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Àííîòàöèÿ. Ïðåäñòàâëåíû ïðîñòðàíñòâåííûå êîíñòðóêöèè ñòðóêòóðíîãî ïî-
êðûòèÿ èç àðìîöåìåíòà: ðåãóëÿðíàÿ ñòðóêòóðà, ñîñòîÿùàÿ èç äâóõ îñíîâíûõ ýëåìåí-
òîâ – ïèðàìèäàëüíîãî è ðåáðèñòîé ïëèòû (âàðèàíò 1) è ãèáðèäíîãî – ïèðàìèäàëüíî-
ãî ýëåìåíòà ñ æåëåçîáåòîííûì îñíîâàíèåì è ðàñòÿíóòîãî ïîÿñà èç ñòàëüíûõ òðóá (âà-
ðèàíò 2). Ðàññìîòðåíû ïóòè èõ ñîâåðøåíñòâîâàíèÿ çà ñ÷åò ïðèìåíåíèÿ ôèáðîâîãî
àðìèðîâàíèÿ âçàìåí ñåò÷àòîãî, ò.å. èñïîëüçîâàíèÿ ñòàëåôèáðîáåòîíà, ìîäåëèðîâà-
íèÿ ñðåäñòâàìè BIM-òåõíîëîãèè, âûïîëíåíèÿ ñòàòè÷åñêîãî ðàñ÷åòà ïðîãðàììíûìè
ñðåäñòâàìè è â ðàìêàõ êîíñòðóêòèâíîãî ðàñ÷åòà ñ ïîìîùüþ ñïåöèàëüíûõ ïðîãðàìì-
íûõ ñðåäñòâ, îïòèìèçàöèè ðàñõîäà ñòàëüíîé ôèáðû è õàðàêòåðèñòèê èñõîäíîãî áå-
òîíà. Ïîêàçàíî, ÷òî âñå ïåðå÷èñëåííîå îòêðûâàåò âîçìîæíîñòü çàäàâàòü ñâîéñòâà
ýëåìåíòîâ ñòðóêòóðíîãî ïîêðûòèÿ â ñîîòâåòñòâèè ñ íàïðÿæåííî-äåôîðìèðîâàííûì
ñîñòîÿíèåì è óñëîâèÿìè ýêñïëóàòàöèè. Ïðèâåäåíû ðåçóëüòàòû òåõíèêî-ýêîíîìè÷å-
ñêîãî ñðàâíåíèÿ âàðèàíòîâ.
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Original article

IMPROVEMENT OF STRUCTURAL COATINGS
PUBLIC BUILDINGS

Klara V. Talantova, Aleksandr S. Fisenko
Petersburg State Transport University of Emperor Alexander I, Saint Petersburg, Russia

Abstract. The article presents spatial structures of a structural coating made of
reinforced cement: a regular structure consisting of two main elements – a pyramidal and
ribbed slab (option 1) and a hybrid – a pyramidal element with a reinforced concrete base
and a stretched belt of steel pipes (option 2). The ways of their improvement due to the use
of fiber reinforcement instead of mesh reinforcement are considered, i.e. use of steel fiber
reinforced concrete, modeling by means of BIM technology, performing static analysis
with software tools, and within the framework of constructive calculation using special
software tools, optimizing the consumption of steel fibers and the characteristics of

Ñòðîèòåëüíûå êîíñòðóêöèè, çäàíèÿ è ñîîðóæåíèÿ. Îñíîâàíèÿ è ôóíäàìåíòû

31

© Òàëàíòîâà Ê.Â., Ôèñåíêî À.Ñ., 2022



the original concrete. It is shown that all of the above makes it possible to set the properties
of structural coating elements in accordance with the stress-strain state and operating
conditions. The results of the technical and economic comparison of options are given.

Keywords: reinforced cement, structural coating elements, pyramidal element, ribbed
slab, steel fiber reinforced concrete, regular structure, hybrid structural design, steel pipes,
technical and economic indicators

For citation: Talantova K.V., Fisenko A.S. Improvement of structural coatings
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(In Russ.). DOI: 10.32683/0536-1052-2022-761-5-31-40.

Ó÷åíûìè Ëåíèíãðàäñêîãî çîíàëüíîãî íàó÷íî-èññëåäîâàòåëüñêîãî èí-
ñòèòóòà ýêñïåðèìåíòàëüíîãî ïðîåêòèðîâàíèÿ (ËåíÇÍÈÈÝÏ) â 1964–1965 ãã.
áûëà ðàçðàáîòàíà ðåãóëÿðíàÿ ñòðóêòóðà ïîêðûòèÿ èç àðìîöåìåíòíûõ òîíêî-
ñòåííûõ ýëåìåíòîâ (h = 10–20 ìì) íà îñíîâå ìåëêîçåðíèñòîãî áåòîíà, àðìè-
ðîâàííûõ òêàíûìè èëè ñâàðíûìè ñåòêàìè ïî ñå÷åíèþ èç ïðîâîëî÷íîé àðìà-
òóðû äèàìåòðîì 0,5–1,5 ìì [1].

Ýëåìåíòû àðìîöåìåíòíîãî ñòðóêòóðíîãî ïîêðûòèÿ èìåëè ðàçìåðû:
ïèðàìèäû íà ïëàíå – 1,5´1,5 ì, âûñîòîé 0,9 ì, ïëèòû æåñòêîñòè íà ïëàíå –
1,5´1,5 ì, âûñîòîé ðåáåð 0,1 ì [2, 3]. Òàêîå êîíñòðóêòèâíîå ðåøåíèå ïîêðû-
òèÿ ïîçâîëÿåò âîçâîäèòü ïîìåùåíèÿ ïðîèçâîëüíîé ôîðìû, îáåñïå÷èâàÿ åãî
õîðîøèå àêóñòè÷åñêèå ñâîéñòâà. Ïîêðûòèå ñ ðåãóëÿðíîé ñòðóêòóðîé èç òîí-
êîñòåííûõ àðìîöåìåíòíûõ ýëåìåíòîâ îáëàäàåò íåáîëüøîé ñòðîèòåëüíîé
âûñîòîé (â ïðåäåëàõ 1 ì), âîçìîæíîñòüþ óñòðîéñòâà ïëîñêîé êðîâëè, ðàçìå-
ùåíèÿ ìåæäó ïèðàìèäàëüíûìè ýëåìåíòàìè íåîáõîäèìûõ êîììóíèêàöèé, íå
òðåáóåò äîïîëíèòåëüíîé îòäåëêè è óñòðîéñòâà ïîäâåñíîãî ïîòîëêà (ðèñ. 1)
[1–3]. Ìíîãîãðàííàÿ ïîâåðõíîñòü ñòðóêòóðíîãî ïîêðûòèÿ ñëóæèò äëÿ ïîâû-
øåíèÿ óðîâíÿ çâóêîïîãëîùåíèÿ â çàëå, ïðèäàåò àðõèòåêòóðíóþ âûðàçèòåëü-
íîñòü èíòåðüåðà â ïîìåùåíèÿõ è ôîéå [2].

Îäíàêî ñïåöèàëüíûå ñïîñîáû îáåñïå÷åíèÿ ïðîåêòíîãî ïîëîæåíèÿ ñåò÷à-
òîé àðìàòóðû íå âñåãäà ãàðàíòèðóþò ïîëó÷åíèå íàäåæíîãî çàùèòíîãî ñëîÿ
ñåòîê èç ñòàëüíîé ïðîâîëîêè äèàìåòðîì 0,5–1,5 ìì [3]. Èç-çà íàðóøåíèÿ
ïëîòíîñòè è òîëùèíû çàùèòíîãî ñëîÿ áåòîíà âîçíèêàåò îïàñíîñòü êîððîçèè
àðìàòóðû èç òîíêîé ïðîâîëîêè, ÷òî âûçûâàåò íåîáõîäèìîñòü â ñïåöèàëüíîé
åå çàùèòå.

Building constructions, buildings and structures. Bases and foundations

32

Ðèñ. 1. Ñòðóêòóðíîå ïîêðûòèå èç àðìîöåìåíòíûõ ýëåìåíòîâ. Âàðèàíò 1
à – ïîêðûòèå âåñòèáþëÿ ñòàíöèè ìåòðî «Ïðîëåòàðñêàÿ» â Ñàíêò-Ïåòåðáóðãå; á – BIM-ìî-

äåëü êîíñòðóêöèè ïîêðûòèÿ

Fig.1. Structural coating of reinforced cement elements. Option 1
a – covering the lobby of the metro station “Proletarskaya” in St. Petersburg; b – BIM model

of coating construction



Êðîìå òîãî, àðìîöåìåíòíûå êîíñòðóêöèè õàðàêòåðèçóþòñÿ ïîâûøåííû-
ìè äåôîðìàöèÿìè óñàäêè è ïîëçó÷åñòè, áîëåå íèçêîé, ÷åì ó æåëåçîáåòîííûõ
êîíñòðóêöèé (ÆÁÊ), îãíåñòîéêîñòüþ, çíà÷èòåëüíûìè òåïëî- è çâóêîïðîâîä-
íîñòüþ, ñëîæíîñòüþ óñèëåíèÿ [2, 3].

Ïðèìåíåíèå ñòàëåôèáðîáåòîíà (ÑÔÁ) â òîíêîñòåííûõ ñòðóêòóðíûõ ýëå-
ìåíòàõ ïîêðûòèÿ äàåò âîçìîæíîñòü ñóùåñòâåííî ñíèçèòü íåäîñòàòêè òîíêî-
ñòåííûõ êîíñòðóêöèé, ïðèñóùèõ àðìîöåìåíòó [4], â ÷àñòíîñòè, â ñèëó âûñî-
êîé êîððîçèîííîé ñòîéêîñòè ìàòåðèàëà ÑÔÁ èñêëþ÷èòü íåîáõîäèìîñòü
îáåñïå÷åíèÿ çàùèòû ôèáðîâîé àðìàòóðû îò êîððîçèè â êîíñòðóêöèè [5–7].
Ïîìèìî ýòîãî ïðèìåíåíèå ÑÔÁ ïîçâîëÿåò çàäàâàòü ôèçèêî-ìåõàíè÷åñêèå
õàðàêòåðèñòèêè ìàòåðèàëà êîíñòðóêöèè â ñîîòâåòñòâèè ñ óñëîâèÿìè ýêñïëóà-
òàöèè, ò.å. äåôîðìàòèâíîñòü, â òîì ÷èñëå îò óñàäêè è ïîëçó÷åñòè, îãíåñòîé-
êîñòü, òåïëî- è çâóêîïðîâîäíîñòü è ò.ï. [6–8].

Èçâåñòíî, ÷òî ñòðóêòóðà ñòàëåôèáðîáåòîíà ôîðìèðóåòñÿ ïðè íàñûùåíèè
áåòîíà, êàê ïðàâèëî, ìåëêîçåðíèñòîãî, òîíêèì ñòàëüíûì âîëîêíîì ôèáðîé,
íàïðèìåð, äèàìåòðîì df = 0,3–0,8 ìì è ñîîòâåòñòâåííî äëèíîé lf = 30–80 ìì,
îïðåäåëÿåìûõ â ñîîòâåòñòâèè ñ íàçíà÷åíèåì è ýêñïëóàòàöèîííûìè òðåáîâà-
íèÿìè ê êîíñòðóêöèè.

Êàê ïîêàçàëè èññëåäîâàíèÿ [6, 7], ñòðóêòóðà áåòîííîé ìàòðèöû â ÑÔÁ, ïî
ñðàâíåíèþ ñ èñõîäíûì áåòîíîì è áåòîíîì â ÆÁÊ, õàðàêòåðèçóåòñÿ ìåíüøèì
êîëè÷åñòâîì êðóïíûõ ïîð è êàïèëëÿðîâ, íàëè÷èåì ìåëêèõ çàìêíóòûõ ïîð è
áîëüøåé îäíîðîäíîñòüþ. Òàêèì îáðàçîì, ðàçðàáîòêà òîíêîñòåííûõ ýëåìåíòîâ
ñòðóêòóðíîãî ïîêðûòèÿ íà îñíîâå ñòàëåôèáðîáåòîíà, àíàëîãè÷íûõ ïî ãåîìåò-
ðèè è íàçíà÷åíèþ àðìîöåìåíòíûì, ïîëó÷èëà ñâîå äàëüíåéøåå ðàçâèòèå.

Ïðè èçãîòîâëåíèè ñòàëåôèáðîæåëåçîáåòîííûõ (ÑÔÆÁ) ïèðàìèäàëüíûõ
ýëåìåíòîâ è ïëèò æåñòêîñòè, àðìèðîâàííûõ ïîìèìî ôèáðîâîé ðåãóëÿðíîé
àðìàòóðîé, íå âîçíèêàåò ïðîáëåì ñ îáåñïå÷åíèåì çàùèòíîãî ñëîÿ ðåãóëÿðíîé
àðìàòóðû, êîòîðàÿ ðàçìåùàåòñÿ ïðè íåîáõîäèìîñòè â ñå÷åíèÿõ ñ âûñîêèìè
çíà÷åíèÿìè íàïðÿæåíèé è óñèëèé.

Ïðèñòóïàÿ ê ïðîåêòèðîâàíèþ ÑÔÁ ýëåìåíòîâ ñòðóêòóðíîãî ïîêðûòèÿ,
ïðåäâàðèòåëüíî, â ñîîòâåòñòâèè c íàçíà÷åíèåì ýëåìåíòà, ïðèíèìàåòñÿ êëàññ
èñõîäíîãî ìåëêîçåðíèñòîãî áåòîíà è ñîîòâåòñòâóþùèé åìó òèï ñòàëüíîé ôèá-
ðû [7, 8]. Â ðåçóëüòàòå ñòàòè÷åñêîãî ðàñ÷åòà ïîêðûòèÿ ìåòîäîì êîíå÷íûõ ýëå-

ìåíòîâ è àíàëèçà êàðòèí ïîëåé íàïðÿæåíèé îò íåâûãîäíîãî ñî÷åòàíèÿ
íàãðóçîê îöåíèâàåòñÿ íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå ïîêðûòèÿ
è åãî ýëåìåíòîâ, îïðåäåëÿþòñÿ ìàêñèìàëüíûå çíà÷åíèÿ íîðìàëüíûõ íà-
ïðÿæåíèé è óñèëèé (ñæàòèÿ sñ, ðàñòÿæåíèÿ st è ãëàâíûå íàïðÿæåíèÿ smt è smc,
à òàêæå èçãèáàþùèå ìîìåíòû Mx, My è ïðîäîëüíûå ñèëû Nx, Ny) (ðèñ. 2).

Äàëåå ïðîâîäèòñÿ êîíñòðóêòèâíûé ðàñ÷åò ýëåìåíòîâ ïîêðûòèÿ ïî äâóì
ãðóïïàì ïðåäåëüíûõ ñîñòîÿíèé è ðàçðàáàòûâàþòñÿ ñõåìû àðìèðîâàíèÿ. Ïðè
ïðîåêòèðîâàíèè ñòðóêòóðíîãî ïîêðûòèÿ ðàçìåðàìè íà ïëàíå Â´L = 30´36 ì
íà ñòàäèè ïðåäâàðèòåëüíîãî ðàñ÷åòà áûë ïðèíÿò êëàññ ÑÔÁ ïî ïðî÷íîñòè
íà ñæàòèå Bf 30. Ýòîìó êëàññó ñîîòâåòñòâóþò ðàñ÷åòíûå ñîïðîòèâëåíèÿ
ñòàëåôèáðîáåòîíà: ñæàòèþ Rfb = 22,1 ÌÏà, ðàñòÿæåíèþ Rfbt = 2,8 ÌÏà,
ìîäóëü óïðóãîñòè Efb = 25,8 · 103 ÌÏà.

Ïîñëå ïðåäâàðèòåëüíîãî âûáîðà ôèáðû ïî ðåçóëüòàòàì ñòàòè÷åñêîãî
ðàñ÷åòà ñ ïîìîùüþ ïðîãðàììíûõ ñðåäñòâ (Ñâèäåòåëüñòâî î ãîñóäàðñòâåííîé
ðåãèñòðàöèè ïðîãðàììû äëÿ ÝÂÌ ¹ 2012619865 îò 31.10.2012) óòî÷íåí åå
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îïòèìàëüíûé ðàñõîä è ïðî÷íîñòü íà ñæàòèå è ðàñòÿæåíèå èñõîäíîãî áåòîíà
[9] (òàáë. 1).

Â ðåçóëüòàòå àíàëèçà ñòàòè÷åñêîãî ðàñ÷åòà êàðòèí ïîëåé íàïðÿæåíèé âñå
ñòðóêòóðíûå ýëåìåíòû ðàçäåëåíû íà íåñêîëüêî ãðóïï óíèôèêàöèè (ðèñ. 3,
òàáë. 1). Êàæäàÿ ãðóïïà óíèôèêàöèè ðàññ÷èòàíà íà äåéñòâèå ìàêñèìàëüíûõ
íàïðÿæåíèé (óñèëèé).
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Ðèñ. 2. Êàðòèíà ïîëåé íàïðÿæåíèé ñòàëåôèáðîæåëåçîáåòîííîãî
ïîêðûòèÿ, ñîçäàííàÿ ñðåäñòâàìè ÂÊ SCAD îò äåéñòâèÿ íàèáîëåå

íåâûãîäíîãî ñî÷åòàíèÿ íàãðóçîê

Fig. 2. The picture of the stress fields of the steel – reinforced concrete
coating created by means of the VK SCAD from the action of the most

unfavorable combination of loads

Ðèñ. 3. Ñõåìà ðàñêëàäêè óíèôèöèðîâàííûõ ýëåìåíòîâ ñòðóêòóðíîãî ñòàëåôèá-
ðîæåëåçîáåòîííîãî ïîêðûòèÿ. Ôðàãìåíò

à – ïèðàìèäàëüíûå ñòðóêòóðíûå ýëåìåíòû Ï1–Ï5; á – ðåáðèñòûå ïëèòû æåñòêîñòè
Ïë1–Ïë3

Fig. 3. Layout scheme of unified elements of structural steel-reinforced concrete
coating. Fragment

a – pyramidal structural elements P1–P5; b – ribbed plates Pl1–Pl3
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Â ðåçóëüòàòå ñòàòè÷åñêîãî ðàñ÷åòà ïîëó÷åíû çíà÷åíèÿ íîðìàëüíûõ íà-
ïðÿæåíèé (íàïðèìåð, ðèñ. 4, à; 5, à) è óñèëèé, è â ñîîòâåòñòâèè ñ êàðòèíàìè
ïîëåé íàïðÿæåíèé è óñèëèé ðàçðàáîòàíû ñõåìû çîííîãî ìîíîäèñïåðñíîãî
ôèáðîâîãî àðìèðîâàíèÿ ýëåìåíòîâ ïîêðûòèÿ (íàïðèìåð, ðèñ. 4, á; 5, á).

Âûïîëíåíèå ñòàòè÷åñêîãî ðàñ÷åòà ñòàëåôèáðîæåëåçîáåòîííûõ ýëåìåí-
òîâ ñòðóêòóðíîãî ïîêðûòèÿ ìåòîäîì êîíå÷íûõ ýëåìåíòîâ ñ ïîìîùüþ ïðî-
ãðàììíûõ ñðåäñòâ ïîçâîëÿåò îöåíèòü äåéñòâèòåëüíîå íàïðÿæåííî-äåôîðìè-
ðîâàííîå ñîñòîÿíèå ýëåìåíòà, â ñîîòâåòñòâèè ñ ÷åì ðàçðàáàòûâàåòñÿ åãî
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Ðèñ. 4. Ïðîåêòèðîâàíèå íàèáîëåå íàãðóæåííîãî ïèðàìèäàëüíîãî ýëåìåíòà Ï5
à – êàðòèíà ïîëåé íàïðÿæåíèé, ïîëó÷åííàÿ ñðåäñòâàìè ÂÊ SCAD: çîíà 1 st = 1,5 ÌÏà; sñ =
= 4,1 ÌÏà; çîíà 2 st = 6,15 ÌÏà; çîíà 3 st = 5,19 ÌÏà; Nt = 41,5 êÍ; á – ñõåìà çîííîãî ìîíîäèñ-
ïåðñíîãî ôèáðîâîãî è ðåãóëÿðíîãî àðìèðîâàíèÿ (df = 1,2 ìì, lf = 150 ìì): çîíà 1 Rfbt = 1,5 ÌÏà
(mfv = 0,9 %); çîíà 2 Rfbt = 1,5 ÌÏà (mfv = 0,9 %) + Æ3Â500; çîíà 3 Rfbt = 1,5 ÌÏà (mfv = 0,9 %) +

+ Æ10À500Ñ

Fig 4. Designing the most loated pyramidal element P5
a – the picture of stress fields obtained by means of VK SCAD: zone 1 st = 1,5 MPa; sñ = 4,1 MPa;
zone 2 st = 6,15 MPa; zone 3 st = 5,19 MPa; Nt = 41,5 kN; b – scheme of zone-monodisperse fiber
and regular reinforcement (df = 1,2 mm, lf = 150 mm): zone 1 Rfbt = 1,5 MPa (mfv = 0,9 %); zone 2

Rfbt = 1,5 MPa (mfv = 0,9 %) + Æ3V500; zone 3 Rfbt = 1,5 MPa (mfv = 0,9 %) + Æ10À500S

Ðèñ. 5. Ïðîåêòèðîâàíèå ýëåìåíòà Ïë1 ïëèòû æåñòêîñòè
à – êàðòèíà ïîëåé íàïðÿæåíèé, ïîëó÷åííàÿ ñðåäñòâàìè ÂÊ SCAD: çîíà 1 sñ = 13,7 ÌÏà; çîíà 2
sñ = 23,92 ÌÏà, Nñ = 287 êÍ; á – ñõåìà çîííîãî ìîíîäèñïåðñíîãî ôèáðîâîãî è ðåãóëÿðíîãî àð-
ìèðîâàíèÿ (df = 0,25 ìì, lf = 12,5 ìì): çîíà 1 Rfb = 13,7 ÌÏà (mfv = 0,55 %); çîíà 2 Rfb = 13,7 ÌÏà

(mfv = 0,55 %) + Æ16À500Ñ

Fig. 5. Design of the element Pl1 of the stiffness plate
a – the picture of stress fields obtained by means of VK SCAD: zone 1 sñ = 13,7 MPa; zone 2
sñ = 23,92 MPa, Nñ = 287 kN; b – scheme of zone-monodisperse fiber and regular reinforcement
(df = 0,25 mm, lf = 12,5 mm): zone 1 Rfb = 13,7 MPa (mfv = 0,55 %); zone 2 Rfb = 13,7 MPa (mfv =

= 0,55 %) + Æ16À500S



ñõåìà êîíñòðóèðîâàíèÿ, êîòî-
ðàÿ ðåàëèçóåòñÿ ðàöèîíàëüíûì
âûáîðîì ôèáðîâîãî àðìèðîâà-
íèÿ è áåòîíà, ÷òî â ñóììå ïî-
çâîëÿåò ñîçäàòü ýêîíîìè÷íîå
è äîëãîâå÷íîå êîíñòðóêòèâíîå
ðåøåíèå.

Ïîìèìî ðåãóëÿðíîãî ñòðóê-
òóðíîãî ïîêðûòèÿ ñïåöèàëè-
ñòàìè ËåíÇÍÈÈÝÏ ðàçðàáî-
òàí âàðèàíò êîìáèíèðîâàííîãî
(ãèáðèäíîãî) ïîêðûòèÿ èç ïè-
ðàìèäàëüíûõ ýëåìåíòîâ, âåð-
øèíàìè âíèç (àðìîöåìåíòíûå
ïèðàìèäû ñ æåëåçîáåòîííûìè
îñíîâàíèÿìè è ñòàëüíûìè òðó-
áàìè â ðàñòÿíóòîé çîíå), êîòî-
ðûå ìîãóò óñòàíàâëèâàòüñÿ â
ïîêðûòèè âïëîòíóþ äðóã ê äðó-
ãó èëè â øàõìàòíîì ïîðÿäêå.

Íèæíèé ïîÿñ ãèáðèäíîãî
ïîêðûòèÿ, âûïîëíÿåìûé èç îò-
äåëüíûõ ìåòàëëè÷åñêèõ ñòåðæ-
íåé (òðóá), îáðàçóåò äèàãîíàëü-
íóþ ðåøåòêó (ïî ñðàâíåíèþ
ñ îðòîãîíàëüíûì âåðõíèì ïîÿ-
ñîì). Òàêàÿ êîíñòðóêòèâíàÿ
ñèñòåìà íå òîëüêî ýôôåêòèâíà
ïî ðàñõîäó ìàòåðèàëîâ, íî è ïðè
øàõìàòíîì ðàñïîëîæåíèè ýëå-
ìåíòîâ ïîçâîëÿåò ðàçìåùàòü
ñâåòîàýðàöèîííûå ôîíàðè ÷å-
ðåç øàã, ÷òî óëó÷øàåò îñâåùåí-
íîñòü ïîìåùåíèÿ è âíîñèò â èí-
òåðüåð îðèãèíàëüíûå ðåøåíèÿ.

Àíàëîãè÷íîå ãèáðèäíîå
ñòðóêòóðíîå ïîêðûòèå ñî ñòàëå-
ôèáðîæåëåçîáåòîííûìè ïèðà-
ìèäàëüíûìè ýëåìåíòàìè âåð-
øèíàìè âíèç è ñî ñâåòîàýðà-
öèîííûìè ôîíàðÿìè ðàçðàáî-
òàíî ñïåöèàëèñòàìè èíñòèòóòà
ËåíÍÈÈïðîåêò â 1978–1983 ãã.
(âàðèàíò 2) äëÿ óñòðîéñòâà ïî-
êðûòèÿ ÷åòûðåõýòàæíîãî ôîéå
â çäàíèè Ðîññèéñêîé íàöèî-
íàëüíîé áèáëèîòåêè (ðèñ. 6, 7,
òàáë. 2).

Ñòðîèòåëüíûå êîíñòðóêöèè, çäàíèÿ è ñîîðóæåíèÿ. Îñíîâàíèÿ è ôóíäàìåíòû
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Êîíñòðóêöèÿ ïîêðûòèÿ ãèáðèä-
íàÿ, ïîìèìî ñòàëåôèáðîáåòîííûõ
ïèðàìèä ðàçìåðàìè: âûñîòà – 2,12 ì,
îñíîâàíèÿ ïèðàìèä – 2,0´2,0 ì,
æåëåçîáåòîííûå ïëèòû ðàçìåùåíû
íàâåðõó, à âåðøèíû ïèðàìèä – âíèçó,
êðåïÿòñÿ íà ñâàðêå ê ðàñòÿíóòîìó
ïîÿñó – ñòàëüíûì òðóáàì Ø108 ìì,
âêëþ÷àþò, êðîìå ïðî÷åãî, ïîäêîñû èç
òðóá Ø136 ìì. Äëÿ áîëåå òî÷íîãî
ñðàâíåíèÿ âàðèàíòîâ ãèáðèäíàÿ êîí-
ñòðóêöèÿ ïîêðûòèÿ ðàññ÷èòàíà áåç
ïðîìåæóòî÷íûõ îïîð.

Ïðè ýòîì áûëà ïîñòàâëåíà çàäà÷à
ïðîàíàëèçèðîâàòü êîíñòðóêòèâíûå è
òåõíèêî-ýêîíîìè÷åñêèå ðåøåíèÿ ðàñ-
ñìàòðèâàåìûõ âàðèàíòîâ ñòðóêòóð-
íûõ ïîêðûòèé ñ ïðèìåíåíèåì ñòàëå-
ôèáðîáåòîíà.

Ïî ðåçóëüòàòàì àíàëèçà (òàáë. 3)
êîíñòðóêöèÿ ãèáðèäíîãî ñòðóêòóðíî-
ãî ïîêðûòèÿ (âàðèàíò 2) ïî ñðàâíåíèþ
ñ ðåãóëÿðíûì ñòðóêòóðíûì ïîêðûòè-
åì (âàðèàíò 1) ïî îñíîâíûì ïîêàçàòå-
ëÿì ýêîíîìè÷íåå. Îäíàêî âûñîòà ãèá-
ðèäíîãî ïîêðûòèÿ ïî ðàñ÷åòàì ïðåâû-

øàåò âûñîòó ðåãóëÿðíîé ñòðóêòóðû ïî÷òè âäâîå.
Êðîìå òîãî, çà ñ÷åò âîçìîæíîñòè ðàñïîëàãàòü ìåæäó ïèðàìèäàìè ñâåòî-

àýðàöèîííûå ïðîåìû îíî îòâå÷àåò âûñîêèì òðåáîâàíèÿì êîìôîðòà è ïîäõî-
äèò äëÿ ïîêðûòèÿ âûñîêèõ çàëîâ è àòðèóìîâ.

Building constructions, buildings and structures. Bases and fîundations
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Ðèñ. 6. Ãèáðèäíîå ñòàëåôèáðîæåëåçî-
áåòîííîå ñòðóêòóðíîå ïîêðûòèå â ôîéå
Ðîññèéñêîé íàöèîíàëüíîé áèáëèîòåêè
ñî ñâåòîàýðàöèîííûìè ôîíàðÿìè. Âà-

ðèàíò 2. Îáùèé âèä

Fig. 6. Hybrid steel-reinforced concrete
structural coating in the foyer of the Russi-
an National Library with light-aerating

lanterns. Option 2. General view

Ðèñ. 7. Ãèáðèäíîå ñòðóêòóðíîå ïîêðûòèå ñ ïèðàìèäàëüíûìè ýëåìåíòàìè ñî ñòàëå-
ôèáðîáåòîííûìè ãðàíÿìè è æåëåçîáåòîííûìè îñíîâàíèÿìè, çàêðåïëåííûìè ê ðàñ-

òÿíóòîìó ïîÿñó. Âàðèàíò 2
à – ïîêðûòèå â çäàíèè Ðîññèéñêîé íàöèîíàëüíîé áèáëèîòåêè â Ñàíêò-Ïåòåðáóðãå; á – BIM-

ìîäåëü ãèáðèäíîé êîíñòðóêöèè ïîêðûòèÿ

Fig. 7. Hybrid structural coating with pyramidal elements with steel-fiber concrete bases
fixed to a stretched belt. Option 2

a – covering in the building of the Russian National Librari in St. Petersburg; b – BIM model of hybrid
coating design



Â ñâîþ î÷åðåäü, ñòàëåôèáðîáåòîííîå ïîêðûòèå ñ ðåãóëÿðíîé ñòðóêòóðîé
(âàðèàíò 1) ìîæíî ïðèìåíÿòü â îòíîñèòåëüíî íåâûñîêèõ ïîìåùåíèÿõ àäìè-
íèñòðàòèâíûõ è îáùåñòâåííûõ çäàíèé, à òàêæå â êà÷åñòâå êîíñòðóêöèè ïåðå-
êðûòèÿ.
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ïîêðûòèå.

Âàðèàíò 2 (100 %)

Ýêîíîìèÿ,
%
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