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Behaviors of AE strain release under the different temperature and pressure

condition : discussion on the physical meanings of ASR model parameter

JIANG Hai-Kun', WU Qiong', DONG Xiang’, MIAO Qing-Zhuang*, SONG Jin'
1 China Earthquake Networks Center , Beijing 100045, China
2 Earthquake Administration of Shandong Province, Jinan 250014, China

Abstract Using the data of granite deformation experiments under different temperature and
confining pressure, the strain release features of AE events have been studied, and the
relationship between m-value, the parameter of the accelerating strain release (ASR) model, with
the temperature and pressure environmental condition have been discussed. In room temperature,
the AE strain shows a certain ASR, but the m-value does not show the tendential variety, this
expresses that the m-value does not interrelate to the rock strength tightly. When confining
pressure be fixed, m-value increases with the temperature, and the AE strain release changes
gradually from accelerating pattern to the linear pattern. This means that the different

microfracture modes inside the rock sample during the process of the rock deformation under the
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different temperature condition probably leads to the different strain release pattern (i. e.

different m-values). To simulate the temperature and confining pressure condition in different

depths of the crust, a certain accelerating feature had been checked before the rock failure for

shallow crust and m-value is smaller than 1. In progressive failure range of the crust, the strain

shows a gradual decelerating release and m-value is greater than 1 obviously. For the HT-HP

condition in deep crust, the accelerating feature is remarkable and m-value is very small. Besides,

the rock status has a big influence on the m-value, the accelerating feature is obvious before the

fracture of the symmetrical and integrated rock sample, but it is linear before the stick-slip of the

rock sample with macro-cracks.

Keywords

Accelerating Strain Release model (ASR model), m-value, Rock deformation experiment,

Acoustic emission, Temperature , Confining pressure
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Fig. 1 Sketch map for Benioff strain release
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Fig. 2 Fitting of ASR model for AE events under room temperature and different confining pressure condition
t/To and S/Sy are normalized time and normalized cumulate strain energy release respectively. Empty circle expresses the
actual data of cumulate AE strain release. Curve is the best fitting of the ASR model, parameters of the model and confining

pressures are listed in Table 1.
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Fig. 3 Fitting of ASR model for AE events under different temperature and 400 MPa confining pressure condition

Note on sketch is same as in Fig. 2.
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Fig. 4 Fitting of ASR model for AE events under temperature confining
pressure condition simulating different depths of crust

Note on sketch is same as in Fig. 2.
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Table 1 Fitting results of ASR model for AE events under different temperature and pressure condition

S A ASR 5 DSR 14 #1 2 5
S5 5 S A RIE/km
T/CC) P/MPa m A SA B 5B
hthp35 = 200 0.49 0.939 0.111 —0.988 0.083
hthp36 = 300 0.46 1.075 0.053 —1.125 0.029
B
o hthp37 = 400 0.59 1. 080 0. 090 —1.160 0.055
[l e A
hthp38 =k 500 0.45 1.095 0.088 —1.151 0.054
hthp39 =k 600 0.53 0.988 0.032 —0.996 0.020
hthp04 20 400 0.27 1.135 0.078 —1.228 0.041
400 MPa [ %
. hthp21 150 400 0.68 1.037 0.041 —1.105 0.022
T AR
hthp22 250 400 0.96 0.933 0.088 —0.909 0.034
hthp30 20 100 ~3 0.79 0. 964 0. 054 —0.963 0.021
i [R] B i AR hthpl6 150 200 ~6 2.13 0. 901 0.063 —1.003 0.017
hthp29 650 700 ~26 0.51 1.117 0.075 —1.253 0.036
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Table 2 Fitting results of ASR model for AE events in different phases under
the room temperature and different confining pressure conditions

ASR B Z %

Fe g A B R B % 43 K
m A SA B oB
hthp37-01 0.59 1. 080 0.090 —1.160 0.055 1 F
hthp37-02 0.72 1.013 0.058 —1.127 0.042 2 S
Rl
hthp37-03 0.75 1.017 0.051 —1.113 0.038 3 S
400 MPa H
hthp37-04 0. 89 1.048 0. 066 —1.205 0. 045 4 S
hthp37-05 0. 87 0. 966 0. 054 —1.110 0.041 5 S
hthp38-01 0. 45 1. 095 0.088 —1.151 0. 054 1 F
2000 hthp38-02 0.64 1.027 0. 082 —1.177 0.058 2 S
500 MPa [l & hthp38-03 0. 87 1.009 0. 030 —1.107 0.017 3 S
hthp38-04 0. 89 1.015 0. 040 —1.122 0.023 4 S
hthp39-01 0.53 0.988 0.032 —0.996 0.020 1 F
=i
hthp39-02 0.74 1.034 0.048 —1.107 0.027 2 S
600 MPa [H &
hthp39-03 0. 95 1.092 0. 086 —1.286 0. 044 3 S

kR R FACE D (fracture) » S F8F 551 (stick slip) s hthp37-01, hthp38-01 ., hthp39-01 fF FH% kL 5% 1t hthp37 ., hthp38.hthp39 AH[A].
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Fig. 5
Note on sketch is same as in Fig. 2, parameters of the model are listed in Table 2. The serial number -01, -02, et al.

followed the experiment index hthp37 corresponds to the phase 1, phase 2, et al. in Table 2.

1.0f 10f
hthp38-01 hthp38-02 o
0.8} o 08}
%06} o6l
= (2 .
D 0.4 @ 04l
02} 02
00lo colo o
0.0 0.0
1.0} 1.0}
hthp38-03 hthp38-04
08l 0.8l
o o 0.6] >
o6l 50
P o4l % 04f
i 02}
02 .
0.0}o 0.0fo
00 02 04 06 08 10 00 02 04 06 08 10
tiT, tiT,
6 i .500 MPa [ JE 4% {1 T AR B BE 7 & 5 D7 A8 B i 5 ASR MR &

Fitting of ASR model for AE events under room temperature and 400 MPa confining pressure condition
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Fig. 6

Note on sketch is same as in Fig. 2, parameters of the model are listed in Table 2. The serial number -01, -02, -03 and -04

followed the experiment index hthp38 corresponds to the phase 1, phase 2, phase 3 and phase 4 in Table 2.
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Fig. 7 Fitting of ASR model for AE events under room temperature and 600 MPa confining pressure condition

Note on sketch is same as in Fig. 2, parameters of the model are listed in Table 2. The serial number -01, -02 and -03

followed the experiment index hthp39 corresponds to the phase 1, phase 2 and phase 3 in Table 2.
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