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Ï
îäêðàíîâûå ìåòàëëîêîíñò-
ðóêöèè â öåõàõ ìåòàëëóðãè-

÷åñêèõ ïðîèçâîäñòâ ñ òÿæåëûì è
âåñüìà òÿæåëûì ðåæèìàìè ðà-
áîòû ìîñòîâûõ êðàíîâ (ãðóïïû
7Ê è 8Ê) ýêñïëóàòèðóþòñÿ â óñëî-
âèÿõ öèêëè÷åñêîãî ðåæèìà íà-
ãðóæåíèÿ, ïðè êîòîðîì âîçìîæ-

íî îáðàçîâàíèå óñòàëîñòíûõ òðå-
ùèí â çîíàõ êîíñòðóêòèâíîé êîí-
öåíòðàöèè íàïðÿæåíèé [1, 2]. Ñî-
ãëàñíî òðåáîâàíèÿì, èçëîæåí-
íûì â ðàçä. 12 ÑÏ 16.13330.2017
«ÑÍèÏ II-23-81* Ñòàëüíûå êîíñò-
ðóêöèè», äëÿ òàêèõ êîíñòðóêöèé
íåîáõîäèìî âûïîëíÿòü ïîâåðî÷-

íûå ðàñ÷åòû íà óñòàëîñòü. Ìåòî-
äèêà ðàñ÷åòà íà óñòàëîñòü ïðåä-
ïîëàãàåò íàëè÷èå äàííûõ î ðàñ-
÷åòíûõ ñîïðîòèâëåíèÿõ óñòàëî-
ñòè Rv äëÿ ðàçëè÷íûõ âèäîâ ñî-
åäèíåíèé ýëåìåíòîâ ìåòàëëîêîí-
ñòðóêöèé íàòóðíîé òîëùèíû, îï-
ðåäåëÿåìûõ íà îñíîâàíèè ðå-©
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Àííîòàöèÿ. Â ñòàòüå ðàññìîòðåíà ìåòîäèêà ðàñ÷åòà, èñïîëüçîâàííàÿ ïðè ïðîåêòèðîâàíèè ñîåäèíåíèé (óçëîâ)
öèêëè÷åñêè íàãðóæåííûõ ýëåìåíòîâ ìåòàëëîêîíñòðóêöèé ïîäêðàíîâîé ôåðìû äëÿ ìîñòîâûõ îïîðíûõ êðàíîâ ñ
òÿæåëûì ðåæèìîì ðàáîòû. Óêàçàíû ïðè÷èíû, ïî êîòîðûì íå ìîãóò áûòü èñïîëüçîâàíû òðàäèöèîííûå ìåòîäû
ðàñ÷åòà íà óñòàëîñòü ñîåäèíåíèé ýëåìåíòîâ ìåòàëëîêîíñòðóêöèé, ïðèíÿòûå â äåéñòâóþùèõ îòå÷åñòâåííûõ è
çàðóáåæíûõ íîðìàòèâíûõ äîêóìåíòàõ. Äàíî îáîñíîâàíèå öåëåñîîáðàçíîñòè èñïîëüçîâàíèÿ ìåòîäèêè ðàñ÷åòà
íà óñòàëîñòü, îñíîâàííîé íà êðèòåðèè ìåñòíîé ïðî÷íîñòè, ïðè ïðîåêòèðîâàíèè óçëîâ ñëîæíîé ãåîìåòðè÷åñ-
êîé ôîðìû. Íàãëÿäíî ïðîèëëþñòðèðîâàíî âëèÿíèå âíåñåííûõ èçìåíåíèé â êîíñòðóêöèþ óçëà íà íàïðÿæåííîå ñî-
ñòîÿíèå â çîíàõ ïîòåíöèàëüíîãî òðåùèíîîáðàçîâàíèÿ. Ýòî ïîçâîëèëî ðåøèòü çàäà÷ó âûáîðà îïòèìàëüíûõ êîí-
ñòðóêòèâíûõ ðåøåíèé íàèáîëåå íàãðóæåííûõ óçëîâ, ëèìèòèðóþùèõ óñòàëîñòíóþ äîëãîâå÷íîñòü êîíñòðóêöèè â
öåëîì, à òàêæå ïðîáëåìó îáåñïå÷åíèÿ ïåðèîäà ýêñïëóàòàöèè ïîäêðàíîâîé ôåðìû íå ìåíåå 10 ëåò äî çàðîæäåíèÿ
óñòàëîñòíûõ òðåùèí ïðè ñóùåñòâóþùèõ â íàñòîÿùåå âðåìÿ ðåæèìàõ íàãðóæåíèÿ.
Êëþ÷åâûå ñëîâà: ïîäêðàíîâûå êîíñòðóêöèè (ôåðìû), êîíöåíòðàöèÿ íàïðÿæåíèé, óñòàëîñòíûå òðåùèíû,
äîëãîâå÷íîñòü, ïðîåêòèðîâàíèå óçëîâ ñëîæíîé ãåîìåòðè÷åñêîé ôîðìû, ìåòîäèêè ðàñ÷åòà íà óñòàëîñòü,
êðèòåðèé ìåñòíîé ïðî÷íîñòè, îïòèìàëüíûå êîíñòðóêòèâíûå ðåøåíèÿ.

USING THE CRITERION OF LOCAL STRENGTH IN THE DESIGN OF UNITS
OF CRANE STRUCTURES
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Abstract. The article considers the calculation method used in the design of joints of cyclically loaded elements of metal
structures of a crane truss for bridge support cranes of the 7K operating mode. The reasons why traditional methods of
calculating the fatigue of metal structures elements joints, adopted in current national and foreign regulatory
documents, cannot be used are indicated. The feasibility of using the fatigue calculation method based on the local
strength criteria in the design of complex geometric joints is justified. The influence of the changes made to the design
of the joint on the stress state in the zones of potential crack formation is clearly illustrated. This made it possible to
solve the problem of choosing the optimal design solutions for the most loaded joints that limit the fatigue life of the
structure as a whole, and ensuring the period of operation of the crane truss before the onset of fatigue cracks for at
least 10 years under the current loading modes.
Key words: crane structures (trusses), stress concentration, fatigue cracks, durability, design of complex geometric units,
fatigue calculation methods, local strength criterion, optimal design solutions.
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çóëüòàòîâ èñïûòàíèé ýòèõ ñîåäè-
íåíèé â óñëîâèÿõ öèêëè÷åñêîãî
ðåæèìà íàãðóæåíèÿ. Îäíàêî â
ÑÏ 16.13330 è äðóãèõ íîðìàòèâ-
íûõ äîêóìåíòàõ [3, 4], à òàêæå
ðåêîìåíäàöèÿõ ïî èõ èñïîëüçî-
âàíèþ [5] ïðèâåäåíû çíà÷åíèÿ
ðàñ÷åòíûõ ñîïðîòèâëåíèé óñòà-
ëîñòè äëÿ îòíîñèòåëüíî ïðîñòûõ
âèäîâ ñîåäèíåíèé, êîòîðûå íå
ìîãóò áûòü èñïîëüçîâàíû äëÿ
ðàñ÷åòíîé îöåíêè óñòàëîñòíîé
ïðî÷íîñòè è äîëãîâå÷íîñòè ðå-
àëüíûõ ñîåäèíåíèé (óçëîâ) áî-
ëåå ñëîæíîé ãåîìåòðè÷åñêîé
ôîðìû.

Ñëåäóåò îòìåòèòü, ÷òî ïðîâå-
äåíèå èñïûòàíèé óçëîâ ñëîæíîé
ãåîìåòðè÷åñêîé ôîðìû ïðè öèê-
ëè÷åñêîì íàãðóæåíèè ñ öåëüþ
ïîëó÷åíèÿ çíà÷åíèé Rv , íåîáõî-
äèìûõ äëÿ ðàñ÷åòà íà óñòàëîñòü
ñîãëàñíî ÑÏ 16.13330, ïðåäñòàâ-
ëÿåò ñîáîé êðàéíå òðóäîåìêóþ
èëè ïðàêòè÷åñêè íåâûïîëíèìóþ
çàäà÷ó.

Çíà÷åíèÿ ðàñ÷åòíîãî ñîïðîòè-
âëåíèÿ óñòàëîñòè ñâàðíûõ óçëîâ
ñëîæíîé ãåîìåòðè÷åñêîé ôîðìû
çàâèñÿò îò äâóõ ôàêòîðîâ, îïðå-
äåëÿþùèõ óðîâåíü êîíöåíòðàöèè
íàïðÿæåíèé â çîíàõ âîçìîæíîãî
îáðàçîâàíèÿ òðåùèí:

� ôîðìû è ãåîìåòðè÷åñêèõ ðàç-
ìåðîâ êîíñòðóêòèâíûõ ýëåìåí-
òîâ óçëà;

� ôîðìû è ãåîìåòðè÷åñêèõ ðàç-
ìåðîâ ñâàðíûõ øâîâ â çîíå ñî-
åäèíåíèÿ ýëåìåíòîâ óçëà [6].

Äèôôåðåíöèðîâàííûé ó÷åò
âëèÿíèÿ ýòèõ äâóõ ôàêòîðîâ íà
óðîâåíü êîíöåíòðàöèè íàïðÿæå-
íèé è äîëãîâå÷íîñòü öèêëè÷åñêè
íàãðóæåííûõ óçëîâ ñëîæíîé ãåî-
ìåòðè÷åñêîé ôîðìû âîçìîæåí
ïðè èñïîëüçîâàíèè ìåòîäèêè
ðàñ÷åòà, îñíîâàííîé íà êðèòåðèè
ìåñòíîé ïðî÷íîñòè è èñïîëüçóå-
ìîé ïðè ðàñ÷åòå íà óñòàëîñòü
ýëåìåíòîâ êîíñòðóêöèé àòîìíûõ
ýíåðãåòè÷åñêèõ óñòàíîâîê [7].
Ñîãëàñíî ýòîé ìåòîäèêå ÷èñëî
öèêëîâ íàãðóæåíèÿ äî çàðîæäå-
íèÿ óñòàëîñòíûõ òðåùèí â ðàñ-
ñìàòðèâàåìîì ýëåìåíòå êîíñò-
ðóêöèè îïðåäåëÿåòñÿ ïî ðàñ÷åò-
íîé êðèâîé óñòàëîñòè ìåòàëëà â
çîíå âîçìîæíîãî çàðîæäåíèÿ
òðåùèí íà îñíîâàíèè äàííûõ î
àìïëèòóäå ìåñòíûõ ïåðåìåííûõ
íàïðÿæåíèé â öèêëå íàãðóæåíèÿ
â çîíå ïîòåíöèàëüíîãî òðåùèíî-
îáðàçîâàíèÿ.

Cîïðîòèâëåíèå óñòàëîñòè ýëå-
ìåíòà êîíñòðóêöèè ïðè çàäàííîì
êîëè÷åñòâå öèêëîâ íàãðóæåíèÿ
áóäåò îáåñïå÷åíî, åñëè âûïîëíÿ-
åòñÿ ñëåäóþùåå óñëîâèå ïðî÷íî-
ñòè:

� �a a

* *[ ]� ; (1)

ãäå �a

* – àìïëèòóäà ìåñòíûõ íàïðÿæå-
íèé â çîíå èõ êîíöåíòðàöèè â öèêëå íà-
ãðóæåíèÿ (ïîëîâèíà ðàçíîñòè ìåæäó
ìàêñèìàëüíûì è ìèíèìàëüíûì íàïðÿ-
æåíèåì â öèêëå), ÌÏà; [�a

* ] – äîïóñêàå-
ìàÿ àìïëèòóäà ìåñòíûõ íàïðÿæåíèé â
öèêëå íàãðóæåíèÿ, ÌÏà.

Äîïóñêàåìàÿ àìïëèòóäà ìåñò-

íûõ íàïðÿæåíèé [�a

* ] îïðåäåëÿ-
åòñÿ êàê íàèìåíüøàÿ âåëè÷èíà,
âû÷èñëÿåìàÿ ïî ôîðìóëàì:
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ãäå n� è nN – êîýôôèöèåíòû çàïàñà
ïðî÷íîñòè ïî íàïðÿæåíèÿì è ÷èñëó öèê-
ëîâ ñîîòâåòñòâåííî; m è me – õàðàêòå-
ðèñòèêè ìàòåðèàëà; r – êîýôôèöèåíò
àñèììåòðèè öèêëà íàïðÿæåíèé; Rc – õà-
ðàêòåðèñòèêà ïðî÷íîñòè ìåòàëëà, ÌÏà;
ec – õàðàêòåðèñòèêà ïëàñòè÷íîñòè ìå-
òàëëà; E – ìîäóëü óïðóãîñòè ïðè ðàñ÷åò-
íîé òåìïåðàòóðå (E = 1,95·105 ÌÏà);
N0 – ÷èñëî öèêëîâ íàãðóæåíèÿ äî çàðî-
æäåíèÿ óñòàëîñòíûõ òðåùèí.

Çíà÷åíèÿ m, me , Rc , ec è E îï-
ðåäåëÿþòñÿ â ñîîòâåòñòâèè ñ [7].

Êîýôôèöèåíò àñèììåòðèè öè-
êëà íàïðÿæåíèé r âû÷èñëÿåòñÿ ïî
ôîðìóëå

r � � �min max , (4)

ãäå �min è �max – ñîîòâåòñòâåííî íàè-
ìåíüøåå è íàèáîëüøåå ìåñòíîå íàïðÿ-
æåíèå â çîíå êîíöåíòðàöèè îò ýêñïëóà-
òàöèîííîé íàãðóçêè â öèêëå íàãðóæå-
íèÿ.

Ïðè íàëè÷èè â çîíå ïîòåíöè-
àëüíîãî òðåùèíîîáðàçîâàíèÿ
ðàñòÿãèâàþùèõ îñòàòî÷íûõ íà-
ïðÿæåíèé îò ñâàðêè, êîòîðûå
ñóììèðóþòñÿ ñ ìåñòíûìè íàïðÿ-
æåíèÿìè îò âíåøíåé íàãðóçêè,
çíà÷åíèå r îïðåäåëÿþò ïî ôîð-
ìóëå

r
R

R

yn a

yn

�
� 2�*

, (5)

ãäå Ryn – ïðåäåë òåêó÷åñòè ñòàëè, ÌÏà,
ñîãëàñíî ÑÏ 16.13330.

Ñîãëàñíî [7] ýêñïëóàòàöèîí-
íàÿ íàäåæíîñòü ýëåìåíòà êîíñò-
ðóêöèè äî çàðîæäåíèÿ óñòàëîñò-
íûõ òðåùèí ïðè çàäàííîì ÷èñëå
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Ðèñ. 1. Ãåîìåòðè÷åñêàÿ ñõåìà ôåðìû (1 – îïîðíûé óçåë)
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öèêëîâ íàãðóæåíèÿ N0 áóäåò
îáåñïå÷åíà, åñëè óñëîâèå ïðî÷-
íîñòè (1) âûïîëíÿåòñÿ ïðè n

�
= 2

è nN = 10.
Äàííûé ïîäõîä ê îöåíêå ñî-

ïðîòèâëåíèÿ óñòàëîñòíîìó ðàç-
ðóøåíèþ ýëåìåíòîâ êîíñòðóêöèé
íà îñíîâå êðèòåðèÿ ìåñòíîé ïðî-
÷íîñòè àâòîðàìè ñòàòüè áûë óñ-
ïåøíî èñïîëüçîâàí íà ñòàäèè
ïðîåêòèðîâàíèÿ ïîäêðàíîâîé
ôåðìû äëÿ ìîñòîâûõ îïîðíûõ
êðàíîâ ãðóçîïîäúåìíîñòüþ Q =
520 + 100/20 ò ðåæèìà ðàáîòû
7Ê ïðè âûáîðå îïòèìàëüíûõ ãåî-
ìåòðè÷åñêèõ ðàçìåðîâ è ôîðìû
ýëåìåíòîâ êîíñòðóêöèè íàèáîëåå
íàãðóæåííûõ óçëîâ.

Ïðîåêò ïîäêðàíîâîé ôåðìû
ðàçðàáàòûâàëñÿ äëÿ çàìåíû
ôåðìû ñõîæåé ãåîìåòðèè, â êî-
òîðîé ÷åðåç òðè ãîäà ïîñëå íà÷à-
ëà ýêñïëóàòàöèè áûëè âûÿâëåíû
óñòàëîñòíûå òðåùèíû â íàèáîëåå
íàãðóæåííûõ óçëàõ, âêëþ÷àÿ
óçåë ñîïðÿæåíèÿ îïîðíîãî ðàñ-
êîñà è âåðõíåãî ïîÿñà ïîäêðàíî-
âîé ôåðìû (îïîðíûé óçåë ôåð-
ìû), ðàñ÷åò êîòîðîãî áóäåò áî-
ëåå ïîäðîáíî ðàññìîòðåí äàëåå.

Ðàñ÷åò âûïîëíÿëñÿ ñ ó÷åòîì
ïîñòîÿííûõ è âðåìåííûõ íàãðó-
çîê íà ïîäêðàíîâûå êîíñòðóê-
öèè, ñîáðàííûõ è ïðèëîæåííûõ â
ðàñ÷åòíîé ñõåìå â ñîîòâåòñòâèè ñ

ÑÏ 20.13330.2016 «ÑÍèÏ
2.01.07-85* Íàãðóçêè è âîçäåéñò-
âèÿ». Ïðè ýòîì ïðèíèìàëîñü
óìåíüøåííîå çíà÷åíèå âåðòè-
êàëüíîé íàãðóçêè îò îäíîãî êðà-
íà â íàèáîëåå íåâûãîäíîì ïîëî-
æåíèè ñîãëàñíî ï. 9.20 ÑÏ
20.13330. Äëÿ îïðåäåëåíèÿ íà-
ïðÿæåííîãî ñîñòîÿíèÿ îïîðíîãî
óçëà â çîíàõ êîíñòðóêòèâíîé
êîíöåíòðàöèè íàïðÿæåíèé èñ-
ïîëüçîâàí ïðîãðàììíûé êîìï-
ëåêñ ANSYS. Ìîäåëèðîâàíèå óç-
ëà ïðîâîäèëîñü â ñîñòàâå îáùåé
ðàñ÷åòíîé ñõåìû ïîäêðàíîâîé
ôåðìû.

Ãåîìåòðè÷åñêàÿ ñõåìà ôåðìû
ïðåäñòàâëåíà íà ðèñ. 1, à ïåðâî-
íà÷àëüíàÿ êîíñòðóêöèÿ îïîðíîãî
óçëà ïîäêðàíîâîé ôåðìû – íà
ðèñ. 2à.

Ñîåäèíåíèå îïîðíîãî ðàñêîñà
ñ ôàñîíêîé â îïîðíîì óçëå – æå-
ñòêîå íà âûñîêîïðî÷íûõ áîëòàõ è
äâóõñòîðîííèõ íàêëàäêàõ. Ôà-
ñîíêà ïðåäñòàâëÿåò ñîáîé ëèñò –
âñòàâêó óâåëè÷åííîé òîëùèíû t (â
ñðàâíåíèè ñ òîëùèíîé ñòåíêè
âåðõíåãî ïîÿñà), êîòîðàÿ «ïðîðå-
çàåò» íèæíþþ ïîëêó âåðõíåãî ïî-
ÿñà ôåðìû è îäíó èç ïîëîê (îïîð-
íîå ðåáðî) «ñòîå÷íîé ÷àñòè» óç-
ëà. Ôàñîíêà èìååò ïðèåìíûå ðåá-
ðà äëÿ ñîåäèíåíèÿ ñ ïîëêàìè
îïîðíîãî ðàñêîñà è îáðàçîâàíèÿ

æåñòêîãî ñîåäèíåíèÿ. Ïðè ýòîì
ïðèåìíûå ðåáðà íå ñîåäèíåíû ñ
íèæíåé ïîëêîé âåðõíåãî ïîÿñà è
îïîðíûì ðåáðîì ôåðìû äëÿ ïðå-
äîòâðàùåíèÿ â äàííûõ ýëåìåíòàõ
ðàññëîÿ (îò ðàñòÿãèâàþùèõ óñè-
ëèé â îïîðíîì ðàñêîñå).

Îáðàçîâàíèå óñòàëîñòíûõ òðå-
ùèí â îïîðíîì óçëå íà ðàííèõ
ñòàäèÿõ ýêñïëóàòàöèè ïîäêðàíî-
âîé ôåðìû ïðè êîëè÷åñòâå öèê-
ëîâ íàãðóæåíèÿ â ãîä n1 = 65700
ïðîèñõîäèëî â ìåñòàõ íàèáîëü-
øåé êîíöåíòðàöèè íàïðÿæåíèé ó
òîðöîâ ïðèåìíûõ ðåáåð ôàñîí-
êè. Ñ òå÷åíèåì âðåìåíè òðåùèíû
ñîåäèíÿëèñü ìåæäó ñîáîé è ðàñ-
ïðîñòðàíÿëèñü âäîëü óãëîâûõ
øâîâ ïðèâàðêè ôàñîíêè ê âåðõ-
íåìó ïîÿñó ôåðìû è îïîðíîìó
ðåáðó (ñì. ðèñ. 2à).

Ìàêñèìàëüíûå çíà÷åíèÿ íà-
ïðÿæåíèé ïî Ìèçåñó â ïåðâîíà-
÷àëüíîì âàðèàíòå îïîðíîãî óçëà
ïðèâåäåíû íà ðèñ. 3à.

Ðàñ÷åòû ïîêàçàëè, ÷òî âåëè÷è-
íà ìåñòíûõ íàïðÿæåíèé â çîíå
òðåùèíîîáðàçîâàíèÿ â ïîäêðà-
íîâîé ôåðìå äîñòèãàëà 0,7Ryn , à
èõ àìïëèòóäà â öèêëå íàãðóæå-
íèÿ – 0,34Ryn , ïðè ýòîì óñëîâèå
ïðî÷íîñòè (1) âûïîëíÿåòñÿ äëÿ
ïåðèîäà ýêñïëóàòàöèè êîíñòðóê-
öèè íå áîëåå òðåõ ëåò.

Äëÿ óâåëè÷åíèÿ äîëãîâå÷íîñòè
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1 – âñòàâêà (t32); 2 – òðåùèíà â ôàñîíêå; 3 – âñòàâêà (t40)

Ðèñ. 2. Ïåðâîíà÷àëüíàÿ (à) è óñèëåííàÿ (á) êîíñòðóêöèÿ îïîðíîãî óçëà ïîäêðàíîâîé ôåðìû
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äî 10 ëåò íà ñòàäèè äî çàðîæäå-
íèÿ óñòàëîñòíûõ òðåùèí â êîíñò-
ðóêöèþ îïîðíûõ óçëîâ áûë âíå-
ñåí ðÿä èçìåíåíèé, èìåþùèõ öå-
ëüþ ñíèæåíèå óðîâíÿ êîíöåíòðà-
öèè íàïðÿæåíèé è ðàçìàõà ìåñò-
íûõ íàïðÿæåíèé â öèêëå íàãðó-
æåíèÿ â çîíàõ ïîòåíöèàëüíîãî
òðåùèíîîáðàçîâàíèÿ, à èìåííî:

� óâåëè÷åíà òîëùèíà è ãàáàðèò-
íûå ðàçìåðû ôàñîíêè îïîðíîãî
óçëà;

� ñå÷åíèå îïîðíîãî ðàñêîñà èç-
ìåíåíî òàêèì îáðàçîì, ÷òîáû
óìåíüøèòü îòíîøåíèå ïëîùàäåé
ïîëîê ê ïëîùàäè ñòåíêè («ñòà-
ðîå» è «íîâîå» ñå÷åíèÿ îïîðíî-
ãî ðàñêîñà ïðèâåäåíû íà ðèñ. 4 );

� óâåëè÷åíî ðàññòîÿíèå îò òîð-
öîâ ïðèåìíûõ ðåáåð ôàñîíêè äî
íèæíåé ïîëêè âåðõíåãî ïîÿñà è
äî îïîðíîãî ðåáðà ôåðìû;

� äâóõñòîðîííèå íàêëàäêè ïî
ñòåíêå îïîðíîãî ðàñêîñà âûâåäå-
íû çà òîðöû ïðèåìíûõ ðåáåð ôà-
ñîíêè;

� ïîìèìî ïîñòåïåííîãî óìåíü-
øåíèÿ ïëîùàäè ñå÷åíèÿ ïðèåì-
íûõ ðåáåð â èõ òîðöàõ, òàêæå
ïðåäóñìîòðåíî âûïîëíåíèå ïî-
ëîãèõ ñâàðíûõ øâîâ.

Àíàëîãè÷íûå ìåðîïðèÿòèÿ áû-
ëè ïðèíÿòû ïðè ïðîåêòèðîâàíèè
ïðî÷èõ óçëîâ ïîäêðàíîâîé ôåð-
ìû, ïîäâåðæåííûõ îáðàçîâàíèþ

â íèõ óñòàëîñòíûõ òðåùèí. Ïðè
ýòîì ïðîâîäèëñÿ êîëè÷åñòâåííûé
àíàëèç âëèÿíèÿ ðàçëè÷íûõ èçìå-
íåíèé â êîíñòðóêöèè óçëîâ íà âå-
ëè÷èíó àìïëèòóäû ìåñòíûõ íà-
ïðÿæåíèé â çîíå ïîòåíöèàëüíîãî
òðåùèíîîáðàçîâàíèÿ â öèêëå íà-
ãðóæåíèÿ ïîäêðàíîâîé ôåðìû.

Êðîìå ïåðå÷èñëåííîãî, ïðîåê-
òîì áûë ïðåäóñìîòðåí ðÿä ìåðî-
ïðèÿòèé, íàïðàâëåííûõ íà óìåíü-
øåíèå ñâàðî÷íûõ íàïðÿæåíèé â
çîíå âîçìîæíîãî ðàçâèòèÿ óñòà-
ëîñòíûõ òðåùèí, à êîíñòðóêöèÿ
ïîäêðàíîâîé ôåðìû â öåëîì áû-
ëà óñèëåíà è äîðàáîòàíà ñ öåëüþ
ñîîòâåòñòâèÿ òðåáîâàíèÿì ñîâðå-
ìåííûõ íîðì è óìåíüøåíèÿ âëè-
ÿíèÿ âîçäåéñòâèé êðàíîâ, ðàáî-
òàþùèõ â ñìåæíûõ ïðîëåòàõ.

Óñèëåííàÿ (èçìåíåííàÿ) êîí-
ñòðóêöèÿ îïîðíîãî óçëà ïðåäñòà-
âëåíà íà ðèñ. 2á. Ìàêñèìàëüíûå
çíà÷åíèÿ íàïðÿæåíèé ïî Ìèçåñó
â óñèëåííîì âàðèàíòå îïîðíîãî
óçëà ïðèâåäåíû íà ðèñ. 3á.

Òàêèì îáðàçîì, èñïîëüçîâà-
íèå ðàññìîòðåííîé ìåòîäèêè,
îñíîâàííîé íà êðèòåðèè ìåñòíîé
ïðî÷íîñòè, ïîçâîëèëî ðåøèòü çà-
äà÷ó âûáîðà îïòèìàëüíûõ êîíñò-
ðóêòèâíûõ ðåøåíèé íàèáîëåå íà-
ãðóæåííûõ óçëîâ ïîäêðàíîâîé
ôåðìû äëÿ ìîñòîâûõ îïîðíûõ
êðàíîâ ãðóçîïîäúåìíîñòüþ Q =

520 + 100/20ò ðåæèìà ðàáîòû
7Ê, ëèìèòèðóþùèõ óñòàëîñòíóþ
äîëãîâå÷íîñòü êîíñòðóêöèè â öå-
ëîì.

Â û â î ä

Ðàçðàáîòàíà ìåòîäèêà âûáîðà
îïòèìàëüíûõ êîíñòðóêòèâíûõ ðå-
øåíèé öèêëè÷åñêè íàãðóæåííûõ
ñîåäèíåíèé (óçëîâ) ýëåìåíòîâ
ïîäêðàíîâîé ôåðìû ñ öåëüþ
îáåñïå÷åíèÿ òðåáóåìîé äîëãîâå-
÷íîñòè êîíñòðóêöèè. Äàííàÿ ìå-
òîäèêà ìîæåò áûòü ðåêîìåíäî-
âàíà ïðîåêòèðîâùèêàì äëÿ âû-
ïîëíåíèÿ ïîâåðî÷íûõ ðàñ÷åòîâ
íà óñòàëîñòü äðóãèõ öèêëè÷åñêè
íàãðóæåííûõ ñòðîèòåëüíûõ ìå-
òàëëîêîíñòðóêöèé, äëÿ êîòîðûõ
â íîðìàòèâíîé äîêóìåíòàöèè è
òåõíè÷åñêîé ëèòåðàòóðå îòñóòñò-
âóþò äàííûå î ðàñ÷åòíîì ñîïðî-
òèâëåíèè óñòàëîñòè íàèáîëåå íà-
ãðóæåííûõ óçëîâ.
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à – äëÿ ïåðâîíà÷àëüíîãî âàðèàíòà óçëà; á – äëÿ óñèëåííîãî óçëà

Ðèñ. 3. Ìàêñèìàëüíûå çíà÷åíèÿ íàïðÿæåíèé ïî Ìèçåñó â öèêëå íàãðóæåíèÿ, ÌÏà

Ðèñ. 4. «Ñòàðîå» (à) è «íîâîå»
(á) ñå÷åíèÿ îïîðíîãî ðàñêîñà



64 ÏPÎÌÛØËÅÍÍÎÅ È ÃPÀÆÄÀÍCÊÎÅ CÒPÎÈÒÅËÜCÒÂÎ 10/2020

Ë È Ò Å Ð À Ò Ó Ð À

1. Åðåìèí Ê. È., Øóëüãà Ñ. Í. Çàêîíîìåðíîñòü ïî-
âðåæäåíèé ïîäêðàíîâî-ïîäñòðîïèëüíûõ ôåðì íà
ñòàäèè ýêñïëóàòàöèè // Ïðîìûøëåííîå è ãðàæäàí-
ñêîå ñòðîèòåëüñòâî. 2013. ¹ 4. Ñ. 34–36.

2. Åðåìèí Ê. È., Øóëüãà Ñ. Í. Ìîäåëèðîâàíèå ðàçâè-
òèÿ óñòàëîñòíûõ ïîâðåæäåíèé â ïîäêðàíîâî-ïîä-
ñòðîïèëüíûõ ôåðìàõ // Âåñòíèê ÌÃÑÓ. 2014. ¹ 2.
Ñ. 30–38.

3. ÑÒÎ 02494680-0049-2005. Ñòàíäàðò îðãàíèçàöèè.
Êîíñòðóêöèè ñòàëüíûå ñòðîèòåëüíûå. Îñíîâíûå
ïðèíöèïû ðàñ÷åòà íà ïðî÷íîñòü, óñòîé÷èâîñòü, óñòà-
ëîñòíóþ äîëãîâå÷íîñòü è ñîïðîòèâëåíèå õðóïêîìó
ðàçðóøåíèþ. Ì. : ÇÀÎ «ÖÍÈÈÏÑÊ èì. Ìåëüíèêî-
âà», 2005. 32 ñ.

4. EN 1993-1-9:2005. Åâðîêîä 3: Ïðîåêòèðîâàíèå

ñòàëüíûõ êîíñòðóêöèé. ×. 1-9. Óñòàëîñòíàÿ ïðî÷-
íîñòü. Ìèíñê, 2010. 44 ñ.

5. Åâäîêèìîâ Â. Â. Ñîâåðøåíñòâîâàíèå ìåòîäà ðàñ-
÷åòíîé îöåíêè óñòàëîñòíîé äîëãîâå÷íîñòè ýëåìåí-
òîâ ñòàëüíûõ ñòðîèòåëüíûõ êîíñòðóêöèé íà îñíîâå
ñîïîñòàâëåíèÿ ðîññèéñêèõ è åâðîïåéñêèõ íîðì //
Ïðîìûøëåííîå è ãðàæäàíñêîå ñòðîèòåëüñòâî.
2013. ¹ 12. Ñ. 17–19.

6. Åâäîêèìîâ Â. Â., Ùåðáàêîâ Å. À. Ê âîïðîñó ïîâû-
øåíèÿ ðàñ÷åòíîé äîëãîâå÷íîñòè ýëåìåíòîâ êîíñò-
ðóêöèè ïîäêðàíîâûõ áàëîê // Ïðîìûøëåííîå è
ãðàæäàíñêîå ñòðîèòåëüñòâî. 2008. ¹ 5. Ñ. 28–30.

7. ÏÍÀÝ Ã-7-002-86. Ïðàâèëà è íîðìû â àòîìíîé ýíåð-
ãåòèêå. Íîðìû ðàñ÷åòà íà ïðî÷íîñòü îáîðóäîâàíèÿ
è òðóáîïðîâîäîâ àòîìíûõ ýíåðãåòè÷åñêèõ óñòàíî-
âîê. Ì. : Ýíåðãîàòîìèçäàò, 1989. 524 ñ.

R E F E R E N C E S

1. Eremin K. I., Shul'ga S. N. Regularity of damages of
crane secondary truss during their exploitation.
Promyshlennoe i grazhdanskoe stroitel'stvo, 2013,
no. 4, pp. 34–36. (In Russian).

2. Eremin K. I., Shul'ga S. N. The simulation of the
development of fatigue damage in crane-podstropilnyh
farms. Vestnik MGSU, 2014, no. 2, pp. 30–38. (In
Russian).

3. STO 02494680-0049-2005. Standart organizacii. Kon-
strukcii stal'nye stroitel'nye. Osnovnye principy ras-
cheta na prochnost', ustojchivost', ustalostnuyu dol-
govechnost' i soprotivlenie hrupkomu razrusheniyu
[Standard of organization. Steel construction struc-
tures. Basic principles of calculation for strength, stabi-
lity, fatigue life and brittle fracture resistance].Moscow,
ZAO «CNIIPSK im. Mel'nikova» Publ., 2005. 32 p. (In
Russian).

4. EN 1993-1-9:2005. Evrokod 3: Proektirovanie stal'nyh
konstrukcij [Design of steel structures]. Vol. 1-9. Usta-

lostnaya prochnost' [Fatigue strength]. Minsk, 2010.
44 p. (In Russian).

5. Evdokimov V. V. Improving the method for calculation
assessment of fatigue life of steel building structures
elements on the basis of comparison of russian and
european Standards with Eurocodes. Promyshlennoe i
grazhdanskoe stroitel'stvo, 2013, no. 12, pp. 17–19.
(In Russian).

6. Evdokimov V. V., Shcherbakov E. A. On the problem
of rise in design durability of elements of crane beam
construction. Promyshlennoe i grazhdanskoe
stroitel'stvo, 2008, no. 5, pp. 28–30. (In Russian).

7. PNAE G-7-002-86 Pravila i normy v atomnoj ener-
getike. Normy rascheta na prochnost' oborudovaniya
i truboprovodov atomnyh energeticheskih ustanovok
[Rules and regulations in the nuclear power industry.
Standards for calculating the strength of equipment and
pipelines of nuclear power plants]. Moscow,
Energoatomizdat Publ., 1989. 524 p. (In Russian).

ÑÒÐÎÈÒÅËÜÍÛÅ ÊÎÍÑÒÐÓÊÖÈÈ,ÇÄÀÍÈß È ÑÎÎÐÓÆÅÍÈß

Äëÿ öèòèðîâàíèÿ: Åâäîêèìîâ Â. Â., Ãîëóáåâ Ä. Å., Êîñåíêîâ Â. Â., Øóðèíîâ À. Â. Êðèòåðèé ìåñò-
íîé ïðî÷íîñòè ïðè ïðîåêòèðîâàíèè óçëîâ ïîäêðàíîâûõ êîíñòðóêöèé // Ïðîìûøëåííîå è ãðàæäàíñêîå
ñòðîèòåëüñòâî. 2020. ¹ 10. Ñ. 60–64. DOI: 10.33622/0869-7019.2020.10.60-64.

For citat ion: Evdokimov V. V., Golubev D. E., Kosenkov V. V., Shurinov A. V. Using the Criterion of
Local Strength in the Design of Units of Crane Structures. Promyshlennoe i grazhdanskoe stroitel’stvo
[Industrial and Civil Engineering], 2020, no. 10, pp. 60–64. (In Russian).
DOI: 10.33622/0869-7019.2020.10.60-64. �

ÆÓÐÍÀË «ÏÐÎÌÛØËÅÍÍÎÅ È ÃÐÀÆÄÀÍÑÊÎÅ ÑÒÐÎÈÒÅËÜÑÒÂÎ» ÈÍÄÅÊÑÈÐÓÞÒ:

ÑÀÉÒ ÆÓÐÍÀËÀ «ÏÐÎÌÛØËÅÍÍÎÅ È ÃÐÀÆÄÀÍÑÊÎÅ ÑÒÐÎÈÒÅËÜÑÒÂÎ»: www.pgs1923.ru

Russian Science Citation

Index (RSCI) íà ïëàòôîðìå

Web of Science


