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Îäíîé èç âàæíûõ îñîáåííîñòåé ðàçðóøåíèÿ ãåòåðîãåííûõ ìàòåðèàëîâ ñ êîíöåíòðàòîðîì

íàïðÿæåíèÿ ÿâëÿåòñÿ ìàñøòàáíûé ýôôåêò, ñâÿçàííûé ñ çàâèñèìîñòüþ íîìèíàëüíîãî íà-

ïðÿæåíèÿ îò ðàçìåðà îáðàçöà. Ýòîò ýôôåêò íåîáõîäèìî ó÷èòûâàòü ïðè èçó÷åíèè ïðîöåññà

ðàçðóøåíèÿ áåòîíà äëÿ ïîâûøåíèÿ áåçîïàñíîñòè ýêñïëóàòàöèè áåòîííûõ êîíñòðóêöèé.

Öåëü äàííîé ðàáîòû — èññëåäîâàíèå âëèÿíèÿ ðàçìåðîâ îáðàçöîâ ñ íàäðåçîì èç áåòîíà

êëàññà Â25 (R = 28 ÌÏà) íà ïðî÷íîñòíûå õàðàêòåðèñòèêè è ïàðàìåòðû àêóñòè÷åñêîé

ýìèññèè, ðåãèñòðèðóåìîé â ïðîöåññå ðàçðóøåíèÿ. Ïðîâåäåíû èñïûòàíèÿ íà òðåõòî÷å÷íûé

èçãèá ñ ðåãèñòðàöèåé ñèãíàëîâ ÀÝ îáðàçöîâ òðåõ ðàçìåðîâ (äëèíîé 1075, 465 è 215 ìì),

ãåîìåòðèÿ êîòîðûõ îòâå÷àëà äâóìåðíîìó ïîäîáèþ, ïîñêîëüêó òîëùèíà îáðàçöîâ íå ìåíÿ-

ëàñü, à îòíîøåíèÿ äëèíû îáðàçöà è äëèíû íàäðåçà ê øèðèíå îñòàâàëèñü ïîñòîÿííûìè.

Ïóòåì ïëîñêîñòíîé ëîêàöèè ñèãíàëîâ ÀÝ íà áîëåå êðóïíûõ îáðàçöàõ îöåíåíû ðàçìåðû

çîíû ëîêàëèçàöèè ïðîöåññà ðàçðóøåíèÿ íà ðàçíûõ ñòàäèÿõ ðàçâèòèÿ òðåùèíû è ïîñòðîå-

íà çàâèñèìîñòü ðàçìåðà çîíû îò âðåìåíè. Íà ìàëûõ îáðàçöàõ ðàçìåð çîíû ëîêàëèçàöèè

îïðåäåëÿëè ïóòåì èçìåðåíèÿ êîýôôèöèåíòà çàòóõàíèÿ óëüòðàçâóêà. Ñ ïîìîùüþ àíàëèçà

äèàãðàìì íàãðóæåíèÿ, ñîâìåùåííûõ ñ âðåìåííûìè çàâèñèìîñòÿìè ïàðàìåòðîâ ÀÝ, óñòà-

íîâëåíî, ÷òî ðàçìåð îáðàçöà îêàçûâàåò âëèÿíèå íà ñòàäèéíîñòü ðàçðóøåíèÿ. Ïîñòðîåíû

çàâèñèìîñòè íîìèíàëüíîé ïðî÷íîñòè, ýíåðãèè ðàçðóøåíèÿ, bÀÝ-ïàðàìåòðà è ñóììàðíîãî

÷èñëà ñèãíàëîâ ÀÝ îò ðàçìåðà îáðàçöîâ. Óñòàíîâëåíî, ÷òî äëÿ îáðàçöîâ áîëüøèõ ðàçìåðîâ

ðàçìåðíûé ýôôåêò ñâÿçàí ñî ñíèæåíèåì íîìèíàëüíîãî íàïðÿæåíèÿ è íàêîïëåííîãî ÷èñëà

ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè, óâåëè÷åíèåì ýíåðãèè ðàçðóøåíèÿ è bÀÝ-ïàðàìåòðà. Ïðåä-

ïîëàãàåòñÿ, ÷òî èçìåíåíèå õàðàêòåðèñòèê ÀÝ ñ óâåëè÷åíèåì ðàçìåðà îáðàçöà ñâÿçàíî ñ

óìåíüøåíèåì îòíîñèòåëüíîé äîëè ñòðóêòóðíîé íåîäíîðîäíîñòè (îòíîøåíèåì ñðåäíåãî

ðàçìåðà ãðàíèòíîãî ùåáíÿ ê ðàçìåðó îáðàçöà) â îáðàçöàõ áîëüøåãî ðàçìåðà. Ïîëó÷åíû íî-

âûå äàííûå î âëèÿíèè ðàçìåðà îáðàçöîâ èç áåòîíà íà àêóñòè÷åñêèå õàðàêòåðèñòèêè.
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One of the important features of the fracture of heterogeneous materials with a stress concentrator is the

scale effect associated with the dependence of the nominal stress on the specimen size. This effect must be

considered when studying the fracture process of concrete to improve the operation safety of concrete

structures. The purpose of this work is to study the size effect of the specimens with a notch made of a con-

crete (class B25, R = 28 MPa) on the strength characteristics and parameters of the acoustic emission
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(AE) recorded in the process of fracture. Three-point bend tests with registration of AE signals were car-

ried out using specimens of three sizes (1075, 465, and 215 mm long), their geometry corresponded to

two-dimensional similarity, since the thickness of the specimens remained unchanged, and both length to

width ratio for the specimen and notch remained constant. The size of the zone of fracture localization at

different stages of crack development were estimated on the larger specimens using planar AE location

and the time dependence of the zone size was plotted. The size of the localization zone of small specimens

was determined by measuring the ultrasound attenuation coefficient. Analysis of the loading diagrams

combined with the time dependences of the AE parameters revealed that the specimen size affects the

fracture staging. The dependences of the rated strength, fracture energy, b
AE

-parameter, and the total

number of AE signals on the specimen size are plotted. It is shown that the size effect is associated with a

decrease in the rated stress for the large-sized specimens and number of accumulated acoustic emission

signals, as well as with an increase in the fracture energy and b
AE

-parameter. It is assumed that change in

the AE characteristics with increasing size of the specimen is attributed to a decrease in the relative frac-

tion of structural heterogeneity (the ratio of the average size of granite aggregate to the specimen size) in

large specimens. New data were obtained regarding the effect of the size of concrete specimens on the

acoustic characteristics.

Keywords: concrete; three-point bending; acoustic emission; size effect; ultrasonic attenuation; process

zone.

Ðàçðóøåíèå êâàçèõðóïêèõ ìàòåðèàëîâ, òèïè÷-

íûì ïðåäñòàâèòåëåì êîòîðûõ ÿâëÿåòñÿ áåòîí,

ñîïðîâîæäàåòñÿ ñòàáèëüíûì ðîñòîì òðåùèíû

âïëîòü äî ðàçðóøåíèÿ è ðàçâèòèåì áîëüøîé

çîíû ëîêàëèçàöèè â óñòüå íàäðåçà îáðàçöà, ïðè-

âîäÿùåé ê îòêëîíåíèþ êðèâîé íîìèíàëüíîå íà-

ïðÿæåíèå — ðàçìåð îáðàçöà îò ñòåïåííîé êâàä-

ðàòè÷íîé çàâèñèìîñòè, ñîîòâåòñòâóþùåé ñîîòíî-

øåíèþ ëèíåéíîé ìåõàíèêè ðàçðóøåíèÿ. Ýòà îñî-

áåííîñòü êâàçèõðóïêèõ ìàòåðèàëîâ, ÿâëÿþùàÿñÿ

ñëåäñòâèåì ãåòåðîãåííîñòè èõ ñòðóêòóðû, áûëà

îáíàðóæåíà P. Walsh [1] ïðè èñïûòàíèè ãåîìåò-

ðè÷åñêè ïîäîáíûõ îáðàçöîâ ñ íàäðåçîì èç áåòî-

íà. Z. Bazant [2 – 4] ïðåäëîæèë ñîîòíîøåíèÿ äëÿ

îöåíêè íîìèíàëüíîãî íàïðÿæåíèÿ è ýíåðãèè ðàç-

ðóøåíèÿ îáðàçöîâ ñ íàäðåçîì ðàçëè÷íîãî ðàçìå-

ðà èç êâàçèõðóïêèõ ìàòåðèàëîâ. Ýòè ñîîòíîøå-

íèÿ ó÷èòûâàëè ïåðåõîä îò ãëàäêèõ îáðàçöîâ, íå

ïðîÿâëÿþùèõ ðàçìåðíûé ýôôåêò, ê íàäðåçàí-

íûì îáðàçöàì, ïðè èñïûòàíèè êîòîðûõ ýòîò ýô-

ôåêò îáíàðóæèâàëñÿ. Ê ïîäîáíûì ñîîòíîøåíèÿì

ïðèøëè è àâòîðû ðàáîòû [5]. Àëüòåðíàòèâíûé

ïîäõîä, îñíîâàííûé íà èäåå ôðàêòàëîâ, ðàçðàáî-

òàëè A. Carpinteri c êîëëåãàìè [6, 7] â öåëÿõ îïè-

ñàíèÿ ðàçìåðíîãî ýôôåêòà è îöåíêè íîìèíàëü-

íîãî íàïðÿæåíèÿ.

Ïàðàëëåëüíî ñ àíàëèçîì ðàçìåðíîãî ýôôåêòà

ðàçâèâàëèñü èññëåäîâàíèÿ âçàèìîñâÿçè õàðàê-

òåðèñòèê ðàçðóøåíèÿ êâàçèõðóïêèõ ìàòåðèàëîâ

ñ ôèçè÷åñêèìè ñâîéñòâàìè, â ÷àñòíîñòè, ñ ïàðà-

ìåòðàìè àêóñòè÷åñêîé ýìèññèè (ÀÝ) è óëüòðàçâó-

êîâûìè ïàðàìåòðàìè. Â êà÷åñòâå äèàãíîñòè÷å-

ñêîãî ïîêàçàòåëÿ àêóñòè÷åñêîé ýìèññèè ïðè ðàç-

ðóøåíèè áåòîíîâ àâòîðû [8 – 11] óñïåøíî èñ-

ïîëüçîâàëè bÀÝ-ïàðàìåòð, õàðàêòåðèçóþùèé àì-

ïëèòóäíîå ðàñïðåäåëåíèå ñèãíàëîâ àêóñòè÷åñêîé

ýìèññèè. Óñòàíîâëåíà êîððåëÿöèÿ äèíàìèêè

bÀÝ-ïàðàìåòðà ñî ñòàäèéíîñòüþ ïðîöåññà ðàçðó-

øåíèÿ ïðè íàãðóæåíèè îáðàçöîâ, â ÷àñòíîñòè,

ñíèæåíèå äàííîãî ïàðàìåòðà ïåðåä äîñòèæåíèåì

íàãðóçêè, ñîîòâåòñòâóþùåé ïðåäåëó ïðî÷íîñòè

ìàòåðèàëà.

Äðóãèì ýôôåêòèâíûì èíñòðóìåíòîì èññëå-

äîâàíèÿ âçàèìîñâÿçè õàðàêòåðèñòèê ðàçðóøåíèÿ

êâàçèõðóïêèõ ìàòåðèàëîâ ñ ôèçè÷åñêèìè ñâîé-

ñòâàìè, êîòîðûé èñïîëüçîâàëè â äàííîé ðàáîòå,

ÿâëÿåòñÿ óëüòðàçâóêîâîé ìåòîä, ïîçâîëÿþùèé

èçìåðÿòü ñêîðîñòü è êîýôôèöèåíò çàòóõàíèÿ

óëüòðàçâóêîâûõ (ÓÇ) âîëí. Â ðÿäå ðàáîò [12] ïî-

ëó÷åíà ýìïèðè÷åñêàÿ ñâÿçü ìåæäó ïðî÷íîñòüþ

áåòîíà è ñêîðîñòüþ ðàñïðîñòðàíåíèÿ óëüòðà-

çâóêîâûõ âîëí: áîëåå âûñîêàÿ ñêîðîñòü óëüòðà-

çâóêà êîððåëèðóåò ñ áîëåå âûñîêîé ïðî÷íîñòüþ

ïðè ïðî÷èõ ðàâíûõ óñëîâèÿõ. Îäíàêî äëÿ áåòîíà,

ïðåäñòàâëÿþùåãî ñîáîé ìàòåðèàë ñî ñëîæíîé

ãåòåðîãåííîé ñòðóêòóðîé, ñêîðîñòü ðàñïðîñòðà-

íåíèÿ ÓÇ âîëí ÿâëÿåòñÿ ìåíåå ÷óâñòâèòåëüíîé

õàðàêòåðèñòèêîé ê åãî âíóòðåííåé ñòðóêòóðå,

÷åì êîýôôèöèåíò çàòóõàíèÿ ïðîäîëüíîé óëüòðà-

çâóêîâîé âîëíû.

Êîððåëÿöèîííûå ñâÿçè ìåæäó êîýôôèöèåí-

òîì çàòóõàíèÿ óëüòðàçâóêîâûõ âîëí è ìåõàíè÷å-

ñêèìè ñâîéñòâàìè áåòîíîâ ìåíåå èçó÷åíû è ïðî-

âåäåíèå èññëåäîâàíèé â ýòîì íàïðàâëåíèè ïðåä-

ñòàâëÿåòñÿ âàæíûì.

Öåëü ðàáîòû ñîñòîÿëà â èçó÷åíèè ðàçìåðíîãî

ýôôåêòà, ïðî÷íîñòíûõ è àêóñòè÷åñêèõ ñâîéñòâ

áåòîíà, øèðîêî èñïîëüçóåìîãî â ïðîìûøëåí-

íîñòè.

Ìàòåðèàë è ìåòîäû èññëåäîâàíèÿ

Èññëåäîâàëè áåòîí êëàññà Â25 (R = 28 ÌÏà)

ñî ñðåäíèì ðàçìåðîì ñòðóêòóðíûõ ñîñòàâëÿ-

þùèõ (d) èç ãðàíèòíîãî ùåáíÿ, ðàâíûì 5 –

10 ìì. Òâåðäåíèå áåòîíà îñóùåñòâëÿëîñü â åñòå-

ñòâåííûõ óñëîâèÿõ ïðè òåìïåðàòóðå 20 °C â òå÷å-

íèå 28 ñóòîê.

Äëÿ èçó÷åíèÿ âëèÿíèÿ ìàñøòàáíîãî ôàêòîðà

íà ïðîöåññ ðàçðóøåíèÿ áåòîíà (ïî àíàëîãèè ñ ðà-

áîòîé [13]) èñïûòûâàëè ìàëûå, ñðåäíèå è áîëü-
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øèå îáðàçöû äëèíîé (L) 1075, 465 è 215 ìì è øè-

ðèíîé (D) 40, 93 è 215 ìì ñîîòâåòñòâåííî (ðèñ. 1).

Òîëùèíà (h) âñåõ îáðàçöîâ áûëà îäèíàêîâîé

(h = 40 ìì), îòíîøåíèÿ äëèí L1/L2 = L2/L3 = 5,

îòíîøåíèå äëèíû ê øèðèíå L/D � 2,3, îòíîøå-

íèå äëèíû íàäðåçà ê øèðèíå îáðàçöîâ l/D � 0,3.

Ïîñêîëüêó òîëùèíà áûëà ïîñòîÿííîé, à èçìåíÿ-

ëèñü äëèíà è øèðèíà îáðàçöîâ, ìîæíî ñ÷èòàòü,

÷òî ãåîìåòðèÿ îáðàçöîâ îòâå÷àëà äâóìåðíîìó ïî-

äîáèþ. Äëÿ âñåõ îáðàçöîâ áåòîíà ñðåäíèé ðàçìåð

ñòðóêòóðíûõ íåîäíîðîäíîñòåé dñð = 7,5 ìì.

Áûëî èñïûòàíî ïî òðè îáðàçöà êàæäîãî ðàçìåðà.

Èñïûòàíèÿ áåòîííûõ îáðàçöîâ íà òðåõòî-

÷å÷íûé èçãèá (ñì. ðèñ. 1) ïðîâîäèëè íà èñïû-

òàòåëüíîé ìàøèíå Instron 3382 (ìàêñèìàëüíàÿ

íàãðóçêà 100 êÍ) ñî ñêîðîñòüþ íàãðóæåíèÿ îò 0,2

äî 0,5 ìì/ìèí. Îäíîâðåìåííî â ïðîöåññå íàãðó-

æåíèÿ ðåãèñòðèðîâàëè àêóñòè÷åñêóþ ýìèññèþ

(ÀÝ), èñïîëüçóÿ ìíîãîêàíàëüíóþ ÀÝ ñèñòåìó

EXPRESS-8 ïðîèçâîäñòâà ÌÈÑÒÐÀÑ (ÑØÀ).

Äëÿ ôèëüòðàöèè øóìîâ îò íàãðóæàþùåãî óñò-

ðîéñòâà è ýëåêòðîìàãíèòíûõ (ÝÌ) ïîìåõ, à òàê-

æå èäåíòèôèêàöèè ðàçëè÷íûõ êëàññîâ èñòî÷íè-

êîâ, ñâÿçàííûõ ñ ðàçðóøåíèåì, ïîìèìî ïîòîêîâ

ÀÝ ïàðàìåòðîâ, ðåãèñòðèðîâàëè òàêæå îöèôðî-

âàííûå ôîðìû ñèãíàëîâ. Ïðè ýòîì ÷àñòîòà äèñ-

êðåòèçàöèè ñîñòàâëÿëà 1 ÌÃö, ðàáî÷èé äèàïàçîí

÷àñòîò — 20 – 400 êÃö, äëèíà âûáîðêè ôîðìû

ñèãíàëà — 2048 òî÷åê, àìïëèòóäíûé ïîðîã ðåãè-

ñòðàöèè — 35 äÁ. Íà ïðåäâàðèòåëüíîì ýòàïå

ïðîâåäåíà êàëèáðîâêà ÀÝ ñèñòåìû ñ èñïîëüçîâà-

íèåì â êà÷åñòâå èñòî÷íèêà çâóêà èìèòàòîðà

Ñó – Íèëüñåíà. Â ðåçóëüòàòå îöåíåíû ñêîðîñòü è

çàòóõàíèå çâóêà â áåòîíå: ñðåäíÿÿ ñêîðîñòü ñîñòà-

âèëà 4,38 ìì/ìêñ, êðèâàÿ çàòóõàíèÿ çâóêà, ïîëó-

÷åííàÿ âáëèçè èñòî÷íèêà, ïðèâåäåíà íà ðèñ. 2.

Ñòàäèéíîñòü ðàçðóøåíèÿ áåòîííûõ îáðàçöîâ

èçó÷àëè ïî äàííûì àêóñòè÷åñêîé ýìèññèè, îïðå-

äåëÿÿ ÀÝ õàðàêòåðèñòèêè ïîòîêà ñèãíàëîâ íà

ðàçëè÷íûõ ñòàäèÿõ íàãðóæåíèÿ, â òîì ÷èñëå ñóì-

ìàðíîå ÷èñëî ñèãíàëîâ ÓNÀÝ(t), àêòèâíîñòü àêó-

ñòè÷åñêîé ýìèññèè
·

( ),N tÀÝ à òàêæå bÀÝ-ïàðàìåòð,

îòðàæàþùèé äîëþ âûñîêîàìïëèòóäíûõ ñèãíà-

ëîâ è îöåíèâàåìûé ïî ñîîòíîøåíèþ [14]

20 log NÀÝ = const – bÀÝA(äÁ). (1)

Äëÿ îöåíêè ðàçìåðîâ çîí äåôîðìàöèè â âåð-

øèíå íàäðåçà ïðèìåíÿëè ëîêàöèþ ÀÝ èñòî÷íè-

êîâ. Ïðè èñïûòàíèè ìàëûõ îáðàçöîâ (L =

= 215 ìì) âûïîëíÿëè ëèíåéíóþ ëîêàöèþ, à ïðè

èñïûòàíèè ñðåäíèõ è áîëüøèõ îáðàçöîâ (L = 465

è L = 1075 ìì) — ïëîñêîñòíóþ ëîêàöèþ ñ èñ-

ïîëüçîâàíèåì ÷åòûðåõ äàò÷èêîâ, óñòàíîâëåííûõ

íà îäíîé ñòîðîíå îáðàçöà (ñì. ðèñ. 1).

Äëÿ îïðåäåëåíèÿ ðàçìåðîâ çîíû ëîêàëèçà-

öèè ðàçðóøåíèÿ (çîíû ïðîöåññà) â îáðàçöå íàè-

ìåíüøåãî ðàçìåðà ïðèìåíÿëè óëüòðàçâóêîâîé

ìåòîä íåðàçðóøàþùåãî êîíòðîëÿ [15]. Êîýôôè-

öèåíò çàòóõàíèÿ á ïðîäîëüíûõ óëüòðàçâóêîâûõ

âîëí íà ÷àñòîòå 2,25 ÌÃö èçìåðÿëè ñ ïîìîùüþ

óëüòðàçâóêîâîãî äåôåêòîñêîïà Epoch-4. Äèàìåòð

ïðåîáðàçîâàòåëÿ ñîñòàâëÿë 10 ìì. Êîýôôèöèåíò
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à

á

Ðèñ. 1. Ñõåìà íàãðóæåíèÿ (à) è ãåîìåòðèÿ èñïûòàííûõ

îáðàçöîâ ñ óêàçàííîé ðàññòàíîâêîé äàò÷èêîâ ÀÝ (á)

Fig. 1. The loading scheme (a) and geometry of tested

samples with the indicated placement of the AE sensors (b)

Ðèñ. 2. Àìïëèòóäíàÿ çàâèñèìîñòü ñèãíàëîâ ÀÝ îò ðàññòî-

ÿíèÿ äî èñòî÷íèêà èçëó÷åíèÿ çâóêà — èìèòàòîðà

Ñó – Íèëüñåíà: ýêñïåðèìåíòàëüíûå òî÷êè ñîîòâåòñòâóþò

òðåì ñåðèÿì èçìåðåíèé; êîýôôèöèåíò çàòóõàíèÿ, îöåíåí-

íûé ïî óãëó íàêëîíà êðèâûõ, ñîñòàâèë 0,12 äÁ/ìì

Fig. 2. Amplitude dependence of the AE signals on the dis-

tance to the Hsu – Nielsen source. Experimental points cor-

respond to three series of measurements. The attenuation

coefficient value estimated from the slope of the curves is

0.12 dB/mm



çàòóõàíèÿ óëüòðàçâóêîâûõ âîëí îïðåäåëÿëè ïî

ôîðìóëå

% �
�

1

2

1

h

A

A

i

i

ln ,

ãäå Ai è Ai + 1 — àìïëèòóäû ÀÝ ñèãíàëîâ.

Íîìèíàëüíóþ ïðî÷íîñòü (óNu) îöåíèâàëè ïî

ìàêñèìàëüíîé íàãðóçêå (Pu), çàôèêñèðîâàííîé

ïðè ðàçðóøåíèè îáðàçöîâ [16]:

	
Nu N

u
C

P

hD
� , (2)

ãäå CN — êîýôôèöèåíò, ó÷èòûâàþùèé ôîðìó

îáðàçöà è â íàøåì ñëó÷àå ïðèíÿòûé ðàâíûì

åäèíèöå.

Ðàáîòó ðàçðóøåíèÿ (WF) îïðåäåëÿëè ïî ïëî-

ùàäè ïîä äèàãðàììîé íàãðóæåíèÿ îáðàçöà â êî-

îðäèíàòàõ íàãðóçêà – ïåðåìåùåíèå, ýíåðãèþ ðàç-

ðóøåíèÿ (GF) — ïî ñîîòíîøåíèþ [17]

G
W

hD
F

F
�

�( )
,

1
0

�

(3)

ãäå â0 — îòíîñèòåëüíàÿ äëèíà íàäðåçà, ðàâíàÿ

îòíîøåíèþ äëèíû íàäðåçà ê øèðèíå îáðàçöà

(l/D).

Ðåçóëüòàòû èñïûòàíèé

Â òàáëèöå è íà ðèñ. 3 ïðåäñòàâëåíû ìåõàíè-

÷åñêèå è àêóñòè÷åñêèå õàðàêòåðèñòèêè áåòîíà,

îöåíåííûå ïðè èñïûòàíèè îáðàçöîâ ðàçëè÷íîé

äëèíû è øèðèíû. Ïðè èñïûòàíèè áåòîíà, êàê è

ëþáûõ äðóãèõ ãåòåðîãåííûõ ìàòåðèàëîâ, íàáëþ-

äàëñÿ ñóùåñòâåííûé ðàçáðîñ ýêñïåðèìåíòàëüíûõ

äàííûõ. Ïîýòîìó â òàáëèöå ïðåäñòàâëåíû ñðåä-

íèå çíà÷åíèÿ îöåíåííûõ õàðàêòåðèñòèê, à íà

ðèñ. 3 — òèïè÷íûå äèàãðàììû äåôîðìèðîâàíèÿ

è èçìåíåíèÿ ïîêàçàòåëåé àêóñòè÷åñêîé ýìèññèè.

Èç ýòèõ äàííûõ ñëåäóåò, ÷òî õîòÿ íîìèíàëüíàÿ

ïðî÷íîñòü ïîâûøàåòñÿ ñ óìåíüøåíèåì ðàçìåðà

îáðàçöà, ðàáîòà ðàçðóøåíèÿ, îöåíåííàÿ ïðè èñ-

ïûòàíèè ìàëîãî îáðàçöà, íàìíîãî íèæå ïîëó÷åí-

íîé äëÿ îáðàçöîâ áîëüøèõ ðàçìåðîâ. Ýòî ñâÿçàíî

ñ òåì, ÷òî ïðè óâåëè÷åíèè ðàçìåðà îáðàçöà ïëî-

ùàäü ïîä êðèâîé íàãðóæåíèÿ ðàñòåò, ÷òî, â ñâîþ

î÷åðåäü, ÿâëÿåòñÿ ñëåäñòâèåì ðàçëè÷èÿ â êèíåòè-
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Ìåõàíè÷åñêèå è àêóñòè÷åñêèå õàðàêòåðèñòèêè áåòîíà, îöåíåííûå ïðè èñïûòàíèè îáðàçöîâ ðàçëè÷íîé äëèíû è øèðèíû

Mechanical and acoustic characteristics of concrete assessed by testing specimens of different lengths and widths

Øèðèíà îáðàçöà D, ìì P
u
, êÍ G

f
, Í/ì ó

Nu
, ÌÏà bÀÝ ÓNÀÝ dñð/D
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215 0,48 222 0,34 1,44 4036 0,03
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Ðèñ. 3. Äèàãðàììû äåôîðìèðîâàíèÿ è âðåìåííûå çàâè-

ñèìîñòè ïîêàçàòåëåé àêóñòè÷åñêîé ýìèññèè: àêòèâíîñòè

(
·

),NÀÝ ñóììàðíîãî ÷èñëà ñèãíàëîâ (ÓNÀÝ) è bÀÝ-ïàðàìåòðà

ïðè èñïûòàíèè îáðàçöîâ èç áåòîíà òðåõ ðàçìåðîâ:

40 × 200 ìì (à), 93 × 465 ìì (á) è 215 × 1075 ìì (â)

Fig. 3. Deformation diagrams and time dependences of the

acoustic emission parameters: intensity (
·

),NAE total number

of signals (ÓN
AE

) and b
AE

-parameter upon testing concrete

specimens of three sizes: 40 × 200 mm (a), 93 × 465 mm

(b), 215 × 1075 mm (c)



êå çàðîæäåíèÿ è ðîñòà ìàãèñòðàëüíîé òðåùèíû â

îáðàçöàõ òðåõ ðàçìåðîâ.

Èçó÷åíèå âðåìåííûõ çàâèñèìîñòåé ïîêàçàòå-

ëåé àêóñòè÷åñêîé ýìèññèè èñïûòàííûõ îáðàçöîâ

(ñì. ðèñ. 3) ïîçâîëèëî îáíàðóæèòü ñëåäóþùèå

îñîáåííîñòè.

1. Ïðè èñïûòàíèè ìàëûõ îáðàçöîâ ïèê àê-

òèâíîñòè ÀÝ ñîîòâåòñòâóåò ìàêñèìàëüíîé íà-

ãðóçêå (Pmax). Äàëüíåéøåå íàãðóæåíèå ïðèâîäèò

ê ñíèæåíèþ àêòèâíîñòè. Ñëåäóþùèé ïèê ñîîò-

âåòñòâóåò íàãðóçêå, ñîñòàâëÿþùåé ~50 % Pmax.

Íàáëþäàåìûå ïèêè ñîîòâåòñòâóþò äâóì òî÷êàì

ïåðåëîìà íà âðåìåííîé çàâèñèìîñòè ñóììàðíîãî

÷èñëà ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè.

2. Ïðè èñïûòàíèè îáðàçöîâ ñðåäíåé òîëùè-

íû ïèêè àêòèâíîñòè è òî÷êè ïåðåëîìà íà âðå-

ìåííûõ çàâèñèìîñòÿõ àêóñòè÷åñêèõ ïàðàìåòðîâ

ñìåùåíû âïðàâî îò ìàêñèìàëüíîé íàãðóçêè.

3. Ïðè èñïûòàíèè áîëüøèõ îáðàçöîâ âòîðîé

ïèê ñòàíîâèòñÿ ìíîãî ìåíüøå èëè èñ÷åçàåò ñî-

âñåì, à ñóììàðíîå ÷èñëî ñèãíàëîâ ÀÝ, ñîîòâåò-

ñòâóþùåå ïåðâîìó ïåðåëîìó íà âðåìåííîé çàâè-

ñèìîñòè íàêîïëåííîãî ÷èñëà ñèãíàëîâ, ñòàíîâèò-

ñÿ çíà÷èòåëüíî áîëüøå, ÷åì ïðè èñïûòàíèè îá-

ðàçöîâ äðóãèõ ðàçìåðîâ.

4. Íàáëþäàåòñÿ ïîâûøåíèå íàêîïëåííîãî

÷èñëà ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè ñ óìåíüøå-

íèåì ðàçìåðà îáðàçöà.

5. Âðåìåííûå çàâèñèìîñòè bÀÝ-ïàðàìåòðà

èìåþò íåìîíîòîííûé õàðàêòåð, íî ìàêñèìàëü-

íîé íàãðóçêå ÷àùå âñåãî ïðåäøåñòâóåò åãî ñíè-

æåíèå, ÷òî ïîäòâåðæäàåò âîçìîæíîñòü èñïîëü-

çîâàíèÿ ýòîãî ïàðàìåòðà ïðè ïðîãíîçèðîâàíèè

ðàçðóøåíèÿ.

Ðåçóëüòàòû îöåíêè bÀÝ-ïàðàìåòðà ïðåäñòàâ-

ëåíû òàêæå â òàáëèöå è íà ðèñ. 4, ãäå ïîêàçàíû

àìïëèòóäíûå ðàñïðåäåëåíèÿ ñèãíàëîâ ÀÝ, îïè-

ñûâàåìûå ñòåïåííûìè ñîîòíîøåíèÿìè ñ ïîêàçà-

òåëÿìè, ðàâíûìè bÀÝ-ïàðàìåòðàì. Èç ïðåäñòàâ-

ëåííûõ äàííûõ ñëåäóåò, ÷òî óêàçàííûé ïàðà-

ìåòð âîçðàñòàåò ñ óâåëè÷åíèåì ðàçìåðà îáðàçöà

è åãî çàâèñèìîñòü îò øèðèíû îáðàçöà D âûðàæà-

åòñÿ ñòåïåííûì ñîîòíîøåíèåì ñ ïîêàçàòåëåì

~0,18 (R2 = 0,99) (ðèñ. 5):

bÀÝ = 0,5D0,18.

Çàâèñèìîñòü íàêîïëåííîãî ÷èñëà àêóñòè÷åñêèõ

ñèãíàëîâ ÓNÀÝ òàêæå îïèñûâàåòñÿ ñòåïåííîé çà-

âèñèìîñòüþ ñ ïîêàçàòåëåì ~–0,55 (R2 = 0,99):

ÓNÀÝ = 6,2D–0,55.

Âîçíèêàåò âîïðîñ, êàêîâà ïðè÷èíà ñíèæåíèÿ

íàêîïëåííîãî ÷èñëà àêóñòè÷åñêèõ ñèãíàëîâ è ïî-

âûøåíèÿ bÀÝ-ïàðàìåòðà ÀÝ ñ óâåëè÷åíèåì ðàç-

ìåðà îáðàçöà? Âîçìîæíî, îòâåò íà ýòîò âîïðîñ

ñëåäóåò èñêàòü â ñòðóêòóðå èññëåäóåìîãî áåòîíà,

âåðíåå â èçìåíåíèè îòíîñèòåëüíîé äîëè ñòðóê-

òóðíîé íåîäíîðîäíîñòè (dñð/D), êîòîðàÿ óâåëè÷è-
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Ðèñ. 4. Àìïëèòóäíûå çàâèñèìîñòè íàêîïëåííîãî ÷èñëà

ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè è çíà÷åíèÿ bÀÝ-ïàðàìåò-

ðà, îöåíåííûå äëÿ îáðàçöîâ ðàçíîãî ðàçìåðà

Fig. 4. Amplitude dependences of the accumulated number

of acoustic emission signals and b
AE

-values estimated for the

specimens of different sizes
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Ðèñ. 5. Çàâèñèìîñòè bÀÝ-ïàðàìåòðà, ýíåðãèè ðàçðóøåíèÿ G
F

(à) è íîìèíàëüíîé ïðî÷íîñòè ó
Nu

(á) îò ðàçìåðà îáðàçöà D

Fig. 5. The dependences of the b
AE

-parameter, fracture energy GF (a) and rated strength óNu (b) on the specimen size D



âàåòñÿ ñ óìåíüøåíèåì ðàçìåðîâ îáðàçöà. Ñîãëàñ-

íî äàííûì, ïðåäñòàâëåííûì â òàáëèöå, ÷èñëî

ñèãíàëîâ ÀÝ ðàñòåò, à bÀÝ-ïàðàìåòð ñíèæàåòñÿ ñ

óâåëè÷åíèåì îòíîñèòåëüíîé äîëè ñòðóêòóðíûõ

íåîäíîðîäíîñòåé.

Óâåëè÷åíèå øèðèíû îáðàçöà, êàê ïîêàçàíî

íà ðèñ. 5, à, ïðèâîäèò ê ðîñòó ýíåðãèè ðàçðóøå-

íèÿ Gf , íî ñíèæåíèþ íîìèíàëüíîãî íàïðÿæåíèÿ

óNu (ñì. ðèñ. 5, á), îöåíåííûõ ïî ôîðìóëàì (2) è

(3). Óãîë íàêëîíà çàâèñèìîñòè log óNu – log D ñî-

ñòàâëÿåò 0,54, ÷òî áëèçêî ê çíà÷åíèþ ýòîãî ïîêà-

çàòåëÿ, ðàâíîãî 0,5, ñîãëàñíî ëèíåéíîé ìåõàíèêå

ðàçðóøåíèÿ.

Òàêèì îáðàçîì, ïðè èñïûòàíèè îáðàçöîâ

òðåõ ðàçìåðîâ âûÿâëåí ìàñøòàáíûé ýôôåêò,

ñâÿçàííûé ñ óâåëè÷åíèåì ýíåðãèè ðàçðóøåíèÿ è

ñíèæåíèåì íîìèíàëüíîé ïðî÷íîñòè ïðè óâåëè÷å-

íèè ðàçìåðîâ îáðàçöà, ÷òî ñîãëàñóåòñÿ ñ äàííûìè

ðàáîò [5, 18]. Óñòàíîâëåíî, ÷òî ñ óâåëè÷åíèåì

ðàçìåðà îáðàçöà àêóñòè÷åñêèå ñâîéñòâà áåòîíà

èçìåíÿþòñÿ — ïîâûøàåòñÿ bÀÝ-ïàðàìåòð è ñíè-

æàåòñÿ ÓNÀÝ.
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Ðèñ. 6. Ðåçóëüòàòû ëîêàöèè ÀÝ ñèãíàëîâ (à) è âðåìåííûå çàâèñèìîñòè íîìèíàëüíîãî íàïðÿæåíèÿ è ðàçìåðà çîíû ëîêà-

ëèçàöèè ðàçðóøåíèÿ R (á) â îáðàçöå íàèáîëüøåãî ðàçìåðà (D = 1075 ìì)

Fig. 6. The results of the AE signal location (a) and the time dependences of the rated stress and size of the zone of fracture

localization R (b) in the largest sample (D = 1075 mm)



Ðåçóëüòàòû ëîêàöèè ñèãíàëîâ ÀÝ íà ðàçëè÷-

íûõ ñòàäèÿõ íàãðóæåíèÿ è çàâèñèìîñòè ðàçìåðà

çîíû ëîêàëèçàöèè ðàçðóøåíèÿ îò âðåìåíè ïðåä-

ñòàâëåíû íà ðèñ. 6. Âèäíî, ÷òî ðàçìåð çîíû ëîêà-

ëèçàöèè ðàçðóøåíèÿ ìîíîòîííî âîçðàñòàåò ïî

ñòåïåííîìó çàêîíó, äîñòèãàÿ ìàêñèìàëüíîãî çíà-

÷åíèÿ ïðè îêîí÷àòåëüíîì ðàçðóøåíèè îáðàçöà

(ñì. ðèñ. 6, á).

Íà îáðàçöàõ ìåíüøåãî ðàçìåðà (40 × 200 ìì)

ïðîâåäåíèå ëîêàöèè ñèãíàëîâ ÀÝ áûëî çàòðóäíå-

íî èç-çà áëèçêèõ ðàçìåðîâ îáðàçöà è äàò÷èêîâ

ÀÝ. Ïîýòîìó äëÿ îïðåäåëåíèÿ ðàçìåðîâ çîíû ëî-

êàëèçàöèè ðàçðóøåíèÿ íà ìàëûõ îáðàçöàõ èçìå-

ðÿëè êîýôôèöèåíò çàòóõàíèÿ ïðîäîëüíîé óëüò-

ðàçâóêîâîé âîëíû (á) íà ÷àñòîòå 2,25 ÌÃö. Èç ïî-

ëó÷åííûõ ðåçóëüòàòîâ ñëåäóåò, ÷òî ïðè óâåëè÷å-

íèè ðàññòîÿíèÿ îò èçëîìà îáðàçöà êîýôôèöèåíò

çàòóõàíèÿ á óìåíüøàåòñÿ íà ó÷àñòêå ïðîòÿæåí-

íîñòüþ 10 – 30 ìì ïî÷òè â ÷åòûðå ðàçà (ðèñ. 7).

Ïîäîáíîå ïîâåäåíèå çàâèñèìîñòè á = f(L) õàðàê-

òåðíî äëÿ ìåòàëëè÷åñêèõ ìàòåðèàëîâ è îáóñëîâ-

ëåíî óìåíüøåíèåì ïîâðåæäåííîñòè ìàòåðèàëà ñ

óâåëè÷åíèåì ðàññòîÿíèÿ L îò èçëîìà îáðàçöà,

÷òî, î÷åâèäíî, èìååò ìåñòî è â ñëó÷àå îáðàçöà èç

áåòîíà. Ðàçìåð çîíû ëîêàëèçàöèè ïðîöåññà ðàç-

ðóøåíèÿ ñîñòàâëÿåò ~20 ìì. Íà ñëåäóþùåì ó÷à-

ñòêå (ïðîòÿæåííîñòüþ 25 – 45 ìì) çíà÷åíèÿ êî-

ýôôèöèåíòà çàòóõàíèÿ á îñòàþòñÿ ïðàêòè÷åñêè

ïîñòîÿííûìè è ìèíèìàëüíûìè, à äàëåå ñíîâà

âîçðàñòàþò (ñì. ðèñ. 7).

Ïîâûøåíèå êîýôôèöèåíòà çàòóõàíèÿ ñ óâå-

ëè÷åíèåì ðàññòîÿíèÿ îò èçëîìà, îñîáåííî çàìåò-

íîå âäîëü íàïðàâëåíèÿ 3, ìîæåò áûòü âûçâàíî

íåîäíîðîäíîñòüþ ñòðóêòóðû áåòîíà ïî äëèíå

îáðàçöà [15].

Äëÿ íåïîâðåæäåííîé çîíû îáðàçöà çíà÷åíèÿ

êîýôôèöèåíòîâ çàòóõàíèÿ, ïîëó÷åííûå ìåòîäîì

ÀÝ (ñì. ðèñ. 2) è óëüòðàçâóêîâûì ìåòîäîì (ñì.

ðèñ. 7), îêàçàëèñü áëèçêèìè (~0,12 äÁ/ìì), íå-

ñìîòðÿ íà ðàçëè÷íûå äèàïàçîíû èçìåðåíèé —

20 – 400 êÃö è 2,25 ÌÃö ñîîòâåòñòâåííî.

Îáíàðóæåííûé ïðè èñïûòàíèè áåòîííûõ îá-

ðàçöîâ ðàçìåðíûé ýôôåêò â îñíîâíîì ñîãëàñóåò-

ñÿ ñ äàííûìè ðàáîò [5, 18]. Îäíàêî, êàê ïîêàçàíî

âûøå, ïðîâåäåííîå èññëåäîâàíèå ïîêàçàëî âëèÿ-

íèå ðàçìåðà îáðàçöîâ è íà àêóñòè÷åñêèå ñâîéñòâà

áåòîíà, îáóñëîâëåííîå, âåðîÿòíî, ñòðóêòóðîé áå-

òîíà. Ïîäòâåðæäåíèå íàáëþäàåìîãî ðîñòà ÷èñëà

ñèãíàëîâ ÀÝ ñ óâåëè÷åíèåì îòíîñèòåëüíîé äîëè

ñòðóêòóðíûõ íåîäíîðîäíîñòåé ìîæíî íàéòè â ðà-

áîòàõ [9, 19]. Òàê, àâòîðû [9] îáíàðóæèëè, ÷òî

÷èñëî è àìïëèòóäà (ýíåðãèÿ) ñèãíàëîâ àêóñòè÷å-

ñêîé ýìèññèè â êîìïîçèöèîííîì ìàòåðèàëå, ñî-

äåðæàùåì ìîíîðàçìåðíûå ñòåêëÿííûå ÷àñòèöû,

â íåñêîëüêî ðàç âûøå, ÷åì â öåìåíòíîé ïàñòå, íå

ñîäåðæàùåé ÷àñòèö ñòåêëà. Ïî ìíåíèþ àâòîðîâ,

ïðè÷èíîé óâåëè÷åíèÿ ÷èñëà ñèãíàëîâ ÀÝ ìîãëè

ñëóæèòü ìèêðîñòðóêòóðíûå ïðåïÿòñòâèÿ â âèäå

ñòåêëÿííûõ ñôåð, êîòîðûå, êðîìå òîãî, âûçûâà-

ëè îáðàçîâàíèå ìíîãèõ ìåëêèõ òðåùèí. Ñîãëàñíî

[19], ðàçìåð íàïîëíèòåëÿ â âûñîêîïðî÷íîì áåòî-

íå ÿâëÿåòñÿ âàæíûì ôàêòîðîì, îïðåäåëÿþùèì

õàðàêòåðèñòèêè ðàçðóøåíèÿ, â ÷àñòíîñòè, ýíåð-

ãèþ ðàçðóøåíèÿ è òðåùèíîñòîéêîñòü, êîòîðûå

âîçðàñòàþò ñ óâåëè÷åíèåì ðàçìåðà íàïîëíèòåëÿ,

à òàêæå âèä è õàðàêòåðíóþ äëèíó òðåùèíû.

Ðîëü íàïîëíèòåëÿ ïðîäåìîíñòðèðîâàíà è â

ðàáîòå [20], ãäå ïîêàçàíî âëèÿíèå ïðîöåíòíîãî

ñîäåðæàíèÿ ðåçèíîâîé êðîøêè â áåòîíå íà âðå-

ìåííûå çàâèñèìîñòè íàãðóçêè ñæàòèÿ, àêóñòè-

÷åñêîé àêòèâíîñòè è ïîðîãîâûå çíà÷åíèÿ êóìó-

ëÿòèâíîãî ÷èñëà ñèãíàëîâ ÀÝ. Àâòîðû [20] îáíà-

ðóæèëè, ÷òî ïåðâûé ïåðåëîì íà êðèâûõ êóìóëÿ-

òèâíîãî ÷èñëà ñèãíàëîâ ÀÝ, ñâÿçàííûé ñ ðåçêèì

óâåëè÷åíèåì ÷èñëà ñèãíàëîâ, ñîîòâåòñòâóåò ìàê-

ñèìàëüíîé íàãðóçêå íà äèàãðàììå íàãðóæåíèÿ,

ïðè÷åì ñ óâåëè÷åíèåì ñîäåðæàíèÿ íàïîëíèòåëÿ

êðèâûå êóìóëÿòèâíîãî ÷èñëà ñèãíàëîâ ñìåùàþò-

ñÿ âïðàâî ïî âðåìåííîé îñè è èõ íàêëîí óìåíü-

øàåòñÿ. Ïîäîáíûé ýôôåêò íàáëþäàëñÿ è â íà-

øèõ ýêñïåðèìåíòàõ, íî áûë îáóñëîâëåí èçìåíå-

íèåì ðàçìåðà îáðàçöà.

Òàê, èç ðèñ. 8 ñëåäóåò, ÷òî ïðè óâåëè÷åíèè

ðàçìåðà îáðàçöîâ êðèâûå ñóììàðíîãî ÷èñëà ñèã-

íàëîâ ñìåùàþòñÿ âïðàâî ïî îñè âðåìåíè, ïðè-

÷åì, êàê è â [20], ïåðâûé ïåðåëîì íà êðèâûõ ïî-

ÿâëÿåòñÿ ïðè íàãðóçêå, áëèçêîé ê ìàêñèìàëüíîé

(îáîçíà÷åíà êðóæêîì íà ðèñ. 8). Ñóììàðíîå ÷èñ-

ëî ñèãíàëîâ, ñîîòâåòñòâóþùåå êàê ïåðâîìó, òàê è

âòîðîìó ïåðåëîìó (îáîçíà÷åí êâàäðàòîì íà

ðèñ. 8) è íàêëîí (m) ñðåäíåãî ó÷àñòêà ýòèõ êðè-

âûõ (m ðàâíî 209,5, 121,6, 43,5 äëÿ ìàëîãî, ñðåä-
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Ðèñ. 7. Çàâèñèìîñòè èçìåíåíèÿ êîýôôèöèåíòà çàòóõà-

íèÿ á ïðîäîëüíîé óëüòðàçâóêîâîé âîëíû îò ðàññòîÿíèÿ L

îò èçëîìà îáðàçöà ðàçìåðîì 40 × 200 ìì, ïîëó÷åííûå ïî

äàííûì èçìåðåíèé âäîëü òðåõ ãîðèçîíòàëüíûõ íàïðàâëå-

íèé (1, 2, 3) íà áîêîâîé ïîâåðõíîñòè îáðàçöà: øòðèõîâûå

ëèíèè — ãðàíèöû çîíû ëîêàëèçàöèè ïðîöåññà ðàçðóøå-

íèÿ (çîíû ïðîöåññà)

Fig. 7. The dependences of changes in the attenuation coef-

ficient á of a longitudinal ultrasonic wave on the distance L

from the specimen fracture obtained from measurements

along three horizontal directions (1, 2, 3) on the lateral sur-

face of the specimen (40 × 200 mm). Dashed lines mark the

boundaries of the fracture zone



íåãî è áîëüøîãî îáðàçöîâ ñîîòâåòñòâåííî) ñíè-

æàþòñÿ ñ óâåëè÷åíèåì ðàçìåðà îáðàçöà.

Â îòëè÷èå îò äàííûõ, ïðåäñòàâëåííûõ â

[20, 21], íà êðèâûõ ÷èñëà ñèãíàëîâ îáíàðóæèâà-

þòñÿ äâà ïèêà àêòèâíîñòè (ñì. ðèñ. 3), ïîÿâëåíèå

êîòîðûõ ìîæåò áûòü ñâÿçàíî ñ îòëè÷èåì ñõåìû

íàãðóæåíèÿ: ñæàòèåì â [20], ðàñòÿæåíèåì [21] è

òðåõòî÷å÷íûì èçãèáîì ïðè èñïûòàíèè áåòîííûõ

îáðàçöîâ. Â ïîñëåäíåì ñëó÷àå â ñèëó íåîäíîðîä-

íîñòè íàãðóæåíèÿ ïî ñå÷åíèþ îáðàçöà ðîñò òðå-

ùèíû, íàáëþäàåìîé ïðè ëîöèðîâàíèè ñèãíàëîâ

ÀÝ (ñì ðèñ. 6), íà÷èíàåòñÿ îò íàäðåçà, çàòåì íå-

ñêîëüêî çàìåäëÿåòñÿ â îáëàñòè íåéòðàëüíîé îñè

îáðàçöà è äàëåå ïðîäîëæàåòñÿ äî ïîëíîãî ðàçðó-

øåíèÿ.

Ñòðóêòóðíûå íåîäíîðîäíîñòè áåòîíà îêàçû-

âàþò âëèÿíèå è íà ñêîðîñòü ðàñïðîñòðàíåíèÿ

óëüòðàçâóêîâîé âîëíû [22 – 24]. Ðåçóëüòàòû, ïî-

ëó÷åííûå â äàííîé ðàáîòå, ñâèäåòåëüñòâóþò î

äîñòàòî÷íî ñëîæíîì õàðàêòåðå èçìåíåíèÿ êîýô-

ôèöèåíòà çàòóõàíèÿ óëüòðàçâóêà á â çàâèñèìî-

ñòè îò ðàññòîÿíèÿ îò èçëîìà îáðàçöà, ÷òî îáó-

ñëîâëåíî, âåðîÿòíî, íåîäíîðîäíîñòüþ ñòðóêòóðû

îáðàçöà.

Âûâîäû

Ïîêàçàíî, ÷òî ðàçìåðíûé ýôôåêò ïðè èñïû-

òàíèè íà òðåõòî÷å÷íûé èçãèá îáðàçöîâ áåòîíà

êëàññà Â25 (R = 28 ÌÏà) ñâÿçàí ñî ñíèæåíèåì

äëÿ îáðàçöîâ áîëüøèõ ðàçìåðîâ íîìèíàëüíîãî

íàïðÿæåíèÿ è íàêîïëåííîãî ÷èñëà ñèãíàëîâ àêó-

ñòè÷åñêîé ýìèññèè, óâåëè÷åíèåì ýíåðãèè ðàçðó-

øåíèÿ è bÀÝ-ïàðàìåòðà. Èçìåíåíèå àêóñòè÷åñêèõ

ïîêàçàòåëåé êîððåëèðóåò ñ èçìåíåíèåì îòíîñè-

òåëüíîé äîëè íåîäíîðîäíîñòåé â ñòðóêòóðå áåòî-

íà, ìåíÿþùåéñÿ ñ óâåëè÷åíèåì ðàçìåðà îáðàçöà.

Â óñëîâèÿõ ñèëüíî çàøóìëåííîãî óëüòðàçâó-

êîâîãî ñèãíàëà, êîãäà èçìåðåíèå ñêîðîñòè ðàñ-

ïðîñòðàíåíèÿ óëüòðàçâóêîâûõ âîëí, îáû÷íî èñ-

ïîëüçóåìîå äëÿ îöåíêè ïðî÷íîñòè áåòîíà, çàòðóä-

íèòåëüíî èëè íåâîçìîæíî, èçìåðåíèå êîýôôèöè-

åíòà çàòóõàíèÿ á óëüòðàçâóêîâîé âîëíû, ïî âñåé

âèäèìîñòè, ïîçâîëÿåò îöåíèòü ðàçìåðû çîí ëî-

êàëèçàöèè ïðîöåññà ðàçðóøåíèÿ â îáðàçöàõ èç

áåòîíà.

Ôèíàíñèðîâàíèå ðàáîòû

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæ-

êå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëå-

äîâàíèé, ïðîåêò ¹ 16-58-48008 ÈÍÄ_îìè.
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Ðèñ. 8. Äèàãðàììû äåôîðìèðîâàíèÿ è ñîîòâåòñòâóþùèå

èì âðåìåííûå çàâèñèìîñòè íàêîïëåííîãî ÷èñëà ñèãíàëîâ

àêóñòè÷åñêîé ýìèññèè (ÓN) äëÿ îáðàçöîâ òðåõ ðàçìåðîâ

Fig. 8. Fracture diagrams and corresponding time
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