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Àííîòàöèÿ. Íà ñòðîèòåëüíîì ðûíêå äîñòóïíîãî æèëüÿ øèðîêî ðàñïðîñòðàíåíà ñáîðíî-ìîíîëèòíàÿ
òåõíîëîãèÿ âîçâåäåíèÿ ìíîãîýòàæíûõ êàðêàñíûõ çäàíèé. Êîíñòðóêòèâíàÿ ñèñòåìà «ÀÐÊÎÑ» – îäèí
èç ïðèìåðîâ åå ðåàëèçàöèè, â êîòîðîé îïèðàíèå ìíîãîïóñòîòíûõ ïëèò íà ìîíîëèòíûå ðèãåëè îñóùåñòâëÿåòñÿ
ñ ïîìîùüþ áåòîííûõ øïîíîê. Ñîâìåñòíàÿ ðàáîòà ïëèò ïåðåêðûòèÿ ìåæäó ñîáîé è ñâÿçåâûìè ðèãåëÿìè òàêæå
îáåñïå÷èâàåòñÿ çà ñ÷åò øïîíî÷íûõ ñîåäèíåíèé. Îäíî èç íàïðàâëåíèé èõ ñîâåðøåíñòâîâàíèÿ – ðàçðàáîòêà
ýôôåêòèâíîé ìåòîäèêè ðàñ÷åòà. Â Ïîëòàâñêîì íàöèîíàëüíîì òåõíè÷åñêîì óíèâåðñèòåòå ïðåäëîæåíà îáùàÿ
ìåòîäèêà ðàñ÷åòà ïðî÷íîñòè øïîíî÷íûõ ñòûêîâ áåòîííûõ è æåëåçîáåòîííûõ ýëåìåíòîâ íà îñíîâå
âàðèàöèîííîãî ìåòîäà â òåîðèè ïëàñòè÷íîñòè áåòîíà, êîòîðàÿ áàçèðóåòñÿ íà ðàññìîòðåíèè õàðàêòåðà
ðàçðóøåíèÿ è ó÷èòûâàåò ñîâîêóïíîñòü îïðåäåëÿþùèõ ïðî÷íîñòü ôàêòîðîâ: ñîïðîòèâëåíèå áåòîíà ñæàòèþ
è ðàñòÿæåíèþ; ãåîìåòðè÷åñêèå ïàðàìåòðû øïîíîê; ôîðìó ïîïåðå÷íîãî ñå÷åíèÿ; óãîë íàêëîíà îïîðíîé
ïîâåðõíîñòè; óðîâåíü îáæàòèÿ; êîëè÷åñòâî àðìàòóðû è õàðàêòåð åå ðàñïîëîæåíèÿ; ÷èñëî øïîíîê. Ïðèâåäåí
àëãîðèòì ðåøåíèÿ çàäà÷è ïðî÷íîñòè áåòîííîé (æåëåçîáåòîííîé) øïîíêè è ñîñòàâëåíà òàáëèöà
äëÿ èíæåíåðíûõ ðàñ÷åòîâ. Âûïîëíåí ðàñ÷åò ïðî÷íîñòè ñòûêà îïèðàíèÿ ìíîãîïóñòîòíîé ïëèòû
íà ìîíîëèòíûé ðèãåëü.
Êëþ÷åâûå ñëîâà: øïîíî÷íûå ñîåäèíåíèÿ, êîíñòðóêòèâíàÿ ñèñòåìà «ÀÐÊÎÑ», òåîðèÿ ïëàñòè÷íîñòè,
âàðèàöèîííûé ìåòîä, õàðàêòåð ðàçðóøåíèÿ, ïðî÷íîñòü.

STRENGTH CALCULATION OF KEYED JOINTS OF FLOOR ELEMENTS OF STRUCTURAL
SYSTEM «ARCOS»

Oksana A. DOVZHENKO, e-mail: O_O_Dovzhenko@mail.ru, Vladimir V. POGREBNOY, e-mail: V.V.Pogrebnoy@mail.ru

Julia V. CHURSA, e-mail: Jylia21@mail.ru

Poltava National Technical Yuri Kondratyuk University, Pervomajskij prosp., 24, Poltava 36011, Ukrainian

Abstract. The precast-monolithic technology of construction of multi-storey frame buildings is widely presented now
at the affordable housing market. The structural system «ARKOS» is one of the examples of its implementation in which
the resting of multi-hollow slabs on monolithic beams is realized with the help of concrete keys. Collaboration of the
floor slabs and not-load-bearing beams is also provided by the keyed joints. One of the directions of their improvement
is a development of efficient calculation method. The Poltava National Technical University proposes a general method
for strength calculation of keyed joints of concrete and reinforced concrete elements on the basis of the variation method
in the concrete plasticity theory which is based on the consideration of destruction nature and takes into account
the set of factors determining the strength: concrete resistance to compression and tension, geometric parameters
of keys, shape of cross-section, sloping angle of a supporting surface, level of compression, amount of reinforcement
and character of its location, number of keys. An algorithm of solving the strength problem of the concrete (reinforced
concrete) key is presented; the table for engineering calculations is made. The calculation of the keyed joints strength
bearing of multi-hollow core slabs on monolithic beams has been made.
Key words: keyed joints, structural system «ARKOS», plasticity theory, variational method, destruction nature, strength.

Ñ
èñòåìà «ÀÐÊÎÑ» – îäíà èç ðàñïðîñòðàíåííûõ

êîíñòðóêòèâíûõ ñèñòåì ìíîãîýòàæíûõ êàðêàñ-

íûõ çäàíèé [1], îáëàäàþùàÿ ñëåäóþùèìè îñîáåí-

íîñòÿìè: ñáîðíî-ìîíîëèòíûå äèñêè ïåðåêðûòèé ñ

ïðèìåíåíèåì ìíîãîïóñòîòíûõ ïëèò âûïîëíÿþò ïëî-

ñêèìè, áåç âûñòóïàþùèõ â îáúåì ïîìåùåíèé ÷àñ-

òåé; ïðè ñïëîøíîì ïåðåêðûòèè òîëùèíîé 12–14 ñì

èñïîëüçóþòñÿ ïðîëåòû äî 7,2 ì; ïðè ïðîåêòèðîâà-

íèè äèñêîâ ïåðåêðûòèé ó÷èòûâàþòñÿ ðåàêòèâíûå

ðàñïîðíûå óñèëèÿ, âîçíèêàþùèå ïîä íàãðóçêîé,

÷òî ïîçâîëÿåò íà 30–40 % ñíèçèòü ðàñõîä ñòàëè íà

èõ àðìèðîâàíèå.

Îïèðàíèå ïëèò îñóùåñòâëåíî íà ìîíîëèòíûå íå-

ñóùèå ðèãåëè ñ ïîìîùüþ áåòîííûõ øïîíîê, îáðàçî-

âàííûõ â ïóñòîòàõ ïëèò ñ èõ òîðöîâ ïðè áåòîíèðîâà-

íèè ðèãåëåé. Ñîâìåñòíàÿ ðàáîòà ïëèò ìåæäó ñîáîé è
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ñâÿçåâûìè ðèãåëÿìè òàêæå îáåñ-

ïå÷èâàåòñÿ çà ñ÷åò ðàáîòû øïî-

íîê (ðèñ. 1). Öåëü ñòàòüè – ðàç-

ðàáîòêà îáùåé ìåòîäèêè ðàñ÷åòà

ïðî÷íîñòè øïîíî÷íûõ ñîåäèíå-

íèé, ó÷èòûâàþùåé ñïåöèôèêó èõ

ðàáîòû â ïðåäåëüíîì ñîñòîÿíèè.

Â Ïîëòàâñêîì íàöèîíàëüíîì

òåõíè÷åñêîì óíèâåðñèòåòå ïðåä-

ëîæåíà ìåòîäèêà ðàñ÷åòà ïðî÷-

íîñòè øïîíî÷íûõ ñòûêîâ [2], êî-

òîðàÿ áàçèðóåòñÿ íà âàðèàöèîí-

íîì ìåòîäå â òåîðèè ïëàñòè÷íî-

ñòè áåòîíà [3]. Ìåòîäèêà ðàññìàòðèâàåò õàðàêòåð

ðàçðóøåíèÿ ýòèõ ñòûêîâ è ó÷èòûâàåò ïîëíóþ ñîâî-

êóïíîñòü ôàêòîðîâ ïðî÷íîñòè: ñîïðîòèâëåíèÿ áå-

òîíà ñæàòèþ f
cd

è ðàñòÿæåíèþ f
ctd

; ãåîìåòðè÷åñêèå

ïàðàìåòðû øïîíîê (äëèíà b
k
, ãëóáèíà l

k
, âûñîòà

h
k
) è îòíîøåíèå l h

k k
; ôîðìó ïîïåðå÷íîãî ñå÷å-

íèÿ (ïðÿìîóãîëüíàÿ, êðóãëàÿ, îâàëüíàÿ); óãîë íà-

êëîíà îïîðíîé ïîâåðõíîñòè � (ïðÿìîóãîëüíûå, òðà-

ïåöèåâèäíûå è òðåóãîëüíûå øïîíêè); óðîâåíü îáæà-

òèÿ � f
cd

; êîëè÷åñòâî àðìàòóðû �
sw sw k k

A b h� ,

õàðàêòåð åå ðàñïîëîæåíèÿ è íàãåëüíûé ýôôåêò;

êîëè÷åñòâî øïîíîê n
k
.

Ïîñëåäîâàòåëüíîñòü ðåøåíèÿ çàäà÷è ïðî÷íîñòè

îäíîøïîíî÷íûõ ñòûêîâ ïðèâåäåíà íà ðèñ. 2.

Ïðè ðàçðàáîòêå ìåòîäèêè èñïîëüçîâàíà êîíöåï-

öèÿ æåñòêî-ïëàñòè÷åñêîãî òåëà. Â êà÷åñòâå óñëîâèÿ

ïëàñòè÷íîñòè áåòîíà ïðèíÿòî óñëîâèå ïðî÷íîñòè

Ã. À. Ãåíèåâà [4], ïðåäñòàâëÿþùåå ñîáîé â îáùåì

ñëó÷àå óðàâíåíèå ïîâåðõíîñòè ïàðàáîëîèäà âðà-

ùåíèÿ, îáîáùàþùåå êëàññè÷åñêóþ òåîðèþ Ìèçå-

ñà–Ãåíêè íà õðóïêèå ìàòåðèàëû è èìåþùåå äîñòà-

òî÷íî ïðîñòóþ çàïèñü â òåíçîðíîé ôîðìå. Âàðüè-

ðóÿ íàïðàâëåíèÿìè ñêîðîñòè ïåðåìåùåíèÿ V áëî-

êîâ, ðàçäåëåííûõ ïîâåðõíîñòüþ ðàçðóøåíèÿ, è åå

1 – êîëîííû; 2 – ìîíîëèòíûå íåñó-

ùèå ðèãåëè; 3 – ìîíîëèòíûå ñâÿçå-

âûå ðèãåëè; 4 – ñáîðíûå ìíîãîïóñ-

òîòíûå ïëèòû; 5 – áåòîííûå øïîíêè

íåñóùèõ ðèãåëåé; 6 – îãðàíè÷èòåëü

ðàçìåðîâ øïîíêè; 7 – áåòîííûå

øïîíêè ìåæäó ïëèòàìè

Ðèñ. 1. Ôðàãìåíò çäàíèÿ êîíñòðó-
êòèâíîé ñèñòåìû «ÀÐÊÎÑ»

Ðèñ. 2. Àëãîðèòì ðåøåíèÿ çàäà÷è ïðî÷íîñòè îäíîøïîíî÷íûõ ñòûêîâ
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ãåîìåòðè÷åñêèìè õàðàêòåðèñòèêàìè, íàõîäÿò ìèíè-

ìóì ìîùíîñòè ïëàñòè÷åñêîé äåôîðìàöèè, êîòîðàÿ

ñîîòâåòñòâóåò ôóíêöèîíàëó I íà äåéñòâèòåëüíîì

ñîñòîÿíèè [2, 3, 5].

Ñóùåñòâóåò äâà âîçìîæíûõ ñëó÷àÿ ðàçðóøåíèÿ îä-

íîøïîíî÷íîãî ñîåäèíåíèÿ â çàâèñèìîñòè îò ãåîìåò-

ðè÷åñêèõ ïàðàìåòðîâ ñòûêà – ïî øïîíêå è ïî øâó.

Êèíåìàòè÷åñêàÿ ñõåìà ðàçðóøåíèÿ æåëåçîáå-

òîííîé (áåòîííîé) ïðÿìîóãîëüíîé øïîíêè ïðåäñòà-

âëåíà íà ðèñ. 3. Ïîâåðõíîñòü ðàçðóøåíèÿ çàäàåòñÿ

ëîìàíîé ÀÂÑ. Íàïðÿæåíèÿ íà ïëîùàäêå ÀÂ ïðèíè-

ìàþòñÿ ðàâíûìè ñîïðîòèâëåíèþ áåòîíà ðàñòÿæå-

íèþ. Íàïðàâëåííàÿ ïëàñòè÷åñêàÿ äåôîðìàöèÿ ñ÷è-

òàåòñÿ ëîêàëèçîâàííîé â òîíêîì ñëîå íà ëèíèè ÂÑ,

à ðàçäåëåííûå ïîâåðõíîñòüþ ðàçðóøåíèÿ äèñêè ² è

²² ïðèíÿòû æåñòêèìè.

Çàâèñèìîñòü äëÿ îïðåäåëåíèÿ âåëè÷èíû ïðå-

äåëüíîé íàãðóçêè øïîíêè èìååò âèä:

q

m B k k k

u �

� � � � � �

�

�

[ ( ) , ( ) ( )]2 0 25 1
2 2

tg tg tg

tg

tg tg

� � �

�

� �
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�

� �

�

�

	

	

	




�

�

�

�
f k k Wctd s( )tg

tg

tg tg
�

�

� �

 �

1
, (1)

ãäå m f f
cd ctd

� � , B x� � �( ( ) )1 1 3
2

� , � � f f
ctd cd

, � � l h
k k

,

W
s
– ñîñòàâëÿþùàÿ íàãðóçêè, ó÷èòûâàþùàÿ âëèÿíèå àðìèðî-

âàíèÿ, ðàâíàÿ:

ïðè ðàñïîëîæåíèè àðìàòóðû ïîñðåäèíå âûñîòû øïîíêè
f A k

b h

yd sw

k k

; ïðè ðàñïîëîæåíèè àðìàòóðû â äâà ÿðóñà ñ ó÷åòîì íà-

ãåëüíîãî ýôôåêòà àðìàòóðû íèæíåãî ðÿäà [6–8]:

f A k

b h

f A k

b h

k

k

yd s

k k

yd s c

k k c

�

�

�

�

�

	

	




�

�

�
1

4

2

2
, kñ = 0,338 – äëÿ òÿæåëûõ áåòîíîâ;

kñ = 0,284 – äëÿ áåòîíîâ íà ïîðèñòûõ çàïîëíèòåëÿõ.

Ðàçðóøåíèå ïî íàêëîííûì ñå÷åíèÿì øïîíî÷íûõ

ñîåäèíåíèé âîçìîæíî ïðè îòíîøåíèè ãëóáèíû ê

âûñîòå l h
k k

� 0 25, è ñâîáîäíûõ áîêîâûõ ãðàíÿõ

øïîíêè; ïåðåàðìèðîâàíèè øïîíîê ïîïåðå÷íîé àð-

ìàòóðîé; íàëè÷èè çàìîíîëè÷åíîãî øâà. Çàäà÷à

ïðî÷íîñòè øïîíî÷íûõ ñòûêîâ ðåøàåòñÿ â ÏÊ Excel

ìåòîäîì Íüþòîíà.

Äëÿ ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ âàðèàöèîííî-

ãî ìåòîäà â èíæåíåðíûõ ðàñ÷åòàõ ïðåäëîæåíû òàá-

ëèöà è ãðàôèêè, ñ ïîìîùüþ êîòîðûõ ìîæíî îïðå-

äåëèòü ïðî÷íîñòü áåòîííûõ f
sh c

k

, (ðèñ. 4), æåëåçî-

áåòîííûõ f
sh s

k

, è îáæàòûõ f
sh

k

, øïîíîê â çàâèñèìî-

ñòè îò ñîîòíîøåíèÿ èõ ðàçìåðîâ l h
k k

, êëàññà áå-

òîíà çàìîíîëè÷èâàíèÿ, óðîâíÿ îáæàòèÿ  f
cd

è

ïëîùàäè ñå÷åíèÿ ïîïåðå÷íîé àðìàòóðû A
sw

[9].

Êèíåìàòè÷åñêàÿ ñõåìà ðàçðóøåíèÿ øïîíîê è âå-

ëè÷èíà òåîðåòè÷åñêîé íàãðóçêè íàøëè ïîäòâåðæäå-

íèå â ìàòåðèàëàõ èññëåäîâàíèé [10–12].

Ñðàâíåíèå ïðî÷íîñòè ñòûêà ìíîãîïóñòîòíîé ïëèòû
ñ íåñóùèì ðèãåëåì ïî ðàçíûì ìåòîäèêàì

Âèä øïîíî÷íîãî
ñîåäèíåíèÿ

Ðàçðóøàþùàÿ íàãðóçêà, êÍ,
ïðè ðàñ÷åòå ïî ìåòîäèêàì

[2] [13] [15]

Áåòîííîå –* 286,7 77,14

Æåëåçîáåòîííîå 230,16 –** 115,1

Áåòîííîå îáæàòîå 381,15

(äî 40%)***

323,97 265,2

Æåëåçîáåòîííîå

îáæàòîå

412,09

(äî 35%)***

–** 302,17

* Ìåòîäèêà [2] äëÿ íåîáæàòûõ áåòîííûõ øïîíîê îãðàíè÷èâàåò îò-

íîøåíèå l h
k k

= 0,5.

** Ìåòîäèêà [13] íå ïðåäóñìàòðèâàåò ó÷åò àðìèðîâàíèÿ.

*** Â ñêîáêàõ ïðèâåäåí ïðîöåíò ñíèæåíèÿ ïðî÷íîñòè ñòûêà
ïðè ïðèëîæåíèè îáæàòèÿ ñ ýêñöåíòðèñèòåòîì, êîòîðûé ó÷èòûâàåò-
ñÿ â óðàâíåíèè �M

B
� 0.

Ðèñ. 3. Êèíåìàòè÷åñêàÿ ñõåìà ðàçðóøå-
íèÿ ïðÿìîóãîëüíûõ æåëåçîáåòîííûõ
(áåòîííûõ) øïîíîê ïðè ñðåçå

Ðèñ. 4. Ê îïðåäåëåíèþ îòíîñèòåëüíîé ïðî÷íîñòè ïðÿìîóãîëüíûõ
áåòîííûõ øïîíîê
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Ðàññìîòðèì ñîåäèíåíèå êðóãëîïóñòîòíûõ ïëèò ñ

íåñóùèìè ðèãåëÿìè ñèñòåìû «ÀÐÊÎÑ». Ðàñ÷åò íà

äåéñòâèå âåðòèêàëüíîé íàãðóçêè ïðîâîäèòñÿ íà

ñðåç è ñìÿòèå. Ïðè ýòîì õàðàêòåðèñòèêè ñòûêà ñëå-

äóþùèå: äèàìåòð øïîíêè (ïóñòîò ïëèòû) d = 159

ìì, ãëóáèíà øïîíêè l
k

= 100 ìì, áåòîí çàìîíîëè-

÷èâàíèÿ êëàññà Ñ25/30: f
cd

= 15,3 ÌÏà, f
ctd

= 1,08

ÌÏà ïðè �
ñ1 = 0,9.

Ïðåäëîæåííàÿ ìåòîäèêà [2] ïîçâîëÿåò ó÷åñòü

óðîâåíü è ìåñòî ïðèëîæåíèÿ îáæàòèÿ, ôîðìó ïðî-

ôèëÿ è ïîïåðå÷íîãî ñå÷åíèÿ øïîíêè. Âåëè÷èíà

ðàñïîðà íàõîäèòñÿ ñîãëàñíî [13].

Ñóùåñòâóåò ðÿä ïàòåíòîâ, ïðåäëàãàþùèõ óñîâåð-

øåíñòâîâàòü ñòûê ïëèòû ñ ìîíîëèòíûì ðèãåëåì ïó-

òåì àðìèðîâàíèÿ øïîíêè ïëîñêèìè èëè ïðîñòðàíñ-

òâåííûìè êàðêàñàìè, íàïðèìåð [14]. Èñõîäÿ èç ìè-

íèìàëüíîãî ïðîöåíòà àðìèðîâàíèÿ 0,05 % ñîãëàñ-

íî ÑÍèÏ 2.03.01.84* ïðèíèìàåòñÿ 2�Bp-I.

Ðåçóëüòàòû ðàñ÷åòà ïðî÷íîñòè ñòûêà ïî ðàçíûì

ìåòîäèêàì äëÿ ïëèòû øèðèíîé 1,5 ì ïðèâåäåíû â

òàáëèöå.

Òàêèì îáðàçîì, äëÿ øïîíî÷íîãî ñîåäèíåíèÿ

«ïëèòà–ðèãåëü» ñèñòåìû «ÀÐÊÎÑ» óñòàíîâëåíî

ñëåäóþùåå:

� Åâðîêîä [15] ñóùåñòâåííî çàíèæàåò ðàñ÷åòíóþ

ïðî÷íîñòü ïî ñðàâíåíèþ ñ [13];

� ó÷åò ãåîìåòðèè ïîâåðõíîñòè ðàçðóøåíèÿ ñâèäå-

òåëüñòâóåò î ñíèæåíèè ïðî÷íîñòè øïîíêè ñ êðóã-

ëûì ïîïåðå÷íûì ñå÷åíèåì íà 10,5 % ïî ñðàâíåíèþ

ñ ïðèâåäåííûì êâàäðàòíûì [2];

� îáæàòèå è àðìèðîâàíèå ñóùåñòâåííî ïîâûøàþò

ïðî÷íîñòü ñòûêà, ïðè ýòîì çíà÷åíèå ðàçðóøàþùåé

íàãðóçêè â [2] è [15] ñáëèæàþòñÿ ñ ðîñòîì óðîâíÿ

îáæàòèÿ;

� ó÷åò ìåñòà ïðèëîæåíèÿ îáæàòèÿ ïî âûñîòå øïîí-

êè òàêæå âûñòóïàåò îïðåäåëÿþùèì ôàêòîðîì ïðî-

÷íîñòè ñòûêà;

� âñå ìåòîäèêè äàþò çàïàñ ïðî÷íîñòè ñîåäèíåíèÿ,

÷òî ñâèäåòåëüñòâóåò î åãî íàäåæíîñòè.

Â û â î ä û

1. Ðàçðàáîòàíà îáùàÿ ìåòîäèêà ðàñ÷åòà ïðî÷íî-

ñòè øïîíî÷íûõ ñîåäèíåíèé íà îñíîâå âàðèàöèîí-

íîãî ìåòîäà â òåîðèè ïëàñòè÷íîñòè áåòîíà, ó÷èòû-

âàþùàÿ ñïåöèôèêó èõ ðàáîòû â ïðåäåëüíîì ñîñòî-

ÿíèè.

2. Ïðè ðàñ÷åòå øïîíî÷íîãî ñòûêà îïèðàíèÿ ìíî-

ãîïóñòîòíîé ïëèòû íà ìîíîëèòíûé ðèãåëü ó÷òåíû

êîíñòðóêòèâíûå îñîáåííîñòè ñîåäèíåíèÿ: êðóãëîå

ñå÷åíèå, ñîîòíîøåíèå ãëóáèíû øïîíêè ê âûñîòå,

óðîâåíü îáæàòèÿ, ìåñòî åãî ïðèëîæåíèÿ, àðìèðî-

âàíèå, à òàêæå îáå õàðàêòåðèñòèêè ïðî÷íîñòè áåòî-

íà çàìîíîëè÷èâàíèÿ. Ïîëó÷åííûå ðåçóëüòàòû ïîç-

âîëÿþò óñîâåðøåíñòâîâàòü êîíñòðóêöèþ ñòûêà.
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