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45,2001) R, b {8 = BP0 E T MORHR AR O PEFI Y J) 4R . Sammonds %5 (1994) 43 2] T b
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(Kanagawa et al,1976) o J& W HWF 045 F R W 754 A0 K A2 — 8 1 3403 )5 » Kaiser 2808 £0KE
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1 LR

1.1 #$FniERE &

SEG L IE 3 R AR O HuE A (BR 1) o iR AR rhoRL AR B DA K K DR Ak X TR
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J‘f?gaf%f“'“ 2.2 110. 61 47.82 0.03 4387. 16
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15% ~30% 45% ~60% ~75% F1 90% 53 5l {F Ay &k — 0 /50 28 Ji 393 1) de KIS0 g fE o ] IS o s B
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FH W A By B b AU A 8 D] o > DAOR UE A% 8 38 T A 2 A A RS 5 o R 3 Bk s WL s Sk
L5 5 AR A BRSNS P R SR A R S 0 5 9D i S 8N 5 A A P R R DU SR O e
PR G Z g8 B AR B A B S A I T BE X T A AR KA AT TROEA T .

2 BiFmMEKEER

2.1 FRHSHMENIMEL

i J3E A2 Fi 7 R AR AT 5 B 1) o R i W L, A R AR AR 5 9 598 1K 2 800 LK/ 5 Rl 3
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b o AREE 1R 0 K B T G I AF AR R etk AR

logh = a - bM, HAF M = logd (1)
AP M AER N RRHERNTHET M RBHGEL o F1b JE IE W o AARM RIS,
ERIGRT e AU I S KRR G0 b ) HARE S TR R — AT T 1 EG R/ i
e Z T R EE ) 5k AR o 2 ()t mT 0 9 7 O A S 1) I T R B 2 D PR K R o A R R
) 5 2 ik I 715  GutenbergRitcher 22 A A2 500
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T Ay o BLO DR 7S B 75 R S < A e K s A, 08 BABIOIR 3R 78 B 7 3 o A i K iR Wit
(Colombo et al,2003) o 0T & E KT E 40dB, 33 IE 30 [H & 40 ~ 100dB, 3K 1dB, jf LLIE
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B B (R B 1 ~2) , 7 SR S5 2 S0 DR A 2 A 5 A R ORB 3R PR B R0 P 5 i 7 24 S v b (> 2055
T 2.1, R B 1.8 2 Kb, A AR SRR i A N AR ) 1R T 46 U3 DR T KB 10 1 e 24 1
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FA T, A BT IS B b R R KB 5 S R G A TE U6 8l RIA F Kaiser 200 (Kaiser, 1953) o
Bt 10 55 5 AN A SR T e, S A R S B 5 0 Bk B bk e K e I LA A R S
2y, R Felicity 2%, (Fowler, 1986) o 41 ¥ I 8¢ v ANAX 0 2% B B A7 75 K S 3% 8 » 360 28 Bt
TFURA 75 R I35 2y I HLRE A 6 PR U 3G I 50 8 B A R G S Bl v A i B kg i (1
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3.2 FIAMMEEING L5 EEESES TN RG—2H Gtk (Load ratio)

At L (Load ratio) F-F-# Lt (Calm ratio) P AN $i A5 8 4 I 5K 52 & VF 4 i 6 L 400 405 7% B2
(The Japanese Society for Non-Destructive Inspection,2000) o 7& %t A3 & & & 2 o, 8 4
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Evaluation of rock damage state with acoustic emission and
velocity variation

Liang Tiancheng"  Ge Hongkui”  Guo Zhiwei"  Song Lili”  Zhang Jinwei"
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100081, China

2) Unconventional Natural Gas Institute, China University of Petroleum, Beijing 102249, China

Abstract Rock damage and evolution is the basic reason for rock material failure; it is
significant to determine the damage state for the security of the rock engineering. The rock will
damage under external load, accompanied by a series of changes in physical and mechanical
properties. By testing the changes, we can determine the damage state of rock and evaluate the
damage degree. In this paper, we use uniaxial monotonous loading to detect the acoustic emission
and ultrasonic wave velocity synchronously in the process of rock damage, and make comparative
analysis on the variation law of acoustic emission and velocity with damage. It shows that rock
damage process can be divided into several stages, and the acoustic emission and ultrasonic
velocity variations exhibit different characteristics in different stages. The relative changes of
ultrasonic velocity can be used to make stable and reliable identification of the rocks’
“strengthening loading” and “weakening loading”; the b-value during acoustic emission is more
sensitive to the non-stable expansion of the fractures and can be considered as a warning
parameter of rocks” instability; both the acoustic emission and the velocity have a memory in rock
damage, and the acoustic emission and velocity variation under cycle loading can provide richer
information on rock damage. These results can be used to guide the quantitative evaluation for
rock or concrete damage and safety evaluation in rock engineering.

Key words: Rock damage Acoustic emission Ultrasonic velocity Repeated loading
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