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Àííîòàöèÿ. Îäíî èç ïåðñïåêòèâíûõ íàïðàâëåíèé èññëåäîâàíèé â îáëàñòè ýôôåêòèâíûõ êîíñòðóêòèâíûõ ðå-
øåíèé ñáîðíûõ áîëüøåïðîëåòíûõ ñâîäîâ – ïðèìåíåíèå êðóïíîðàçìåðíûõ æåëåçîáåòîííûõ ñâîä÷àòûõ ïàíåëåé-
îáîëî÷åê. Â êîíñòðóêöèè ñâîäà ñáîðíûå æåëåçîáåòîííûå ïàíåëè äàííîãî òèïà îáúåäèíÿþòñÿ ñòàëüíîé çàòÿæ-
êîé è ïðîñòðàíñòâåííîé ñèñòåìîé ñòàëüíûõ ñâÿçåé ñ ýëåìåíòàìè, ïîçâîëÿþùèìè ðåãóëèðîâàòü íàïðÿæåííîå
ñîñòîÿíèå ñèñòåìû ñâÿçåé íà âñåõ ýòàïàõ ðàáîòû êîíñòðóêöèè äëÿ ïðåäîòâðàùåíèÿ ïîòåðè óñòîé÷èâîñòè
áîëüøåïðîëåòíîé ñèñòåìû ñâîäà. Íà îñíîâå ðåçóëüòàòîâ âûïîëíåííûõ èññëåäîâàíèé ðàçðàáîòàíû íîðìàòèâ-
íûå òðåáîâàíèÿ è ðåêîìåíäàöèè ïî ïðîåêòèðîâàíèþ òàêèõ ñâîäîâ. Âíåñåííûå â ñâîä ïðàâèë äîïîëíåíèÿ ïðåä-
ñòàâëÿþò ñîáîé ïîëîæåíèÿ ïî ðàñ÷åòó è êîíñòðóèðîâàíèþ ñåãìåíòíûõ ñâîäîâ äàííîãî òèïà, óçëîâûõ ñîåäèíå-
íèé ýëåìåíòîâ, ðåêîìåíäàöèè ïî ìîíòàæó è íàçíà÷åíèþ îáùèõ êîíñòðóêòèâíûõ ïàðàìåòðîâ ñâîäîâ. Ââåäåíèå
ïðåäëîæåííûõ ïîëîæåíèé â íîðìàòèâíûé äîêóìåíò ïîçâîëÿåò ðàñøèðèòü ïðàêòèêó ïðîåêòèðîâàíèÿ è ñòðîè-
òåëüñòâà ðàññìîòðåííûõ ïðîãðåññèâíûõ ýêîíîìè÷íûõ êîíñòðóêöèé, ïîâûñèòü ýôôåêòèâíîñòü ïðîåêòíûõ ðå-
øåíèé áîëüøåïðîëåòíûõ çäàíèé è îòêàçàòüñÿ îò óñòàðåâøèõ êîíñòðóêòèâíûõ ðåøåíèé ìîíîëèòíûõ èëè ñáîð-
íî-ìîíîëèòíûõ áîëüøåïðîëåòíûõ ïîêðûòèé, âîçâîäèìûõ ïî âûñîêîçàòðàòíûì òåõíîëîãèÿì.
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Abstract. One of the promising directions of research in the field of effective structural solutions of prefabricated
large–span vaults is the use of large-sized reinforced concrete vaulted panel-shells. In the structure of the vault, precast
reinforced concrete panels of this type are combined by a steel tightening and a spatial system of steel connections with
elements that make it possible to regulate the stress state of the connection system at all stages of the structure
operation to prevent the loss of stability of the large-span vault system. Based on the results of the research carried out,
regulatory requirements and recommendations for the design of such vaults have been developed. The additions made to
the Ñode of rules are provisions for the calculation and design of segmental vaults of this type, nodal connections of
elements, recommendations for installation and assignment of general design parameters of vaults. The introduction of
the proposed provisions into the regulatory document makes it possible to expand the practice of designing and
constructing the progressive economical structures considered, increase the efficiency of design solutions for large-span
buildings and abandon outdated design solutions for monolithic or prefabricated monolithic large-span coatings erected
using high-cost technologies.

Keywords: large-size reinforced concrete vaulted panel-shells, design parameters, large-span coating, segmental vault,
precast reinforced concrete
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Á
îëüøåïðîëåòíûå êîíñòðóê-
öèè ïîêðûòèé, èìåþùèå

ôîðìó ñâîäîâ, âåñüìà âîñòðåáî-

âàíû â ñîâðåìåííîì ñòðîèòåëü-
ñòâå. Îáëàñòü ïðèìåíåíèÿ ñâî-
äîâ äîñòàòî÷íî øèðîêà: ïîêðû-

òèÿ ïðîìûøëåííûõ çäàíèé (öåõà,
àíãàðû, äîêè, ýëëèíãè è ò. ä.),
çäàíèé ãðàæäàíñêîãî ñòðîèòåëü-
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ñòâà (òîðãîâûå, ñïîðòèâíûå, âû-
ñòàâî÷íûå êîìïëåêñû), ñîîðóæå-
íèé òðàíñïîðòíîé èíôðàñòðóêòó-
ðû (àâòîáóñíûå ïàðêè, âîêçàëû,
àýðîïîðòû è ò. ä.).

Íàðÿäó ñ êîíñòðóêòèâíûìè ðå-
øåíèÿìè èç ìåòàëëè÷åñêèõ è äå-
ðåâÿííûõ êîíñòðóêöèé èçâåñòíû
ïðèìåðû ýôôåêòèâíîãî ïðèìå-
íåíèÿ àðìîöåìåíòíûõ è æåëåçî-
áåòîííûõ ñâîäîâ â ìîíîëèòíîì
èëè ñáîðíîì èñïîëíåíèè.

Îòå÷åñòâåííûé è çàðóáåæíûé
îïûò ïðèìåíåíèÿ æåëåçîáåòîí-
íûõ ñâîäîâ îáîáùåí â ðÿäå ïóá-
ëèêàöèé [1–4] è ðåêîìåíäàöèÿõ
íîðìàòèâíûõ äîêóìåíòîâ1 ðàç-
íûõ ëåò ïî ïðîåêòèðîâàíèþ æå-
ëåçîáåòîííûõ ïðîñòðàíñòâåííûõ
êîíñòðóêöèé ïîêðûòèé è ïåðå-
êðûòèé [5].

Ðåçóëüòàòû ïðîâîäèìûõ íàó÷-
íî-èññëåäîâàòåëüñêèõ è ïðîåêòíî-
êîíñòðóêòîðñêèõ ðàáîò â îáëàñòè
êîíñòðóêòèâíûõ ðåøåíèé ñáîð-
íûõ ñâîäîâ ñòàíîâÿòñÿ îñíîâîé
äëÿ ñîâåðøåíñòâîâàíèÿ íîðìà-
òèâíîé áàçû ïðîåêòèðîâàíèÿ òà-
êèõ êîíñòðóêöèé, à òàêæå ðàñøè-
ðåíèÿ èõ ïðèìåíåíèÿ â ñòðîèòåëü-
ñòâå. Öåëü èññëåäîâàíèÿ – ðàçðà-
áîòêà äîïîëíåíèé ê íîðìàì ïî
ïðîåêòèðîâàíèþ ñáîðíûõ æåëå-
çîáåòîííûõ ñâîäîâ.

Îäíèì èç íàïðàâëåíèé èññëå-
äîâàíèé â îáëàñòè ýôôåêòèâíûõ
êîíñòðóêòèâíûõ ðåøåíèé ñáîð-
íûõ áîëüøåïðîëåòíûõ ñâîäîâ, â
òå÷åíèå ðÿäà ëåò âûïîëíÿâøèõñÿ
â ëàáîðàòîðèè òîíêîñòåííûõ è
ïðîñòðàíñòâåííûõ êîíñòðóêöèé
ÍÈÈÆÁ èì. À. À. Ãâîçäåâà ïîä
ðóêîâîäñòâîì ïðîô. Â. Â. Øóãàå-
âà, ÿâëÿþòñÿ ñâîäû ñ ïðèìåíåíè-
åì ñáîðíûõ êðóïíîðàçìåðíûõ
æåëåçîáåòîííûõ ñâîä÷àòûõ ïàíå-
ëåé-îáîëî÷åê (ÊÆÑ). Â îñíîâå
ýòîãî êîíñòðóêòèâíîãî ðåøåíèÿ
ëåæàò èññëåäîâàíèÿ ïðîô. Ð. Í.
Ìàöåëèíñêîãî, ïðåäëîæèâøåãî
âûïîëíÿòü ñâîäû ñáîðíûìè èç
äâóõ ïàíåëåé-îáîëî÷åê ÊÆÑ ñ
øàðíèðíûì óçëîì èõ ñîïðÿæåíèÿ

â øåëûãå è ñîåäèíåíèåì îïîð
ñòàëüíûìè çàòÿæêàìè [6, 7]. Òà-
êèå òðåõøàðíèðíûå ñâîäû íàøëè
ïðèìåíåíèå â ñåëüñêîõîçÿéñòâåí-
íîì ñòðîèòåëüñòâå.

Êîíñòðóêòèâíîå ðåøåíèå ñåã-
ìåíòíûõ ñâîäîâ èç òðåõ ïàíå-
ëåé-îáîëî÷åê ÊÆÑ [8] âêëþ÷àåò
â ñåáÿ âîñïðèíèìàþùèå ðàñïîð
ñòàëüíûå çàòÿæêè ìåæäó øàð-
íèðíûìè îïîðàìè, íî ñóùåñòâåí-
íî îòëè÷àåòñÿ ïîÿâëåíèåì äâóõ
ïðîëåòíûõ øàðíèðîâ âìåñòî îä-
íîãî â øåëûãå è íàëè÷èåì ðàçâè-
òîé ñèñòåìû ñâÿçåé (ðèñ. 1).

Ïðîñòðàíñòâåííàÿ ñèñòåìà,
îáðàçîâàííàÿ ðîìáè÷åñêîé ñèñ-
òåìîé ñâÿçåé, îáåñïå÷èâàåò âû-
ñîêóþ ñòåïåíü óñòîé÷èâîñòè êîí-
ñòðóêöèè, ñïîñîáñòâóåò ïåðåðàñ-
ïðåäåëåíèþ óñèëèé, îñîáåííî
ïðè îäíîñòîðîííåé íàãðóçêå íà
ñâîä, à òàêæå ñîõðàíåíèþ «æè-
âó÷åñòè» êîíñòðóêöèè ïðè íå-
ïðåäâèäåííîì âûõîäå èç ñòðîÿ
êàêîãî-ëèáî ýëåìåíòà.

Ïðåäñòàâëåííàÿ êîíñòðóêöèÿ
ñåãìåíòíîãî ñâîäà âñåñòîðîííå
èçó÷åíà [9–13]. Íà çàâåðøàþùåì
ýòàïå èññëåäîâàíèé áûëà ðàçðà-
áîòàíà ìåòîäèêà ðàñ÷åòà ñâîäîâ

ìåòîäîì êîíå÷íûõ ýëåìåíòîâ ñ
ó÷åòîì èõ íåëèíåéíîé ðàáîòû.
Ðàñ÷åòû ïî ýòîé ìåòîäèêå ïîêàçà-
ëè áëèçêîå ñîîòâåòñòâèå ðåçóëü-
òàòàì, ïîëó÷åííûì â èññëåäîâà-
íèÿõ æåëåçîáåòîííîé ìîäåëè
ñâîäà. Íà îñíîâå êîìïëåêñà ìíî-
ãîâàðèàíòíûõ ðàñ÷åòîâ áûëî ïðî-
àíàëèçèðîâàíî âëèÿíèå îòäåëü-
íûõ òåõíè÷åñêèõ ïàðàìåòðîâ è çà-
êîíîìåðíîñòåé èõ èçìåíåíèÿ íà
íàïðÿæåííî-äåôîðìèðîâàííîå
ñîñòîÿíèå êîíñòðóêöèè. Îáîáùå-
íèå ïîëó÷åííûõ äàííûõ ïîçâîëè-
ëî ðàçðàáîòàòü ïðåäëîæåíèÿ ïî
íîðìèðîâàíèþ òåõíè÷åñêèõ ïàðà-
ìåòðîâ íåñóùèõ êîíñòðóêöèé ïî-
êðûòèé îäíîýòàæíûõ áîëüøåïðî-
ëåòíûõ êàðêàñíûõ çäàíèé ñ ïðè-
ìåíåíèåì ñáîðíûõ æåëåçîáåòîí-
íûõ ïàíåëåé-îáîëî÷åê [13].

Â 2021 ã. ðàçðàáîòàíî èçìåíå-
íèå ¹ 2 ê ÑÏ 387.1325800.2018
«Æåëåçîáåòîííûå ïðîñòðàíñò-
âåííûå êîíñòðóêöèè ïîêðûòèé è
ïåðåêðûòèé. Ïðàâèëà ïðîåêòèðî-
âàíèÿ» â âèäå äîïîëíåíèÿ ðàçäå-
ëîâ «Ñâîäû» è «Ñåãìåíòíûå ñâî-
äû èç ïàíåëåé-îáîëî÷åê ÊÆÑ».

Ðàçäåë «Ñâîäû» äîïîëíåí ðå-
êîìåíäàöèÿìè ïî ðàñ÷åòó ñáîð-
íûõ ñâîäîâ ìåòîäîì êîíå÷íûõ
ýëåìåíòîâ â ÷àñòè ôîðìèðîâàíèÿ

1 ÑÏ 387.1325800.2018 «Æåëåçîáåòîííûå ïðîñòðàíñòâåííûå êîíñòðóêöèè ïîêðûòèé è ïåðåêðû-
òèé. Ïðàâèëà ïðîåêòèðîâàíèÿ».

à – âèä ñáîêó; á – ïëàí ñâîäà, ñîñòîÿùåãî ïî äëèíå èç 6 ïàíåëåé-îáîëî÷åê ÊÆÑ;
1 – îïîðíàÿ êîíñòðóêöèÿ; 2 – ïàíåëè-îáîëî÷êè ÊÆÑ; 3 – çàòÿæêè; 4 – íàêëîííûå
ñâÿçè, îáðàçóþùèå â ïëàíå ðîìáè÷åñêóþ ñèñòåìó ñâÿçåé; 5 – ñòîéêè, ñíàáæåííûå
íàïðÿãàþùèì óñòðîéñòâîì; 6 – ñâÿçè ìåæäó íèæíèìè óçëàìè òðåóãîëüíîé ðåøåò-
êè; 6’ – îïîðíàÿ ñâÿçü òðåóãîëüíîé ðåøåòêè; 7 – ïîäâåñêè

Ðèñ. 1. Êîíñòðóêòèâíàÿ ñèñòåìà ñåãìåíòíîãî ñâîäà èç òðåõ ïàíåëåé-
îáîëî÷åê ÊÆÑ
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ðàñ÷åòíîé ìîäåëè. Ðåêîìåíäà-
öèè ðàñïðîñòðàíÿþòñÿ íà ëþáûå
êîíñòðóêòèâíûå ðåøåíèÿ ñáîð-
íûõ ñâîäîâ, à òàêæå îðèåíòèðî-
âàíû íà êîíêðåòíûå êîíñòðóê-
òèâíûå ðåøåíèÿ. Â ÷àñòíîñòè,
äëÿ ñåãìåíòíûõ ñâîäîâ èç òðåõ
ïàíåëåé-îáîëî÷åê ðåêîìåíäîâà-
íî ðàáîòó êîíñòðóêöèè ðàññìàò-
ðèâàòü â ìîíòàæíîé è ýêñïëóàòà-
öèîííîé ñòàäèÿõ íà îòäåëüíûõ
ðàñ÷åòíûõ ìîäåëÿõ. Äëÿ ýòîãî
ñèñòåìó ñâÿçåé â ðàñ÷åòíîé ìî-
äåëè ñëåäóåò âûïîëíÿòü ñîîòâåò-
ñòâóþùåé ìîäåëèðóåìîé ñòàäèè
ðàáîòû êîíñòðóêöèè.

Îòäåëüíûì óêàçàíèåì ïðåäïè-
ñàíî ðàññìàòðèâàòü äåéñòâèå íà
ñâîä ñíåãîâûõ íàãðóçîê ïî äâóì
ñõåìàì èõ ðàñïðåäåëåíèÿ â ñîîò-
âåòñòâèè ñ òðåáîâàíèÿìè ÑÏ
20.13330.2016 «ÑÍèÏ 2.01.07-85*
Íàãðóçêè è âîçäåéñòâèÿ» äëÿ
ñâîä÷àòûõ ïîêðûòèé. Ïðè ýòîì
äëÿ êàæäîé èç ðàñ÷åòíûõ êîìáè-
íàöèé íàãðóçîê íåîáõîäèìî âû-
ïîëíÿòü ïðîâåðêó îáùåé óñòîé-
÷èâîñòè ñâîäà.

Ïðè êîíñòðóèðîâàíèè âåðòè-
êàëüíûõ êîíñòðóêöèé çäàíèÿ ñ
ïîêðûòèåì â âèäå ñåãìåíòíûõ
ñâîäîâ ñëåäóåò ó÷èòûâàòü, ÷òî
âñëåäñòâèå ïðîäîëüíûõ äåôîð-
ìàöèé çàòÿæêè íà îïîðíûå êîí-
ñòðóêöèè, ïîìèìî âåðòèêàëüíûõ
íàãðóçîê, ïåðåäàåòñÿ ÷àñòü óñè-
ëèÿ ðàñïîðà ñâîäà. Çíà÷åíèÿ
ýòèõ óñèëèé îïðåäåëÿþòñÿ ðàñ÷å-
òîì íåñóùåãî êàðêàñà çäàíèÿ ñî-
âìåñòíî ñ ïîêðûòèåì.

Îñîáåííîñòè êîíñòðóèðîâàíèÿ
ñåãìåíòíûõ ñâîäîâ èç òðåõ ïàíå-
ëåé-îáîëî÷åê ÊÆÑ è òåõíîëîãèÿ
èõ ìîíòàæà èçëîæåíû â äîïîëíå-
íèè ê ðàçäåëó «Ñåãìåíòíûå ñâîäû
èç ïàíåëåé-îáîëî÷åê ÊÆÑ».

Äëÿ ñâîäîâ èç äâóõ ïàíåëåé-
îáîëî÷åê ðåêîìåíäîâàíî ïðèíè-
ìàòü ïàíåëè-îáîëî÷êè ÊÆÑ äëè-
íîé 12, 18 è 24 ì, à äëÿ ñåãìåíò-
íûõ ñâîäîâ èç òðåõ ïàíåëåé – 18
è 24 ì.

Êîíñòðóêòèâíàÿ ïðîðàáîòêà
ïîêàçàëà, ÷òî âîçìîæíî ïðèìå-
íåíèå êîíñòðóêòèâíûõ ðåøåíèé,
â êîòîðûõ èñïîëüçîâàíà êîìáè-
íàöèÿ ïàíåëåé ðàçíîé äëèíû.
Òàê, íàïðèìåð, ïðè êðàéíèõ ïà-
íåëÿõ ïðîëåòîì l2 = 24 ì â ñðåä-
íåé ÷àñòè ìîæåò èñïîëüçîâàòüñÿ
ïàíåëü l1 = 18 ì. Ñî÷åòàíèÿ ïà-
íåëåé ðàçíîãî ïðîëåòà ðàñøèðÿ-
þò âîçìîæíîñòü âûáîðà è îïòè-
ìèçàöèè êîíñòðóêòèâíûõ ðåøå-
íèé â çàâèñèìîñòè îò òðåáóåìîãî
ðàçìåðà ïðîëåòà ñâîäà.

Íàèáîëåå ðàöèîíàëüíûì
î÷åðòàíèåì ñâîäà â îáùåì ñëó-
÷àå ÿâëÿåòñÿ äóãà óñëîâíîãî ðà-
äèóñà R, ïðîõîäÿùàÿ ÷åðåç åãî
îïîðíûå è ïðîìåæóòî÷íûå óçëû
(ðèñ. 2).

Ãåîìåòðèÿ òàêîãî ñâîäà îïðå-
äåëÿåòñÿ ñëåäóþùèì îáðàçîì:
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Äëÿ ñâîäîâ èç äâóõ ïàíåëåé-
îáîëî÷åê ñòðåëó ïîäúåìà ñâîäîâ
f, î÷åð÷åííûõ ïî äóãå îêðóæíî-
ñòè, ðåêîìåíäóåòñÿ ïðèíèìàòü
ðàâíîé 1/7 ïðîëåòà L.

Äëÿ ñâîäîâ èç òðåõ ïàíåëåé-
îáîëî÷åê ðåêîìåíäóåìûå çíà÷å-
íèÿ îòíîøåíèÿ ñòðåëû ïîäúåìà ê
äëèíå ïðîëåòà ñâîäà íàõîäÿòñÿ â
ïðåäåëàõ f L = 0,17…0,21.

Äëÿ ðàçëè÷íûõ êîìáèíàöèé
äëèí ïàíåëåé ïîëó÷åíû óäîâëå-
òâîðÿþùèå ýòèì óñëîâèÿì çíà÷å-
íèÿ ïðîëåòîâ ñâîäîâ (ñì. òàá-
ëèöó).

Ïðèâåäåííàÿ â íîðìàõ îáùàÿ
äëÿ ñâîäîâ èç äâóõ è òðåõ ïàíåëåé
ÊÆÑ ðåêîìåíäàöèÿ î âûáîðå
çíà÷åíèé îòíîøåíèÿ ðàäèóñà êðè-
âèçíû ñåãìåíòíîãî ñâîäà ê äëèíå
ïðîëåòà â ïðåäåëàõ R L = 0,8…1
íóæäàåòñÿ â óòî÷íåíèè. Êàê ïîêà-
çàëè âûïîëíåííûå ìíîãîâàðèàíò-
íûå ðàñ÷åòû ñåãìåíòíûõ ñâîäîâ
èç òðåõ ïàíåëåé ñ ðàçëè÷íûìè
êîìáèíàöèÿìè äëèí, ãðàíèöû ðà-
öèîíàëüíûõ çíà÷åíèé ýòîãî êîýô-
ôèöèåíòà îêàçàëèñü íåñêîëüêî
íèæå (0,7–0,85). Â ýòîé ñâÿçè â
îòíîøåíèè ñâîäîâ èç òðåõ ïàíå-
ëåé ïðåäëàãàåòñÿ â äàëüíåéøåì
âíåñòè â íîðìû äàííîå óòî÷íåíèå.

Â ÷èñëå ðåêîìåíäàöèé ïî êîí-
ñòðóèðîâàíèþ ñáîðíûõ ñâîäîâ
ïðèâåäåíû ïîëîæåíèÿ ïî óñòðîé-
ñòâó çàòÿæåê, îïîðíûõ è ïðîëåò-
íûõ øàðíèðíûõ óçëîâ, ñèñòåìû
ñâÿçåé, ïî ïàðàìåòðàì ñå÷åíèé

Ðåêîìåíäóåìûå ïàðàìåòðû ñâîäîâ èç òðåõ ïàíåëåé ÊÆÑ

Êîìáèíàöèÿ

äëèí ïàíåëåé

l2 – l1 – l2, ì

Ðàñ÷åòíûå

ïðîëåòû ñâîäà,

ì

Îïòèìàëüíûå çíà÷åíèÿ

ïðîëåòà ñâîäà

L, ì

óãëà íàêëîíà êðàéíåé

ïàíåëè �, ãðàä

18–18–18 49–51 50 27,27

18–24–18 54,5–56,5 55,5 28,96

24–18–24 60–62 61 26,38

24–24–24 65,5–67,5 66,5 27,7

Ðèñ. 2. Ê ðàñ÷åòó ãåîìåòðèè
ñâîäà

BUILDING STRUCTURES,BUILDINGS AND FACILITIES
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æåëåçîáåòîííûõ ýëåìåíòîâ è èõ
àðìèðîâàíèþ.

Â êàæäîé ñåêöèè ñâîäà èç äâóõ
ïàíåëåé-îáîëî÷åê ÊÆÑ (ìîíòàæ-
íîé ñåêöèè) äîëæíû áûòü ïðåäó-
ñìîòðåíû äâå çàòÿæêè. Â ñâîäå èç
òðåõ ïàíåëåé-îáîëî÷åê ÊÆÑ, ó
êîòîðûõ âíóòðåííÿÿ ïðîñòðàíñò-
âåííàÿ ñèñòåìà îáðàçîâàíà ðîì-
áè÷åñêîé ñèñòåìîé ñâÿçåé, îáåñ-
ïå÷èâàþùåé ïîâûøåííóþ æåñò-
êîñòü ñâîä÷àòîãî ïîêðûòèÿ, çà-
òÿæêè äîïóñêàåòñÿ ðàñïîëàãàòü â
øâàõ êàæäîé âòîðîé ïàíåëè.

Ðåêîìåíäóåòñÿ óñòðîéñòâî ñòðî-
èòåëüíîãî ïîäúåìà ñðåäíåé ÷àñòè
çàòÿæêè ðàçìåðîì 0,4–0,6 %
äëèíû ïðîëåòà ñâîäà äëÿ êîìïåí-
ñàöèè ïðîãèáîâ êîíñòðóêöèè.

Îïîðíûé (êëþ÷åâîé äëÿ ñâîäà
èç äâóõ ïàíåëåé) è ïðîëåòíûå óç-
ëû ñâîäà ïðîåêòèðóþò ïî ïðèí-
öèïó öèëèíäðè÷åñêîãî øàðíèðà,
ðàñïîëîæåííîãî â çàêëàäíîé äå-
òàëè ñ îòâåðñòèåì, ïðèâàðåííîé
ê ðàáî÷åé àðìàòóðå äèàôðàãìû.
Â óçëå ñîåäèíÿþòñÿ çàêëàäíûå
äåòàëè äâóõ øâîâ – ñ îäíîé è
äâóìÿ ïëàñòèíàìè, ïðè÷åì ñóì-
ìàðíàÿ òîëùèíà äâóõ êðàéíèõ
ïëàñòèí îäíîé èç äåòàëåé ðàâ-
íà òîëùèíå ñðåäíåé ïëàñòèíû
äðóãîé äåòàëè (ñå÷åíèå À–À,
ðèñ. 3). Îáðàçîâàíèå øàðíèðíî-
ãî ñîåäèíåíèÿ äâóõ ïàíåëåé-îáî-
ëî÷åê îáåñïå÷èâàåòñÿ ïðîïóñêîì
ìåòàëëè÷åñêîãî ñòåðæíÿ (øàðíè-
ðà) â ñîâìåùåííûå îòâåðñòèÿ
ïëàñòèí äâóõ çàêëàäíûõ äåòàëåé.

Îïîðíûé øàðíèð óñòðàèâàþò
ïî òèïó êëþ÷åâîãî, ïðè÷åì ó êðàé-
íèõ ïàíåëåé îïîðíàÿ çàêëàäíàÿ
äåòàëü âêëþ÷àåò â ñåáÿ äâå ïëà-

ñòèíû, ìåæäó êîòîðûìè ðàñïîëà-
ãàåòñÿ ìåòàëëè÷åñêàÿ ïëàñòèíà
óïîðà çàòÿæêè. Îñè çàòÿæêè
îïîðíîãî øàðíèðà è îïîðíîé
êîíñòðóêöèè äîëæíû áûòü ñöåíò-
ðèðîâàíû â îïîðíîì óçëå ñâîäà.

Â ïàíåëÿõ-îáîëî÷êàõ ÊÆÑ,
ïðåäíàçíà÷åííûõ äëÿ óãëîâûõ
çîí ïîêðûòèé ñâîäàìè èç òðåõ
ïàíåëåé-îáîëî÷åê, ðåêîìåíäóåò-
ñÿ âûïîëíÿòü óòîëùåíèå ïîëÿ íà
25 % íà 1/3 äëèíû ïàíåëè îò
îïîðû ñâîäà. Óòîëùåíèå ìîæåò
áûòü âûïîëíåíî òàêæå â ñáîð-
íî-ìîíîëèòíîì âàðèàíòå â âèäå
àðìèðîâàííîé íàáåòîíêè.

Àðìèðîâàíèå äèàôðàãì è
îáîëî÷êè ñëåäóåò íàçíà÷àòü ïî
ðàñ÷åòó, íî íå ìåíåå êîíñòðóê-
òèâíîãî ìèíèìóìà ñîãëàñíî
ÑÏ 387.1325800. Ñòåðæíè-ïîäâå-
ñêè â âåðòèêàëüíûõ ðåáðàõ æåñò-
êîñòè äèàôðàãì âûïîëíÿþò
äâîéíûìè, â âóòàõ ñîïðÿæåíèÿ
îáîëî÷êè ñ äèàôðàãìàìè íåîá-
õîäèìî óñòàíàâëèâàòü êîíñòðóê-
òèâíûå ñåòêè.

Äëÿ èñêëþ÷åíèÿ ñæèìàþùèõ
óñèëèé â íàêëîííûõ ýëåìåíòàõ
ñèñòåìû ñâÿçåé 4 è â äîïîëíè-
òåëüíûõ ñòåðæíÿõ 6 (ñì. ðèñ. 1)
ðåêîìåíäóåòñÿ â ïðîöåññå ñáîð-
êè ñåãìåíòíîãî ñâîäà èç òðåõ ïà-
íåëåé-îáîëî÷åê ñîçäàâàòü ïðåä-
âàðèòåëüíûå ðàñòÿãèâàþùèå óñè-
ëèÿ, îáåñïå÷èâàþùèå êîìïåíñà-
öèþ â ñâÿçÿõ óñèëèé ñæàòèÿ ïðè
âñåõ ðàñ÷åòíûõ êîìáèíàöèÿõ íà-
ãðóæåíèé. Ïðåäâàðèòåëüíûå ðàñ-
òÿãèâàþùèå óñèëèÿ â ñòåðæíå-
âûõ íàêëîííûõ ñâÿçÿõ 4 ñîçäàþò
ñ ïîìîùüþ ñòîåê 5 ñèñòåìû ñâÿ-
çåé ìîíòàæíîãî áëîêà, îáîðóäî-

âàííûõ óñòðîéñòâîì, ïîçâîëÿþ-
ùèì ïðèäàâàòü èì óäëèíåíèå.

Çíà÷åíèÿ îòíîøåíèÿ âûñîòû
ñòîéêè ê äëèíå ïàíåëè ðåêîìåí-
äóåòñÿ ïðèíèìàòü â ïðåäåëàõ
0,14–0,2. Ñå÷åíèå ñòîéêè íóæíî
ïðèíèìàòü òàêèì, ÷òîáû òðåáóå-
ìîå äëÿ îáåñïå÷åíèÿ ðàáîòû ñè-
ñòåìû ñâÿçåé óñèëèå ïðåäâàðè-
òåëüíîãî íàïðÿæåíèÿ â ýòîé
ñòîéêå íå ïðåâûøàëî 50 % åå
íåñóùåé ñïîñîáíîñòè.

Ðàñòÿãèâàþùåå íàïðÿæåíèå â
ñòåðæíåâûõ ýëåìåíòàõ 6 ñîçäà-
þò ñ ïîìîùüþ ðàçëè÷íûõ óñò-
ðîéñòâ (ïðîñòåéøåå – òàëðåï).

Ïðåäíàïðÿæåíèå óêàçàííûõ
ýëåìåíòîâ íåîáõîäèìî âûïîë-
íÿòü â ïîñëåäîâàòåëüíîñòè, îïðå-
äåëåííîé ïðîåêòîì ïðîèçâîäñò-
âà ðàáîò, ñ êîíòðîëåì íàòÿæå-
íèÿ, íàïðèìåð ïî óäëèíåíèþ èëè
èíûìè ñïîñîáàìè êîíòðîëÿ, ïðè-
íÿòûìè äëÿ ïðåäíàïðÿæåííûõ
êîíñòðóêöèé.

Ìîíòàæ ñâîä÷àòîãî ïîêðûòèÿ
ðåêîìåíäóåòñÿ âåñòè óêðóïíåí-
íûìè ìîíòàæíûìè áëîêàìè, ñî-
ñòîÿùèìè èç äâóõ ïàíåëåé-îáî-
ëî÷åê ÊÆÑ, ñîåäèíåííûõ ïî
äëèííîé ñòîðîíå ñâàðêîé çàê-
ëàäíûõ äåòàëåé ñ óñòàíîâêîé íà-
êëîííûõ ñâÿçåé 4 – äëÿ ñðåäíèõ
áëîêîâ èëè íàêëîííûõ ñâÿçåé 4 è
6 ’ – äëÿ êðàéíèõ áëîêîâ, íàïðÿ-
ãàåìûõ íà ñáîðî÷íîì ñòåíäå óä-
ëèíåíèåì ñòîéêè 5 (ñì. ðèñ. 1).

Ìîíòàæ ñâîäà ïðîèçâîäèòñÿ ñ
èñïîëüçîâàíèåì ñòîåê, ñïîñîá-
íûõ íåñòè âåñ áëîêîâ è äðóãèõ
ýëåìåíòîâ ñâîäà äî èõ îáúåäè-
íåíèÿ â åäèíóþ êîíñòðóêöèþ.
Ìîíòàæ áëîêîâ ñëåäóåò âûïîë-

1 – ïàíåëü-îáîëî÷êà ÊÆÑ; 2 – îïîðíàÿ áàëêà; 3 – çàêëàäíûå äåòàëè ñ îòâåðñòèåì; 4 – øàðíèð; 5 – àðìàòóðíûå ñòåðæíè;
6 – îñíîâíàÿ çàòÿæêà

Ðèñ. 3. Øàðíèðíîå ñîåäèíåíèå ïëèò ìåæäó ñîáîé è ñ îïîðíûìè áàëêàìè

ÑÒÐÎÈÒÅËÜÍÛÅ ÊÎÍÑÒÐÓÊÖÈÈ,ÇÄÀÍÈß È ÑÎÎÐÓÆÅÍÈß
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íÿòü ñ ïðèìåíåíèåì ñîîòâåòñòâó-
þùèõ òðàâåðñ ñ çàõâàòîì çà
ñòðîïîâî÷íûå ïðèñïîñîáëåíèÿ.

Ðàñêðóæàëèâàíèå ñâîäà âû-
ïîëíÿåòñÿ ïîñëå óñòðîéñòâà øàð-
íèðíûõ ñîåäèíåíèé â îïîðíûõ è
ïðîëåòíûõ óçëàõ, ìîíòàæà çàòÿ-
æåê è íàòÿæåíèÿ ýëåìåíòîâ ñèñ-
òåìû ñâÿçåé.

Ïðåèìóùåñòâà ñáîðíîé êîíñò-
ðóêöèè ñâîäà â òîì, ÷òî èñêëþ÷à-
þòñÿ õàðàêòåðíûå äëÿ ìîíîëèò-
íûõ èëè ñáîðíî-ìîíîëèòíûõ
áîëüøåïðîëåòíûõ êîíñòðóêöèé
ýòàïû âîçâåäåíèÿ, çàêëþ÷àþùè-
åñÿ â óñòðîéñòâå ñëîæíîé, òðóäî-
åìêîé è äîðîãîñòîÿùåé êðèâî-
ëèíåéíîé îïàëóáêè èëè ïðî-
ñòðàíñòâåííîé ìîíòàæíîé îïîð-
íîé ñèñòåìû, ïðåäíàçíà÷åííîé
íåñòè âåñ æåëåçîáåòîííîé êîíñò-
ðóêöèè äî ìîìåíòà ðàñêðóæàëè-
âàíèÿ (ïîëíîé ãîòîâíîñòè êîíñò-
ðóêöèè ê ðàáîòå). Êðîìå òîãî,
èçãîòîâëåíèå ñáîðíûõ ýëåìåíòîâ

(ïàíåëåé-îáîëî÷åê) â çàâîäñêèõ
óñëîâèÿõ ïîçâîëÿåò îáåñïå÷èòü
èõ òîíêîñòåííîñòü ïðè âûñîêîì
êà÷åñòâå èçäåëèé, òåì ñàìûì ïî-
âûñèòü ýôôåêòèâíîñòü êîíñòðóê-
öèè áåç ñíèæåíèÿ íàäåæíîñòè è
áåçîïàñíîñòè, ñíèçèòü äîëþ ðó÷-
íîãî òðóäà è ìàêñèìàëüíî ïîâû-
ñèòü èíäóñòðèàëüíîñòü âîçâåäå-
íèÿ.

Â û â î ä û

1. Âûïîëíåíà ðàçðàáîòêà èç-
ìåíåíèÿ ¹ 2 ê ÑÏ 387.1325800 â
÷àñòè äîïîëíåíèÿ ðàçäåëîâ
«Ñâîäû» è «Ñåãìåíòíûå ñâîäû
èç ïàíåëåé-îáîëî÷åê ÊÆÑ» íà
îñíîâå ðåçóëüòàòîâ êîìïëåêñà
ýêñïåðèìåíòàëüíî-òåîðåòè÷åñ-
êèõ èññëåäîâàíèé è ïðîåêòíî-
êîíñòðóêòîðñêèõ ðàáîò â îáëàñòè
êîíñòðóêòèâíûõ ðåøåíèé áîëü-
øåïðîëåòíûõ ñåãìåíòíûõ ñâîäîâ
èç òðåõ ïàíåëåé-îáîëî÷åê ÊÆÑ.

2. Âíåñåííûå â ñâîä ïðàâèë

äîïîëíåíèÿ ïðåäñòàâëÿþò ñîáîé
ïîëîæåíèÿ ïî ðàñ÷åòó è êîíñòðó-
èðîâàíèþ ñåãìåíòíûõ ñâîäîâ
äàííîãî òèïà, ðåêîìåíäàöèè ïî
íàçíà÷åíèþ îáùèõ êîíñòðóêòèâ-
íûõ ïàðàìåòðîâ ñâîäîâ è êîíñò-
ðóèðîâàíèþ óçëîâûõ ñîåäèíåíèé
ýëåìåíòîâ ñâîäà, à òàêæå ðåêî-
ìåíäàöèè ïî èõ ìîíòàæó.

3. Ââåäåíèå ïðåäëîæåííûõ
ïîëîæåíèé â íîðìàòèâíûé äîêó-
ìåíò ïîçâîëÿåò îáåñïå÷èòü ðàñ-
øèðåíèå ïðàêòèêè ïðîåêòèðîâà-
íèÿ è ñòðîèòåëüñòâà ðàññìîòðåí-
íûõ ïðîãðåññèâíûõ ýêîíîìè÷íûõ
êîíñòðóêöèé, ïîâûñèòü ýôôåê-
òèâíîñòü ïðîåêòíûõ ðåøåíèé
áîëüøåïðîëåòíûõ çäàíèé è ñî-
îðóæåíèé, îòêàçàòüñÿ îò óñòàðåâ-
øèõ êîíñòðóêòèâíûõ ðåøåíèé
ìîíîëèòíûõ èëè ñáîðíî-ìîíî-
ëèòíûõ áîëüøåïðîëåòíûõ ïî-
êðûòèé, âîçâîäèìûõ ïî âûñîêî-
çàòðàòíûì òåõíîëîãèÿì.

BUILDING STRUCTURES,BUILDINGS AND FACILITIES



56 ÏPÎÌÛØËÅÍÍÎÅ È ÃPÀÆÄÀÍCÊÎÅ CÒPÎÈÒÅËÜCÒÂÎ 4/2022

R E F E R E N C E S

1. Katalog rekomenduyemykh tipov prostranstvennykh
konstruktsiy dlya primeneniya pri stroitel’stve ob-
shchestvennykh zdaniy s bol’shimi proletami [Catalog
of recommended types of spatial structures for use in
the construction of public buildings with large spans].
Leningrad, Strojizdat Publ., Leningradskoe otd-e,
1977. 160 p. (In Russ.).

2. Rabinovich A. I. A prefabricated folded vault with a
span of 54 m made of flat panels]. Beton i zhelezo-
beton,1975, no. 12, pp. 28–33. (In Russ.).

3. Mironkov B. A. Tonkostennyye svodchatyye konst-
ruktsii pokrytiy [Thin-walled vaulted roof structures].
Leningrad, Gosstrojizdat Publ., Leningradskoe otd-e,
1963. 194 p. (In Russ.).

4. Ryule G. Prostranstvennyye pokrytiya [Spatial roofs].
Moscow, Stroyizdat Publ., 1973. 304 p. (In Russ.).

5. Rukovodstvo po proyektirovaniyu zhelezobetonnykh
prostranstvennykh konstruktsiy pokrytiy i perekrytiy
[Guide for the design of reinforced concrete spatial
structures of roofs and floors]. Moscow, Stroyizdat
Publ., 1979. 421 p. (In Russ.).

6. Matselinskiy R. N. Calculation of systems made up of
KZhS shell-panels. Stroitel'naya mekhanika i raschet
sooruzheniy, 1977, no. 3, pp. 41–48. (In Russ.).

7. Matselinskiy R. N., Mileykovskiy I. E., Spannut L. S.,
Dashkov A. G. Vaulted roof.
Availsble at: https://patents.su/6-885483-
svodchatoe-pokrytie.html (accessed 25.02.2022).
(In Russ.).

8. Pat. Russian Federation 2298069. Precast reinforced
concrete vaulted roof / V. V. Shugayev, B. S.
Sokolov, D. V. Paskhin. Publ. 27.04.2007. Bul. no.12.
(In Russ.).

9. ShugaevV.V., Sokolov B. S., Paskhin D.V.Wide-span
precast reinforced concrete vaulted roof structure.
Proc. of the IASS-APCS Int. Symp. “New Olympics.
New Shell and Spatial Structures”, Oct. 16–19, 2006.
China, pp. 64–65.

10. Shugayev V. V., Sokolov B. S., Paskhin D. V. Deve-
lopment and research of a precast large-span roofmade
of reinforced concrete KZhS shell-panels. Beton i
zhelezobeton, 2007, no. 4, pp. 7–8. (In Russ.).

11. Shugayev V. V., Sokolov B. S., Paskhin D. V. Experi-
mental and theoretical studies of the vaulted roof of the
KZhS shell-panels. Stroitel'naya mekhanika i raschet
sooruzheniy, 2007, no. 5, pp. 67–72. (In Russ.).

12. Sokolov B. S., Paskhin D. V., Pshenichnikov A. V.
Modern constructive solutions of precast reinforced
concrete large-span roof vaults. Sovremennye metody
rascheta zhelezobetonnyh i kamennyh konstrukcij po
predel'nym sostoyaniyam: sbornik dokladov Mezh-
dunarodnoy nauchno-prakticheskoy konferencii, po-
svyashchennoy 150-letiyu so dnya rozhdeniya A. F.
Lolejta [Modern methods of calculation of reinforced
concrete and stone structures by limit states: a collec-
tion of reports of the International scientific and Practical
Conference dedicated to the 150th anniversary of the
birth of A. F. Loleit] (Moscow, Nov. 30, 2018).
Moscow, MISI–MGSU Publ., 2018, pp. 398–404.
(In Russ.).

13. Paskhin D. V., Sokolov B. S. Analysis of the technical
parameters of a prefabricated large-span segmental
vault made of KZhS shell-panels. Beton i zhelezobeton,
2020, no. 2(602), pp. 19–27. (In Russ.). �

ÑÒÐÎÈÒÅËÜÍÛÅ ÊÎÍÑÒÐÓÊÖÈÈ,ÇÄÀÍÈß È ÑÎÎÐÓÆÅÍÈß


