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Ïðîâåäåíî ÷èñëåííîå èññëåäîâàíèå æèâó÷åñòè ôëàíöåâîãî óçëà ïðè äîñ-
òèæåíèè êðèòè÷åñêîé íàãðóçêè è ïðè íàëè÷èè äåôåêòà â îäíîé èç îáëàñòåé
êîíñòðóêöèè. Âûïîëíåí ýêñïåðèìåíò ïî îïðåäåëåíèþ àýðîäèíàìè÷åñêèõ êî-
ýôôèöèåíòîâ, êîòîðûå íåîáõîäèìû äëÿ âû÷èñëåíèÿ âåòðîâîãî äàâëåíèÿ íà
îïîðíûå íîãè ìåòàëëè÷åñêîé áàøíè. Ðàñ÷åò íàïðÿæåííî-äåôîðìèðîâàííîãî
ñîñòîÿíèÿ ïðîâîäèòñÿ ñ ïðèìåíåíèåì ïðîãðàììíûõ êîìïëåêñîâ SCAD Office
è IDEA StatiCa 10.0. Ïîñëå âû÷èñëåíèÿ óñèëèé â ñòåðæíåâîé ìîäåëè êîíñò-
ðóêöèè ôîðìèðóåòñÿ è ïîäãîòàâëèâàåòñÿ ê ðàñ÷åòó òðåõìåðíàÿ ïëàñòèí÷àòàÿ
ìîäåëü óçëà.

Àíàëèç ðåçóëüòàòîâ ðàñ÷åòà ïîçâîëèë âûÿâèòü, ÷òî â ïðîåêòíîì (áåçäå-
ôåêòíîì) ñîñòîÿíèè êîíñòðóêöèè çàïàñ ïðî÷íîñòè íåñóùèõ óçëîâ è ýëåìåí-
òîâ ñîñòàâëÿåò 35−40% (ýêâèâàëåíòíûå íàïðÿæåíèÿ ñîñòàâèëè 165 ÌÏà). Ïðè
íàëè÷èè äåôåêòà â ìåòàëëîêîíñòðóêöèÿõ ïîÿñà â îáëàñòè ôëàíöà ýêâèâàëåíò-
íûå íàïðÿæåíèÿ âîçðàñòàþò äî 247,6 ÌÏà â îáëàñòè ñêîëà (äåôåêòíîãî îò-
âåðñòèÿ), òî åñòü çàïàñ ïî íåñóùåé ñïîñîáíîñòè ïàäàåò äî 0,4%. Â ðåçóëüòàòå
ïðîâåäåííîé îöåíêè æèâó÷åñòè ôëàíöåâîãî ñîåäèíåíèÿ áûëî âûÿâëåíî, ÷òî
ñîåäèíåíèå îáëàäàåò âûñîêîé ïîòåíöèàëüíîé æèâó÷åñòüþ, â ñâîþ î÷åðåäü,
ñàì ôëàíåö ñïîñîáåí ðàáîòàòü ïðè íàëè÷èè íåêîòîðûõ äåôåêòîâ, íå ñíèæàÿ
ñâîåé íåñóùåé ñïîñîáíîñòè äî êðèòè÷åñêîãî óðîâíÿ. Äëÿ ñòàëè Ñ245 ñ ó÷å-
òîì íàëè÷èÿ ïëàñòè÷åñêèõ äåôîðìàöèé (äî 3,5%) ðàñ÷åòíîå ñîïðîòèâëåíèå
ïðèíèìàëîñü ðàâíûì 248,4 ÌÏà.

Ïîëó÷åííûå àýðîäèíàìè÷åñêèå êîýôôèöèåíòû ïîçâîëÿò îïðåäåëèòü âåò-
ðîâóþ íàãðóçêó íà äàííûé òèï ïðîôèëÿ è ìîãóò áûòü èñïîëüçîâàíû ïðè ïðî-
åêòíûõ ðàñ÷åòàõ áàøåííûõ êîíñòðóêöèé íà âåòðîâûå íàãðóçêè.

ÏÐÎÁËÅÌÛ ÏÐÎ×ÍÎÑÒÈ È ÏËÀÑÒÈ×ÍÎÑÒÈ, ò. 82, ¹ 2, 2020 ã.

* Âûïîëíåíî ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò ¹ 18-08-00715-à).
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Êëþ÷åâûå ñëîâà: æèâó÷åñòü, àýðîäèíàìè÷åñêèé êîýôôèöèåíò, àýðîäèíà-
ìè÷åñêàÿ óñòàíîâêà, àíàëèç îòêàçîâ, ìåòîä êîíå÷íûõ ýëåìåíòîâ, õàðàêòåðèñ-
òèêè ñðåäíåãî è ïóëüñàöèîííîãî äàâëåíèÿ.

Ââåäåíèå

Áàøåííûå è ìà÷òîâûå îïîðû ïðåäñòàâëÿþò ñîáîé îñîáûé êëàññ ìåòàëëîêîíñò-
ðóêöèé, ïîòðåáíîñòü â êîòîðûõ ñèëüíî âîçðîñëà â ïîñëåäíèå ãîäû. Ýòà ïîòðåáíîñòü
çàêëþ÷àåòñÿ íå òîëüêî â ñîçäàíèè íîâûõ îïîð, íî è â âîçìîæíîñòè íàäåæíîé ýêñ-
ïëóàòàöèè óæå ñóùåñòâóþùèõ êîíñòðóêöèé.

Àíàëèç îòêàçîâ ýëåìåíòîâ áàøåí ïîêàçûâàåò, ÷òî îïîðû ÿâëÿþòñÿ äîñòàòî÷íî
íàäåæíûì ýëåìåíòîì ïîäîáíûõ êîíñòðóêöèé, è òîëüêî 9−13% ñëó÷àåâ îòêàçîâ ñâÿ-
çàíî ñ ïîâðåæäåíèåì ýëåìåíòîâ îïîð [1]. ×àùå âñåãî òàêèå îáúåêòû ñîîðóæàþòñÿ
íà îòêðûòîé ìåñòíîñòè, è îñíîâíîé ïðè÷èíîé ðàçðóøåíèÿ îïîð ÿâëÿåòñÿ âåòðîâàÿ
íàãðóçêà. Èìåííî íàïðàâëåíèå è ñêîðîñòü âåòðîâîé íàãðóçêè ïðèíèìàþòñÿ â êà÷å-
ñòâå èñõîäíûõ äàííûõ ïðè îïðåäåëåíèè ðàñ÷åòíûõ ãîðèçîíòàëüíûõ íàãðóçîê [2].

Äëÿ ïîâûøåíèÿ áåçîïàñíîñòè ýêñïëóàòàöèè îáúåêòà ïðåäëàãàåòñÿ îáåñïå÷åíèå
åãî òàêèì êà÷åñòâîì, êàê æèâó÷åñòü. Ñâîéñòâî æèâó÷åñòè êîíñòðóêöèè ïðîÿâëÿåò-
ñÿ òîëüêî â ðåçóëüòàòå àâàðèéíîãî âîçäåéñòâèÿ, êîòîðîå ïðèâîäèò ê âûõîäó èç ñòðîÿ
êàêîãî-ëèáî ýëåìåíòà êîíñòðóêöèè.

Êàê îòìå÷àåòñÿ â [3, 4], âîçíèêíîâåíèå òåðìèíà «ïðîãðåññèðóþùåå îáðóøå-
íèå» («progressive collapse»), èç êîòîðîãî áûëî ïîëó÷åíî ïîíÿòèå æèâó÷åñòè, ñâÿçà-
íî ñ ðÿäîì òðàãè÷åñêèõ ñîáûòèé, îáùèì äëÿ êîòîðûõ áûë ôàêòîð äèñïðîïîðöèî-
íàëüíîñòè ìåæäó ïðè÷èíîé (àâàðèéíûì ñîáûòèåì) è âåëè÷èíîé êîíå÷íîãî ïîâðåæ-
äåíèÿ. Òàê, ïåðâûì èç òàêèõ ñîáûòèé ñòàëî îáðóøåíèå áîêîâîãî ôàñàäà çäàíèÿ
«Ronan Point» â Àíãëèè â 1968 ãîäó, âûçâàííîå âçðûâîì áûòîâîãî ãàçà íà 18-ì ýòà-
æå, êîòîðûé ïðèâåë ê ðàçðóøåíèþ íàðóæíîé ïàíåëè, ñëóæèâøåé îïîðîé äëÿ âûøå-
ëåæàùèõ ïàíåëåé. Ïîñëå òðàãåäèè ïîÿâèëèñü èçìåíåíèÿ â íîðìàòèâíîé áàçå Àíã-
ëèè − â íîÿáðå 1968 ãîäà áûëè èçäàíû «Ñòàíäàðòû ïî íåäîïóùåíèþ ÏÎ â êðóïíî-
ïàíåëüíûõ êîíñòðóêöèÿõ». Â ýòèõ ñòàíäàðòàõ âïåðâûå áûëè çàôèêñèðîâàíû òàêèå
òåðìèíû, êàê àëüòåðíàòèâíûé ïóòü íàãðóçêè, ñïëîøíîñòü è ñëó÷àéíàÿ íàãðóçêà.

Îäíèì èç ïåðâûõ ñðåäè îòå÷åñòâåííûõ ó÷åíûõ, çàòðîíóâøèõ ïðîáëåìó æèâó-
÷åñòè â ñòðîèòåëüñòâå èñõîäÿ èç êðèòåðèÿ âûïîëíåíèÿ ïîâðåæäåííîé êîíñòðóêöè-
åé ôóíêöèîíàëüíîãî íàçíà÷åíèÿ, áûë Í.Ñ. Ñòðåëåöêèé [5]. Â äàëüíåéøåì ïîíÿòèå
æèâó÷åñòè, êàê ñïîñîáíîñòè îáúåêòà óäîâëåòâîðÿòü òðåáîâàíèÿì áåçîïàñíîñòè íå-
ñìîòðÿ íà îòêàçû èëè ïðåäâàðèòåëüíûå âîçäåéñòâèÿ, â ñâîè èññëåäîâàíèÿ ââîäèò
Ã.À. Ãåíèåâ [6].

Â íàñòîÿùåå âðåìÿ êîíöåïòóàëüíûå âîïðîñû æèâó÷åñòè ñòðîèòåëüíûõ êîíñòðóê-
öèé çàòðàãèâàþòñÿ â ïóáëèêàöèÿõ À.Â. Ïåðåëüìóòåðà [7], Â.Î. Àëìàçîâà è Ñ.À. Áåëî-
âà [8], À.Ì. Áåëîñòîöêîãî [9], Þ.È. Êóäèøèíà è Ä.Þ. Äðîáîòà [10] è äð. [11−14].
Ñèñòåìàòèçèðóþùåé äîñòèæåíèÿ ïåðå÷èñëåííûõ àâòîðîâ ÿâëÿåòñÿ ìîíîãðàôèÿ
Þ.È. Ñòåêîëüíèêîâà [15]. Â íåé îáîáùàþòñÿ êîíöåïòóàëüíûå âîïðîñû òåîðèè æè-
âó÷åñòè ñèñòåì: ìåòîäîëîãè÷åñêèå àñïåêòû, õàðàêòåðèñòèêè, ïîêàçàòåëè è êðèòå-
ðèè æèâó÷åñòè.

Ðàññìàòðèâàÿ çàðóáåæíûå äîñòèæåíèÿ â îáëàñòè æèâó÷åñòè êîíñòðóêöèé, íå-
îáõîäèìî îòìåòèòü ïóáëèêàöèè [16−18], â êîòîðûõ ïðèâåäåíû ìåòîäû ðàñ÷åòà ïðî-
òèâ ïðîãðåññèðóþùåãî îáðóøåíèÿ, ñòðàòåãèè, îñíîâàííûå íà ó÷åòå óñòàíîâëåííûõ
÷ðåçâû÷àéíûõ íàãðóçîê, à òàêæå íà îãðàíè÷åíèè ðàçìåðà ëîêàëèçîâàííîãî ðàçðó-
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øåíèÿ. Â èññëåäîâàíèÿõ [19−21] óêàçàíî, ÷òî êîíñòðóêöèè äîëæíû áûòü çàïðîåê-
òèðîâàíû òàê, ÷òîáû îíè íå áûëè ïîâðåæäåíû ïðè íàñòóïëåíèè àâàðèéíûõ ñîáû-
òèé: âçðûâ, óäàð, ëîêàëüíûé äåôåêò è äð. Â [22−24] ïðèâåäåíû ìåòîäû êîñâåííîãî,
ïðÿìîãî, àëüòåðíàòèâíîãî ïóòè íàãðóæåíèÿ, îñîáîé ëîêàëüíîé ïðî÷íîñòè, à òàêæå
ïóòè ñîêðàùåíèÿ âåðîÿòíîñòè ïðîãðåññèðóþùåãî îáðóøåíèÿ è òåìàòè÷åñêèå èñ-
ñëåäîâàíèÿ æèâó÷åñòè êîíñòðóêöèé.

Â íàñòîÿùåé ñòàòüå ïðåäëàãàþòñÿ ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâà-
íèÿ â àýðîäèíàìè÷åñêîé òðóáå îïîðíîé íîãè áàøíè, íà îñíîâå êîòîðûõ îöåíèâàåò-
ñÿ æèâó÷åñòü ôëàíöåâîãî ñîåäèíåíèÿ áàøíè.

1. Ïîñòàíîâêà çàäà÷è

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ ôëàíöåâûé óçåë ñëîæíîãî U-îáðàçíîãî ñå÷å-
íèÿ ïðîåêòèðóåìîãî áàøåííîãî ñîîðóæåíèÿ. Êîíñòðóêöèÿ óçëà è îñíîâíûõ íåñó-
ùèõ ýëåìåíòîâ ïðèíÿòà â ñîîòâåòñòâèè ñ âîçìîæíîñòÿìè çàâîäà-èçãîòîâèòåëÿ è íà
îñíîâå îïûòà ïðîåêòèðîâàíèÿ ôëàíöåâûõ ñîåäèíåíèé. Îñíîâíàÿ öåëü − ÷èñëåííîå
èññëåäîâàíèå ñîñòîÿíèÿ ôëàíöåâîãî óçëà ïðè äîñòèæåíèè êðèòè÷åñêîé íàãðóçêè è
ïðè íàëè÷èè äåôåêòà â îäíîé èç îáëàñòåé êîíñòðóêöèè ñ ó÷åòîì âû÷èñëåííûõ çíà-
÷åíèé àýðîäèíàìè÷åñêèõ êîýôôèöèåíòîâ, äåéñòâóþùèõ íà ýëåìåíòû áàøåííîé
êîíñòðóêöèè. Òàêîé ðàñ÷åò îöåíèâàåò ñâîéñòâà æèâó÷åñòè. Åñëè ïðè îòêàçå îòäåëü-
íûõ íåñóùèõ ýëåìåíòîâ (èëè óçëîâ) êîíñòðóêöèÿ îáëàäàåò ñïîñîáíîñòüþ ïåðåðàñ-
ïðåäåëåíèÿ óñèëèé íà ñîñåäíèå ýëåìåíòû, òî ìîæíî ñ÷èòàòü, ÷òî îíà îáëàäàåò ïî-
òåíöèàëüíîé æèâó÷åñòüþ [25−27].

Òàêèì îáðàçîì, äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðåøàëèñü ñëåäóþùèå çà-
äà÷è:

− âû÷èñëåíèå íîâûõ çíà÷åíèé àýðîäèíàìè÷åñêèõ êîýôôèöèåíòîâ äëÿ ïðîôèëÿ
U-îáðàçíîãî ñå÷åíèÿ;

− âûïîëíåíèå ÷èñëåííîãî ðàñ÷åòà íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ
(ÍÄÑ) ôëàíöåâîãî ñîåäèíåíèÿ ýëåìåíòà U-îáðàçíîãî ñå÷åíèÿ (â ïðîåêòíîì è äå-
ôåêòíûõ ñîñòîÿíèÿõ);

− àíàëèç ÍÄÑ ôëàíöåâîãî ñîåäèíåíèÿ ïðè êðèòè÷åñêîé è çàêðèòè÷åñêîé íà-
ãðóçêàõ.

2. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

Äëÿ ïîëó÷åíèÿ çíà÷åíèé àýðîäèíàìè÷åñêèõ êîýôôèöèåíòîâ ïðîâîäèëñÿ ýêñïå-
ðèìåíò ïî ïðîäóâêå îïîðíûõ ìåòàëëè÷åñêèõ íîã â àýðîäèíàìè÷åñêîé òðóáå.

Áûëà èçãîòîâëåíà ÷àñòü ìåòàëëè÷åñêîãî ïîÿñà áàøíè äëèíîé 1 ì. Íà ïåðåñå÷å-
íèè íàïðàâëÿþùèõ ìîäåëè áûëè çàêðåïëåíû òðóáêè, êîòîðûå ïîî÷åðåäíî ïîäêëþ-
÷àëèñü ê ìèêðîìàíîìåòðó. Ñêîðîñòü âîçäóøíîãî ïîòîêà V îïðåäåëÿëàñü ñ ïîìîùüþ
÷àøå÷íîãî àíåìîìåòðà. Ñõåìà óñòàíîâêè ïðåäñòàâëåíà íà ðèñ. 1, ãäå îáîçíà÷åíî: 1 −
âåíòèëÿòîð, 2 − àýðîäèíàìè÷åñêàÿ òðóáà, 3 − îáúåêò èññëåäîâàíèÿ, 4 − âîçäóøíûé
ïîòîê, 5 − ìèêðîìàíîìåòð.

Çíà÷åíèÿ àýðîäèíàìè÷åñêîãî êîýôôèöèåíòà âû÷èñëÿëèñü ïî ôîðìóëå C = P1/P2,
ãäå P1 − äàâëåíèå, ñîçäàâàåìîå âåòðîâûì ïîòîêîì â êàæäîé èç 12 òî÷åê êîíñòðóêöèè,
P2 − äàâëåíèå, ñîçäàâàåìîå âåòðîâûì ïîòîêîì íà âñþ èññëåäóåìóþ êîíñòðóêöèþ â
öåëîì. Çíà÷åíèÿ P1 îïðåäåëÿëèñü ýêñïåðèìåíòàëüíî ìèêðîìàíîìåòðîì ÌÌÍ-240
ñîãëàñíî ìåòîäèêå, îïèñàííîé â [2], âåëè÷èíà P2

 ðàññ÷èòûâàëàñü ïî ôîðìóëå P2 =
= ρV 2/2 ïðè óñðåäíåííîé ïëîòíîñòè âîçäóõà ρ = 1,2 êã/ì3.
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Çíàÿ çíà÷åíèÿ àýðîäèíàìè÷åñêîãî êîýôôèöèåíòà, ìîæíî îïðåäåëèòü ðåàëüíóþ
íàãðóçêó, äåéñòâóþùóþ â êàæäîé òî÷êå ñîîðóæåíèÿ, èñïîëüçóÿ ìåòîäèêó, ïðåäëàãà-
åìóþ â [2].

Áûëî ïðîâåäåíî ïî 6 ïðîäóâîê äëÿ êàæäîé èç òðåõ îïîðíûõ íîã ðàññìàòðèâàå-
ìîé áàøíè. Èçìåðåííàÿ àíåìîìåòðîì ñêîðîñòü âåòðîâîãî ïîòîêà V = 3,6 ì/ñ. Ïîëó-
÷åíû ðåçóëüòàòû:

íîãà ïåðâîé ñåêöèè
;61,1Ïà,776,7Ïà,556,12 ñðåä

ñðåä
2

ñðåä
1 === СPP

íîãà òðåòüåé ñåêöèè
;54,1Ïà,776,7Ïà,009,12 ñðåä

ñðåä
2

ñðåä === СPP1
íîãà ïÿòîé ñåêöèè

.56,1Ïà,776,7Ïà,164,12 ñðåä
ñðåä
2

ñðåä
1 === СPP

3. Èññëåäîâàíèå ÍÄÑ ôëàíöåâîãî ñîåäèíåíèÿ

Ïðîâåäåí ðàñ÷åò ÍÄÑ ìåòàëëè÷åñêîé áàøíè âûñîòîé 40 ìåòðîâ ñ ó÷åòîì ïðè-
ëîæåíèÿ âñåõ íàãðóçîê (ðèñ. 2). Áûëè ïîëó÷åíû ìàêñèìàëüíûå óñèëèÿ â ðàññìàòðè-
âàåìîì ôëàíöåâîì ñîåäèíåíèè íà îòìåòêå +30,000 ì. Ýòîò óçåë áûë âûáðàí, òàê êàê
èìåííî â íåì èìåþò ìåñòî ïåðåëîì ïîÿñîâ áàøíè è íåâûãîäíûå ñî÷åòàíèÿ óñèëèé.

Ôëàíöåâîå ñîåäèíåíèå áûëî ñìîäåëèðîâàíî â ïðîãðàììíîì êîìïëåêñå IDEA
StatiCa 10.0 (ðèñ. 3).

Â îñíîâå ïðîãðàììû ëåæèò êîìïîíåíòíûé ìåòîä êîíå÷íûõ ýëåìåíòîâ (ÊÌÊÝ).
Ñóòü åãî çàêëþ÷àåòñÿ â òîì, ÷òî óçåë ðàññìàòðèâàåòñÿ êàê ñîâîêóïíîñòü ñâÿçàííûõ
äðóã ñ äðóãîì ýëåìåíòîâ − êîìïîíåíòîâ. Äëÿ çàäàííîãî óçëà ïî îïðåäåëåííûì ïðà-
âèëàì ñòðîèòñÿ ðàñ÷åòíàÿ ìîäåëü, ñîñòîÿùàÿ èç óïðóãèõ ñâÿçåé è ñòåðæíåâûõ ýëå-
ìåíòîâ, âîñïðèíèìàþùèõ ïðîäîëüíûå, ïîïåðå÷íûå, èçãèáíûå è êðóòèëüíûå äåôîð-
ìàöèè. Â ðåçóëüòàòå ðàñ÷åòà â êàæäîì êîìïîíåíòå îïðåäåëÿþòñÿ óñèëèÿ è íàïðÿæå-
íèÿ, êîòîðûå â äàëüíåéøåì ìîãóò áûòü èñïîëüçîâàíû äëÿ íåîáõîäèìûõ ïðîâåðîê
óçëà (íà ïðî÷íîñòü, óñòîé÷èâîñòü è äð.) â ñîîòâåòñòâèè ñ òðåáóåìûìè íîðìàìè ïðîåê-
òèðîâàíèÿ. Ïðîãðàììà ðàçðàáîòàíà èíæåíåðàìè èç ×åõèè íà áàçå êîìïàíèè IDEA
StatiCa. Ðàñ÷åòíûé êîìïëåêñ ïîëíîñòüþ ñåðòèôèöèðîâàí è ñîîòâåòñòâóåò íîðìàì ÐÔ
(ñåðòèôèêàò ñîîòâåòñòâèÿ RA.CZ.ÀÁ86.Í01166 [29]).

Ðèñ. 1. Ñõåìà óñòàíîâêè

1

2
3 4

5

A A

A − A



219

Ïåðâàÿ ÷àñòü ðàñ÷åòà ïðîâåäåíà ñ ïðèìåíåíèåì ïðîãðàììíîãî êîìïëåêñà SCAD
Office, îñíîâàííîãî íà ìåòîäå êîíå÷íûõ ýëåìåíòîâ. Â ñîñòàâ ñèñòåìû âõîäèò âûñîêî-
ïðîèçâîäèòåëüíûé âû÷èñëèòåëüíûé êîìïëåêñ SCAD, à òàêæå ðÿä ïðîåêòèðóþùèõ
è âñïîìîãàòåëüíûõ ïðîãðàìì, êîòîðûå ïîçâîëÿþò êîìïëåêñíî ðåøàòü âîïðîñû ðàñ-
÷åòà è ïðîåêòèðîâàíèÿ ñòàëüíûõ è æåëåçîáåòîííûõ êîíñòðóêöèé. Îôèöèàëüíûé
ðàçðàáîò÷èê − êîìïàíèÿ SCAD Soft. Ïðîãðàììà ïîëíîñòüþ ñåðòèôèöèðîâàíà è ñî-
îòâåòñòâóåò íîðìàì ÐÔ (ÃÎÑÒ Ð ÈÑÎ/ÌÝÊ 9126−93, ÃÎÑÒ 28195-89, ÃÎÑÒ Ð ÈÑÎ
9127−94, ÐÄ 50−34.698−90).

Áûë ïðèíÿò òèï 5 ðàñ÷åòíîé ñõåìû − ñèñòåìà îáùåãî âèäà. Ïîëó÷åíû óñèëèÿ âî
âñåõ ýëåìåíòàõ ìåòàëëè÷åñêîé áàøíè, à òàêæå â ðàññìàòðèâàåìîì óçëå (ñì. ðèñ. 3).
Äàëåå ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà IDEA StatiCa 10.0 áûë ñìîäåëèðîâàí
ôëàíöåâûé óçåë êîíñòðóêöèè íà îòìåòêå +30,000 ì, íà íåãî áûëè íàëîæåíû çà-
êðåïëåíèÿ â ñîîòâåòñòâèè ñ ðàñ÷åòíîé ñõåìîé è óñèëèÿ â ýëåìåíòàõ â ñîîòâåòñòâèè
ñ ðåçóëüòàòàìè ñòàòè÷åñêîãî ðàñ÷åòà îò êîìáèíàöèé íàãðóçîê.

Ðàññìîòðåíî íåñêîëüêî ñîñòîÿíèé ñîåäèíåíèÿ:
1) ïðîåêòíîå (áåçäåôåêòíîå) ñîñòîÿíèå ìåòàëëîêîíñòðóêöèé óçëà;
2) íàëè÷èå äåôåêòà â ìåòàëëîêîíñòðóêöèÿõ ïîÿñà â îáëàñòè ôëàíöà (ñêîë ìå-

Ðèñ. 3. Ìîäåëü ðàññìàòðèâàåìîãî óçëà

Ì1

Ì1

Ì2

Ì2

Ðèñ. 2. Ðåçóëüòàòû ðàñ÷åòà ÍÄÑ áàøíè: à) êîíå÷íî-ýëåìåíòíàÿ ìîäåëü áàøíè;
á) äåôîðìàöèè áàøíè, ìì; â) çíà÷åíèÿ ïðîäîëüíûõ óñèëèé, êÍ

à)                                                      á)                                   â)
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òàëëà â âèäå îòâåðñòèÿ ïÿòèóãîëüíîé ôîðìû, äèàìåòð îïèñàííîé îêðóæíîñòè 2 ñì);
3) íàëè÷èå äåôåêòà âî ôëàíöå (ñêîë ÷àñòè ìåòàëëà íà îäíîé ôëàíöåâîé ïëàñòè-

íå â âèäå êâàäðàòíîãî îòâåðñòèÿ ïëîùàäüþ 3 ñì2 íà ðàññòîÿíèè 10 ñì îò åå êðàÿ, à
òàêæå óäàëåíèå îäíîãî àêòèâíîãî áîëòà èç ñîåäèíåíèÿ).

Ïðîãðàììíûé êîìïëåêñ IDEA StatiCa 10.0 ïîçâîëÿåò ïðîâîäèòü àíàëèç êîíñò-
ðóêöèè ñ ó÷åòîì ïëàñòè÷åñêèõ äåôîðìàöèé, êîòîðûå îòîáðàæàþòñÿ íà ðàñ÷åòíîé
ñõåìå è ðàñïðåäåëÿþòñÿ ïî öâåòîâîìó ãðàäèåíòó. Â ðåçóëüòàòå áûëè ïîëó÷åíû ýê-
âèâàëåíòíûå íàïðÿæåíèÿ â ðàññìàòðèâàåìûõ óçëàõ (ðèñ. 4, 5).

Çàêëþ÷åíèå

Â ïðîåêòíîì (áåçäåôåêòíîì) ñîñòîÿíèè êîíñòðóêöèè ñ çàïàñîì ïðî÷íîñòè â íå-
ñóùèõ ýëåìåíòàõ ïîðÿäêà 35−40% ýêâèâàëåíòíûå íàïðÿæåíèÿ ñîñòàâèëè 165 ÌÏà.
Ïðè íàëè÷èè äåôåêòà â ìåòàëëîêîíñòðóêöèÿõ ïîÿñà â îáëàñòè ôëàíöà ýêâèâàëåíò-
íûå íàïðÿæåíèÿ âîçðàñòàþò äî 247,6 ÌÏà â îáëàñòè ñêîëà (äåôåêòíîãî îòâåðñòèÿ),
òàêèì îáðàçîì, çàïàñ ïî íåñóùåé ñïîñîáíîñòè ïàäàåò äî 0,4%.

Íàëè÷èå äåôåêòà â ðåáðå æåñòêîñòè íå ïðèâåëî ê çíà÷èòåëüíîìó óìåíüøåíèþ
íåñóùåé ñïîñîáíîñòè (ñêîë ìåòàëëà â âèäå îòâåðñòèÿ ïÿòèóãîëüíîé ôîðìû, äèà-
ìåòð îïèñàííîé îêðóæíîñòè 2 ñì).

Ðåçóëüòàòû ðàñ÷åòà ïðè íàëè÷èè äåôåêòà â ñàìîì ôëàíöå (ñêîë ÷àñòè ìåòàëëà è
îòêàç îäíîãî èç «àêòèâíûõ» áîëòîâ) ïîêàçàëè, ÷òî äàííûé äåôåêò íå âåäåò ê ñíèæå-
íèþ íåñóùåé ñïîñîáíîñòè âñåé êîíñòðóêöèè, íî ïåðåðàñïðåäåëÿåò óñèëèÿ.

Äëÿ ñòàëè Ñ245 ñ ó÷åòîì ïëàñòè÷åñêèõ äåôîðìàöèé (äî 3,5%) ðàñ÷åòíîå ñî-
ïðîòèâëåíèå ïðèíèìàëîñü ðàâíûì 248,4 ÌÏà. Ïîðîã ýòîãî çíà÷åíèÿ íå áûë ïðåâû-
øåí, ÷òî ãîâîðèò î çàïàñå íåñóùåé ñïîñîáíîñòè ñîåäèíåíèÿ ïðè âîçíèêíîâåíèè
äåôåêòà.

Â ðåçóëüòàòå ïðîâåäåííîé îöåíêè æèâó÷åñòè ôëàíöåâîãî ñîåäèíåíèÿ áûëî âû-
ÿâëåíî, ÷òî ôëàíöåâîå ñîåäèíåíèå îáëàäàåò äîâîëüíî âûñîêîé ïîòåíöèàëüíîé æè-

Ðèñ. 4. Ýêâèâàëåíòíûå íàïðÿæåíèÿ â ýëåìåíòàõ ôëàíöåâîãî óçëà

Ðèñ. 5. Ýêâèâàëåíòíûå íàïðÿæåíèÿ â ýëåìåíòàõ ôëàíöåâîãî óçëà ñ äåôåêòîì ¹1
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âó÷åñòüþ ïî ñðàâíåíèþ ñ íåñóùèìè ýëåìåíòàìè ïîÿñîâ áàøíè, äëÿ êîòîðûõ ñêîë
÷àñòè êîíñòðóêöèè ïðèâîäèò ê ðåçêîìó óìåíüøåíèþ íåñóùåé ñïîñîáíîñòè. Â ñâîþ
î÷åðåäü, ñàì ôëàíåö ïðè íàëè÷èè íåêîòîðûõ äåôåêòîâ íå ñíèæàåò ñâîåé íåñóùåé
ñïîñîáíîñòè è íåñóùåé ñïîñîáíîñòè áîëòîâ.
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EVALUATION OF THE VITALITY OF A FLANGED CONNECTION
WITH A STEEL TOWER STRUCTURE WITH ACCOUNT

OF EXPERIMENTAL DETERMINATION OF AERO-DYNAMIC COEFFICIENTS
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A numerical study of the survivability of the flange assembly is carried out upon reaching a critical
load and in the presence of a defect in one of the design areas, taking into account the calculated
values of the aerodynamic coefficients. An experiment is being carried out to determine the values
of the wind load acting on the supporting legs of a metal tower. The calculation of the stress-strain
state is performed using software system as SCAD Office and IDEA StatiCa 10.0. After calculating
the forces in the core model of the structure, a three-dimensional plate model of the assembly is
formed and prepared for calculation.
According to the results of the experiment, a graph was compiled with the values of aerodynamic
coefficients, which were used in calculating the stress-strain state of the node. The analysis of the
calculation results revealed that in the design (defect-free) state of the structure, the safety factor of
the bearing units and elements is 35−40% (equivalent stresses were 165 MPa). If there is a defect
in the metal structures of the belt in the region of the flange, the equivalent stresses increase to
247.6 MPa in the region of the cleavage (defective hole), thus, the margin in bearing capacity
drops to 0.4%. As a result of the assessment of the survivability of the flange connection, it was
revealed that the connection has a high potential survivability, in turn, the flange itself is able to
work in the presence of some defects without reducing its bearing capacity to a critical level.
The aerodynamic coefficients obtained in this work will determine the wind load on this type of
profile and can be used in design calculations of tower structures for wind loads.

Keywords: survivability, aerodynamic coefficient, aerodynamic installation, failure analysis, finite
element method, average and pulsation pressure characteristics.


