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Àííîòàöèÿ. Ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ íîâîãî êîíñòðóêòèâíîãî ðåøåíèÿ íàâåñíîãî
âåíòèëèðóåìîãî ôàñàäà ñ îáëèöîâêîé êåðàìîãðàíèòíûìè ïëèòàìè íà äåéñòâèå äèíàìè÷åñêèõ íàãðóçîê,
ìîäåëèðóþùèõ ñåéñìè÷åñêèå âîçäåéñòâèÿ â øèðîêîì äèàïàçîíå ÷àñòîò. Ýêñïåðèìåíò âûïîëíÿëè íà
äâóõêîìïîíåíòíîé âèáðîïëàòôîðìå ìàÿòíèêîâîãî òèïà. Ïî ðåçóëüòàòàì èçìåíåíèÿ ÷àñòîòû è àìïëèòóäû
êîëåáàíèé âèáðîïëàòôîðìû îöåíèâàëè äèíàìè÷åñêèå õàðàêòåðèñòèêè (÷àñòîòû îñíîâíîãî òîíà êîëåáàíèé,
äèññèïàòèâíûå ñâîéñòâà), à òàêæå çíà÷åíèÿ óñêîðåíèé ýëåìåíòîâ ìîäåëè è ñàìîé ïëàòôîðìû. Ïî äàííûì
èñïûòàíèé äëÿ êîíêðåòíûõ óðîâíåé íàãðóæåíèÿ îïðåäåëåíû àìïëèòóäíî-÷àñòîòíûå õàðàêòåðèñòèêè
ðàçðàáîòàííîé ñèñòåìû, ïðåäñòàâëÿþùèå çàâèñèìîñòü àìïëèòóä êîëåáàíèé ñîîðóæåíèÿ îò ÷àñòîòû
ãàðìîíè÷åñêîãî âîçäåéñòâèÿ. Êðîìå òîãî, ïîñòðîåíû çàâèñèìîñòè èçìåíåíèÿ óñêîðåíèé â ðàçëè÷íûõ òî÷êàõ
ñèñòåìû âî âðåìåíè. Ïî äàííûì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé íàäåæíîñòü ôàñàäíîé ñèñòåìû â öåëîì
è åå ýëåìåíòîâ íå áûëà íàðóøåíà. Â ðåçóëüòàòå àíàëèçà äèíàìè÷åñêèõ èñïûòàíèé óñòàíîâëåíî, ÷òî
ïðåäëîæåííîå êîíñòðóêòèâíîå ðåøåíèå íàâåñíîé ôàñàäíîé ñèñòåìû ìîæåò áûòü ðåêîìåíäîâàíî
äëÿ ïðèìåíåíèÿ â ðàéîíàõ ñ ñåéñìè÷íîñòüþ 7–9 áàëëîâ ïî øêàëå MSK-64.
Êëþ÷åâûå ñëîâà: íàâåñíàÿ ôàñàäíàÿ ñèñòåìà, îáëèöîâêà èç êåðàìîãðàíèòíûõ ïëèò, äèíàìè÷åñêèå íàãðóçêè,
âèáðîïëàòôîðìà, óñêîðåíèå, áàëëüíîñòü, êëÿììåð.

WAYS OF IMPROVING THE SEISMIC STABILITY OF MODERN VENTILATED FACADE SYSTEMS

Valentina M. TUSNINA, e-mail: valmalaz@mail.ru, Alexey A. ÅMELYANOV, e-mail: snegiri_emelianov@mail.ru,
Moscow State University of Civil Engineering, Yaroslavskoye shosse, 26, Moscow 129337, Russian Federation

Arkady V. GRANOVSKY, e-mail: 1747787@list.ru, TSNIISK named after V. A. Koucherenko,
OJSC SRC «Stroitelstvo», 2-ya Institutskaya ul., 6, Moscow 109428, Russian Federation

Abstract. Experimental studies of a new constructive solution of a suspended ventilated façade with cladding of ceramic
granite slabs on the action of dynamic loads, simulating seismic effects in a wide range of frequencies, were conducted.
The experiment was conducted on the two-component vibroplatform of pendulum type. According to the results
of changing the frequency and amplitude of oscillations of the vibroplatform, the dynamic characteristics (frequencies
of the fundamental mode of oscillations, dissipative properties), as well as the values of accelerations of model elements
and the platform itself were assessed. According to the data of tests for specific load levels, the amplitude-frequency
characteristics of the developed system, representing the dependence of oscillation amplitudes of the structure on the
frequency of harmonic impact, were determined. In addition, dependences of the change in accelerations at different
points of the system over time were built. According to experimental studies data, the reliability of the facade system
as a whole and its elements has not been violated. The analysis of dynamic tests determined that the proposed design
solution of the suspended facade system can be recommended for use in regions with seismicity of 7–9 points on the
MSK-64 scale.
Key words: suspended facade system, ceramic-granite plate cladding, dynamic loadings, a vibro-platform, acceleration,
seismic magnitude, cleat.

Ïî äàííûì Ôåäåðàëüíîãî öåíòðà

òåõíè÷åñêîé îöåíêè ïðîäóêöèè â

ñòðîèòåëüñòâå, ïî ñîñòîÿíèþ íà

2010 ã. â Ðîññèè áîëåå 50 ôèðì

èìåþò òåõíè÷åñêèå ñâèäåòåëüñòâà íà

ôàñàäíûå ñèñòåìû ñ âîçäóøíûì çà-

çîðîì (äàëåå – ÔÑÂÇ). Êàê îòìå÷å-

íî â ðàáîòå [1], ïðîáëåìà áåçîïàñ-

íîñòè äàííûõ ñèñòåì ñâÿçàíà ñ òàêè-

ìè ôàêòîðàìè, êàê íàäåæíîå ïðî-

åêòíîå êîíñòðóêòèâíîå ðåøåíèå

ÔÑÂÇ, îáåñïå÷åíèå êà÷åñòâåííîãî

êðåïëåíèÿ ê ñòåíàì çäàíèé è ñîîðó-

æåíèé è áåçîïàñíûõ óñëîâèé ðàáî-

òû ÔÑÂÇ â ïðîöåññå ýêñïëóàòàöèè

îáúåêòà.

Ïðè ýòîì åñëè âîïðîñû îáåñïå÷å-

íèÿ íàäåæíîñòè êðåïëåíèÿ ÔÑÂÇ ê

ñòåíàì çäàíèé è ñîîðóæåíèé áëàãî-

äàðÿ çàðóáåæíûì [2] è îòå÷åñòâåí-

íûì [3] èññëåäîâàíèÿì â êàêîé-òî

ìåðå óäàëîñü ôîðìàëèçîâàòü ïóòåì

ðàçðàáîòêè îòäåëüíûõ íîðìàòèâíûõ

äîêóìåíòîâ [4], òî óñòàíîâèòü ÷åòêèå

îïòèìàëüíûå êðèòåðèè áåçîïàñíî-

ñòè ïðè ïðîåêòèðîâàíèè è ðàñ÷åòå

ÔÑÂÇ (â òîì ÷èñëå äëÿ ñåéñìîîïàñ-

íûõ ðåãèîíîâ) íå óäàåòñÿ èç-çà îò-

ñóòñòâèÿ ñîîòâåòñòâóþùåé íîðìà-

òèâíîé áàçû.

Â ýòîé ñâÿçè ýêñïåðèìåíò ÿâëÿåò-

ñÿ îäíèì èç îïðåäåëÿþùèõ êðèòå-

ðèåâ íàäåæíîñòè ëþáîé ïðîåêòèðó-

åìîé ñèñòåìû, â òîì ÷èñëå è ÔÑÂÇ.

Ýêñïåðèìåíò ïîçâîëÿåò íå òîëüêî

ñìîäåëèðîâàòü ëþáîé âèä íàãðóçêè
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íà ñèñòåìó è îïðåäåëèòü ïðåäåëü-

íóþ íåñóùóþ ñïîñîáíîñòü êîíñòðóê-

öèè, íî è ðàññìîòðåòü ïîâåäåíèå ñè-

ñòåìû ïðè ðàçëè÷íûõ êîíñòðóêòèâ-

íûõ íåñîâåðøåíñòâàõ åå ýëåìåíòîâ.

Îñîáåííî âàæåí ýêñïåðèìåíò äëÿ

àíàëèçà ðàáîòû ôàñàäíûõ ñèñòåì

äëÿ çäàíèé, âîçâîäèìûõ â ñåéñìî-

îïàñíûõ ðåãèîíàõ.

Â Ìîñêîâñêîì ãîñóäàðñòâåííîì

ñòðîèòåëüíîì óíèâåðñèòåòå áûëî

ðàçðàáîòàíî êîíñòðóêòèâíîå ðåøå-

íèå ÔÑÂÇ [5]. Îòëè÷èòåëüíûå îñî-

áåííîñòè ïðåäëîæåííîé ôàñàäíîé

ñèñòåìû, ïî ñðàâíåíèþ ñ ñóùåñòâó-

þùèìè àíàëîãàìè, – óçëîâîå êðåï-

ëåíèå îáëèöîâêè è îòñóòñòâèå íà-

ïðàâëÿþùèõ â íåñóùåé êîíñòðóê-

öèè. Ðîëü íàïðàâëÿþùèõ âûïîëíÿåò

ïåðôîëåíòà, êîòîðóþ íàòÿãèâàþò

âåðòèêàëüíî ìåæäó êðîíøòåéíàìè,

ïåðåäàâàÿ íàãðóçêó îò âåñà îáëè-

öîâêè ñ âåòðîâûõ êðîíøòåéíîâ íà

íåñóùèå (ðèñ. 1).
Êîíñòðóêòèâíî ÔÑÂÇ ðåøåíà ñëå-

äóþùèì îáðàçîì. Ïî âûñîòå çäàíèÿ

ìîíòèðóþò íåñóùèå êðîíøòåéíû 1 ñ

øàãîì 3 ì. Äëèíó øàãà ðàññ÷èòûâàþò

â çàâèñèìîñòè îò ðàçìåðà îáëèöîâî-

÷íûõ ïëèò. Âåëè÷èíó âûíîñà (êîíñî-

ëè) íåñóùåãî êðîíøòåéíà ðåãóëèðó-

þò ñ ïîìîùüþ ñïåöèàëüíûõ óäëèíè-

òåëåé 2. Ìåæäó íåñóùèìè êðîíøòåé-

íàìè 1 è àíêåðíûìè øïèëüêàìè 3 óñ-

òàíàâëèâàþò âåðòèêàëüíûå ïåð-

ôîëåíòû 4, îáðàçóþùèå æåñòêèé

êîíòóð èç øïèëåê è êðîíøòåéíîâ.

Äëÿ êðåïëåíèÿ ïåðôîëåíòû ê

øïèëüêå èñïîëüçóþò øàéáó ñ ñà-

ìîêîíòðÿùåéñÿ ãàéêîé 5. Êðîí-

øòåéíû è ïëèòû óòåïëèòåëÿ êðå-

ïÿò ê îñíîâàíèþ ñ ïîìîùüþ ñïå-

öèàëüíûõ àíêåðîâ 6, 7. Îáëèöîâî÷-

íûå ïëèòû (êåðàìîãðàíèòíûå) ñîåäè-

íÿþò ñ êðîíøòåéíàìè è àíêåðíûìè

ðåçüáîâûìè øïèëüêàìè ñ ïîìîùüþ

êëÿììåðîâ 8.
Äëÿ îöåíêè ïîâåäåíèÿ ÔÑÂÇ ïîä

äåéñòâèåì âíåøíèõ íàãðóçîê, ìîäå-

ëèðóþùèõ ñåéñìè÷åñêèå âîçäåéñò-

âèÿ íà ñîîðóæåíèå ïðè çåìëåòðÿñå-

íèè, áûëè ïðîâåäåíû èñïûòàíèÿ ôà-

ñàäíîé ñèñòåìû íà äâóõêîìïîíåíò-

íîé âèáðîïëàòôîðìå ìàÿòíèêîâîãî

òèïà, ðàçðàáîòàííîé â ÖÍÈÈÑÊ èì.

Â. À. Êó÷åðåíêî. Ýêñïåðèìåíòàëü-

íóþ ïàðòèþ ýëåìåíòîâ ÔÑÂÇ èçãî-

òîâëÿëè èç îöèíêîâàííîé ñòàëè. Ìà-

ÿòíèêîâóþ ïëàòôîðìó ïîäâåøèâàëè

íà ãèáêèõ ñèëîâûõ ñâÿçÿõ ê îïîðíîé

ñèëîâîé ðàìå, êîòîðóþ æåñòêî çà-

ùåìëÿëè â ñèëîâîé ïîë ëàáîðàòîð-

íîãî êîðïóñà. Àêòèâàöèþ ïëàòôîð-

ìû âûïîëíÿëè ñ ïîìîùüþ âèáðîìà-

øèíû ÂÈÄ-12Ì, óñòàíîâëåííîé íà

êîíñîëè ìàÿòíèêîâîé ïëàòôîðìû.

Òàêàÿ êîíñòðóêöèÿ ïîçâîëÿåò îáåñ-

ïå÷èòü íåîáõîäèìûå ïàðàìåòðû äè-

íàìè÷åñêèõ âîçäåéñòâèé íà èññëåäó-

åìûå îáðàçöû â øèðîêîì äèàïàçîíå

÷àñòîò è èíåðöèîííûõ íàãðóçîê ïó-

òåì âîçáóæäåíèÿ ìåõàíè÷åñêèõ êî-

ëåáàíèé ïëàòôîðìû â ãîðèçîíòàëü-

íîé è âåðòèêàëüíîé ïëîñêîñòÿõ.

Äëÿ èñïûòàíèé ôàñàäíîé ñèñòå-

ìû ñêîíñòðóèðîâàëè ñïåöèàëüíûé

ñòåíä èç äâóõ ñòàëüíûõ ðàì, ñâÿçàí-

íûõ ìåæäó ñîáîé ìåòàëëè÷åñêèìè

øâåëëåðàìè äëÿ îáåñïå÷åíèÿ îáùåé

æåñòêîñòè êîíñòðóêöèè. Äëÿ èñïûòà-

íèé ïàðàìåòðû ñòåíäà íàçíà÷àëè èñ-

õîäÿ èç ðåçóëüòàòîâ ðàñ÷åòà, à òàê-

æå êîíñòðóêòèâíûõ îñîáåííîñòåé

îïûòíûõ îáðàçöîâ. Ðàçìåð ñòåíäà –

2�3,2�4,5 ì ñ øàãîì ïðîôèëåé 0,6 ì

ïî âûñîòå ñòåíäà äëÿ êðåïëåíèÿ

êðîíøòåéíîâ. Îáùèé âèä âèáðî-

ïëàòôîðìû ñî ñòåíäîì, ê êîòîðîìó

ïðèêðåïëÿëè ýëåìåíòû ôàñàäíîé

ñèñòåìû, ïîêàçàí íà ðèñ. 2. Äëÿ èç-

ìåðåíèÿ óñêîðåíèé è ÷àñòîò êîëåáà-

íèé, à òàêæå äèíàìè÷åñêèõ ïåðåìå-

ùåíèé ýëåìåíòîâ ôàñàäíîé ñèñòåìû

ïðèìåíÿëè îäíîêîìïîíåíòíûå äàò-

Ðèñ. 1. Óçëû êðåïëåíèÿ ÔÑÂÇ
ê ñòåíàì çäàíèé

Ðèñ. 2. Îáùèé âèä âèáðîïëàòôîðìû ñ óñòàíîâëåííûì íà íåé ñòåíäîì

Ðèñ. 3. Àêñåëåðîìåòð ÀÒ 1105 –10ì
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÷èêè – àêñåëåðîìåòðû ÀÒ 1105 –

10 ì (ðèñ. 3). Ñèãíàëû äàò÷èêîâ ðå-

ãèñòðèðîâàëè ïðè ïîìîùè ñïåöèàëè-

çèðîâàííîãî èçìåðèòåëüíî-âû÷èñ-

ëèòåëüíîãî êîìïëåêñà MIC-036,

ïðåäíàçíà÷åííîãî äëÿ ñáîðà, ïðå-

îáðàçîâàíèÿ è îáðàáîòêè èíôîðìà-

öèè.

Ïî äàííûì âèáðàöèîííûõ èñïû-

òàíèé äëÿ êîíêðåòíûõ óðîâíåé íà-

ãðóæåíèÿ áûëè îïðåäåëåíû àìïëè-

òóäíî-÷àñòîòíûå õàðàêòåðèñòèêè èñ-

ïûòóåìîãî ôðàãìåíòà, ïðåäñòàâëÿþ-

ùèå ñîáîé çàâèñèìîñòü àìïëèòóä

êîëåáàíèé ñîîðóæåíèÿ îò ÷àñòîòû

ãàðìîíè÷åñêîãî âîçäåéñòâèÿ. Êðîìå

òîãî, ïîñëå îáðàáîòêè çàïèñåé íà

ÝÂÌ ñ èñïîëüçîâàíèåì ñïåöèàëüíî-

ãî ïðîãðàìíîãî êîìïëåêñà

«WinÏÎÑ» áûëè ïîñòðîåíû çàâèñè-

ìîñòè èçìåíåíèÿ óñêîðåíèé (ðèñ. 4,
5) â ðàçëè÷íûõ òî÷êàõ ìîäåëè âî

âðåìåíè. Ïî äàííûì èçìåíåíèÿ ÷àñ-

òîòû è àìïëèòóäû êîëåáàíèé âèáðî-

ïëàòôîðìû îöåíèâàëè äèíàìè÷åñ-

êèå õàðàêòåðèñòèêè (÷àñòîòû îñíîâ-

íîãî òîíà êîëåáàíèé, äèññèïàòèâ-

íûå ñâîéñòâà è ïð.), à òàêæå çíà÷å-

íèÿ óñêîðåíèé ýëåìåíòîâ ìîäåëè è

ñàìîé ïëàòôîðìû.

Àíàëèç ðåçóëüòàòîâ íàòóðíûõ äè-

íàìè÷åñêèõ èñïûòàíèé ôàñàäíîé ñè-

ñòåìû ïîçâîëÿåò îòìåòèòü ñëåäóþ-

ùåå. Â ïðîöåññå èñïûòàíèé (ïî äàí-

íûì àêñåëåðîìåòðîâ) óñêîðåíèå âè-

áðîïëàòôîðìû èçìåíÿëîñü â èíòåð-

âàëå îò 0,4 äî 5,05 ì/ñ2, ÷àñòîòû êî-

ëåáàíèÿ – îò 1,6 äî 7,8 Ãö, àìïëèòó-

äû êîëåáàíèé – îò 0,6 äî 11,7 ìì.

Ïðè ýòîì óñêîðåíèå â ðàçíûõ òî÷êàõ

ôàñàäíûõ ñèñòåì, â òîì ÷èñëå íåïî-

ñðåäñòâåííî íà ïàíåëè, ìåíÿëîñü â

èíòåðâàëå îò 0,01 äî 30,82 ì/ñ2

(ñì. ðèñ. 4). Ïðè äèíàìè÷åñêîì âîç-

äåéñòâèè ñ ÷àñòîòîé 4,1 Ãö è àìïëè-

òóäå A = 7,1 ìì áûë çàôèêñèðîâàí

ðåçîíàíñ ñèñòåìû. Ïðè ýòîì íàäåæ-

íîñòü ôàñàäíîé ñèñòåìû â öåëîì è

åå ýëåìåíòîâ íå áûëà íàðóøåíà. Ïî-

âðåæäåíèé è ðàçðóøåíèÿ êîíñòðóê-

òèâíûõ ýëåìåíòîâ íàâåñíûõ âåíòè-

ëèðóåìûõ ôàñàäîâ íå îáíàðóæåíî.

Äëÿ îïðåäåëåíèÿ íàèáîëåå «ñëà-

áûõ» ó÷àñòêîâ ôàñàäíîé ñèñòåìû ñ

òî÷êè çðåíèÿ ïðî÷íîñòè è äåôîðìà-

òèâíîñòè íà ïîñëåäíåì ýòàïå íàãðó-

æåíèÿ ïîâòîðíî ñìîäåëèðîâàëè ðå-

æèì èñïûòàíèé ñ äëèòåëüíîñòüþ

âîçäåéñòâèÿ � 100 ñ. Â ðåçóëüòàòå

áûëî óñòàíîâëåíî, ÷òî íàèáîëåå

ñëàáîå ìåñòî ñèñòåìû – êëÿììåð.

Ïðè ðåçîíàíñå èìåëè ìåñòî çíà÷è-

òåëüíûå äåôîðìàöèè «ïàëüöåâ»

êëÿììåðà è, êàê ñëåäñòâèå ýòîãî,

ðàçðóøåíèå ñèñòåìû (ðèñ. 6).

Â û â î ä

Ïî äàííûì èñïûòàíèé, äëÿ êîí-

êðåòíûõ óðîâíåé íàãðóæåíèÿ áûëè

îïðåäåëåíû àìïëèòóäíî-÷àñòîòíûå

õàðàêòåðèñòèêè ðàçðàáîòàííîé ñèñ-

òåìû. Êðîìå òîãî, ïîñòðîåíû çàâè-

ñèìîñòè èçìåíåíèÿ óñêîðåíèé â ðàç-

ëè÷íûõ òî÷êàõ ñèñòåìû âî âðåìåíè.

Â ðåçóëüòàòå äèíàìè÷åñêèõ èñïûòà-

íèé óñòàíîâëåíî, ÷òî ïðåäëîæåííîå

êîíñòðóêòèâíîå ðåøåíèå íàâåñíîé

ôàñàäíîé ñèñòåìû ìîæåò áûòü ðå-

êîìåíäîâàíî äëÿ ïðèìåíåíèÿ â ðàé-

îíàõ ñ ñåéñìè÷íîñòüþ 7–9 áàëëîâ

ïî øêàëå MSK-64.

Ðèñ. 4. Àêñåëåðîãðàììû ïðè 11-ì ðåæèìå íàãðóæå-
íèÿ (f = 4,1 Ãö, À = 7,1 ìì)

Ðèñ. 5. Ñïåêòð ïèêîâûõ çíà÷åíèé óñêîðåíèé
ïðè 11-ì ðåæèìå íàãðóæåíèÿ

Ðèñ. 6. Äåôîðìàöèè êëÿììåðà
íà ðåçüáîâîé øïèëüêå (ðàçðóøå-
íèå ñèñòåìû)
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