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Â ÓÑËÎÂÈßÕ ÓÃËÅÂÎÄÎÐÎÄÍÎÃÎ ÏÎÆÀÐÀ

Ïðîâåäåíû èññëåäîâàíèÿ òåïëîòåõíè÷åñêèõ ñâîéñòâ îáðàçöîâ ñòðîèòåëüíûõ êîíñòðóêöèé íà
îñíîâå òÿæåëîãî áåòîíà, òîðêðåò-áåòîíà è òîðêðåò-ôèáðîáåòîíà â óñëîâèÿõ óãëåâîäîðîäíîãî
ðåæèìà ïîæàðà. Ïîêàçàíû ïðåèìóùåñòâà ìåòîäà ëàçåðíîé âñïûøêè äëÿ îïðåäåëåíèÿ êîýôôè-
öèåíòîâ òåìïåðàòóðîïðîâîäíîñòè èññëåäóåìûõ îáðàçöîâ áåòîíîâ. Ñ èñïîëüçîâàíèåì ìåòîäîâ
ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà è ëàçåðíîé âñïûøêè âûÿâëåíû èçìåíåíèÿ ïëîòíîñòè, óäåëü-
íîé òåïëîåìêîñòè è òåìïåðàòóðîïðîâîäíîñòè â îáðàçöàõ áåòîíîâ, à òàêæå íàéäåíû ñîîòâåòñò-
âóþùèå êîýôôèöèåíòû òåïëîïðîâîäíîñòè â èíòåðâàëå òåìïåðàòóð îò 25 äî 1100 �Ñ. Â ðåçóëü-
òàòå îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàííûõ ìåòîäîì ðåãðåññèîííîãî àíàëèçà ïîëó÷åíû ýìïè-
ðè÷åñêèå çàâèñèìîñòè äëÿ îïðåäåëåíèÿ âûøåðàññìîòðåííûõ òåïëîòåõíè÷åñêèõ ïàðàìåòðîâ â
âûáðàííîì òåìïåðàòóðíîì äèàïàçîíå. Ïîêàçàíî, ÷òî ïîëó÷åííûå ðåçóëüòàòû ìîãóò èñïîëüçî-
âàòüñÿ äëÿ óñòàíîâëåíèÿ ïðåäåëîâ îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé, ïðîåêòèðóåìûõ
íà îñíîâå ðàññìàòðèâàåìûõ âèäîâ áåòîíîâ, â òîì ÷èñëå îãðàæäåíèé âåðòèêàëüíûõ ñòàëüíûõ
ðåçåðâóàðîâ äëÿ õðàíåíèÿ íåôòè è íåôòåïðîäóêòîâ.
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ëåâîäîðîäíûé ïîæàð; ìåòîä ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà; ìåòîä ëàçåðíîé âñïûøêè.
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Â íàñòîÿùåå âðåìÿ ïðè ïðîèçâîäñòâå ðàáîò, ñâÿçàí-
íûõ ñ âîçâåäåíèåì, ðåìîíòîì èëè âîññòàíîâëåíèåì
íåñóùèõ è îãðàæäàþùèõ ñòðîèòåëüíûõ êîíñòðóê-
öèé çäàíèé è ñîîðóæåíèé, âñå áîëüøåå ïðèìåíåíèå
íàõîäèò òîðêðåòèðîâàíèå — ñïîñîá íàíåñåíèÿ ïîä
äàâëåíèåì ñæàòîãî âîçäóõà íà îáðàáàòûâàåìóþ ïî-
âåðõíîñòü îäíîãî èëè íåñêîëüêèõ ñëîåâ ðàñòâîðà
èëè áåòîíà (èç öåìåíòà, ïåñêà, ùåáíÿ èëè ãðàâèÿ
è âîäû), â òîì ÷èñëå ñ ïðèìåíåíèåì òðàäèöèîííîé
àðìàòóðû èëè ìåòàëëè÷åñêèõ (ïðåèìóùåñòâåííî
ñòàëüíûõ) èëè íåìåòàëëè÷åñêèõ ôèáð â êà÷åñòâå
àðìèðóþùèõ êîìïîíåíòîâ.

Â ðåçóëüòàòå íàíåñåíèÿ ðàñòâîðà èëè áåòîíà íà
ïîâåðõíîñòü ïîä äàâëåíèåì îáðàçóåòñÿ óïëîòíåí-
íûé ñëîé òîðêðåòà, ñâîéñòâà êîòîðîãî îòëè÷àþòñÿ
îò ñâîéñòâ îáû÷íîãî áåòîíà èëè ðàñòâîðà. Ïî ñðàâ-
íåíèþ ñ îáû÷íûì áåòîíîì òîðêðåò-áåòîí (ÒÁ) îáëà-
äàåò ïîâûøåííîé ìåõàíè÷åñêîé ïðî÷íîñòüþ, ìî-
ðîçîñòîéêîñòüþ, âîäîíåïðîíèöàåìîñòüþ, ëó÷øèì

ñöåïëåíèåì ñ ïîâåðõíîñòüþ îáðàáàòûâàåìîé êîíñò-
ðóêöèè. Ê ïðåèìóùåñòâàì ýòîãî ñïîñîáà îòíîñèòñÿ
ïîëíàÿ ìåõàíèçàöèÿ ïðîöåññîâ, îáû÷íî òðåáóþùèõ
áîëüøèõ çàòðàò òðóäà, è ñîåäèíåíèå â îäíîé òåõíî-
ëîãè÷åñêîé îïåðàöèè òðåõ — òðàíñïîðòèðîâàíèÿ,
óêëàäêè è óïëîòíåíèÿ ðàñòâîðà èëè áåòîíà [1–3].

Íåñîìíåííî, ÒÁ è òîðêðåò-ôèáðîáåòîí (ÒÔÁ),
îáëàäàÿ ñïîñîáíîñòüþ íà ïîðÿäîê óñïåøíåå ðàáî-
òàòü íà ðàñòÿæåíèå, èçãèá è óäàðíûå íàãðóçêè â îò-
ëè÷èå îò îáû÷íûõ áåòîíîâ, â òîì ÷èñëå òÿæåëûõ (Á),
ìîãóò íàéòè øèðîêîå ïðèìåíåíèå è â ñòðîèòåëü-
ñòâå îãðàæäåíèé âåðòèêàëüíûõ ñòàëüíûõ ðåçåðâóà-
ðîâ äëÿ õðàíåíèÿ íåôòè è íåôòåïðîäóêòîâ, îñîáåí-
íî ïðè íåîáõîäèìîñòè îáóñòðîéñòâà îãðàæäàþùèõ
ñòåí ñ âîëíîîòðàæàþùèì êîçûðüêîì, ðàññ÷èòûâà-
åìûõ íà ãèäðîäèíàìè÷åñêèå íàãðóçêè îò âîëíû
ïðîðûâà, îáðàçóþùåéñÿ ïðè êâàçèìãíîâåííîì ðàç-
ðóøåíèè ðåçåðâóàðà (ÃÎÑÒ Ð 53324–2009, [4]).
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Îäíàêî, äëÿ òîãî ÷òîáû èñïîëüçîâàòü Á, ÒÁ è�èëè
ÒÔÁ ïðè ñòðîèòåëüñòâå îãðàæäåíèé ðåçåðâóàðîâ,
íåîáõîäèìî çíàòü èõ ïîâåäåíèå â óñëîâèÿõ óãëåâî-
äîðîäíîãî ðåæèìà ïîæàðà, ê îñíîâíûì îñîáåííî-
ñòÿì êîòîðîãî îòíîñÿòñÿ [6–10]:
� íàëè÷èå ïîæàðíîé íàãðóçêè (íåôòü, íåôòåïðî-

äóêòû) ñ òåìïåðàòóðîé ãîðåíèÿ âûøå 1000 °C;
� áûñòðûé ðîñò òåìïåðàòóðû äî îïðåäåëåííîãî

óðîâíÿ, êîòîðûé ñîõðàíÿåòñÿ äî ïîëíîãî âûãî-
ðàíèÿ íåôòåïðîäóêòà;

� ïîæàð ïðîëèâà íåôòåïðîäóêòà â ãðàíèöàõ îãðàæ-
äåíèÿ ñ ïîñòîÿííûì è íåîãðàíè÷åííûì äîñòó-
ïîì êèñëîðîäà;

� íåïîñðåäñòâåííîå âîçäåéñòâèå ïëàìåíè ïîæàðà
ïðîëèâà íåôòåïðîäóêòà íà îãðàæäàþùóþ ñòåíó.
Ïðè ýòîì âàæíî îòìåòèòü, ÷òî îãðàæäåíèÿ ðåçåð-

âóàðîâ äîëæíû èìåòü ïðåäåë îãíåñòîéêîñòè íå ìå-
íåå Å 150 (ÃÎÑÒ Ð 53324–2009).

Òàêèì îáðàçîì, äëÿ îöåíêè îãíåñòîéêîñòè îãðàæ-
äåíèé ðåçåðâóàðîâ, êîíñòðóêòèâíî âûïîëíåííûõ êàê
êëàññè÷åñêèì ñïîñîáîì, òàê è ñ èñïîëüçîâàíèåì òåõ-
íîëîãèè òîðêðåòèðîâàíèÿ, ïðåæäå âñåãî íåîáõîäè-
ìî çíàòü òåïëîòåõíè÷åñêèå ïàðàìåòðû Á, ÒÁ è ÒÔÁ
â óñëîâèÿõ óãëåâîäîðîäíîãî ðåæèìà ïîæàðà, ê êîòî-
ðûì îòíîñÿòñÿ: ïëîòíîñòü (îáúåìíàÿ ìàññà)� (êã�ì3);
êîýôôèöèåíò óäåëüíîé òåïëîåìêîñòè cp (Äæ�(êã·Ê));
êîýôôèöèåíò òåìïåðàòóðîïðîâîäíîñòè a (ìì2�ñ);
êîýôôèöèåíò òåïëîïðîâîäíîñòè � (Âò�(ì·Ê)).

Èçâåñòíî, ÷òî çíà÷åíèå êîýôôèöèåíòà òåïëîïðî-
âîäíîñòè ìàòåðèàëà â çàâèñèìîñòè îò òåìïåðàòóðû
Ò ìîæåò áûòü îïðåäåëåíî ïî ôîðìóëå [10]:

�(T) = a(T) cp(T) �(T). (1)

Îäíàêî äëÿ ðåàëèçàöèè âîçìîæíîñòè èñïîëüçî-
âàòü ýòó ôîðìóëó ñ öåëüþ íàõîæäåíèÿ çàâèñèìîñòè
� = f (T), íåîáõîäèìî èìåòü çàâèñèìîñòè âèäà a =
= f (T), cp = f (T) è � = f (T), â äàííîì ñëó÷àå â äèàïà-
çîíå èçìåíåíèÿ òåìïåðàòóðû îò 25 äî 1100 °Ñ. Íà íà-
õîæäåíèå ýòèõ çàâèñèìîñòåé è áûëè íàïðàâëåíû
ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ.

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ ïðåäâàðèòåëüíî
áûëè èçãîòîâëåíû çàãîòîâêè êóáè÷åñêîé ôîðìû ñî
ñòîðîíîé ãðàíè 0,15 ì, îòëèòûå èç áåòîíîâ ñîîò-
âåòñòâåííî ïî êëàññè÷åñêîé òåõíîëîãèè, ìåòîäîì
òîðêðåòèðîâàíèÿ è òîðêðåòèðîâàíèÿ ñ äîáàâëåíèåì
ñòàëüíîé ôèáðû äèàìåòðîì 0,4 ìì è äëèíîé 20 ìì.

Ïðè ïîäãîòîâêå áåòîííîé ñìåñè ïî ÃÎÑÒ 7473–
2010 äëÿ âñåõ çàãîòîâîê ïðèìåíÿëñÿ öåìåíò ìàðêè
Ì400 ñ çàïîëíèòåëåì èç ãðàíèòíîé êðîøêè ñ ðàç-
ìåðîì ôðàêöèè íå áîëåå 5 ìì. Äàëåå ñ èñïîëüçîâà-
íèåì ïîëîãî ñâåðëà è íèçêîñêîðîñòíîãî îòðåçíîãî
ñòàíêà èç çàãîòîâîê áûëè èçãîòîâëåíû öèëèíäðè÷å-
ñêèå îáðàçöû äèàìåòðîì (12,5�0,1) ìì è âûñîòîé
(3,0�0,1) ìì.

Íà÷àëüíàÿ ïëîòíîñòü îáðàçöîâ ïðè òåìïåðàòóðå
25 °Ñ, îïðåäåëÿåìàÿ ïî ìåòîäó ÃÎÑÒ 12730.1–78,

ñîñòàâëÿëà äëÿ îáðàçöîâ èç Á (2080�0,04) êã�ì3, ÒÁ
— (2116�0,04) êã�ì3, ÒÔÁ — (2330�0,05) êã�ì3.

Íåîáõîäèìîñòü ïðèäàíèÿ îáðàçöàì öèëèíäðè÷å-
ñêîé ôîðìû ñ îïðåäåëåííûìè ðàçìåðàìè îïðåäåëÿ-
ëàñü âîçìîæíîñòüþ èõ èññëåäîâàíèÿ íà âûñîêîòî÷íîì
ñîâðåìåííîì ïðèáîðíîì îáîðóäîâàíèè äëÿ òåðìè-
÷åñêîãî àíàëèçà è èçìåðåíèÿ òåïëîôèçè÷åñêèõ õà-
ðàêòåðèñòèê, ðàçðàáîòàííîì êîìïàíèåé NETZSCH-
Gerätebau GmbH (Ãåðìàíèÿ), â ëàáîðàòîðèè òåðìè-
÷åñêîãî àíàëèçà õèìè÷åñêîãî ôàêóëüòåòà ÌÃÓ èì.
Ì. Â. Ëîìîíîñîâà [11–13].

Òàê, äëÿ èññëåäîâàíèÿ êàëîðèìåòðè÷åñêèõ ýô-
ôåêòîâ è èçìåíåíèÿ ìàññû â îáðàçöàõ ñ âûñîêîé ðàç-
ðåøàþùåé ñïîñîáíîñòüþ è òî÷íîñòüþ èñïîëüçî-
âàëñÿ ñèíõðîííûé òåðìîàíàëèòè÷åñêèé êîìïëåêñ
STA 449 C Jupiter® [12], ñî÷åòàþùèé ìåòîäû äèôôå-
ðåíöèàëüíîé ñêàíèðóþùåé êàëîðèìåòðèè (ÄÑÊ) è
òåðìîãðàâèìåòðèè (ÒÃ) â îäíîì èçìåðåíèè (ðèñ. 1)
[17–19].

Ðèñ. 1. Îáùèé âèä (à) è êîíñòðóêòèâíîå èñïîëíåíèå (á) ïðè-
áîðà STA 449 C Jupiter®: 1 — âåñîâàÿ ñèñòåìà; 2 — çàùèòà îò
òåïëîâîãî èçëó÷åíèÿ; 3 — çàùèòíàÿ òðóáêà; 4 — äåðæàòåëü
îáðàçöà; 5 — íàãðåâàòåëüíûé ýëåìåíò; 6 — òåðìîïàðà ïå÷è;
7 — êëàïàí âûõîäà ãàçà; 8 — ïîäúåìíîå óñòðîéñòâî



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 12 7

ÎÃÍÅÑÒÎÉÊÎÑÒÜ ÑÒÐÎÈÒÅËÜÍÛÕ ÊÎÍÑÒÐÓÊÖÈÉ

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè ïðèáî-
ðà STA 449 C Jupiter® ïðèâåäåíû íèæå:

Òåìïåðàòóðíûé äèàïàçîí, °Ñ ....................... 25…1550

Òî÷íîñòü èçìåðåíèÿ òåìïåðàòóðû, °Ñ ....................... 1

Ñêîðîñòü íàãðåâà è îõëàæäåíèÿ, °Ñ�ìèí ....... 0,1…50

Ðàçðåøåíèå âåñîâ (ÒÃ), ìêã ..................................... 0,1

Ìàêñèìàëüíàÿ ìàññà îáðàçöà, ã.................................. 5

Òî÷íîñòü èçìåðåíèÿ ýíòàëüïèè, % .......................... �3

Ëèíåéíîñòü áàçîâîé ëèíèè (ÄÑÊ), ìêÂò................... 3

Òî÷íîñòü èçìåðåíèÿ òåïëîåìêîñòè, % .................... �5

Ñèãíàë øóìà (ÄÑÊ), ìêÂò .......................................... 1

Ïðè ñèíõðîííîì òåðìè÷åñêîì àíàëèçå (ÑÒÀ) îá-
ðàçöû èññëåäîâàëèñü â óñëîâèÿõ ïðîãðàììèðîâàí-
íîãî èçìåíåíèÿ òåìïåðàòóðû, ïðè ýòîì íåïîñðåäñò-
âåííî îïðåäåëÿëèñü èçìåíåíèå ìàññû, àáñîëþòíàÿ
òåìïåðàòóðà îáðàçöîâ è ðàçíèöà òåìïåðàòóð, âîç-
íèêàþùàÿ ìåæäó îáðàçöàìè è ýòàëîíîì. Ïðèáîðîì
èçìåðÿëèñü òàêèå êàëîðèìåòðè÷åñêèå ýôôåêòû, êàê
ýíòàëüïèÿ, òåìïåðàòóðà ôàçîâûõ ïåðåõîäîâ è óäåëü-
íàÿ òåïëîåìêîñòü îáðàçöîâ. Íà ðèñ. 2 ïðåäñòàâëåíû
õàðàêòåðíûå ÒÃ- è ÄÒÃ-êðèâûå, õàðàêòåðèçóþùèå
ïðîöåññ òåðìîëèçà â îáðàçöàõ áåòîíîâ Á, ÒÁ è ÒÔÁ
â èíòåðâàëå òåìïåðàòóð îò 25 äî 1100 °Ñ.

Ðèñ. 2. ÒÃ- è ÄÒÃ-êðèâûå èçìåíåíèÿ ìàññû îáðàçöîâ áåòî-
íîâ Á (à), ÒÁ (á) è ÒÔÁ (â)

Ðèñ. 3. Çàâèñèìîñòü èçìåíåíèÿ ïëîòíîñòè â îáðàçöàõ áåòîíîâ
îò òåìïåðàòóðû

Ðèñ. 4. Çàâèñèìîñòü èçìåíåíèÿ óäåëüíîé òåïëîåìêîñòè â îá-
ðàçöàõ áåòîíîâ îò òåìïåðàòóðû
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Èç ðèñ. 2 âèäíî, ÷òî ïðîöåññ óäàëåíèÿ àäñîðá-
öèîííîé âîäû íàáëþäàåòñÿ â èíòåðâàëå òåìïåðàòóð
îò 40 äî 300 °Ñ, à âîäû êîíñòèòóöèîííîé — îò 400
äî 500 °Ñ íåçàâèñèìî îò âèäà áåòîíà.

Íà ðèñ. 3 è 4 ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðè-
ìåíòàëüíûõ èññëåäîâàíèé èçìåíåíèé ïëîòíîñòè è
óäåëüíîé òåïëîåìêîñòè â îáðàçöàõ áåòîíîâ ïðè èõ
íàãðåâå îò 25 äî 1100 °Ñ.

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ òåìïåðàòóðî-
ïðîâîäíîñòè îáðàçöîâ áûëè ïðîàíàëèçèðîâàíû ðàç-
ëè÷íûå ìåòîäû åãî ýêñïåðèìåíòàëüíîãî èçìåðåíèÿ
(ðèñ. 5 [11]), êîòîðûå ïîêàçàëè, ÷òî äëÿ ðåøåíèÿ ïî-
ñòàâëåííîé çàäà÷è íàèáîëåå ïðèåìëåìûì ÿâëÿþòñÿ
ìåòîäû ãîðÿ÷åé ïðîâîëîêè è ëàçåðíîé âñïûøêè.

Ïðè ýòîì ñëåäóåò îòìåòèòü, ÷òî ìåòîä ëàçåðíîé
âñïûøêè èìååò ðÿä ñóùåñòâåííûõ ïðåèìóùåñòâ
ïåðåä ìåòîäîì ãîðÿ÷åé ïðîâîëîêè:
� ýòî àáñîëþòíûé ìåòîä èçìåðåíèÿ òåìïåðàòóðî-

âîäíîñòè, íå òðåáóþùèé êàëèáðîâêè ïðèáîðà;
� âûñîêàÿ òî÷íîñòü èçìåðåíèé è âîçìîæíîñòü èñ-

ïûòûâàòü íåáîëüøèå ðàçìåðû îáðàçöîâ;
� ìåòîä áåñêîíòàêòíûé, ò. å. îí íå ðàçðóøàåò îáðà-

çåö, êîòîðûé ïîñëå èçìåðåíèé ìîæåò áûòü ïðî-
àíàëèçèðîâàí äðóãèìè ìåòîäàìè.
Òàêèì îáðàçîì, èñõîäÿ èç âûøåïåðå÷èñëåííûõ

ïðåèìóùåñòâ äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ òåì-
ïåðàòóðîïðîâîäíîñòè èññëåäóåìûõ îáðàçöîâ áåòî-
íîâ áûë âûáðàí ìåòîä ëàçåðíîé âñïûøêè.

Ðèñ. 5. Îñíîâíûå ìåòîäû îïðåäåëåíèÿ êîýôôèöèåíòà òåïëîïðîâîäíîñòè ìàòåðèàëîâ

Ðèñ. 6. Îáùèé âèä (à) è êîíñòðóê-
òèâíîå èñïîëíåíèå (á) ïðèáîðà
LFA 457 MicroFlash®: 1 — ëàçåð;
2 — ýëåêòðîííàÿ ÷àñòü ñèñòåìû;
3 — ïîäúåìíîå óñòðîéñòâî ïå÷è;
4 — äåðæàòåëü îáðàçöà; 5 — ïå÷ü;
6 — èðèñîâàÿ äèàôðàãìà; 7 — äå-
òåêòîð
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Èçìåðåíèÿ ïàðàìåòðà òåìïåðàòóðîïðîâîäíîñòè
îáðàçöîâ áåòîíîâ â äèàïàçîíå òåìïåðàòóð îò 25 äî
1100 °Ñ ïðîâîäèëèñü ñ èñïîëüçîâàíèåì óíèâåð-
ñàëüíîãî ïðèáîðà âûñîêîé òî÷íîñòè LFA 457 Micro-

Flash® [11], îáùèé âèä è êîíñòðóêòèâíîå èñïîëíå-
íèå êîòîðîãî ïðåäñòàâëåíû íà ðèñ. 6.

Â îáùåì âèäå ïðèáîð ïðåäñòàâëÿåò ñîáîé âûñî-
êîòåìïåðàòóðíóþ ïå÷ü ñ âîçäóøíûì îõëàæäåíèåì.
Îí îáåñïå÷èâàåò â äèàïàçîíå òåìïåðàòóð îò ìèíóñ
125 äî 1100 °C (â çàâèñèìîñòè îò ìîäåëè ïå÷è) èç-
ìåðåíèå òåìïåðàòóðîïðîâîäíîñòè ìàòåðèàëîâ îò 0,01
äî 1000 ìì2�ñ ñ ïîãðåøíîñòüþ íå áîëåå 5 %.

Ïðèíöèï ðàáîòû ïðèáîðà ñîñòîèò â ñëåäóþùåì.
Èìïóëüñ ëàçåðà íàïðàâëÿåòñÿ çåðêàëîì ê äåðæàòåëþ
îáðàçöà â ïå÷è. Èíôðàêðàñíûé äåòåêòîð íàïðàâëåí
ñâåðõó âíèç íà îáðàòíóþ ñòîðîíó îáðàçöà. Ïåðåäíÿÿ
ñòîðîíà ïëîñêîïàðàëëåëüíîãî îáðàçöà òâåðäîãî
òåëà íàãðåâàåòñÿ êîðîòêèì ëàçåðíûì èìïóëüñîì.
Òåïëî ðàñïðîñòðàíÿåòñÿ ÷åðåç îáðàçåö è âûçûâàåò
ïîâûøåíèå òåìïåðàòóðû íà åãî çàäíåé ïîâåðõíîñòè.
Ýòî èçìåíåíèå òåìïåðàòóðû â çàâèñèìîñòè îò âðå-
ìåíè ôèêñèðóåòñÿ ñ ïîìîùüþ èíôðàêðàñíîãî äå-
òåêòîðà, ïî èçìåðåííîìó ñèãíàëó êîòîðîãî è îïðå-
äåëÿåòñÿ òåìïåðàòóðîïðîâîäíîñòü îáðàçöà.

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè ïðèáî-
ðà LFA 457 MicroFlash® ïðèâåäåíû íèæå:

Òåìïåðàòóðíûé äèàïàçîí, °Ñ ....................... 25…1100

Ëàçåð Nd-YAG:
ýíåðãèÿ, Äæ ................................................ 0…18,5
øèðèíà èìïóëüñà, ìñ ........................................ 0,5

Äåðæàòåëü îáðàçöîâ ..........................................Ãðàôèò

Äèàïàçîí òåìïåðàòóðî-
ïðîâîäíîñòè, ìì2�ñ.................................... 0,01…1000

Âîñïðîèçâîäèìîñòü
òåìïåðàòóðîïðîâîäíîñòè, %.................................... �3

Ïîãðåøíîñòü èçìåðåíèÿ
òåìïåðàòóðîïðîâîäíîñòè, %.....................................�5

Àòìîñôåðà èçìåðåíèÿ ..................................Èíåðòíàÿ,
îêèñëèòåëüíàÿ èëè

âàêóóì (> 10–2 ìáàð)

Íà ðèñ. 7 ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé èçìåíåíèé òåìïåðàòóðîïðî-
âîäíîñòè îáðàçöîâ èññëåäóåìûõ áåòîíîâ ïðè èõ íà-
ãðåâå îò 25 äî 1100 °Ñ.

Äàëåå ïî ôîðìóëå (1) îïðåäåëÿëè çíà÷åíèÿ êî-
ýôôèöèåíòîâ òåïëîåìêîñòè îáðàçöîâ áåòîíîâ â èñ-
ñëåäóåìîì äèàïàçîíå òåìïåðàòóð.

Äëÿ íàõîæäåíèÿ ýìïèðè÷åñêèõ çàâèñèìîñòåé âè-
äîâ a = f (T), cp = f (T), � = f (T) è � = f (T) ïîëó÷åí-
íûå ýêñïåðèìåíòàëüíûå äàííûå îáðàáàòûâàëèñü ìå-

òîäîì ðåãðåññèîííîãî àíàëèçà ñ èñïîëüçîâàíèåì
ïðîãðàììû STATGRAPHICS [17] (ñì. òàáëèöó).

Òàêèì îáðàçîì, â ðåçóëüòàòå âûïîëíåííûõ ýêñïå-
ðèìåíòàëüíûõ èññëåäîâàíèé è îáðàáîòêè ïîëó÷åí-
íûõ äàííûõ íàéäåíû òåïëîòåõíè÷åñêèå ñâîéñòâà
òÿæåëîãî áåòîíà íà ãðàíèòíîì çàïîëíèòåëå, òîðêðåò-
áåòîíà è òîðêðåò-ôèáðîáåòîíà â óñëîâèÿõ óãëåâî-
äîðîäíîãî ðåæèìà ïîæàðà (25…1100 °Ñ), êîòîðûå
ìîãóò ïðèìåíÿòüñÿ äëÿ îïðåäåëåíèÿ îãíåñòîéêîñòè
ñòðîèòåëüíûõ êîíñòðóêöèé, âûïîëíåííûõ ñ èñïîëü-
çîâàíèåì ðàññìàòðèâàåìûõ âèäîâ áåòîíîâ, â òîì
÷èñëå ïðè ñòðîèòåëüñòâå îãðàæäåíèé ðåçåðâóàðîâ
äëÿ õðàíåíèÿ íåôòè è íåôòåïðîäóêòîâ.

Ðèñ. 7. Çàâèñèìîñòü èçìåíåíèÿ òåìïåðàòóðîïðîâîäíîñòè â
îáðàçöàõ áåòîíîâ îò òåìïåðàòóðû

Âèä
áåòîíà

Ýìïèðè÷åñêàÿ çàâèñèìîñòü

Á
(Â30)

� = 2090,64 – 0,43(T – 273) + 0,00019(T – 273)2;

� � � �0 71 32 92 273, , ( )T ;

a = 1�(–0,037 + 0,48 ln (T – 273));

ñ Tp � � �918742 1667 92 273, ( )

ÒÁ � = 2119,91 – 0,46(T – 273) + 0,0002(T – 273)2;

� � � �0 73 29 28 273, , ( )T ;

a = 1�(–0,056 + 0,49 ln (T – 273));

ñ Tp � � �995628 1607 33 273, ( )

ÒÔÁ � = 2345,8 – 0,65(T – 273) + 0,00035(T – 273)2;

� � � �0 66 20 3 273, , ( )T ;

a = 1�(0,11 + 0,44 ln (T – 273));

ñ Tp � � �643563 1058 48 273, ( )

Ýìïèðè÷åñêèå çàâèñèìîñòè äëÿ îïðåäåëåíèÿ òåïëîòåõíè-
÷åñêèõ ïàðàìåòðîâ áåòîíà, òîðêðåò-áåòîíà è òîðêðåò-ôèá-
ðîáåòîíà â òåìïåðàòóðíîì äèàïàçîíå îò 25 äî 1100 �Ñ
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ABSTRACT

Currently, the production of works associated with the construction, repair or restoration of
the supporting and enclosing structures of buildings and structures, increasing use is the method of
shotcrete. Compared to traditional concrete shotcrete has a high mechanical strength, frost resistance,
water resistance, better adhesion to the surface of the structure. Having the ability to successfully
work in tension, bending and shock loads in comparison from the traditional concrete, including
heavy, shotcrete can be widely used in the construction of a fence of vertical steel tanks for storage of
oil and oil products, especially when it is necessary for arrangement of enclosing walls with a visor
reflecting the wave, calculated on hydrodynamic loads from the fluid flow, resulting in possible total
destruction of the tank.

However, to be able to use of shotcrete or fiber-reinforced shotcrete in the construction of fences
for tanks, it’s needed to know their behavior in the conditions of a hydrocarbon fire regime, so it is
necessary data on thermophysical characteristics such concretes in the temperature range from 25 to
1100 °C.

To find thermophysical characteristics of samples of heavy concrete, shotcrete and fiber-
reinforced shotcrete in conditions the impact of high temperatures methods of simultaneous thermal
analysis and laser flash were used. As result by research there were obtained experimental data on
changes of density, specific heat capacity and thermal diffusivity in the samples from the temperature
and corresponding calculated dependence of change of coefficient of thermal conductivity. As a result
of processing of experimental data by regression analysis, is the empirical dependence for determi-
nation of these thermophysical characteristics. By results of processing of experimental data by
regression analysis there are obtained the empirical dependences for determination of the above
thermophysical characteristics.

The research results can be used to determine the fire-resistance of building structures, which are
made using the considered types of concrete, including the construction of fences, tanks for storage of
oil and oil products.

Keywords: concrete; shotcrete; fiber-reinforced shotcrete; thermophysical characteristics; hydro-
carbon fire; simultaneous thermal analysis method; laser flash technique.
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