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Ñ
åãîäíÿ íàâåñíûå âåíòèëèðóåìûå ôàñàäû øèðî-

êî ïðèìåíÿþòñÿ ïðè ñòðîèòåëüñòâå è ðåêîíñò-

ðóêöèè çäàíèé è ñîîðóæåíèé. Àðõèòåêòóðíóþ âû-

ðàçèòåëüíîñòü èì ïðèäàþò îòäåëî÷íûå ïëèòû ðàç-

íîîáðàçíûõ ôîðì, òèïîðàçìåðîâ, öâåòîâîé ãàììû

è ìàòåðèàëîâ. Íàèáîëåå ðàñïðîñòðàíåííûìè ÿâëÿ-

þòñÿ íàâåñíûå ñèñòåìû ñ îáëèöîâêîé èç àëþìèíè-

åâûõ êîìïîçèòíûõ ïàíåëåé ñî ñêðûòûì (êàññåò-

íûì) êðåïëåíèåì îáëèöîâêè [1]. Òàêîå êîíñòðóê-

òèâíîå ðåøåíèå èìååò íåäîñòàòêè, ñâÿçàííûå ñ

ñåéñìîñòîéêîñòüþ, âåíòèëÿöèåé âîçäóøíîé ïðî-

ñëîéêè è òðóäîåìêîñòüþ ìîíòàæà.

Â Ìîñêîâñêîì ãîñóäàðñòâåííîì ñòðîèòåëüíîì

óíèâåðñèòåòå ðàçðàáîòàëè íîâóþ ñèñòåìó íàâåñíî-

ãî âåíòèëèðóåìîãî ôàñàäà äëÿ îáëèöîâêè îòäåëî÷-

íûìè êàññåòàìè, âûïîëíåííûìè èç êîìïîçèòíîãî

ìàòåðèàëà, â êîòîðîé êðåïëåíèå êàññåò îñóùåñòâ-

ëÿåòñÿ ñ ïîìîùüþ çóá÷àòûõ ñîåäèíåíèé. Ýòà êîí-

ñòðóêöèÿ (ðèñ. 1) ïî ñðàâíåíèþ ñ àíàëîãè÷íûìè

ñèñòåìàìè îáëàäàåò ìåíüøåé òðóäîåìêîñòüþ ìîí-

òàæà, âûñîêîé ñåéñìîñòîéêîñòüþ è îáåñïå÷èâàåò

ýôôåêòèâíóþ âåíòèëÿöèþ âîçäóøíîé ïðîñëîéêè

áëàãîäàðÿ îñîáåííîñòÿì êîíñòðóêòèâíîãî ðåøåíèÿ

[1, 2].

Äëÿ îïðåäåëåíèÿ îáëàñòè âîçìîæíîãî èñïîëü-

çîâàíèÿ ñèñòåìû â çàâèñèìîñòè îò âåòðîâîé íàãðó-

çêè ïðîâåëè ýêñïåðèìåíòàëüíîå èññëåäîâàíèå çóá-

÷àòîãî ñîåäèíåíèÿ êîíñòðóêöèè. Ñîåäèíåíèå èñïû-

òûâàëè íà îòðûâ, à òàêæå èìèòèðîâàëè âåòðîâóþ

íàãðóçêó «îòñîñà». Ñõåìà èñïûòàíèÿ ñîåäèíåíèÿ

ïðèâåäåíà íà ðèñ. 2. Êîíñòðóêöèÿ óçëîâîãî ñîåäè-

íåíèÿ ñîñòîÿëà èç ñëåäóþùèõ ýëåìåíòîâ: êàðåòêè,©
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Àííîòàöèÿ. Ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ çóá÷àòîãî ñîåäèíåíèÿ ñèñòåìû
íàâåñíîãî âåíòèëèðóåìîãî ôàñàäà. Ñäåëàíû âûâîäû î ïðî÷íîñòíûõ õàðàêòåðèñòèêàõ äàííîãî óçëîâîãî
ñîåäèíåíèÿ. Ðàçðàáîòàííàÿ êîíñòðóêöèÿ ïî ñðàâíåíèþ ñ ñóùåñòâóþùèìè ñèñòåìàìè èìååò ìåíüøóþ
òðóäîåìêîñòü ìîíòàæà, âûñîêóþ ñåéñìîñòîéêîñòü è îáåñïå÷èâàåò ýôôåêòèâíóþ âåíòèëÿöèþ âîçäóøíîé
ïðîñëîéêè áëàãîäàðÿ îñîáåííîñòÿì êîíñòðóêòèâíîãî ðåøåíèÿ. Äëÿ îïðåäåëåíèÿ ãðàíèö îáëàñòè èñïîëüçîâàíèÿ
ñèñòåìû â çàâèñèìîñòè îò âåòðîâîé íàãðóçêè âûïîëíåíû èñïûòàíèÿ çóá÷àòîãî ñîåäèíåíèÿ êîíñòðóêöèè
íà îòðûâ ñ èìèòàöèåé âåòðîâîé íàãðóçêè. Èñïûòàíèÿ ïîêàçàëè, ÷òî ìèíèìàëüíàÿ ðàçðóøàþùàÿ íàãðóçêà
íà ñîåäèíåíèå ñîñòàâèëà 2663,8 Í, à íàïðÿæåíèÿ ðàñòÿæåíèÿ – 3,73 êÏà. Íà îñíîâàíèè ðàñ÷åòîâ óñòàíîâëåíà
ìàêñèìàëüíî âîçìîæíàÿ íàãðóçêà íà óçëîâîå ñîåäèíåíèå äëÿ ðÿäîâîé è óãëîâîé çîí ôàñàäà. Àíàëèç ðåçóëüòàòîâ
ðàñ÷åòà è ýêñïåðèìåíòà ïîçâîëÿåò çàêëþ÷èòü, ÷òî ðàçðàáîòàííóþ ñèñòåìó íàâåñíîãî ôàñàäà ìîæíî
ïðèìåíÿòü â çäàíèÿõ âûñîòîé äî 75 ì äëÿ I–VII âåòðîâûõ ðàéîíîâ Ðîññèè.
Êëþ÷åâûå ñëîâà: íàâåñíàÿ ôàñàäíàÿ ñèñòåìà, îáëèöîâêà èç êåðàìîãðàíèòíûõ ïëèò, êðîíøòåéí, êàðåòêà,
êàññåòà.

EXPERIMENTAL STUDY OF KNOTS OF FASTENING OF FINISHING CARTRIDGES FOR
SYSTEMS OF HINGER VENTILATED FACADEN

Valentina M. TUSNINA, e-mail: valmalaz@mail.ru, Denis A. ÅMELYANOV, e-mail: snegiri_emelianov@mail.ru,

Moscow State University of Civil Engineering, Yaroslavskoe shosse, 26, Moscow 129337, Russian Federation

Abstract. A pilot study of the gear pair of systems of hinged ventilated facades. Conclusions are made about the
strength characteristics of this nodal connections. The design is developed in comparison with the existing systems, has
less complexity of installation, high seismic resistance and provides effective ventilation air spaces due to the special
design solutions. To define the boundaries of the possible use of the system depending on wind load experimental study
of the gear pair of elaborate design. The connection was tested for lead. Was simulated wind load. Tests have shown
that the minimum breaking load on the connection was 2663,8 H and voltage tension – 3,73 kPa. The settlement was
determined the estimated maximum possible load on the host connection for the various zones of the facade.
The building was divided into ordinary and angular zone, depending on wind load. The analysis of calculated results
and experiment, one can conclude that the developed system of a hinged facade can be used in buildings up to 75 m
for I – VII wind areas of Russia.
Key words: hinged front system, facing from the keramogranitnykh of plates, bracket, carriage, cassette.
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çóá÷àòîãî êðîíøòåéíà êàðåòêè è çóá÷àòîé èêëè, ýëåìåíòîâ

êðåïëåíèÿ óçëîâîãî ñîåäèíåíèÿ â çàõâàòàõ èñïûòàòåëüíîé

ìàøèíû (áîëòû, ãàéêè è øàéáû).

Èñïûòàíèå ïÿòè îáðàçöîâ íà îòðûâ ïðîâîäèëè íà èñïûòà-

òåëüíîé ìàøèíå Instron 3382, êîòîðàÿ ïðåäíàçíà÷åíà äëÿ

èçìåðåíèÿ ñèëû è ëèíåéíûõ äåôîðìàöèé. Îáùèé âèä óñòà-

íîâêè ñ îáðàçöîì ïîêàçàí íà ðèñ. 3. Âî âðåìÿ ýêñïåðèìåíòà

ñêîðîñòü ïåðåäâèæåíèÿ òðàâåðñû ñîñòàâëÿëà 30 ìì/ìèí.

Ïðåäåëû äîïóñêàåìîé îòíîñèòåëüíîé è àáñîëþòíîé ïî-

ãðåøíîñòè èçìåðåíèé äàò÷èêà ïåðåìåùåíèé ñîñòàâëÿëè ñî-

îòâåòñòâåííî ±0,05 % è ±0,015 ìì. Ñèñòåìîé óïðàâëÿëè ñ

ïîìîùüþ ñïåöèàëüíîé ïðîãðàììû êîìïàíèè Instron äëÿ èñ-

ïûòàíèÿ ìàòåðèàëîâ.

Äëÿ ìîäåëèðîâàíèÿ îïàñíîãî âàðèàíòà çàãðóæåíèÿ óçëî-

âîãî ñîåäèíåíèÿ è ñîçäàíèÿ âîçìîæíûõ ýêñöåíòðèñèòåòîâ

(êàêèå ìîãóò áûòü ïðè ýêñïëóàòàöèè) çóá÷àòóþ èêëþ â òåëå

çóá÷àòîãî êðîíøòåéíà êðåïèëè ñî ñäâèãîì ê îäíîé èç ïîëîê

çóá÷àòîãî êðîíøòåéíà. Â ýòîì ñëó÷àå îäíó ïîâåðõíîñòü çóá-

÷àòîé èêëè ïðèæèìàëè ê ñîîñíîé çóá÷àòîé ïîëêå êðîíøòåé-

íà íà âåëè÷èíó òåõíîëîãè÷åñêîãî çàçîðà, ò. å. 0,5 ìì.

Èñïûòàíèÿ ïîêàçàëè, ÷òî ìèíèìàëüíàÿ ðàçðóøàþùàÿ íà-

ãðóçêà íà ñîåäèíåíèå ñîñòàâèëà 2663,8 Í, à íàïðÿæåíèÿ

ðàñòÿæåíèÿ – 3,73 êÏà. Îáùèé âèä óçëîâîãî ñîåäèíåíèÿ

ïîñëå èñïûòàíèÿ ïîêàçàí íà ðèñ. 4.
Íà ãðàôèêàõ (ðèñ. 5à) èçîáðàæåíû òðè ñêà÷êà äåôîðìà-

öèé ïðè íàãðóçêàõ 700, 1700 è 1850 Í, êîòîðûå õàðàêòåðè-

çóþòñÿ ñìåùåíèåì çóá÷àòîãî êðîíøòåéíà â òåëå êàðåòêè â

ðåçóëüòàòå âíåöåíòðåííîãî ïðèëîæåíèÿ íàãðóçêè íà ñîåäè-

íåíèå. Ñóììàðíîå ñìåùåíèå íà ìîìåíò ðàçðóøåíèÿ ñîåäè-
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1 – íåïîäâèæíûå çàõâàòû ìàøèíû
Instron 3382; 2 – çàõâàòû ìàøèíû
Instron 3382; 3 – áîëò Ø6ìì L= 120
ìì äëÿ êðåïëåíèÿ óçëîâîãî ñîåäèíå-
íèÿ â çàõâàòàõ; 4 – ãàéêè; 5 – øàéáû;
6 – êàðåòêà; 7 – çóá÷àòûé êðîí-
øòåéí êàðåòêè; 8 – çóá÷àòàÿ èêëÿ; Ð
– ïðèêëàäûâàåìîå óñèëèå

Ðèñ. 2. Ñõåìà èñïûòàíèÿ çóá÷àòî-
ãî ñîåäèíåíèÿ

1 – çóá÷àòàÿ èêëÿ; 2 – çóá÷àòûé êðîíøòåéí êàðåòêè; 3 – êàðåòêà; 4 – äðåíàæíûé
ïðîôèëü; 5 – îáðàòíàÿ ÷àñòü óäëèíèòåëÿ; 6 – óäëèíèòåëü; 7 – íåñóùèé êðîí-
øòåéí; 8 – ïàðîíèòîâàÿ ïðîêëàäêà; 9 – àíêåðíûé äþáåëü; 10 – êàññåòà èç êîìïî-
çèòíîãî ìàòåðèàëà; 11 – ñàìîíàðåçàþùèéñÿ âèíò; 12 – òàðåëü÷àòûé äþáåëü; 13 –
óòåïëèòåëü; 14 – âûòÿæíàÿ çàêëåïêà, Ø3,2×10 ìì, ÀÌÃ/À2 (ñåðäå÷íèê èç êîððîçè-
îííîñòîéêîé ñòàëè, êîðïóñ – èç ÀÌÃ); 15 – âûòÿæíàÿ çàêëåïêà, Ø5×12 ìì, ÀÌÃ/À2
(ñåðäå÷íèê èç êîððîçèîííîñòîéêîé ñòàëè, êîðïóñ – èç ÀÌÃ)

Ðèñ. 1. Ãîðèçîíòàëüíûé (à) è âåðòèêàëüíûé (á) ðàçðåçû ñèñòåìû
â óðîâíå êðåïëåíèÿ êàññåò

Ðèñ. 3. Óñòàíîâêà ñ îáðàçöîì äëÿ èñïûòà-
íèÿ óçëîâîãî ñîåäèíåíèÿ

Ðèñ. 4. Îáùèé âèä óçëîâîãî ñîåäèíåíèÿ
ïîñëå èñïûòàíèÿ
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íåíèÿ ñîñòàâèëî 4,3 ìì (ðèñ. 5á). Íàèáîëåå íàãðó-

æåííûé ýëåìåíò ñîåäèíåíèÿ (çóá÷àòûé êðîíøòåéí

êàðåòêè) ïîñëå ýêñïåðèìåíòà èìåë íàèáîëüøèå äå-

ôîðìàöèè ïî ñðàâíåíèþ ñ äðóãèìè ýëåìåíòàìè

(ðàñêðûòèå ïîëîê êðîíøòåéíà íà 4,9 ìì, ñìÿòèå óã-

ëîâ ïîëîê íà 3 ìì, ñêðó÷èâàíèå ïîëîê, ïîâîðîò

çóá÷àòîãî êðîíøòåéíà íà 3°). Ïðè ýòîì çóáüÿ êðîí-

øòåéíà è çóá÷àòàÿ èêëÿ íå èìåëè âèäèìûõ äåôîð-

ìàöèé. Çàäíÿÿ ñòåíêà êàðåòêè èìåëà ïðîãèá 4,9 ìì.

Äëÿ óñòàíîâëåíèÿ ãðàíèö îáëàñòè ïðèìåíåíèÿ

ðàçðàáîòàííîãî êîíñòðóêòèâíîãî ðåøåíèÿ â ðàçëè-

÷íûõ âåòðîâûõ ðàéîíàõ â çàâèñèìîñòè îò âûñîòû

çäàíèé áûëà îïðåäåëåíà ìàêñèìàëüíî âîçìîæíàÿ

ðàñ÷åòíàÿ íàãðóçêà íà óçëîâîå ñîåäèíåíèå äëÿ

ðàçëè÷íûõ çîí ôàñàäà. Â çàâèñèìîñòè îò âåòðîâîé

íàãðóçêè çäàíèå «ðàçäåëèëè» íà ðÿäîâóþ è óãëî-

âóþ çîíû ñîãëàñíî ÑÏ 20.13330.2011 «ÑÍèÏ

2.01.07-85* Íàãðóçêè è âîçäåéñòâèÿ».

Ðàñ÷åòíóþ íàãðóçêó íà ñîåäèíåíèå îïðåäåëÿëè

äëÿ VII âåòðîâîãî ðàéîíà ïðè âûñîòå çäàíèÿ 75 ì è

ðàçìåðå êîìïîçèòíûõ êàññåò 1,2�1,2 ì (ïðîâåðÿëè

ìàêñèìàëüíî âîçìîæíóþ âåòðîâóþ íàãðóçêó ïðè

íàèáîëåå ÷àñòî èñïîëüçóåìûõ ðàçìåðàõ îáëèöîâ-

êè). Êîìïîçèòíûå ïàíåëè â óãëîâîé çîíå çäàíèÿ

êðåïèëè íà øåñòè èêëÿõ, â ðÿäîâîé – íà ÷åòûðåõ

èêëÿõ. Ñõåìû êðåïëåíèÿ êàññåò â ðÿäîâîé è óãëî-

âîé çîíàõ ïîêàçàíû íà ðèñ. 6. Â êàæäîé çîíå ðàñ-

÷åò âûïîëíÿëè ïî âåðõíåìó óðîâíþ ôàñàäà çäàíèÿ

(ïî íèæíåìó óðîâíþ çîíû áûë çàïàñ ïî ïðî÷íî-

ñòè). Íîðìàòèâíîå çíà÷åíèå âåòðîâîãî äàâëåíèÿ

äëÿ VII âåòðîâîãî ðàéîíà �0 ñîñòàâèëî 0,85 êÏà.

Êîýôôèöèåíò Ê = 2,49, ó÷èòûâàþùèé òèï ìåñòíî-

ñòè è âûñîòó çäàíèÿ (òèï ìåñòíîñòè Â, âûñîòà çäà-

íèÿ 0–75 ì) îïðåäåëÿëè â ñîîòâåòñòâèè ñ Ðåêîìåí-

äàöèÿìè ïî ñîñòàâó è ñîäåðæàíèþ äîêóìåíòîâ è

ìàòåðèàëîâ, ïðåäñòàâëÿåìûõ äëÿ òåõíè÷åñêîé

îöåíêè ïðèãîäíîñòè ïðîäóêöèè (Ãîññòðîé Ðîññèè.

Ìîñêâà, 2004 ã.) ïî òàáë. 3.1. Àýðîäèíàìè÷åñêèé

êîýôôèöèåíò ïðèíèìàëè ìàêñèìàëüíûì äëÿ óãëî-

âûõ çîí çäàíèÿ Ñ = 2, äëÿ ñðåäíèõ (ðÿäîâûõ) çîí

Ñ = 1,1.

Îñíîâíûå ïîêàçàòåëè äëÿ óãëîâîé è ðÿäîâîé çîí

çäàíèÿ ñîñòàâèëè:

� íîðìàòèâíàÿ âåòðîâàÿ íàãðóçêà «îòñîñà»:
â óãëîâîé çîíå qyn = wn = 0,85·2,49·2 = 4,233 êÏà;

â ðÿäîâîé çîíå qyn = wn = 0,85·2,49·1,1 = 2,328

êÏà;

� ðàñ÷åòíûå íàãðóçêè ïðè êîýôôèöèåíòå íàäå-
æíîñòè ïî íàãðóçêå �f = 1,4:

äëÿ óãëîâîé çîíû qy = 1,4·4233 = 5,9262 êÏà;

äëÿ ðÿäîâîé çîíû qy = 1,4·2328 = 3,2592 êÏà;

� ãðóçîâàÿ ïëîùàäü îò êîìïîçèòíîé ïàíåëè íà
çóá÷àòûé êðîíøòåéí:

äëÿ ðÿäîâîé çîíû Àãð = 0,6�1,2 ì = 0,72 ì2;

äëÿ óãëîâîé çîíû Àãð = 0,6�0,6 ì = 0,36 ì2.

� âåòðîâàÿ íàãðóçêà «îòñîñà» íà çóá÷àòûé
êðîíøòåéí:

äëÿ óãëîâîé çîíû Ðîòñ = 5926,2·0,36 = 2,1334 êÏà,

÷òî ìåíüøå íàãðóçêè, ïîëó÷åííîé ýêñïåðèìåíòàëüíî

(2,6638 êÏà);

äëÿ ðÿäîâîé çîíû Ðîòñ = 3259,2·0,72 = 2,3466

êÏà.

Â û â î ä

1. Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå èññëåäîâà-

íèÿ çóá÷àòûõ óçëîâ ñèñòåìû ïîçâîëèëè îïðåäåëèòü

Ðèñ. 5. Ãðàôèêè çàâèñèìîñòè äåôîðìà-
öèé (à) è óäëèíåíèÿ (á) îò íàãðóçêè

1 – óçëîâîå êðåïëåíèå êàññåòû èç êîìïîçèòíîãî ìàòåðèàëà ê ïîäñèñòåìå;
2 – êàññåòà èç êîìïîçèòíîãî ìàòåðèàëà; Àãð – ãðóçîâàÿ ïëîùàäü çóá÷àòîãî
êðîíøòåéíà êàðåòêè

Ðèñ. 6. Ñõåìà êðåïëåíèÿ êîìïîçèòíûõ ïàíåëåé â óãëîâîé è ðÿäî-
âîé çîíàõ
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ãðàíèöû ïðèìåíåíèÿ ðàçðàáîòàííîé êîíñòðóêöèè â

çàâèñèìîñòè îò âåòðîâîãî ðàéîíà è âûñîòû çäàíèÿ,

à òàêæå ìàêñèìàëüíî âîçìîæíóþ íàãðóçêó íà ñî-

åäèíåíèÿ äëÿ ðàçëè÷íûõ çîí ôàñàäà.

2. Ïîñêîëüêó ðàñ÷åòíàÿ âåòðîâàÿ íàãðóçêà íà ñî-

åäèíåíèå ìåíüøå ïðåäåëüíî äîïóñòèìîé, ïîëó÷åí-

íîé â ðåçóëüòàòå ýêñïåðèìåíòà, ñëåäîâàòåëüíî,

êîíñòðóêöèÿ âûäåðæèâàåò âåòðîâóþ íàãðóçêó «îò-

ñîñà», ñîîòâåòñòâóþùóþ VII âåòðîâîìó ðàéîíó ïðè

âûñîòíîñòè çäàíèÿ äî 75 ì.

3. Àíàëèç ðåçóëüòàòîâ ðàñ÷åòà è ýêñïåðèìåíòà ïî-

çâîëÿåò çàêëþ÷èòü, ÷òî ðàçðàáîòàííàÿ ñèñòåìà íàâå-

ñíîãî ôàñàäà ìîæåò ïðèìåíÿòüñÿ â çäàíèÿõ âûñîòîé

äî 75 ì äëÿ I – VII âåòðîâûõ ðàéîíîâ Ðîññèè.
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