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Fig.1 Jointed granite specimens with different angles
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Tab. 1 Size and impact velocity for granite with different joint angles

A *ﬁﬁiﬁfﬁ o B i B g *ﬁﬁiﬁﬁﬁ o B i R
/(mm*) /m /(m/s) /(mm*) /m /(m/s)

50. 18 X50. 10 50. 04 2.42 50. 08 X50. 12 50. 08 2.18
50. 20X 50. 06 50.12 2.34 50. 10X 50. 06 50. 16 2.35

10° 50. 16 X50. 10 50. 08 2.23 15° 50. 00X 50. 08 50. 14 2.16
50. 14 X50. 10 50. 06 2.56 50. 06 X50. 10 50. 10 2. 20
50. 22 X50. 08 50. 14 2.42 50. 12 X50. 04 50. 18 2.24
49. 94 X49. 60 50. 04 2.16 50. 06 X50. 10 50. 04 2.26
49.68X49. 88 49. 90 2.18 50. 14 X50. 02 50. 06 2. 14

20° 49,72 X50. 04 48. 88 2. 14 30° 50.02X50.08 50.02 2.39
49.92X49, 94 49. 00 2.27 50.10X50. 08 50. 08 2.18
49. 66 <49, 88 50. 08 2. 14 50. 08X50. 08 50. 10 2.18
50. 16 X50. 10 50. 06 2.32
50. 14 X50. 06 50. 14 2.23

40° 50. 18 X50. 10 50.12 2.15
50. 20 X50. 02 50. 04 2. 44
50. 14 X50. 12 50. 08 2.27
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Fig. 2 Diagram of the acoustic emission experimental device based on the Hopkinson bundle bars
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Fig. 3 The original waveforms of four groups of square bars under air strike conditions:

(a) comparison of four-bar waveforms; (b) comparison of single-bar waveforms
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Fig.4 The infrared temperature measurement setup
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Fig. 5 The wave profiles of granite with 30° joint
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Fig. 7 The full displacement field of granite with 30° joint
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Fig. 8 Original acoustic emission signals of granite with different joint angles
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Fig. 9 The acoustic emission signals at three positions of specimen with 30° joint: (a) Original acoustic emission
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signals. A1-A8 and DI1-D8 represent the low frequency domain and the high frequency domain. respectively.
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Tab. 2 Band range of frequency signals in eight decomposition layers

flRfifs s BFEE/(kHo  &HifES S E/ (kHo

Al 0~2500.0 D1 2500. 0~5000. 0
A2 0~1250.0 D2 1250. 0~2500. 0
A3 0~625.0 D3 625.0~1250.0
A4 0~312.5 D4 312.5~625.0
A5 0~156.3 D5 156.3~312.5
A6 0~78.1 D6 78.1~156.2
AT 0~39.1 D7 39.1~78.1
A8 0~19.5 D8 19.5~39.1

S50 P R AR S AN AR A R I L P L 2 T AR T LA (S2) B4 75 K SHAE 5 R U D Y B T A



LR BLRITAE - A Bl R A A v B S R IR B S 49

W bR 58 B AL E AL (S WY 75 & ST 5 R U8 32 22 N 7 ik i i 28R A6 5 e A A i i T e A Y
Jei ¥ 73 T T B (14 R T AL 5 a0 % 7 B (S3) Y 32 AT S ke YR O T B A A R A W AR R F Bk
A7 000 2 T 7 B I R A T O IR B R KB . T RS R ) D A g 3 R B e R
G35V s T LK JEE 45 i B8 X N 1) PR K SRHE 5 e AL AE 78. 1~312. 5kHz Y g 45 X 4k

(a) 0.30 H Incident Wave G
Temperature Wave
025 —— FFT Filer -4 0015
0.20 4 0.010
=
2 015 |
S . 40005 @
g . A | g
— 10 v )
5 I i It 1 | 40000 2
= : g A ] i o]
L i L | ! P | | =
£ 005¢ I b =
@ | '1 & 0005 =
= [ | I
9 000 ! | g
£ : q 0010 g
-0.05 : - &
Tempelah:lre ! )
B, 1
010 Take-off time |
: 4 -0.020
-0.15 1 1 L 1 1
-0.0002 0.0000 0.0002 0.0004 0.0006 0.0008
Time /s
(b) 0000 1 ——AS (c) 0.002
o005 | ! L
i . Temperature -0.002
n % -0.004
o005 - i Take-off tlmel—M 0.005
‘E'iz?_ : 0.000
29NE ; 1 ) ; 0,005 1
'F [ [—as 0.010
0.00 0.005 |-
oG 1 0.000
om| : )
Dc‘ 1 I 1 1 1 AS ooci
0.00 0,005
E 0.01 1 2 0.000 N
3 - L L L - @ .0.005
T:.‘ 0.01 |- I |—A-|- é‘-
> 0.00 - 0005
20 F [ - Biod
'SES?: X H i L 1 1 " L 5
— 3
0.000
0008 & 1 L i 1
0005 - D2
0.000
-0.005 |-
ODOf»— 1 1 L L
(—D1]
0.000
-0.005 a 1 . 1 L i 1 .
0.0000 0.0002 0.0008 0.0006 0.0008 0.0010

Time /s

B 10 3071 HAE K A WL AMINRAE S . (0 FIRIRERE S (b 55
(O FHES . Al-A8 Fl D1-D8 43 I LM% 5 Fw M {5 5
Fig. 10 The infrared temperature signals at specimen with 30° joint: (a) Original signals;
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Fig. 12 The temperature calibration curves of granite with different joint angle



52 DI N (2020 4F) 45 35 4%

3 NI HRAR L AE B o R T B RE AN S0 B8 A R

Tab. 3 Calibration and experimental results of temperature rise for granite with different joint angles

RIEL Vi) ZEPSEN PR R A/ mV R AR/ C
10° AT=0.00737AU 3 0.02(4)
15° AT=0.01661AU 3 0.05(5)
20° AT=0.00848AU 3 0.03(7)
30° AT=0.00910AU 4 0.05(6)
40° AT=0.00899AU 5 0.05(8)
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Tab. 4 Coordinate position of acoustic emission source on joint surface

Ik 5 R GHE B
e | N o : ‘ - A
2 HE A i 2315 1] 75 RS F i JA e 7R IR S A
/m/s) | /) /(kH2) B | /(kHz) | /(us) | /(mV) O/ (mm)
s 115.3 10. 3 136
78.125~156. 25 2 101.7 10.7 63
S3 98. 3 8.4 70.6
04 2.56 10° 0(25.3,24.8,23. 8)
S1 169.5 4.3 8.7
156. 25~312. 5 S2 172.9 3.4 5.1
S3 196.6 4.7 10.3
Sl 135.6 9.3 | 73.3
78.125~156. 25 S2 118.6 10.4 | 13.8
S3 115.3 9.4 10. 4
07 2.35 15° O(26.7.49.7.31.6)
S1 172.9 5.4 | 87.1
156. 25~312.5 2 183.1 3.3 9.1
S3 159.3 5.3 17.3
S1 98. 3 9.6 200
78.125~156. 25 S2 88. 1 8.8 | 39.2
S3 91.5 1.0 | 38.7
14 2.27 20° O(24. 6.44. 8.40. 8)
sl 176.3 3.5 | 76.0
156. 25~312.5 2 155.9 6.1 18.2
S3 196. 6 3.2 13.1
S1 98. 3 10.6 432
78.125~156. 25 S2 101.7 10.6 | 357
S3 94.9 9.6 51
18 2.39 30° 0(25. 3,46. 8,49. 8)
sl 213. 6 3.3 32
156.25~312.5 S2 193.2 3.4 38
S3 176.3 5.9 6.4
S1 98. 3 12.6 436
78.125~156. 25 2 105. 1 1.3 | 362
S3 118.6 8.4 35
25 2.27 10° 0(22. 3,34.8,38.2)
S1 183.1 4.9 53
156. 25~312. 5 S2 183.1 4.3 116
S3 179.7 5.0 5.9
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signals; (b)Detailed acoustic emission decomposition signals; D3-D6 represent the signals at the high frequency domain
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Investigation on acoustic emission and heat production

characteristics on joint surfaces due to dynamic friction

SHAN Jun-fang, XU Song-lin, ZHANG Lei, CHEN Li-na, WANG Peng-fei
(CAS Key Laboratory for Mechanical Behavior and Design of Materials, Department of Modern Mechanics, University of Science and

Technology of China, Hefei 230027, Anhui, China)

Abstract: Dynamic friction slip of rock joint is prevalent in seismic wave propagation and plate sliding.
At present, great attention has been paid to revealing the sliding friction characteristics under large
displacement, but the related characteristics at initial stage of friction-slip are seldom studied. The
measurement techniques including the multi-point acoustic emission method and the infrared
temperature method are established based on the modified split Hopkinson pressure device (SHPB),
and the characteristics of acoustic emission and heat production at initial stage of friction sliding on the
joint surfaces with five joint angles are investigated. The results show that wave profiles
corresponding to the wave-induced micro slip is located at the higher frequency domain of the acoustic
emission signals, e. g. , frequencies ranging from 78. 1kHz to 312. 5kHz for granite specimens. While
the signal measured at the lower frequency domain originates from the disturbances impacting the
interface. Wave profiles corresponding to the heat radiation information is located at the lower
frequency domain in the temperature signals, and the measured amplitudes of elevated temperature of
five joint surfaces are obviously lower. To reveal the intrinsic rules of these measured signals, a
reasonable analysis model based on the numerical method is established. The numerical results show
that with increasing the joint angle, the joint surface slides more easily, and the amplitude of elevated
temperature on the joint surface increases, which is always lower than 0. 1°C. The calculations are in
good agreement with the experimental results.

Keywords: rock joint; friction slip; acoustic emission; infrared thermometry; numerical method



