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Öåëü ðàáîòû — èññëåäîâàíèå âîçìîæíûõ ñõåì íàãðóæåíèÿ äâóõáàëî÷íûõ (ÄÊÁ) îáðàç-

öîâ äëÿ ïîïîëíåíèÿ àðñåíàëà ìåòîäîâ èõ èñïûòàíèÿ. Ïðèâåäåí ìàòåìàòè÷åñêèé àíàëèç

äåñÿòè ñõåì íàãðóæåíèÿ îáðàçöîâ ñ ðàçëè÷íûìè ñïîñîáàìè çàêðåïëåíèÿ è íàãðóæåíèÿ

êîíñîëåé — ñèëîâûì, äåôîðìàöèîííûì è äåôîðìàöèîííî-ñèëîâûì. Äëÿ êàæäîé ñõåìû

íàãðóæåíèÿ ïðèâåäåíû ôîðìóëû êîýôôèöèåíòîâ èíòåíñèâíîñòè íàïðÿæåíèé, à òàêæå

çàâèñèìîñòè óãëà ðàçâîðîòà òîðöåâûõ ñå÷åíèé êîíñîëåé-ïëå÷ îáðàçöà îò äëèíû òðåùè-

íû. Ýòè çàâèñèìîñòè ðàññìàòðèâàþòñÿ êàê îñíîâà ðàçðàáîòêè ìåòîäîâ èçìåðåíèÿ äëè-

íû òðåùèíû, èçìåíÿþùåéñÿ â ïðîöåññå èñïûòàíèÿ. Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ

èíòåíñèâíîñòè íàïðÿæåíèé èñïîëüçîâàí ýíåðãåòè÷åñêèé ïîäõîä. Êëàññè÷åñêàÿ ñõåìà

ñèëîâîãî íàãðóæåíèÿ ÄÊÁ îáðàçöà ïàðîé ñèë äîïîëíåíà ñõåìîé íàãðóæåíèÿ äâóìÿ ïà-

ðàìè ñèë, ïðèëîæåííûõ â ðàçíûõ ñå÷åíèÿõ. Îñóùåñòâëåíà ñõåìà ìîäèôèêàöèè ÄÊÁ îá-

ðàçöà ïóòåì æåñòêîãî ñâÿçûâàíèÿ êîíöîâ åãî êîíñîëåé. Â ýòîì ñëó÷àå êàæäîå ïëå÷î îá-

ðàçöà ïðåäñòàâëÿåò ñîáîé îäèí ðàç ñòàòè÷åñêè íåîïðåäåëèìóþ áàëêó è ÄÊÁ îáðàçåö

ïðåâðàùàåòñÿ â äâóõáàëî÷íûé. Èññëåäóåòñÿ òàêæå âîçìîæíîñòü ïåðåñòàíîâêè ñå÷åíèé

ïðèëîæåíèÿ íàãðóçêè è ïîëîæåíèÿ æåñòêîé îïîðû-ñâÿçè. Äåôîðìàöèîííîå íàãðóæåíèå

ìîäåëèðóåòñÿ óñòàíîâêîé êëèíà â îäíîì èëè äâóõ ñå÷åíèÿõ. Ýôôåêò êëèíà ðàññìàòðè-

âàåòñÿ â âèäå çàäàâàåìîé äåôîðìàöèè â îäíîì èç ñå÷åíèé è ñâÿçûâàíèåì êîíñîëåé îá-

ðàçöà — â äðóãîì. Ïðèâåäåíû ôîðìóëû êîýôôèöèåíòà èíòåíñèâíîñòè íàïðÿæåíèé íå-

ñèììåòðè÷íîãî îòíîñèòåëüíî ëèíèè ðàñïðîñòðàíåíèÿ òðåùèíû ÄÊÁ îáðàçöà ïðè ÷èñòî

ñèëîâîì íàãðóæåíèè ñèëàìè, ïðèëîæåííûìè â îäíîì ñå÷åíèè. Ïðåäñòàâëåíû ññûëêè

íà ðàáîòû, â êîòîðûõ ðÿä ïðåäëàãàåìûõ ñõåì ýêñïåðèìåíòàëüíî îïðîáîâàí.

Êëþ÷åâûå ñëîâà: ÄÊÁ îáðàçåö; êîýôôèöèåíò èíòåíñèâíîñòè íàïðÿæåíèé; óãëîâàÿ

äåôîðìàöèÿ; ñèëîâîå íàãðóæåíèå; äåôîðìàöèîííîå íàãðóæåíèå; äåôîðìàöèîííî-ñèëî-

âîå íàãðóæåíèå.
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The purpose of this work is to study possible schemes of loading double-cantilever beam (DCB) speci-

mens to replenish the arsenal of the methods used in their testing. Mathematical analysis of ten differ-

ent modes of specimen loading is carried out for different methods of immobilizing and loading of the

cantilever including splitting force, deformational and combined loading. Analytical expressions for the

stress intensity factor (SIF), as well as the dependence of the beam spread angle è (rotation angle of the

beam head) on the crack length are derived. Those dependences form a basis for developing the meth-

ods for measuring the dynamics of the crack length changes during testing. The energy approach is

used in determination of the stress intensity factors. The classical scheme of force loading of the DCB

specimen by a pair of forces is supplemented with a loading scheme with two pairs of forces applied to

different cross sections. A modification of the DCB specimen by rigid binding of the ends of its consoles

when each shoulder of the specimen is considered a singly statically indeterminable beam and DCB

specimen becomes a double-beam specimen is also considered. The possibility of rearranging the sec-

tions of the load application and position of the rigid support-link is also studied. The deformational

loading is simulated by inserting a wedge in one or two sites along the specimen length. The wedge ef-

fect is modeled by a preset deformation in one of the sections and binding of the specimen consoles in

the other. Formulas of the stress intensity factor for the DCB specimen asymmetric with respect to the

crack propagation line upon pure force loading by the forces applied in one section are presented. Ref-

erences to the reports on experimental implementation of a number of proposed and considered load

configurations are presented.

Keywords: double cantilever beam specimen; stress intensity factor; angular deformation; splitting

force loading; deformational loading; splitting force — deformational loading.
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Îáðàçåö â âèäå äâóõêîíñîëüíîé áàëêè — ÄÊÁ îá-

ðàçåö (ðèñ. 1) øèðîêî èñïîëüçóþò äëÿ èññëåäîâà-

íèé ñîïðîòèâëåíèÿ ìàòåðèàëîâ ðîñòó òðåùèí.

Ïèîíåð â ýòîé îáëàñòè — È. Â. Îáðåèìîâ [1], èç-

ìåðèâøèé ñîïðîòèâëåíèå ñëþäû ïðîöåññó åå

ðàñùåïëåíèÿ íà òîíêèå ïëàñòèíêè ïðè æåñòêîì

íàãðóæåíèè. Â. Ä. Êóçíåöîâ [2] ñ ñîòðóäíèêàìè

ïðîäîëæèë èññëåäîâàíèÿ, èñïîëüçóÿ ïîâåðõíîñò-

íóþ ýíåðãèþ â êà÷åñòâå ïàðàìåòðà òðåùèíîñòîé-

êîñòè. ÄÊÁ îáðàçöû ñîâðåìåííîé êîíñòðóêöèè

[3, 4] ïðèìåíÿþò äëÿ îïðåäåëåíèÿ âëèÿíèÿ ñðå-

äû íà ñîïðîòèâëåíèå ðàçðóøåíèþ [5, 6], äëÿ èñ-

ñëåäîâàíèé òðåùèíîñòîéêîñòè ìàòåðèàëîâ ïî

ñòàðòó è îñòàíîâêå òðåùèíû [7 – 9], äëÿ èçó÷å-

íèÿ òðåùèíîñòîéêîñòè íåìåòàëëè÷åñêèõ ìà-

òåðèàëîâ è êëååâûõ ñîåäèíåíèé [10 – 12]. ÄÊÁ

îáðàçöû èñïîëüçóþò äëÿ èññëåäîâàíèé óñòàëîñò-

íîé òðåùèíîñòîéêîñòè, îñîáåííî â ñâÿçè ñ èõ

âîçìîæíîñòüþ ñòàáèëèçèðîâàòü çíà÷åíèå ðàçìà-

õà êîýôôèöèåíòà èíòåíñèâíîñòè íàïðÿæåíèé

(ÊÈÍ) â ïðîöåññå ðîñòà òðåùèíû [13 – 15]. Ðàç-

ðàáîòàíû íîðìàòèâíûå äîêóìåíòû [16 – 18], ðåã-

ëàìåíòèðóþùèå ìåòîäèêè èñïûòàíèé ÄÊÁ îá-

ðàçöîâ. Ñàìè îáðàçöû ìîäåðíèçèðóþò è èçó÷àþò

èõ âîçìîæíîñòè [19, 20].

ÄÊÁ îáðàçåö ïðèíöèïèàëüíî îòëè÷àåòñÿ îò

äðóãèõ îáðàçöîâ, ïðèìåíÿåìûõ äëÿ èñïûòàíèé

ìàòåðèàëîâ íà òðåùèíîñòîéêîñòü. Â íåì ìîæíî

îò÷åòëèâî âûäåëèòü òðè çîíû: AB — ïðåäíàçíà-

÷åíà äëÿ ïðèëîæåíèÿ íàãðóçîê; BC — çîíà ðàñ-

ïðîñòðàíÿþùåãîñÿ ïðîöåññà ðàçðóøåíèÿ; CD —

ïðàêòè÷åñêè íå íàãðóæåííàÿ çîíà.

Çîíà AB, èìåþùàÿ äîñòàòî÷íóþ ïðîòÿæåí-

íîñòü, ïîçâîëÿåò íàãðóæàòü ïëå÷è îáðàçöà íå îä-

íîé, à äâóìÿ ñèëàìè: îäíà äåéñòâóåò â ñå÷åíèè A,

äðóãàÿ — â ñå÷åíèè B, ïðè÷åì ýòè íàãðóçêè ìî-

ãóò áûòü êàê ñèëîâîãî, òàê è äåôîðìàöèîííîãî

ïðîèñõîæäåíèÿ. Íàäëåæàùèé ïîäáîð ýòèõ íàãðó-

çîê ïîçâîëÿåò ñòàáèëèçèðîâàòü íàïðÿæåííîå ñî-

ñòîÿíèå — êîýôôèöèåíò èíòåíñèâíîñòè íàïðÿ-

æåíèé (ÊÈÍ) íà ôðîíòå ðàñïðîñòðàíÿþùåéñÿ

òðåùèíû (ñå÷åíèå C).

Íàãðóçêè äåéñòâóþò íå íà óäàëåíèè îò ñå÷å-

íèÿ ðàçðóøåíèÿ, à ïðàêòè÷åñêè íà ëèíèè òðåùè-

íû. Èçãèáíûå íàïðÿæåíèÿ íàïðàâëåíû âäîëü

ïëå÷ îáðàçöà, ðàçðóøàþùèå íàïðÿæåíèÿ ïåðåä

ôðîíòîì òðåùèíû — ïåðïåíäèêóëÿðíî åãî ïëå-

÷àì. Ïîýòîìó äëÿ ñòàáèëèçàöèè íàïðàâëåíèÿ

ðîñòà òðåùèíû íåîáõîäèìû áîêîâûå íàäðåçû

âäîëü âñåãî îáðàçöà.

Ñóùåñòâåííîé îñîáåííîñòüþ ÄÊÁ îáðàçöà ÿâ-

ëÿåòñÿ òî, ÷òî óãîë è îòíîñèòåëüíîãî ðàçâîðîòà

òîðöåâûõ ñå÷åíèé ïëå÷ îáðàçöà (ñå÷åíèå A) îäíî-

çíà÷íî ñâÿçàí ñ äëèíîé òðåùèíû L, êîòîðàÿ îò-

ñ÷èòûâàåòñÿ îò ñå÷åíèÿ B. Íà ýòîé îñíîâå ìîãóò

áûòü ñîçäàíû ñèñòåìû íåïðåðûâíîãî èçìåðåíèÿ

äëèíû òðåùèíû â ïðîöåññå èñïûòàíèé. Öåëü

äàííîé ðàáîòû — àíàëèç âîçìîæíûõ ñõåì íà-

ãðóæåíèÿ ÄÊÁ (äâóõáàëî÷íûõ) îáðàçöîâ â öåëÿõ

ïîïîëíåíèÿ àðñåíàëà ìåòîäîâ èõ èñïûòàíèÿ è

ïîâûøåíèÿ âåðîÿòíîñòè âûáîðà íàäëåæàùåãî

îáðàçöà äëÿ èñïûòàíèé ìàòåðèàëîâ íà òðåùèíî-

ñòîéêîñòü.

Ìåòîäèêà âû÷èñëåíèé ÊÈÍ

äëÿ äâóõáàëî÷íûõ îáðàçöîâ

Â îáùåì ñëó÷àå êîýôôèöèåíò èíòåíñèâíîñòè

íàïðÿæåíèé, êîíòðîëèðóþùèé ðîñò òðåùèíû â

ÄÊÁ îáðàçöå, ðàâåí
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Çäåñü Mz(x) — çàâèñèìîñòü èçãèáàþùåãî ìîìåí-

òà îò êîîðäèíàòû ñå÷åíèÿ x, êîòîðàÿ îòñ÷èòûâà-

åòñÿ îò ñå÷åíèÿ A ê ñå÷åíèþ C;

Iz = bh3/12 — (3)

îñåâîé ìîìåíò èíåðöèè ïîïåðå÷íîãî ñå÷åíèÿ

îäíîãî ïëå÷à îáðàçöà; b — òîëùèíà ïëå÷à îáðàç-

öà, h — âûñîòà ïëå÷à îáðàçöà (ñì. ðèñ. 1).

Ïîñêîëüêó (2) — îïðåäåëåííûé èíòåãðàë

ñ ïåðåìåííûì âåðõíèì ïðåäåëîì L, òî â ñîîòâåò-

ñòâèè ñ òåîðåìîé Ëåéáíèöà – Íüþòîíà ïðîèçâîä-
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Ðèñ. 1. Ñõåìà ÄÊÁ îáðàçöà



Èç ôîðìóëû (5) ñëåäóåò âàæíûé âûâîä —

çíà÷åíèå ÊÈÍ äëÿ ÄÊÁ îáðàçöà çàâèñèò îò ãåî-

ìåòðèè åãî ïîïåðå÷íîãî ñå÷åíèÿ è çíà÷åíèÿ èçãè-

áàþùåãî ìîìåíòà â îäíîì ïëå÷å íà óðîâíå êîí-

÷èêà òðåùèíû âíå çàâèñèìîñòè îò ïðèíÿòîé ñõå-

ìû íàãðóæåíèÿ — ñèëîâîé, äåôîðìàöèîííîé èëè

äåôîðìàöèîííî-ñèëîâîé. Ýòî ñóùåñòâåííî óïðî-

ùàåò âû÷èñëåíèå ÊÈÍ.

Ñèëîâîå íàãðóæåíèå îáðàçöà

Íà ðèñ. 2 ïîêàçàíà ñõåìà íàãðóæåíèÿ ÄÊÁ

îáðàçöà äâóìÿ ñèëàìè P â ñå÷åíèè B. Ïóíêòèðîì

îáîçíà÷åíî ïîëîæåíèå äåôîðìèðîâàííûõ ïëå÷

îáðàçöà; è — óãîë âçàèìíîãî ðàçâîðîòà òîðöåâûõ

ñå÷åíèé êîíñîëåé.

Äëÿ ýòîãî ñëó÷àÿ êîýôôèöèåíò èíòåíñèâíî-

ñòè íàïðÿæåíèé
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ãäå E — ìîäóëü Þíãà ìàòåðèàëà îáðàçöà. Âèäíî,

÷òî óãîë ðàçâîðîòà ïðîïîðöèîíàëåí êâàäðàòó

äëèíû òðåùèíû.

Íà ðèñ. 3 ïîêàçàíà ñõåìà íàãðóæåíèÿ îáðàçöà

äâóìÿ ñèëàìè â ñå÷åíèÿõ A è B. Äëÿ ýòîãî ñëó÷àÿ

íàãðóæåíèÿ ôîðìóëû äëÿ ÊÈÍ è óãëà ðàçâîðîòà

ñå÷åíèé èìåþò ñëåäóþùèé âèä:
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Â ïîñëåäíåì ñëó÷àå íàãðóæåíèÿ ÊÈÍ íå çàâèñèò

îò äëèíû òðåùèíû, à óãîë ðàçâîðîòà ñå÷åíèé è

ëèíåéíî çàâèñèò îò L.

Íà ðèñ. 4 ïîêàçàíà ñõåìà íàãðóæåíèÿ äâóõáà-

ëî÷íîãî îáðàçöà ñî ñâÿçàííûìè êîíöàìè êîíñî-

ëåé [14]. Â äàííîì ñëó÷àå êàæäîå èç ïëå÷ îáðàçöà

ïðåäñòàâëÿåò ñîáîé îäèí ðàç ñòàòè÷åñêè íåîïðå-

äåëèìóþ áàëêó, óæå íå êîíñîëüíóþ. Ðåàêöèÿ îïî-

ðû R çàâèñèò îò íàãðóçêè è ñîñòàâëÿåò
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Èñïîëüçóÿ ôîðìóëó (12), à òàêæå èíòåãðàë

Ìîðà, ïîëó÷àåì çàâèñèìîñòü è îò L:

�
3

2

2
�

�

PaL

EI a Lz ( )
. (14)

Ïðè L � a ÊÈÍ íå çàâèñèò îò äëèíû òðåùèíû —

K
Pa

t I z

3

0
2

� , (15)

à è îò L ëèíåéíî çàâèñèò —

�
3

2
�

PaL

EI z

. (16)

Òàêîé âèä íàãðóæåíèÿ ÄÊÁ îáðàçöà èñïîëüçîâàí

â ðàáîòå [14] äëÿ èññëåäîâàíèÿ âëèÿíèÿ ñðåäíåãî
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è

LP

P

C
B

Ðèñ. 2. Ñõåìà ïðîñòîãî ñèëîâîãî íàãðóæåíèÿ îáðàçöà

P2

P2
a L

P1

P1A CB

Ðèñ. 3. Ñõåìà íàãðóæåíèÿ îáðàçöà äâóìÿ ïðîòèâîïîëîæ-

íûìè ñèëàìè

A

R

R

P

P

a L CB

Ðèñ. 4. Ñõåìà íàãðóæåíèÿ îáðàçöà ñ æåñòêîé îïîðîé â ñå-

÷åíèè A



çíà÷åíèÿ öèêëà íàãðóæåíèÿ íà ñêîðîñòü ðîñòà óñ-

òàëîñòíîé òðåùèíû.

Íà ðèñ. 5 ïðèâåäåíà ñõåìà íàãðóæåíèÿ îáðàç-

öà, ñëåäóþùàÿ èç ñõåìû íà ðèñ. 4 ïîñðåäñòâîì

ïåðåñòàíîâêè ñå÷åíèé ïðèëîæåíèÿ íàãðóçêè è

ïîëîæåíèÿ æåñòêîé îïîðû [21].

Â ýòîì ñëó÷àå îïîðíàÿ ðåàêöèÿ

R P
a

L
� �

�

�

�

�

�

�1
3

2
, (17)

à ôîðìóëû äëÿ ÊÈÍ è óãëà ðàçâîðîòà ñå÷åíèé

èìåþò ñëåäóþùèé âèä:

K
Pa

t I z

4

0
2

� , (18)

�
4
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2
�

�Pa a L

EIz

( )
. (19)

Äåôîðìàöèîííîå íàãðóæåíèå îáðàçöà

Ïðîñòåéøåå äåôîðìàöèîííîå íàãðóæåíèå

îáðàçöà èëëþñòðèðóåò ðèñ. 6. Îòìåòèì, ÷òî øàð-

íèðíûé ìåõàíèçì íà ýòîì è ñëåäóþùèõ ðèñóí-

êàõ íå ÿâëÿåòñÿ íàãðóæàþùèì óñòðîéñòâîì è ïî-

êàçàí äëÿ îáîçíà÷åíèÿ äåôîðìàöèîííîãî íàãðó-

æåíèÿ â âûáðàííîì ñå÷åíèè îáðàçöà.

Ýêâèâàëåíòíàÿ ïðîãèáó ä ñèëà

P
EI

L

z
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�

�
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2 3
. (20)

Òîãäà ôîðìóëû äëÿ ÊÈÍ è è áóäóò ñëåäóþùèå:
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�

�

5
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2
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L
. (22)

Íà ðèñ. 7 ïîêàçàíà ñõåìà äåôîðìàöèîííîãî

íàãðóæåíèÿ îáðàçöà [22], ýêâèâàëåíòíàÿ ñõåìå

ñèëîâîãî íàãðóæåíèÿ íà ðèñ. 4. Â ýòîì ñëó÷àå

çàâèñèìîñòü ñèëû Pä îò ïðîãèáà ä âûðàçèì ôîð-

ìóëîé

P EI
a L

a L a L
z�
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�

�

6
4 3
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2 3
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( )
. (23)

Ðåàêöèÿ îïîðû R íà ïðîãèá ä ñîñòàâèò

R
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. (24)

Ôîðìóëû äëÿ ÊÈÍ è ðàçâîðîòà ïëå÷ è áóäóò

èìåòü âèä

K
E a L a L

aL a L
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z
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� ( )( )
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, (25)
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aL a L
(26)

Íà ðèñ. 8 ïîêàçàíà ñõåìà äåôîðìàöèîííîãî

íàãðóæåíèÿ îáðàçöà, êîòîðàÿ ýêâèâàëåíòíà ñõå-

ìå ñèëîâîãî íàãðóæåíèÿ íà ðèñ. 5. Ïðèìåíèòåëü-

íî ê ðèñ. 8 çàâèñèìîñòü ñèëû Pä îò ïðîãèáà ä âû-

ðàæàåòñÿ ôîðìóëîé

P
EI

a a L

z

�

�

�

�

6

4 32( )
, (27)
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ïðè íàëè÷èè æåñòêîé îïîðû â ñå÷åíèè A



ðåàêöèÿ R íà ïðîãèá ä —
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a

L
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2
, (28)

êîýôôèöèåíò èíòåíñèâíîñòè íàïðÿæåíèé —
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çàâèñèìîñòü óãëà ðàçâîðîòà ïëå÷ è îò L —

�

�

7
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( )
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(30)

Íà ðèñ. 9 ïðèâåäåíà ñõåìà äâîéíîãî æåñòêîãî

íàãðóæåíèÿ [22], â ñîîòâåòñòâèè ñ êîòîðîé ñíà÷à-

ëà îáðàçåö ðàñêëèíèâàåòñÿ â ñå÷åíèè B íà ä, çà-

òåì æåñòêî ñòÿãèâàåòñÿ íà ä1 â ñå÷åíèè A.

Äî ïåðâîãî æåñòêîãî ðàñêëèíèâàíèÿ â ñå-

÷åíèè Â êîíñîëü ABC ñòàòè÷åñêè îïðåäåëèìà è

ðàñêëèíèâàþùàÿ ñèëà Pä ñâÿçàíà ñ ïðîãèáîì ä

ôîðìóëîé (20). Ïîñëå ýòîãî êîíñîëü ñòàíîâèòñÿ

ñòàòè÷åñêè íåîïðåäåëèìîé è ñæèìàþùàÿ ñèëà

P1, îáóñëîâëåííàÿ ïðîãèáîì ä1 íà êîíöå A,

ñîñòàâëÿåò
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Ñîîòâåòñòâåííî, ðåàêöèÿ
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Ôîðìóëà äëÿ ÊÈÍ ïðèìåò âèä
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Äåôîðìàöèîííî-ñèëîâîå íàãðóæåíèå

Ñõåìû äåôîðìàöèîííî-ñèëîâîãî íàãðóæåíèÿ

[23] ïîêàçàíû íà ðèñ. 10 è 11. Â îòëè÷èå îò ñõåì

íà ðèñ. 5 è 6 ïðè äåôîðìàöèîííî-ñèëîâîì íàãðó-

æåíèè ðàñêëèíèâàíèå îáðàçöà íà ä ðàññìàòðèâà-

åòñÿ êàê ïðåäâàðèòåëüíîå, íà÷àëüíîå, çàäàþùåå

íóæíûé ñèëîâîé ôîí. Äåéñòâóþùåé íàãðóçêîé

ñëóæèò ñèëà P.

Äëÿ ñëó÷àÿ ðèñ. 10 ôîðìóëà äëÿ ÊÈÍ èìååò
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Ïîëó÷åííûå ôîðìóëû ìàòåìàòè÷åñêè ïîäòâåð-

æäàþò, ÷òî ñõåìà ðèñ. 10 — ýòî íàëîæåíèå ñõåì

ðèñ. 5 è ðèñ. 6.

Äëÿ ñëó÷àÿ ðèñ. 11 ôîðìóëà äëÿ ÊÈÍ ïðèíè-

ìàåò âèä
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ôîðìóëà äëÿ óãëà è —

�

�

10

2

2

3

2
�

�

�

�

PaL

EI a L a Lz ( ) ( )
. (38)

Ôîðìóëû (37) è (38) ìîãóò áûòü ïîëó÷åíû ñóììè-

ðîâàíèåì ôîðìóë äëÿ ñõåì íà ðèñ. 4 è 6 ïðè çà-

ìåíå L íà a + L.

Íåñèììåòðè÷íûå ÄÊÁ îáðàçöû

Îáðàçåö, ïîêàçàííûé íà ðèñ. 1, ñèììåòðè÷åí

îòíîñèòåëüíî ïëîñêîñòè ðàçðóøåíèÿ. Åñëè âûñî-

òà h1 îäíîãî ïëå÷à îáðàçöà íå ðàâíà âûñîòå h2

äðóãîãî ïëå÷à, òî â ñîîòâåòñòâèè ñ ôîðìóëîé (3)

áóäóò ðàçëè÷àòüñÿ è îñåâûå ìîìåíòû èíåðöèè ñå-
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÷åíèé Iz1 è Iz2. Ìîãóò îòëè÷àòüñÿ è ìîäóëè óïðó-

ãîñòè ìàòåðèàëîâ ïëå÷ — E1 è E2. Â ýòîì ñëó÷àå

[22] ïîñëå ïðåîáðàçîâàíèÿ ôîðìóëû (5) ïîëó÷èì
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Ïðè ÷èñòî ñèëîâîì íàãðóæåíèè â ñîîòâåòñòâèè

ñ ðèñ. 2 è 3 èçãèáàþùèå ìîìåíòû M1(a + L) è

M2(a + L) íà ïëå÷àõ îáðàçöà ðàâíû. Æåñòêîå

íàãðóæåíèå ïî ñõåìå ðèñ. 6 (a = 0, M1(L) =

= 3ä1E1Iz1/L
2, M2(L) = 3ä2E2Iz2/L

2) ïðèâîäèò ôîð-

ìóëó (39) ê âèäó
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Ïðåæäå âñåãî îòìåòèì, ÷òî âñå äåñÿòü ôîð-

ìóë ÊÈÍ äëÿ äâóõáàëî÷íûõ îáðàçöîâ (ÄÊÁ îá-

ðàçöîâ) è óãëîâ ðàçâîðîòà òîðöåâûõ ñå÷åíèé

ïîëó÷åíû â áàëî÷íîì ïðèáëèæåíèè, ÿâëÿþòñÿ

õîðîøèìè îðèåíòèðàìè, íî, íåñîìíåííî, â ðÿäå

ñëó÷àåâ ïîòðåáóåòñÿ èõ óòî÷íåíèå, íàïðèìåð,

ñ ïðèìåíåíèåì ìåòîäà êîíå÷íûõ ýëåìåíòîâ. Èç

äåñÿòè ðàññìîòðåííûõ ñëó÷àåâ íàãðóæåíèÿ ýêñ-

ïåðèìåíòàëüíî îïðîáîâàíû ÷åòûðå (ñì. ñõåìû

íà ðèñ. 2 – 4 è 6). Ïðåäñòàâëÿåòñÿ âåñüìà ïåð-

ñïåêòèâíîé ñõåìà íàãðóæåíèÿ íà ðèñ. 5, êîòîðàÿ

îáåñïå÷èâàåò íåçàâèñèìîñòü ÊÈÍ îò äëèíû

òðåùèíû.

Ïðèâåäåííûå çàâèñèìîñòè óãëà ðàçâîðîòà

òîðöåâûõ ñå÷åíèé îò äëèíû òðåùèíû ñâèäåòåëü-

ñòâóþò î âîçìîæíîñòè ïðèìåíåíèÿ äîïîëíèòåëü-

íîãî ìåòîäà êîíòðîëÿ çà äëèíîé òðåùèíû (ïîìè-

ìî ìåòîäà ðàçíîñòè ýëåêòðè÷åñêèõ ïîòåíöèàëîâ

è äð.). Ïðèìåð èñïîëüçîâàíèÿ óãëà ðàçâîðîòà ñå-

÷åíèÿ äëÿ èçìåðåíèÿ äëèíû òðåùèíû ïðèâåäåí

â ñòàòüå [21]. Ìåòîä îêàçàëñÿ âåñüìà ïåðñïåêòèâ-

íûì ïðè ïðîâåäåíèè èñïûòàíèÿ îáðàçöîâ â êîð-

ðîçèîííûõ ñðåäàõ.

Íà äàííûé ìîìåíò âðåìåíè ðàçðàáîòàíî

áîëüøîå ÷èñëî îáðàçöîâ äëÿ èñïûòàíèé ìàòå-

ðèàëîâ (òîëüêî â [17] îïèñàíî 11 îáðàçöîâ äëÿ èñ-

ïûòàíèé íà öèêëè÷åñêóþ òðåùèíîñòîéêîñòü).

Âîçíèêàåò ïðîáëåìà ñîïîñòàâëåíèÿ è âûáîðà

îáðàçöà íà îñíîâå íåêîòîðûõ êðèòåðèåâ. Ñðàâíè-

òåëüíûé àíàëèç ìåòîäîâ èñïûòàíèé íà óñòàëîñò-

íóþ òðåùèíîñòîéêîñòü äàí â ðàáîòàõ [15, 24].

Â ðàáîòå [25] ñäåëàíà ïîïûòêà îöåíêè èçìåðè-

òåëüíîé ñïîñîáíîñòè îáðàçöîâ äëÿ èñïûòàíèé íà

óñòàëîñòíóþ òðåùèíîñòîéêîñòü íà îñíîâå ââåäå-

íèÿ ïîíÿòèÿ àáñîëþòíîãî è îòíîñèòåëüíîãî

äèàïàçîíà èçìåðåíèé òðåùèíû. Ïðåäñòàâëÿåòñÿ,

÷òî äàííàÿ ñòàòüÿ áóäåò ñïîñîáñòâîâàòü ïîÿâëå-

íèþ ðàáîò â íàïðàâëåíèè êëàññèôèêàöèè, îáîá-

ùåíèÿ, îöåíêè è ðàçâèòèÿ ìåòîäîâ èñïûòàíèé

ìàòåðèàëîâ.
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