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Â ñîñòàâå ãèäðîóçëîâ ÷àñòî âñòðå÷àþòñÿ ïîäïîðíûå ñòåíêè óãîëêîâîãî òèïà. Â èõ
ôóíêöèè âõîäèò çàùèòà îñíîâíûõ áåòîííûõ è æåëåçîáåòîííûõ ñîîðóæåíèé îò îáðó-
øåíèÿ è ñïîëçàíèÿ ãðóíòîâûõ ìàññèâîâ. Ïîäïîðíûå ñòåíû õàðàêòåðèçóþòñÿ çíà÷è-
òåëüíûìè ðàçìåðàìè, ñðàâíèòåëüíî íåâûñîêèì ñîäåðæàíèåì àðìàòóðû, íàëè÷èåì
ãîðèçîíòàëüíûõ ìåæáëî÷íûõ øâîâ, ÷òî ñóùåñòâåííî âëèÿåò íà îñîáåííîñòè ðàáîòû
è ñîñòîÿíèÿ ïîäïîðíûõ ñòåí.
Â ïåðèîä ïðîåêòèðîâàíèÿ è ñòðîèòåëüñòâà áîëüøèíñòâà ïîäïîðíûõ ñòåíîê
(1960–1980-å ãã.) íîðìàòèâíûå äîêóìåíòû èìåëè îïðåäåëåííûå íåäîñòàòêè, êàñàþ-
ùèåñÿ íåïîëíîãî ó÷åòà èõ õàðàêòåðíûõ îñîáåííîñòåé, êîòîðûå âûçâàëè îòêëîíåíèÿ
îò ïðîåêòíûõ ïðåäïîñûëîê ïðè ýêñïëóàòàöèè. Òàê, îòìå÷àëèñü ÷ðåçìåðíûå ñìåùå-
íèÿ âåðõà êîíñîëåé, ðàñêðûòèÿ ãîðèçîíòàëüíûõ ìåæáëî÷íûõ øâîâ, âûñîêèå çíà÷å-
íèÿ íàïðÿæåíèé â ñæàòîé è ðàñòÿíóòîé àðìàòóðå ó ëèöåâîé è òûëîâîé ãðàíåé, êîòî-
ðûå ïðåâûøàëè ïðîåêòíûå çíà÷åíèÿ.
Öåëüþ ðàáîòû ÿâëÿþòñÿ ýêñïåðèìåíòàëüíûå è òåîðåòè÷åñêèå èññëåäîâàíèÿ æåëåçî-
áåòîííûõ ïîäïîðíûõ ñòåíîê óãîëêîâîãî òèïà.
Ìåòîäû èññëåäîâàíèé ðàáîòû æåëåçîáåòîííûõ ïîäïîðíûõ ñòåíîê óãîëêîâîãî òèïà
âêëþ÷àëè â òîì ÷èñëå êëàññè÷åñêèå ìåòîäû ñîïðîòèâëåíèÿ ìàòåðèàëîâ, òåîðèè óï-
ðóãîñòè, ñòðîèòåëüíîé ìåõàíèêè, ýêñïåðèìåíòàëüíûå ìåòîäû.
Äëÿ îïðåäåëåíèÿ íàïðÿæåííîãî ñîñòîÿíèÿ â ýëåìåíòàõ æåëåçîáåòîííîé êîíñòðóêöèè
ïîäïîðíîé ñòåíêè (â áåòîíå è àðìàòóðå) áûëà ðàçðàáîòàíà ìåòîäèêà ðàñ÷åòà íàïðÿ-
æåííîãî ñîñòîÿíèÿ ïîäïîðíûõ ñòåíîê, êîòîðàÿ ïîçâîëÿåò îïðåäåëÿòü êîìïîíåíòû
íàïðÿæåííîãî ñîñòîÿíèÿ (íàïðÿæåíèÿ â áåòîíå ñæàòîé çîíû, à òàêæå íàïðÿæåíèÿ â
ðàñòÿíóòîé è ñæàòîé àðìàòóðå) â ãîðèçîíòàëüíûõ ñå÷åíèÿõ âåðòèêàëüíîé êîíñîëü-
íîé ÷àñòè ïîäïîðíûõ ñòåíîê.
Áûëà ðàçðàáîòàíà ïðîãðàììà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé æåëåçîáåòîííûõ
ïîäïîðíûõ ñòåíîê.

Ê ë þ ÷ å â û å ñ ë î â à: ãèäðîòåõíè÷åñêèå ïîäïîðíûå ñòåíêè óãîëêîâîãî òèïà, õàðàê-
òåðíûå îñîáåííîñòè, ìåæáëî÷íûå ãîðèçîíòàëüíûå øâû, ñæèìàþùèå è ðàñòÿãèâàþ-
ùèå íàïðÿæåíèÿ, òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ.
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Ïîäïîðíûå ñòåíêè ÿâëÿþòñÿ íàèáîëåå ðàñïðîñòðàíåííûìè ñîîðóæåíèÿìè
ãèäðîóçëîâ, ïðè ýòîì ðàñïðîñòðàíåíû ïîäïîðíûå ñòåíêè óãîëêîâîãî òèïà [1–5].
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Äåéñòâóþùèå â ïåðèîä ïðîåêòèðîâàíèÿ ïîäïîðíûõ ñòåíîê íîðìàòèâ-
íûå äîêóìåíòû íå â ïîëíîé ìåðå ó÷èòûâàëè õàðàêòåðíûå îñîáåííîñòè
æåëåçîáåòîííûõ êîíñòðóêöèé, â òîì ÷èñëå íàëè÷èå ãîðèçîíòàëüíûõ ìåæ-
áëî÷íûõ øâîâ. Òàêæå âàæíåéøåé îñîáåííîñòüþ ÿâëÿåòñÿ îáðàçîâàíèå íà-
êëîííûõ òðåùèí, âûõîäÿùèõ èç ðàñêðûâøèõñÿ ãîðèçîíòàëüíûõ ìåæáëî÷-
íûõ øâîâ [6–9].

Ïðè ó÷àñòèè àâòîðà áûëà ðàçðàáîòàíà ìåòîäèêà ðàñ÷åòà íàïðÿæåííîãî
ñîñòîÿíèÿ â ãîðèçîíòàëüíûõ ñå÷åíèÿõ âåðòèêàëüíîé êîíñîëüíîé ÷àñòè ïîä-
ïîðíûõ ñòåíîê, â òîì ÷èñëå ñ ó÷åòîì íàëè÷èÿ ãîðèçîíòàëüíûõ ìåæáëî÷íûõ
øâîâ [10].

Ðàçðàáîòàíà ïðîãðàììà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé æåëåçîáåòîí-
íûõ ìîäåëåé ãèäðîòåõíè÷åñêèõ ïîäïîðíûõ ñòåíîê óãîëêîâîãî òèïà.

Êîíñòðóêöèÿ ìîäåëè æåëåçîáåòîííîé ïîäïîðíîé ñòåíêè. Ðàçìåðû ìî-
äåëè ñîñòàâèëè: âûñîòà 143,0 ñì; òîëùèíà 30,0 ñì; øèðèíà â êîðíåâîì ñå÷åíèè
33,0 ñì. Ïî âûñîòå ìîäåëè ìîäåëèðîâàëèñü òðè ãîðèçîíòàëüíûõ ìåæáëî÷íûõ
øâà: íèæíèé øîâ ïðîòÿæåííîñòüþ 29,9 ñì íà ðàññòîÿíèè 14,0 ñì îò íèæíåé
ãðàíè; ñðåäíèé øîâ ïðîòÿæåííîñòüþ 25,2 ñì íà ðàññòîÿíèè 35,4 ñì îò íèæíåé
ãðàíè; âåðõíèé øîâ ïðîòÿæåííîñòüþ 17,5 ñì íà ðàññòîÿíèè 70,8 ñì îò íèæíåé
ãðàíè. Êîíñòðóêöèÿ ìîäåëè ïðåäñòàâëåíà íà ðèñ. 1.

Ðàáî÷åå àðìèðîâàíèå ó òûëîâîé ãðàíè ìîäåëè ñòåíêè âûïîëíÿåòñÿ â
âèäå òðåõ äèàìåòðîâ 12 ìì À-III (À400), ó ëèöåâîé ãðàíè – îäíîãî äèàìåòðà
12 ìì À-III (À400). Áåòîí ìîäåëåé êëàññà Â25.

Ìåòîäèêà ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêèõ èññëåäîâàíèé
ïîäïîðíûõ ñòåí óãîëêîâîãî òèïà. Ïðè ïðîâåäåíèè ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé ïëàíèðóåòñÿ èñïîëüçîâàòü ñëåäóþùèå ñðåäñòâà èñïû-
òàíèé:

– ñòåíä äëÿ èñïûòàíèÿ ìîäåëåé æåëåçîáåòîííûõ êîíñòðóêöèé;
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Ðèñ. 1. Êîíñòðóêöèÿ ìîäåëè



– ãèäðîöèëèíäð (äîìêðàò) ÄÃÑ-63 ñ ìàêñèìàëüíûì óñèëèåì 630 êÍ;
– òåíçîðåçèñòîðû äëÿ èçìåðåíèÿ äåôîðìàöèé ñ òî÷íîñòüþ äî 10�Å-5

(0,00001) å.î.ä.;
– òåíçîìåòðè÷åñêàÿ ñòàíöèÿ ZET 017-T8;
– èíäèêàòîðû ÷àñîâîãî òèïà È×-10 ñ öåíîé äåëåíèÿ 0,01 ìì;
– ìèêðîñêîï ÌÏÁ-3 äëÿ èçìåðåíèÿ âåëè÷èíû ðàñêðûòèÿ òðåùèí.
Â õîäå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïëàíèðóåòñÿ îïðåäåëÿòü ñëå-

äóþùèå ïîêàçàòåëè:
– íàãðóçêà îáðàçîâàíèÿ òðåùèí (â òîì ÷èñëå ïî ãîðèçîíòàëüíûì ìåæ-

áëî÷íûì ñòðîèòåëüíûì øâàì) è õàðàêòåð îáðàçîâàâøèõñÿ òðåùèí;
– øèðèíà ðàñêðûòèÿ ãîðèçîíòàëüíûõ ìåæáëî÷íûõ øâîâ è òðåùèí;
– ïåðåìåùåíèå âåðõà ìîäåëè;
– äåôîðìàöèè ýëåìåíòîâ óñèëåíèÿ ìîäåëè (íàêëîííûõ õîìóòîâ);
– ðàçðóøàþùàÿ íàãðóçêà è õàðàêòåð ðàçðóøåíèÿ ìîäåëè;
– ïðèðîñò íàãðóçêè äëÿ óñèëåííîé ìîäåëè (ïî ñðàâíåíèþ ñ íåóñèëåííîé

êîíñòðóêöèåé).
Ïðåäóñìàòðèâàåòñÿ ñëåäóþùèé ïîðÿäîê ïðîâåäåíèÿ ýêñïåðèìåíòàëü-

íûõ èññëåäîâàíèé ìîäåëè æåëåçîáåòîííîé ïîäïîðíîé ñòåíêè.
Ïðè ïðîâåäåíèè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé íàãðóçêà ïðèêëàäû-

âàåòñÿ ñòóïåíÿìè ïî 10 % îò íàãðóçêè ðàçðóøåíèÿ (ïî 5 % ïðè âåëè÷èíå íà-
ãðóçêè áîëåå 90 % îò ïëàíèðóåìîé ðàçðóøàþùåé íàãðóçêè) ñ âûäåðæêîé
15 ìèí.

Ñõåìà óñòàíîâêè êîíòðîëüíî-èçìåðèòåëüíîé àïïàðàòóðû íà æåëåçîáå-
òîííîé ìîäåëè ïîäïîðíîé ñòåíêè ïðåäñòàâëåíà íà ðèñ. 2.
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Ðèñ. 2. Ñõåìà óñòàíîâêè êîíòðîëüíî-èçìåðèòåëüíîé àïïàðàòóðû
íà æåëåçîáåòîííîé ìîäåëè ïîäïîðíîé ñòåíêè



Ðàñêðûòèå ãîðèçîíòàëüíûõ ìåæáëî÷íûõ øâîâ êîíòðîëèðóåòñÿ ïîñðåä-
ñòâîì óñòàíîâëåííûõ âåðòèêàëüíî èíäèêàòîðîâ ÷àñîâîãî òèïà.

Òðåùèíîîáðàçîâàíèå â æåëåçîáåòîííîé ìîäåëè ïîäïîðíîé ñòåíêè êîí-
òðîëèðóåòñÿ âèçóàëüíî ñ ïðèìåíåíèåì ìèêðîñêîïà îòñ÷åòíîãî ÌÏÁ-3 (òðóá-
êè Áðèííåëÿ).

Äëÿ êîíòðîëÿ ïåðåìåùåíèÿ âåðõà ìîäåëè óñòàíàâëèâàþòñÿ ïðîãèáîìå-
ðû – èíäèêàòîðû ÷àñîâîãî òèïà.

Òåîðåòè÷åñêèå èññëåäîâàíèÿ íàïðÿæåííîãî ñîñòîÿíèÿ æåëåçîáåòîí-
íûõ êîíñòðóêöèé ïîäïîðíûõ ñòåíîê ïðîâîäèëèñü ñ ïðèìåíåíèåì ìåòî-
äîâ ñòðîèòåëüíîé ìåõàíèêè, ñîïðîòèâëåíèÿ ìàòåðèàëîâ, òåîðèè æåëåçî-
áåòîíà.

Ðàçðàáîòêà ïðîãðàììû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïîäïîð-
íûõ ñòåí. Æåëåçîáåòîííàÿ ìîäåëü ïîäïîðíîé ñòåíêè âûñîòîé 143,0 ñì, ïîä-
âåðæåííàÿ äåéñòâèþ ñèëîâîé íàãðóçêè, âåðòèêàëüíî óñòàíàâëèâàåòñÿ â ñòåí-
äå. Ñõåìû èñïûòàíèé ïðåäñòàâëåíû íà ðèñ. 1.

Íà ýòàïå 1 ïðîâîäÿòñÿ ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ íåóñèëåííîé
ìîäåëè ïîäïîðíîé ñòåíû ïðè ðàñïîëîæåíèè ðàâíîäåéñòâóþùåé íàãðóçêè
íà âûñîòå 82,0 ñì îò êîðíåâîãî ñå÷åíèÿ.

Íà ýòàïå 2 ïðîâîäÿòñÿ ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ìîäåëè ïîä-
ïîðíîé ñòåíû, óñèëåííîé ïîñðåäñòâîì íàêëîííûõ õîìóòîâ äèàìåòðîì 10 ìì
èç àðìàòóðû êëàññà À400, óñòàíîâëåííûõ ïî áîêîâûì ãðàíÿì ïîä óãëîì 15°

ê ãîðèçîíòàëè â çîíå ñðåäíåãî ìåæáëî÷íîãî øâà.
Íà ýòàïå 3 ïðîâîäÿòñÿ ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ íåóñèëåííîé

ìîäåëè ïîäïîðíîé ñòåíû ïðè ðàñïîëîæåíèè ðàâíîäåéñòâóþùåé íàãðóçêè
íà âûñîòå 64,5 ñì îò êîðíåâîãî ñå÷åíèÿ.

Íà ýòàïå 4 ïðîâîäÿòñÿ ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ìîäåëè ïîä-
ïîðíîé ñòåíû, óñèëåííîé ïîñðåäñòâîì íàêëîííûõ õîìóòîâ äèàìåòðîì 10 ìì
èç àðìàòóðû êëàññà À400, óñòàíîâëåííûõ ïî áîêîâûì ãðàíÿì ïîä óãëîì 15°
ê ãîðèçîíòàëè â çîíå ñðåäíåãî ìåæáëî÷íîãî øâà.

Ðåçóëüòàòû ðàçðàáîòêè ìåòîäèêè ðàñ÷åòà â ãîðèçîíòàëüíûõ ñå÷å-
íèÿõ âåðòèêàëüíûõ êîíñîëåé ïîäïîðíûõ ñòåí. Äëÿ îïðåäåëåíèÿ íàïðÿ-
æåííîãî ñîñòîÿíèÿ â ýëåìåíòàõ æåëåçîáåòîííîé êîíñòðóêöèè ïîäïîðíîé
ñòåíû (â áåòîíå è àðìàòóðå) áûëà ðàçðàáîòàíà ìåòîäèêà ðàñ÷åòà íàïðÿæåííî-
ãî ñîñòîÿíèÿ ïîäïîðíûõ ñòåí.

Ïðè ýòîì ðàññìàòðèâàëîñü ãîðèçîíòàëüíîå ñå÷åíèå â âåðòèêàëüíîé
êîíñîëè ñòåíû. Ñõåìà äåéñòâèÿ âíåø-
íèõ è âíóòðåííèõ óñèëèé â ãîðèçîí-
òàëüíîì ñå÷åíèè ïðåäñòàâëåíà íà
ðèñ. 3.

Óñëîâèå ðàâíîâåñèÿ ïðè äåéñò-
âèè ñèë:

Nb + Ns� = N + Ns, (1)

ãäå N – âåðòèêàëüíàÿ ñæèìàþùàÿ ñèëà;
Nb – óñèëèå â áåòîíå ñæàòîé çîíû;
Ns� – â ñæàòîé àðìàòóðå;
Ns – â ðàñòÿíóòîé àðìàòóðå.
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Ðèñ. 3. Ñõåìà äåéñòâèÿ âíåøíèõ è
âíóòðåííèõ óñèëèé â ãîðèçîíòàëüíîì

ñå÷åíèè



Óñëîâèå ðàâíîâåñèÿ ïðè äåéñòâèè èçãèáàþùèõ ìîìåíòîâ (îòíîñèòåëüíî
ðàâíîäåéñòâóþùåé âåðòèêàëüíûõ ñæèìàþùèõ íàïðÿæåíèé â áåòîíå ñæàòîé
çîíû):

N (e0 – 0,5h + 0,33x) = Ns (h0 – 0,33x) + Ns� (0,33x – a�). (2)

Ðàçðàáîòêà äàííîé ìåòîäèêè ïðîâîäèëàñü íà îñíîâå ãèïîòåçû ïëîñêèõ
ñå÷åíèé; ïðè ýòîì áûëè óñòàíîâëåíû çàâèñèìîñòè ìåæäó îòíîñèòåëüíûìè
äåôîðìàöèÿìè â áåòîíå ñæàòîé çîíû �b, â ðàñòÿíóòîé (�s) è ñæàòîé ( )�� s àð-

ìàòóðå.
Â èòîãå íàïðÿæåíèÿ â ðàñòÿíóòîé àðìàòóðå �st ñ ó÷åòîì ñæàòîé àðìàòó-

ðû îïðåäåëÿþòñÿ ïî ôîðìóëå:
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Íàïðÿæåíèÿ â ðàñòÿíóòîé àðìàòóðå � s áåç ó÷åòà ñæàòîé àðìàòóðû îï-
ðåäåëÿþòñÿ ïî ôîðìóëå:
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ãäå x – âûñîòà ñæàòîé çîíû áåòîíà.
Çàêëþ÷åíèå. Âûïîëíåí àíàëèç êîíñòðóêòèâíûõ îñîáåííîñòåé ïîäïîð-

íûõ ñòåí ãèäðîòåõíè÷åñêèõ ñîîðóæåíèé (êîòîðûå îïðåäåëÿþò õàðàêòåð èõ
ðàáîòû), â òîì ÷èñëå âûçûâàþùèõ îòêëîíåíèÿ îò ïðîåêòíûõ ïðåäïîñûëîê
ïðè ýêñïëóàòàöèè.

Óñòàíîâëåíî, ÷òî íîðìàòèâíûå äîêóìåíòû, äåéñòâîâàâøèå â ïåðèîä
ïðîåêòèðîâàíèÿ áîëüøèíñòâà ïîäïîðíûõ ñòåí ãèäðîòåõíè÷åñêèõ ñîîðóæå-
íèé, íå â ïîëíîé ìåðå ó÷èòûâàëè õàðàêòåðíûå îñîáåííîñòè òàêèõ ñîîðóæå-
íèé (â ïåðâóþ î÷åðåäü, íàëè÷èå ìåæáëî÷íûõ êîíòàêòíûõ øâîâ), ÷òî ïðèâî-
äèëî ê îòêëîíåíèÿì îò ïðîåêòíûõ ïðåäïîñûëîê.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé áûëà ðàçðàáîòàíà ìåòîäèêà,
ïîçâîëÿþùàÿ îïðåäåëÿòü êîìïîíåíòû íàïðÿæåííîãî ñîñòîÿíèÿ (íàïðÿæåíèÿ
â áåòîíå ñæàòîé çîíû, à òàêæå íàïðÿæåíèÿ â ðàñòÿíóòîé è ñæàòîé àðìàòóðå)
â ãîðèçîíòàëüíûõ ñå÷åíèÿõ âåðòèêàëüíîé êîíñîëüíîé ÷àñòè ïîäïîðíûõ ñòåí.
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EXPERIMENTAL-THEORETICAL STUDIES
OF HYDROTECHNICAL ANGULAR-TYPE
RETAINING WALLS

As part of hydraulic structures, angular-type retaining walls are often found. Their functions
include protecting the main concrete and reinforced concrete structures from the collapse
and sliding of soil masses. Retaining walls are significant in size; relatively low content
of reinforcement; the presence of horizontal interblock seams; which significantly affects
the features of work and the state of retaining walls.
During the design and construction of the most retaining walls (1960s–1980s), regulatory
documents had certain shortcomings regarding the incomplete consideration of their
characteristic features, which caused deviations from the design premises during operation.
So, there were excessive displacements of the top of the consoles, the opening of
horizontal interlock joints, high stresses in the compressed and stretched reinforcement
at the front and rear faces, which exceeded the design values.
The aim of the work is the experimental and theoretical studies of the reinforced concrete
angular-type retaining walls. Research methods for the operation of the reinforced concrete
angular-type retaining walls, including, including classical methods of resistance of the
materials, elasticity theory, structural mechanics; experimental methods. To determine
the stress state in the elements of the reinforced concrete structure of the retaining wall
(in concrete and reinforcement), a methodology was developed for calculating the stress
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state of the retaining walls, which allows you to determine the components of the stress state
(stress in concrete in the compressed zone, as well as stress in stretched and compressed
reinforcement) in horizontal sections of the vertical cantilever part of the retaining walls.
A program of the experimental studies of the reinforced concrete retaining walls was
developed.

K e y w o r d s: hydrotechnical angular-type retaining walls, characteristics, interblock
horizontal seams, compressive and tensile stresses, theoretical and experimental studies.
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