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Abstract  The ultra-low friction effect tends to cause lateral slip at the coal-rock surface, which induces serious
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rockburst accidents. To reveal the occurrence mechanism of rockburst induced by ultra-low friction effect, a coal-rock
composite structure was investigated as the research object, a self-developed ultra-low friction test device was used, and
high-speed cameras, acoustic emission monitoring equipment were applied, the whole process of rockburst induced by
coal seam fracture and ultra-low friction slip instability under the combined disturbance of static and dynamic loads was
reproduced in laboratory tests. With the coal-rock interface roughness, the moisture content of interlayer, and the
thickness of interlayer as variables, and the stress, displacement, velocity, and acoustic emission energy as analytical
indicators, the dynamic failure characteristics of coal-rock and roadway were studied. The results show that: (1) The
occurrence process of ultra-low friction-typed rockburst shows four stages characterized by initial stage, pre-slip stage,
dynamic slip stage, and slip termination stage. Among these, the pre-slip stage is a small sliding stage before the coal
seam approaches the fracture and slip, indicating that the coal-rock system has entered an unstable stage; The dynamic
slip stage is the violent sliding that occurs when the fracture of coal seams, accompanied by large energy release and
obvious ultra-low friction phenomena. (2) The coal-rock interface properties have an important influence on the ultra-low
friction rockburst. The smaller the roughness of the coal-rock interface, or the greater the water content of the interlayer,
or the greater the thickness of the interlayer, the smaller the critical value of the horizontal stress of the coal seam slip
start, the greater the amount of coal seam slip, the more serious the roadway extrusion damage, and the greater the
strength of the ultra-low friction-typed rockburst. (3) Under different coal-rock interface properties, the pre-slip time
exhibits obvious regular variation characteristics, which can be used as the slip warning time index of ultra-low friction-
typed rockburst accident. (4) Based on the acoustic emission precursor signals, a risk prediction method for ultra-low
friction-typed rockburst is obtained, and the risk of ultra-low friction-typed rockburst is divided into no, low and high risk

areas. The research results are of great significance to the prediction and prevention of rockburst.

Key words ultra-low friction effect, rockburst, pre-slip, dynamic slip, slip warning, coal-rock interface properties
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Table 1 Test scheme
Test conditions Specimen number  JRC w/%  h/mm compr?s);iizln/MPa V:rﬁgi?tluii:g/f;;;e Vegi:ﬂefs;?]ﬁ;ce H:;?:S;l(tr;lﬂni:z?%a
CRLF-III-1-1 10.12 25 2.0
CRLEF-III-1-2 11.90 25 2.0
CRLF-III-1-3 13.27 25 2.0
test 1: change JRC 6 1 25 8
CRLF-III-1-4 14.86 25 2.0
CRLEF-III-1-5 17.05 25 2.0
CRLF-III-1-6 19.33 25 2.0
CRLF-III-2-1 15~16 15 2.0
CRLEF-III-2-2 15~16 20 2.0
CRLF-III-2-3 15~16 25 2.0
test 2: change w 6 1 25 8
CRLEF-III-2-4 15~16 30 2.0
CRLF-III-2-5 15~16 35 2.0
CRLF-III-2-6 15~16 40 2.0
CRLF-III-3-1 15~16 25 1.0
CRLEF-III-3-2 15~16 25 1.5
CRLF-III-3-3 15~16 25 2.0
test 3: change / 6 1 25 8

CRLF-III-3-4 15~16 25 2.5
CRLF-III-3-5 15~16 25 3.0
CRLEF-III-3-6 15~16 25 3.5

Je A T a8 T 21 A X A e A T it 3 L0
Zf), e E LB RFEE (8] A DT 400 ms, 285 fthn K1
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£=1083 ms 1= 1088 ms
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A1 JEE 8 7R v o e R 2B ek F (DA A CRLF-
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FE 252 3K i AE D, = 680 ms I 2 26 T HE B

¢=1082 ms

t=1093 ms t=1150 ms

K5 ZRIEIRITR R e
Fig. 5 Fracture and slip process of loaded coal
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Fig. 6 Strain cloud diagram of loaded coal fracture and slip process
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Fig. 8 Horizontal velocity time history curve
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Fig. 12 The critical value of slip stress and the change of slip amount
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Fig. 13 Test values and predicted values under different coal-rock interface properties
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Table 2 Characteristic value of ultra-low friction-typed rockburst precursor information

Specimen number JRC wi% h/mm T,/ms ky ky kylky
CRLF-III-1-1 10.12 25 2.0 680 167.28 573.35 3.43
CRLF-III-1-2 11.90 25 2.0 675 182.83 625.03 3.42
CRLF-II-1-3 13.27 25 2.0 640 164.81 716.77 435
CRLF-III-1-4 14.86 25 2.0 585 168.50 802.48 4.76
CRLF-III-1-5 17.05 25 2.0 495 173.44 835.02 4.81
CRLF-III-1-6 19.33 25 2.0 410 175.54 877.36 5.00
CRLF-III-2-1 15~16 15 2.0 465 168.46 854.86 5.07
CRLF-III-2-2 15~16 20 2.0 480 166.25 847.31 5.10
CRLF-III-2-3 15~16 25 2.0 510 198.17 823.57 4.16
CRLF-III-2-4 15~16 30 2.0 575 162.55 778.39 4.79
CRLF-III-2-5 15~16 35 2.0 685 172.64 735.25 4.26
CRLF-III-2-6 15~16 40 2.0 710 178.73 657.92 3.68
CRLF-III-3-1 15~16 25 1.0 455 169.52 847.48 5.00
CRLF-III-3-2 15~16 25 1.5 490 162.88 820.37 5.04
CRLF-III-3-3 15~16 25 2.0 535 176.24 814.65 4.62
CRLF-III-3-4 15~16 25 2.5 670 192.17 765.66 3.98
CRLF-III-3-5 15~16 25 3.0 695 183.48 750.21 4.09
CRLF-III-3-6 15~16 25 35 705 178.51 714.23 4.00

B LM G TS, 17.05 F1 19.33, w = 25%, h = 2.0 mm B, 755 U it

41 BBTHERE 8] T, 43731 680, 675, 640, 585, 495 Fil 410 ms, KA
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7 SRR RE P 380K, W A T [R) 2 F8 2t ek, B/
TR B P A L, 00 I S R Ay S T R RS R ek
K, A R AR T RE R, JE 2 A AR W R4 R[] B P,
T FE FVE RS [B] S A SRR A R RN
R>=0.979
(13)
(2) 2w AN 15%, 20%, 25%, 30%, 35% Al
40%, JRC =15 ~ 16, h = 2.0 mm I, 35 % 75 % 5 [a]

Tw(JRC) = 35.55exp(—JRC/7.83) + 823.43,
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Fig. 14 The relationship between slip warning time and roughness
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Fig. 15 Risk index of ultra-low friction rockburst
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