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ABSTRACT Experiments on acoustic emission characteristics of rock and concrete samples were carried out with a servo-hydraulic
test system and a smart acoustic monitoring device. Based on these experiments the relationship between damage variable and acoustic
emission ( AE) parameter was investigated and the results showed a linear correlation between them. By using the damage constitutive
model based on Weibull distribution and the empirical relationship of damage variable versus acoustic emission number the coupling
models of acoustic emission parameter versus stress and strain were formulated. Parameters in the models can be determined according
to the geometric boundary conditions of the full stress—strain curve and the curve of damage variable versus acoustic emission number.
The process for acquiring these model parameters is simple and easy to use. A comparison between the results of the coupling models
and the measured data by uniaxial compression testing for rock samples and concrete samples proves that the coupling models can better
reflect the relations of acoustic emission parameter versus stress and strain.
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Fig.4 Relationship curves between strain and time: ( a) rock sample BI; (b) rock sample B2
25 . e e = )
(a) (h) / |
20 P 16 V' d |
F 7
rd
ol / A S/
= / = /
©10 /,-"' | Sy .//
rd
/‘ | /
5 // 4 //
ra | /
%200 400 600 800 1000 1200 O 200 400 600 800
s s
5 . (a) C1 7 (b) €2
Fig.5 Relationship curves between stress and time: ( a) concrete sample C1; (b) concrete sample C2
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Fig.6 Curves of damage variable and AE number: ( a) rock sample B1; (b) rock sample B2; (¢) concrete sample C1; (d) concrete sample C2

1 m
Table 1 Relationship between damage parameter and AE number o= Eaexp[ - (;) ] ( 7)
K Ve m~a N
Noax R
B1 3172 D=3.06x10"*xN 0.99838 —
B2 3055 D=3.36x10"*xN 0.99911
C1 1714 D=5.80x10"*xN  0.99905 1 1
m= — = (8)
C2 1697 D=5.85x10"*xN 0. 99895 In Tk In E‘?Pk
Eapk O-pk
3 . a=—"t (9)
()
Weibull m
gl)k O-pk
16 . 16—21
Weibull
\ ; (6)
" Weibull (3)
1 1 "
N:fD:f{l—exp[—(f) ]} (10)
o =Ee(1-D) (5) KK @
(1) (10)
1,1 kitym
m szsz{l—exp[—(f) ]}:
D:l—exp[—(%) ] (6) K K



668 * 33
(11) In (1 -KN) [Ea(ml -KN) 1" (20)
exp[—( ) ] 1 KN (12) T
(B e =i -k t:[ln(]_KN—)(]iﬁa(]_KN) (21
¢ (21) (2)
o In(1-KN) _ —In(1-KN) _lnl—lKN a=k2z=k2[1“(1 —KN) 1"Ea( 1 - KN) _
SR (R o\ (k)
-G G ) o
(13) Ea(l—KN)[ln(l KN)] (22)
i w (21) (17)
t:%(l—lKN)gmz[ln(l-lKN)] (14)
= (kl H (kl) e T
J \a) U a E(1 -KN)
(7 (3)  4) - Ea(l—KN)[ln(l_lKN)] )
o =Ek,i(1-KN) = E(1 -KN) =
Ek, [hl(lk_lKN)]m(l -KN) = ‘o (1 —IKN)(] ()23)
o ( |
Eal In (l—lKN)]m(l_KN) =
Ea( 1 -KN) [1n (1 _IKN)]; (15)
(14) (1)
R k, <k,
o () )
s=hi=h Eﬁé :“[I“(l-lKN)]
(16)
(5) |
(2) . (3)0 o 8:a[ln(1_1KN)]W (24)
®TE(1-D) "E(1-KN) (17) -
(6) (3) o = Ea( 1 - KN) 1n(1_KN)] (25)
KN=D=1 -exp [ —(i)m] (18) (24) . (25) K.a-m
(17) (18) ’ (4) .(10) (11)
KN:l—exp[— E(lfzKN)a]mlm} (19)
(19) Matlab _
e In (1 -KN)
7. 7

_[Ea(liKN)



6 : . 669 *

140 0.020
120 — A R AT £k //
0.016F  —— AT A /
100 REPER ST £k
= 80} 0012}
= / w
B60r Y 0.008
/ —EAMEIRRIE
A S < 1T L
Gl R ATE S — 4
0 ‘ ' - 0 - - -
0 1000 2000 3000 0 1 000 2000 3000
N N
(a)
120 0.018
— P RS ik
1007 ool AXESLIEE S
| ' BRI B 2t
80+ |
= | |
gﬁﬂ w 0.010
]
— NP R A A 2
b ~— AR 1 54 L
T AT EORE A R £ ,
i ! 0.002}
0 1000 2000 3000 1000 2000 3000
N N
(h)
25 0.0?|—
0.06-
20 — SR P R R 2
0.05¢ — IR S
IRt ool GBS R i 2
s %
B R RS DS
—ATHIMMAER  \\ Ak
5 RHPEOR A R ek LY ’ 3
’ L 0.01F
]
. 300 S0 1200 1600 % 400 8001200 1600
N N
)
25 0.12 ,
- 0.10 [
& D08 sk aHiA N iR
g8 — R I
w 0.06 REHR S R 2
- AR AR 0.04
—— AR SCHET R ) 7
5 S APHCR S B \ -
\
% 300 800 1200 1600 05 200 800 1200 1600
N N
(d)
7 N . (a) Bl . (b) B2 D (e C1 D (d) 2

Fig.7 Coupling relation between AE parameter and stress-strain; ( a) rock sample B1; ('b) rock sample B2 ; (c) concrete sample C1 ( d) concrete

sample C2
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