ñòàëüíûõ íå-

çàùèùåííûõ êîíñòðóêöèé äëÿ çäàíèé è ñîîðóæåíèé,

äëÿ êîòîðûõ õàðàêòåðåí óãëåâîäîðîäíûé ïîæàð.
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