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Àííîòàöèÿ. Ðàññìîòðåíû îñîáåííîñòè ðàáîòû ñâÿçåé â ïîêðûòèè ïðîìûøëåííîãî çäàíèÿ íà ñòàëüíîì êàðêàñå.
Ãîðèçîíòàëüíûå ñâÿçè ïðîåêòèðóþòñÿ äëÿ îáåñïå÷åíèÿ îáùåé óñòîé÷èâîñòè ôåðì ïîêðûòèÿ, ðàñêðåïëåíèÿ
èõ èç ïëîñêîñòè ðàìû, à òàêæå äëÿ âîñïðèÿòèÿ ãîðèçîíòàëüíûõ íàãðóçîê, äåéñòâóþùèõ íà êàðêàñ.
Ïðè òðàäèöèîííîì ïîäõîäå, â çàâèñèìîñòè îò òèïà ðåøåòêè ñâÿçåé, îíè ïðîåêòèðóþòñÿ, êàê ñæàòî-
ðàñòÿíóòûå (òðåóãîëüíàÿ ðåøåòêà) ëèáî êàê ðàáîòàþùèå òîëüêî íà ðàñòÿæåíèå, ïðè ýòîì äîïóñêàåòñÿ
ïîòåðÿ óñòîé÷èâîñòè îäíîãî èç ýëåìåíòà ñâÿçåé (êðåñòîâàÿ ðåøåòêà). Ýòî êëàññè÷åñêèé ïîäõîä, êîòîðûé
ïðèìåíÿëñÿ, êîãäà ïðè ðàñ÷åòå ñîîðóæåíèÿ ðàññìàòðèâàëèñü ïëîñêèå ðàìû, à ñâÿçè ïðîåêòèðîâàëèñü íà
äåéñòâèå ãîðèçîíòàëüíûõ íàãðóçîê (âåòðîâûå, êðàíîâûå). Â íàñòîÿùåå âðåìÿ ñ ðàçâèòèåì ïðîãðàììíûõ
êîìïëåêñîâ ñòàëî âîçìîæíûì âûïîëíÿòü ðàñ÷åò âñåãî ïðîñòðàíñòâåííîãî êàðêàñà çäàíèÿ, ïîçâîëÿþùèé ó÷åñòü
âêëþ÷åíèå â ðàáîòó ñâÿçåé ïðè äåéñòâèè âñåõ òèïîâ íàãðóçîê. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòà
ïðîñòðàíñòâåííîãî êàðêàñà ïðîìûøëåííîãî ñîîðóæåíèÿ. Óñòàíîâëåíî, ÷òî ãîðèçîíòàëüíûå ñâÿçè âêëþ÷àþòñÿ
â ðàáîòó òàêæå ïðè äåéñòâèè íà ïîêðûòèå âåðòèêàëüíûõ íàãðóçîê (ñîáñòâåííûé âåñ, ñíåã è ò. ä.),
â ðåçóëüòàòå ÷åãî è ïðè êðåñòîâîé ðåøåòêå âñå ñâÿçè ïðè îïðåäåëåííûõ ñî÷åòàíèÿõ íàãðóçîê îäíîâðåìåííî
ìîãóò îêàçàòüñÿ ñæàòûìè è ïîòåðÿòü óñòîé÷èâîñòü, ÷òî ÿâëÿåòñÿ íåäîïóñòèìûì è òðåáóåò âûïîëíåíèÿ
óñèëåíèÿ ñâÿçåâîé ñèñòåìû. Ïðèâåäåí àíàëèç âîçìîæíîñòè ó÷åòà âêëþ÷åíèÿ â ðàáîòó íà ñäâèã æåñòêîãî äèñêà
ïîêðûòèÿ èç ñòàëüíûõ ùèòîâ, ïðèâàðåííûõ ê ôåðìàì, êîòîðûå â íåêîòîðîé ñòåïåíè ðàçãðóæàþò
ãîðèçîíòàëüíûå ñâÿçè.
Êëþ÷åâûå ñëîâà: ñòàëüíîé êàðêàñ, ïðîìûøëåííîå çäàíèå, ãîðèçîíòàëüíûå ñâÿçè, íåñóùàÿ ñïîñîáíîñòü,
êîíå÷íî-ýëåìåíòíûé ðàñ÷åò, æåñòêèé äèñê ïîêðûòèÿ.

OPERATION OF BRACING SYSTEM IN THE ROOF OF INDUSTRIAL BUILDING
WITH STEEL FRAME

Olga A. TUSNINA, e-mail: tusninaoa@gic.mgsu.ru

Moscow State University of Civil Engineering (National Research University), Yaroslavskoe shosse, 26, Moscow 129337,

Russian Federation

Abstract. Features of work of bracings in a covering of an industrial building with steel framework are considered.
Horizontal bracings are designed to ensure the overall stability of the roof trusses, their unfastening from the plane
of the frame, as well as for the perception of horizontal loads acting on the frame. At the traditional approach,
depending on the type of bracing grid , they are designed as a compressed-stretched (triangular lattice), or as working
only on the tension, in this case, the loss of stability of one of the bracing element (cross lattice) is allowed. This is
a classic approach, which was used when calculating the structure considered flat frames, and the connections were
designed for the action of horizontal loads (wind, crane). At present, with the development of computing software,
it became possible to perform the calculation of the entire spatial framework of the building, making it possible to take
into account the inclusion of the braces in the spatial work under the action of all types of loads. The results of analysis
of the spatial framework of an existing industrial building are presented in the article. It is established that horizontal
braces are included in the work also when vertical loads (dead load, snow, etc.) acting on the roof, as a result of which,
even with a cross lattice, all braces can be compressed at the same time and lose stability, it is inadmissible and
requires the implementation of the strengthening of the bracing system. Analysis of the possibility of taking into
account the inclusion in spatial work of roof steel shields welded to the upper belt of trusses which to a certain extent
unload horizontal braces is presented in the paper.
Key words: steel frame, industrial building, horizontal bracings, bearing capacity, finite element analysis, roof steel shield.

Ñ
âÿçè â ïîêðûòèè ïðîìûøëåí-
íîãî çäàíèÿ îáåñïå÷èâàþò

ïðîñòðàíñòâåííóþ æåñòêîñòü
êàðêàñà è óäîáñòâî ìîíòàæà êîí-
ñòðóêöèé, çàêðåïëÿþò ñæàòûå
ýëåìåíòû èç ïëîñêîñòè ðàìû â
ñëó÷àå ïîòåðè óñòîé÷èâîñòè, ïå-
ðåðàñïðåäåëÿþò íàãðóçêó ìåæäó

âñåìè ðàìàìè êàðêàñà [1]. Ñèñòå-
ìà ñâÿçåé â ïîêðûòèè âêëþ÷àåò â
ñåáÿ ãîðèçîíòàëüíûå ñâÿçè ïî
íèæíèì è âåðõíèì ïîÿñàì ôåðì,
à òàêæå âåðòèêàëüíûå ñâÿçè ìå-
æäó ôåðìàìè.

Ïîïåðå÷íûå ãîðèçîíòàëüíûå
ñâÿçè ïî íèæíèì ïîÿñàì ôåðì â

òîðöàõ çäàíèÿ âîñïðèíèìàþò âåò-
ðîâóþ íàãðóçêó è ïåðåäàþò åå ñî
ñòîåê ôàõâåðêà íà âåðòèêàëüíûå
ñâÿçè ïî êîëîííàì. Êðîìå òîãî,
îíè çàêðåïëÿþò íèæíèé ïîÿñ
ôåðì èç ïëîñêîñòè, ñîêðàùàþò
åãî ðàñ÷åòíóþ äëèíó è óìåíüøà-
þò âèáðàöèþ íèæíåãî ðàñòÿíóòî-
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ãî ïîÿñà. Ïðîäîëüíûå ãîðèçîí-
òàëüíûå ñâÿçè îáåñïå÷èâàþò ñîâ-
ìåñòíóþ ðàáîòó ïîïåðå÷íûõ ðàì
ïðè äåéñòâèè êðàíîâûõ íàãðóçîê.

Ãîðèçîíòàëüíûå ñâÿçè ïî
âåðõíåìó ïîÿñó ôåðì íåîáõîäè-
ìû äëÿ ïðåäîòâðàùåíèÿ ñìåùå-
íèé ñæàòîãî âåðõíåãî ïîÿñà èç
ïëîñêîñòè è îáåñïå÷åíèÿ åãî
òðåáóåìîé ðàñ÷åòíîé äëèíû. Îò
ýòèõ ñâÿçåé ìîæíî îòêàçàòüñÿ,
åñëè ïðèìåíèòü æåñòêèé äèñê ïî-
êðûòèÿ (ïðîôèëèðîâàííûé íà-
ñòèë, çàêðåïëåííûé â êàæäîé
ãîôðå ê ïðîãîíàì, îïèðàþùèìñÿ
â óçëàõ ôåðì [2], ïëèòû èëè ùè-
òû, ïðèâàðåííûå ê ôåðìàì íå
ìåíåå, ÷åì â òðåõ òî÷êàõ), ëèáî
åñëè äîñòàòî÷íûì ÿâëÿåòñÿ çà-
êðåïëåíèå âåðõíåãî ïîÿñà èç
ïëîñêîñòè â òî÷êàõ êðåïëåíèÿ
âåðòèêàëüíûõ ñâÿçåé ïî ôåðìàì,
÷åðåç êîòîðûå îáåñïå÷èâàåòñÿ
ñîåäèíåíèå ñ ãîðèçîíòàëüíûìè
ñâÿçÿìè ïî íèæíèì ïîÿñàì [3].

Äëÿ ãîðèçîíòàëüíûõ ñâÿçåé ïî
ôåðìàì ïðèìåíÿþò êðåñòîâóþ
èëè òðåóãîëüíóþ ðåøåòêó (ðèñ.
1). Ðàñêîñû êðåñòîâîé ðåøåòêè
ïðèíÿòî ïðîåêòèðîâàòü ðàáîòàþ-
ùèìè òîëüêî íà ðàñòÿæåíèå [3].
Ïðè ýòîì ïðèíèìàåòñÿ, ÷òî ãîðè-
çîíòàëüíûå óñèëèÿ ïåðåðàñïðå-
äåëÿþòñÿ ìåæäó ðàìàìè ÷åðåç
ðàñòÿíóòûå ðàñêîñû, â òî âðåìÿ
êàê äîïóñêàåòñÿ ïîòåðÿ óñòîé÷è-
âîñòè ñæàòûõ ðàñêîñîâ. Òàêèì
îáðàçîì, îñíîâíàÿ çàäà÷à ñâÿçåé
â ïîêðûòèè – âîñïðèÿòèå ãîðè-
çîíòàëüíûõ íàãðóçîê è îáåñïå÷å-
íèå òðåáóåìîãî çàêðåïëåíèÿ ïî-
ÿñîâ ôåðì èç ïëîñêîñòè.

Ýòè ïîëîæåíèÿ ïî ïðîåêòèðî-
âàíèþ ñâÿçåé ôîðìèðîâàëèñü â
òî âðåìÿ, êîãäà áûëè ðàñïðî-
ñòðàíåíû ðó÷íûå ðàñ÷åòû, êîãäà
îòäåëüíî ðàññìàòðèâàëàñü ïîïå-
ðå÷íàÿ ðàìà ïðîìûøëåííîãî ñî-
îðóæåíèÿ è ìåòîäàìè ñòðîèòåëü-
íîé ìåõàíèêè âûïîëíÿëñÿ åå
ðàñ÷åò íà äåéñòâóþùèå íàãðóçêè.
Ïðîñòðàíñòâåííàÿ ðàáîòà êàðêà-
ñà ó÷èòûâàëàñü òîëüêî ïðè ðàñ÷å-
òå íà çàãðóæåíèå êðàíîâîé íà-
ãðóçêîé, òàê êàê â ýòîì ñëó÷àå

âêëþ÷åíèå â ðàáîòó ñîñåäíèõ
ðàì îêàçûâàåòñÿ äîñòàòî÷íî çíà-
÷èòåëüíûì è òðåáóåò áûòü ïðèíÿ-
òûì âî âíèìàíèå. Ó÷åò ïðîñòðàí-
ñòâåííîé ðàáîòû ïðè ýòîì ïðîèç-
âîäèëñÿ ïóòåì ââåäåíèÿ óïðóãî-
ïîäàòëèâûõ îïîð ðàìû, æåñò-

êîñòü êîòîðûõ íàçíà÷àëàñü ñ ó÷å-
òîì æåñòêîñòè è êîíñòðóêòèâíîãî
ðåøåíèÿ ïðîäîëüíûõ äèñêîâ
çäàíèÿ – îãðàæäàþùèõ êîíñò-
ðóêöèé ïîêðûòèÿ, ãîðèçîíòàëü-
íûõ ñâÿçåé, òîðìîçíûõ êîíñòðóê-
öèé è äð. [4–7].

à – êðåñòîâûå; á – òðåóãîëüíûå

Ðèñ. 1. Ñõåìû ñâÿçåé ïî ïîêðûòèþ

Ðèñ. 2. Ïîïåðå÷íûé ðàçðåç öåõà
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Îäíàêî â äåéñòâèòåëüíîñòè
ïðè çàãðóæåíèè êàðêàñà ñîîðó-
æåíèÿ âñåì êîìïëåêñîì íàãðó-
çîê (ïîñòîÿííûå, ñíåãîâûå, âåò-
ðîâûå, òåõíîëîãè÷åñêèå è äð.)
ïðîäîëüíûå ýëåìåíòû âêëþ÷àþò-
ñÿ â ðàáîòó ïðè äåéñòâèè íå
òîëüêî ãîðèçîíòàëüíûõ è êðàíî-
âûõ íàãðóçîê, íî è âñåõ îñòàëü-
íûõ. Ñ ðàçâèòèåì âû÷èñëèòåëü-
íîé òåõíèêè ïîÿâèëàñü âîçìîæ-
íîñòü ïðîàíàëèçèðîâàòü ïðî-

ñòðàíñòâåííóþ ðàáîòó âñåãî êàð-
êàñà ñîîðóæåíèÿ è îöåíèòü íåñó-
ùóþ ñïîñîáíîñòü êîíñòðóêöèé.

Íåîáõîäèìîñòü àíàëèçà íåñó-
ùåé ñïîñîáíîñòè ñòàëüíûõ êàðêà-
ñîâ ïðîìûøëåííûõ çäàíèé âîçíè-
êàåò ïðè âûïîëíåíèè èõ ðåêîíñò-
ðóêöèè ïî ïðè÷èíå òåõíè÷åñêîãî
ïåðåîñíàùåíèÿ èëè èçìåíåíèÿ
òåõíîëîãèè ïðîèçâîäñòâà, à òàêæå
äëÿ îöåíêè íåñóùåé ñïîñîáíîñòè
êîíñòðóêöèé ñ ó÷åòîì ôàêòè÷åñ-

êîãî èõ ñîñòîÿíèÿ è ñîîòâåòñòâèÿ
ñîâðåìåííûì ñòðîèòåëüíûì íîð-
ìàì è ïðàâèëàì [8–9]. Â ýòîé ñâÿ-
çè öåëü íàñòîÿùåé ðàáîòû – àíà-
ëèç âêëþ÷åíèÿ â ïðîñòðàíñòâåí-
íóþ ðàáîòó êàðêàñà ãîðèçîíòàëü-
íûõ ñâÿçåé â ïîêðûòèè ïðîìûø-
ëåííîãî çäàíèÿ.

Â êà÷åñòâå îáúåêòà èññëåäîâà-
íèÿ ðàññìîòðåí ñòàëüíîé êàðêàñ
ìèêñåðíîãî îòäåëåíèÿ êîíâåð-
òåðíîãî öåõà ¹ 2 Íîâîëèïåöêî-
ãî ìåòàëëóðãè÷åñêîãî êîìáèíàòà
(ââåäåí â ñòðîé â 1970-å ãã.).

Ïîêðûòèå öåõà îáðàçîâàíî
ñòàëüíûìè ôåðìàìè ñ ïàðàë-
ëåëüíûìè ïîÿñàìè ïðîëåòîì
36 ì (ðèñ. 2). Ïîÿñà è ýëåìåíòû
ðåøåòêè ôåðì âûïîëíåíû èç
ïàðíûõ ïðîêàòíûõ óãîëêîâ.
Îãðàæäàþùèå êîíñòðóêöèè êðî-
âëè – ñòàëüíûå ùèòû ðàçìåðîì
3�12 ì (ðèñ. 3). Ùèòû êðîâëè
ïðèâàðèâàþòñÿ ê ïîÿñàì ñòðî-
ïèëüíûõ ôåðì è ÿâëÿþòñÿ ðàçâÿ-
çêîé âåðõíåãî ïîÿñà ôåðì.

Øàã êîëîíí öåõà â ïðîäîëüíîì
íàïðàâëåíèè – 12 ì. Ãîðèçîí-
òàëüíûå ñâÿçè ïî âåðõíèì ïîÿñàì
ôåðì èìåþò êðåñòîâóþ ðåøåòêó,
âûïîëíåíû èç îäèíî÷íûõ ïðîêàò-
íûõ óãîëêîâ L160�10 è L140�9 è
çàïðîåêòèðîâàíû, êàê ðàáîòàþ-
ùèå òîëüêî íà ðàñòÿæåíèå (ðèñ.
4). Âåðòèêàëüíûå ñâÿçè ïî ôåð-
ìàì óñòàíîâëåíû ñ øàãîì 12 ì.

Ãîðèçîíòàëüíûå ñâÿçè ïî íèæ-
íèì ïîÿñàì ôåðì ñîñòîÿò èç ïàð-
íûõ óãîëêîâ L200�20 (òàâð), à

Ðèñ. 3. Ñòàëüíîé ùèò êðîâëè

Ðèñ. 4. Ñõåìû âåðòèêàëüíûõ è ãîðèçîíòàëüíûõ ñâÿçåé ïî ôåðìàì

Ðèñ. 5. Ðàñ÷åòíàÿ ñõåìà ìèêñåðíîãî îòäåëåíèÿ
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ðàñïîðêè èìåþò ñâàðíîå ñå÷åíèå
èç ÷åòûðåõ óãîëêîâ L200�20, ñâà-
ðåííûõ â êîðîáêó. Ó ðàñïîðîê ïî
âåðõíåìó ïîÿñó ôåðì ñå÷åíèå
ñîñòîèò èç äâóõ ãíóòûõ øâåëëå-
ðîâ 200�100�6, à â ïðåäåëàõ âåð-
òèêàëüíûõ ñâÿçåâûõ áëîêîâ, ãäå
îíè ÿâëÿþòñÿ ïîÿñàìè âåðòè-
êàëüíûõ ñâÿçåâûõ ôåðì, – øâåë-
ëåð 20.

Â ïðîãðàììíîì êîìïëåêñå

SCAD 21.1 ñ èñïîëüçîâàíèåì
ñòåðæíåâûõ êîíå÷íûõ ýëåìåíòîâ
áûëà ñîñòàâëåíà êîíå÷íî-ýëå-
ìåíòíàÿ ìîäåëü êàðêàñà öåõà
(ðèñ. 5). Áûëè çàäàíû ñëåäóþ-
ùèå íàãðóçêè, äåéñòâóþùèå íà
êàðêàñ: ïîñòîÿííûå, ñíåãîâûå,
âåòðîâûå, êðàíîâûå, òåìïåðàòóð-
íûå, ïîëåçíûå íàãðóçêè íà ïëî-
ùàäêè, íàãðóçêè îò ïåðåìåùàþ-
ùèõñÿ ïî ïëîùàäêàì íà îòìåò-

êàõ +8.180 è +11.500 ÷óãóíîâîç-
íûõ ñöåïîê, òåõíîëîãè÷åñêèå íà-
ãðóçêè îò îáîðóäîâàíèÿ.

Äëÿ àíàëèçà âêëþ÷åíèÿ â ïðî-
ñòðàíñòâåííóþ ðàáîòó êàðêàñà
ãîðèçîíòàëüíûõ ñâÿçåé â ïîêðû-
òèè, à òàêæå ñòàëüíûõ ùèòîâ
êðîâëè, áûëî âûïîëíåíî òðè âà-
ðèàíòà ðàñ÷åòà êàðêàñà ñ ó÷åòîì:

� âñåõ ãîðèçîíòàëüíûõ ñâÿçåé
áåç ó÷åòà âêëþ÷åíèÿ â ðàáîòó íà
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à, â – îò ñîáñòâåííîãî âåñà; á, ã – ðàñ÷åòíîå ñî÷åòàíèå óñèëèé

Ðèñ. 6. Ïðîäîëüíûå óñèëèÿ, êÍ, â ñâÿçÿõ ïî âåðõíåìó ïîÿñó ôåðì äëÿ ñõåìû 1 (à, á) è ñõåìû 2 (â, ã)
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ñäâèã ñòàëüíûõ ùèòîâ êðîâëè
(ñõåìà 1);

� âñåõ ãîðèçîíòàëüíûõ ñâÿçåé è
âêëþ÷åíèÿ â ðàáîòó íà ñäâèã ùè-
òîâ êðîâëè (ñõåìà 2);

� ãîðèçîíòàëüíûõ ñâÿçåé òîëüêî
ïî íèæíåìó ïîÿñó ôåðì, ðàñïî-
ðîê, âåðòèêàëüíûõ ñâÿçåé ïî ôåð-
ìàì è ùèòîâ êðîâëè (ñõåìà 3).

Ó÷åò ñäâèãîâîé æåñòêîñòè ùè-
òîâ ïîêðûòèÿ âûïîëíåí ïóòåì
ðàññìîòðåíèÿ ÿ÷åéêè, êàê øàð-
íèðíî-ñòåðæíåâîé ñèñòåìû,
ñòåðæíè êîòîðîé èìåþò òîëüêî
ïðîäîëüíóþ æåñòêîñòü. Æåñòêî-
ñòè ñòåðæíåé íàçíà÷åíû â ñîîò-
âåòñòâèè ñ ðåêîìåíäàöèÿìè [10].

Â òàáëèöå ïðèâåäåíî ñðàâíå-
íèå ïðîäîëüíûõ óñèëèé â ýëå-
ìåíòàõ ñâÿçåé, ïîëó÷åííûõ ïî
ðåçóëüòàòàì ðàñ÷åòà ïðèâåäåí-
íûõ âàðèàíòîâ ñõåì.

Èç òàáëèöû âèäíî, ÷òî ó÷åò â

ðàáîòå ùèòîâ ïîêðûòèÿ ïîçâîëÿ-
åò ñíèçèòü óñèëèå â ðàñêîñàõ ãî-
ðèçîíòàëüíûõ ñâÿçåé ïî âåðõíå-
ìó ïîÿñó ôåðì äî 50 %, ñíèæå-
íèå ïðîäîëüíûõ óñèëèé â ñâÿçÿõ
ïî íèæíåìó ïîÿñó ïðè ýòîì ìå-
íåå çíà÷èòåëüíî è ñîñòàâëÿåò
îêîëî 10 %.

Íàèáîëüøèå óñèëèÿ â ðàñïîð-
êàõ ïî âåðõíåìó è íèæíåìó ïîÿ-
ñàì ôåðì âîçíèêàþò â ìåñòàõ,
ãäå îíè ÿâëÿþòñÿ ïîÿñàìè ñâÿçå-
âûõ ôåðì.

Íà ðèñ. 6 ïîêàçàíû ýïþðû ïðî-
äîëüíûõ óñèëèé â ãîðèçîíòàëü-
íûõ ñâÿçÿõ ïî âåðõíåìó ïîÿñó
ôåðì îò äåéñòâèÿ ñîáñòâåííîãî
âåñà, à òàêæå ðàñ÷åòíûå ñî÷åòà-
íèÿ óñèëèé. Ðàñêîñû ñâÿçåé âêëþ-
÷àþòñÿ â ðàáîòó ïðè äåéñòâèè
ñîáñòâåííîãî âåñà, è ïðè ýòîì îä-
íîâðåìåííî îáå äèàãîíàëè êðå-
ñòîâîé ðåøåòêè ñâÿçåé ìîãóò îêà-

çàòüñÿ ñæàòûìè, ÷òî íå ó÷èòûâàåò-
ñÿ ïðè êëàññè÷åñêîì ïîäõîäå, ïðè
êîòîðîì êðåñòîâàÿ ðåøåòêà ñâÿ-
çåé ðàññìàòðèâàåòñÿ êàê ðàáîòà-
þùàÿ òîëüêî íà ðàñòÿæåíèå. Ïðè
ýòîì íàèáîëüøåå çíà÷åíèå ñæè-
ìàþùåãî óñèëèÿ ìîæåò áûòü äîñ-
òàòî÷íî âåëèêî, ÷òî ìîæíî âèäåòü
íà ýïþðå ðàñ÷åòíûõ ñî÷åòàíèé
óñèëèé â ñâÿçÿõ.

Â û â î ä û

1. Ãîðèçîíòàëüíûå ñâÿçè â ïî-
êðûòèè ïðîìûøëåííîãî ñîîðóæå-
íèÿ âêëþ÷àþòñÿ â ðàáîòó ïðè çà-
ãðóæåíèè êàðêàñà ñîáñòâåííûì
âåñîì, äåéñòâèè íà ïîêðûòèå ñíå-
ãîâîé íàãðóçêè, íàãðóçêè îò òåõ-
íîëîãè÷åñêîé ïûëè è ò. ä. Òðàäè-
öèîííîå ïðåäñòàâëåíèå î òîì, ÷òî
ïðè êðåñòîâîé ðåøåòêå ÷àñòü ñâÿ-
çåé ðàñòÿíóòû è âêëþ÷åíû â ðàáî-
òó, à îñòàëüíûå ðàñêîñû ñæàòû è
âîçìîæíî äîïóñòèòü èõ ïîòåðþ óñ-
òîé÷èâîñòè, íå ÿâëÿåòñÿ âåðíûì,
ïîñêîëüêó ïðè äåéñòâèè íà ïîêðû-
òèå âåðòèêàëüíûõ íàãðóçîê âñå
ýëåìåíòû ñâÿçåé ïî âåðõíèì ïîÿ-
ñàì îêàçûâàþòñÿ ñæàòûìè. Ïðè
ñî÷åòàíèÿõ ðàçëè÷íûõ íàãðóçîê
ñæàòèå, âîçíèêàþùåå â ñâÿçÿõ îò
äåéñòâèÿ âåðòèêàëüíûõ íàãðóçîê,
ìîæåò ïðåâîñõîäèòü ðàñòÿæåíèå
îò äåéñòâèÿ ãîðèçîíòàëüíûõ íà-
ãðóçîê, è ðàñêîñû, êîòîðûå äîëæ-
íû âêëþ÷àòüñÿ â ðàáîòó êàê ðàñòÿ-
íóòûå, ïî ôàêòó îêàçûâàþòñÿ
ñæàòûìè è òåðÿþò óñòîé÷èâîñòü.

2. Ïðè ïîòåðå óñòîé÷èâîñòè
ñâÿçåé òðåáóåòñÿ âûïîëíÿòü èõ
óñèëåíèå, ÷òîáû îáåñïå÷èòü ðà-
áîòó ýòèõ ýëåìåíòîâ êàê íà ðàñ-
òÿæåíèå, òàê è íà ñæàòèå.

3. Ó÷åò â ðàáîòå ùèòîâ ïîêðû-
òèÿ ïîçâîëÿåò ñíèçèòü óñèëèå â
ðàñêîñàõ ãîðèçîíòàëüíûõ ñâÿçåé
ïî âåðõíåìó ïîÿñó ôåðì äî
50 %, ñíèæåíèå ïðîäîëüíûõ
óñèëèé â ñâÿçÿõ ïî íèæíåìó ïîÿ-
ñó ôåðì ñîñòàâëÿåò îêîëî 10 %.

4. Ïðèíèìàòü âî âíèìàíèå
âêëþ÷åíèå â ïðîñòðàíñòâåííóþ
ðàáîòó íà ñäâèã ñòàëüíûõ ùèòîâ
ïîêðûòèÿ âîçìîæíî òîëüêî â ñëó-
÷àå îáåñïå÷åíèÿ èõ ðàáîòîñïî-

ÑÒÐÎÈÒÅËÜÍÛÅ ÊÎÍÑÒÐÓÊÖÈÈ,ÇÄÀÍÈß È ÑÎÎÐÓÆÅÍÈß

Ñðàâíåíèå ïðîäîëüíûõ óñèëèé â ýëåìåíòàõ ãîðèçîíòàëüíûõ ñâÿçåé
ïî ïîêðûòèþ

Çàãðóæåíèå Ïðîäîëüíûå óñèëèÿ N, êÍ,
ïðè ðàñ÷åòíûõ ñõåìàõ

ñõåìà 1 ñõåìà 2 ñõåìà 3

Ïî íèæíåìó ïîÿñó ôåðì

Ñîáñòâåííûé âåñ —78/161 —70/175 —63/167

Ñíåãîâàÿ íàãðóçêà —111/244 —94/268 —83/259

Âåòðîâàÿ íàãðóçêà (ïî îñè Õ) —10/63 —10/59 —10/60

Âåòðîâàÿ íàãðóçêà (ïî îñè Y) —147/175 —111/155 —109/150

Êðàíîâàÿ (ïðîäîëüíîå òîðìîæåíèå) —5/5 —6/6 —6/6

Òåìïåðàòóðíàÿ íàãðóçêà (–47,2 °C) 76 72 72

Ðàñ÷åòíûå ñî÷åòàíèÿ óñèëèé —591/857 —521/921 —494/899

Ïî âåðõíåìó ïîÿñó ôåðì

Ñîáñòâåííûé âåñ —76/33 —39/18 –

Ñíåãîâàÿ íàãðóçêà —115/52 —56/27 –

Âåòðîâàÿ íàãðóçêà (ïî îñè Õ) —6/5 —5/4 –

Âåòðîâàÿ íàãðóçêà (ïî îñè Y) —89/90 —22/26 –

Êðàíîâàÿ (ïðîäîëüíîå òîðìîæåíèå) —1/2 —2/2 –

Òåìïåðàòóðíàÿ íàãðóçêà (–47,2 °C) —15/10 —6/11 –

Ðàñ÷åòíûå ñî÷åòàíèÿ óñèëèé —343/229 —184/98 –

Ï ð è ì å ÷ à í è å. Â ÷èñëèòåëå ïðèâåäåíû çíà÷åíèÿ ìàêñèìàëüíîé ñæèìàþùåé ñèëû,
â çíàìåíàòåëå – ìàêñèìàëüíàÿ ðàñòÿãèâàþùàÿ ñèëà.
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ñîáíîãî ñîñòîÿíèÿ è íåñóùåé

ñïîñîáíîñòè, à òàêæå íåñóùåé

ñïîñîáíîñòè óçëîâ èõ êðåïëåíèÿ

ê ôåðìàì, ñ ó÷åòîì óñèëèé, êîòî-

ðûå îíè âîñïðèíèìàþò è ïåðåäà-

þò íà êàðêàñ, ïðè âêëþ÷åíèè èõ â

ïðîñòðàíñòâåííóþ ðàñ÷åòíóþ

ñõåìó.

5. Ó÷åò ðàáîòû ñòàëüíûõ ùè-

òîâ êàê ðàñêðåïëåíèÿ âåðõíåãî

ïîÿñà ôåðì âîçìîæåí ïðè îáåñ-

ïå÷åíèè ðàáîòîñïîñîáíîãî ñî-

ñòîÿíèÿ ùèòîâ è íåñóùåé ñïî-

ñîáíîñòè ñâàðíûõ ñîåäèíåíèé

ùèòîâ ñ ôåðìàìè, êîòîðûå îáåñ-

ïå÷àò âîñïðèÿòèå ôèêòèâíîé ñè-

ëû, âîçíèêàþùåé ïðè ïîòåðå óñ-

òîé÷èâîñòè ïîÿñà ôåðìû.


