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Abstract: The large-area hanging hard roof is prone to concentrated energy release, making it crucial to control
the reasonable breaking step of the roof through subsection hydraulic fracturing to prevent rock bursts. This paper
employs theoretical analysis, mechanical testing, numerical calculations, and field tests to examine the
characteristics of mining stress influenced by various roof breaking steps. A method for determining the broken
chain size during segmented fracturing under mining conditions is established, alongside a reasonable
determination of segment length and its field application. The results indicate that the peak mining stress increases
with mining activity under the same periodic breaking step of the roof at the working face. Furthermore, the peak
mining stress rises with increasing periodic breaking distance across different breaking steps. As the roof breaking
step increases, the loading and unloading amplitude of coal samples subjected to the mining stress path also
increases, leading to a rise in cumulative acoustic emission energy, which facilitates the instability and failure of
coal samples. By analyzing the failure of coal samples and the loading-unloading response ratio in relation to
periodic breaking step mining, it is determined that coal samples subjected to a mining stress path with a 32.0 m
periodic breaking step can be classified as impact coal samples. The numerical calculation suggests that a segment
length of 30 m effectively mitigates the interference between adjacent cracks, resulting in a flatter crack
propagation form, while maintaining a relatively small remaining interval between adjacent cracks. Field tests
have effectively validated that the segmented length enables controllable energy release. Notably, the single-day
microseismic frequency after fracturing increased by 52.0% compared to pre-fracturing levels, while the
proportion of high-energy events significantly decreased, with high-energy events exceeding 10* I being
effectively eliminated. These research findings provide a reference for the prevention and control of rock bursts in
coal mines under similar geological conditions.
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Fig.2 Three-dimensional schematic diagram of working face distribution
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Structural chain evolution process of periodic failure of composite hard roof
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Fig.7 Mechanical test operating platform
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Fig.8 Schematic diagram of arrangement of acoustic emission

sensors
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Fig.9 Schematic diagram of loading and unloading stress path

of coal sample affected by mining
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Table 3 Loading and unloading parameters under mining stress path with different roof breaking steps

.. WWBHE(breaking  BEWiD (breaking WP (breaking BB (breaking BB M (breaking 725 B (breaking
H; v step)16.0 m step)19.2 m step)22.4 m step)25.6 m step)28.8 m step)32.0 m
(No.) O /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa o, /MPa
1 9.81 8.99 10.32 9.33 10.87 9.67 11.53 10.05 11.88 10.33 12.83 10.83
2 9.85 8.94 10.44 9.31 11.12 9.71 12.01 10.19 12.45 10.54 13.90 11.29
3 9.90 8.86 10.61 9.29 11.48 9.77 12.75 10.41 13.37 10.88 15.99 12.20
4 9.97 8.77 10.84 9.25 12.04 9.86 14.12 10.83 15.10 11.55 21.77 14.86
5 10.07 8.63 11.21 9.21 13.03 10.02 17.42 11.41 19.60 13.38 - -
6 10.22 8.43 11.82 9.11 15.24 10.41 - - - - - -
7 10.45 8.09 13.07 8.91 - - - - - - - -
8 10.89 743 - - - - - - - - - -
25 1 251 < lar
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o . o 18 19 20 _
151 15 max = 13.07 MPa
= Le L7 18 = AR E/% [ F
5 Rideel B 8 onx= 11.21 MPa
S 10k 9.75 MPa "= Ogmax = |10.89 MPa S 10f Oimax=10.32 MPa—4f &5201= 10.61 MPa
st st TIHE
9.75 MPa
O 1 1 ] 0 1 1 ]
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iAEE/% LA e/%

(a) P14 16.0 m B W5 B K5 S f 4%
(a) Mining stress path with an average breaking step of 16.0 m

(b) 3 19.2 m WIS EER BB B 2
(b) Mining stress path with an average breaking step of 19.2 m
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Fig.10  Stress-strain curves of coal sample influenced by mining stress path with different periodic breaking steps of roof
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Table 4 Mechanical characteristic parameters of cyclic loading and unloading coal samples with the same loading rate

T T > A5 N Lk . % i o5 AL 5 B
WWOrEE AR S i i) PR W i R R S o U R S
(breaking (sample (time)/s (compressive (peak strain)/% (breaking (sample BfEl(time)/s  (compressive (peak strain)/%
step)/m number) strength)/MPa p 0 step)/m number) strength)/MPa P 0
CD1 1 022.05 18.93 2.31 CD10 1171.85 18.52 2.39
CD2 993.53 18.39 222 CD11 1239.62 19.33 248
16.0 25.6
CD3 1029.98 19.11 2.47 CDI12 1220.26 19.20 222
BB 1015.19 18.81 2.33 WE 1210.58 19.02 2.36
CD4 1045.51 18.46 2.28 CDI13 1298.24 19.16 2.35
CD5 1072.48 19.06 2.24 CD14 1319.11 20.24 2.55
19.2 28.8
CD6 1095.49 19.13 2.42 CD15 1344.69 20.65 2.48
BE 1071.16 18.88 2.31 BE 1320.68 20.02 2.46
CD7 1211.34 18.19 2.36 CD16 1261.44 18.74 2.32
CD8 1194.55 18.83 2.62 CD17 1397.87 22.06 2.60
22.4 32.0
CD9 1245.17 19.22 2.41 CD138 1297.95 19.07 243
B 1217.02 18.75 2.46 HfE 1319.09 19.96 2.45

VE: 32.0 m FMIREWOEEE TR, (X CD17 ANEIRINEN RS R Fain gk kAL MIEERIIR, T CD16 1 CD18 S NG H N EN F 1 AR VN 2k & A ERE Y
W, BIEHERERIR TR R I 4 B
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Stress-acoustic emission energy change curve of coal sample under mining stress path with different weighting steps
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Table 5  Statistical table of time-acoustic emission monitoring results at different stages under mining stress path
- i 6] time)/s _ E%iﬁ'#fz‘é@ﬁ%& R . Aitat i
z (cumulative ringing count)/(10* /%) (cumulative energy)/(10° mV * ps)
(breaking step)/m - - — - - — - - - —
T PEEMENAR OMEEBSR BUmEk EEOMEER mERESLE  fUnd JEERmEE InEREsR
16.0 518 308 196 5.04 1.65 6.69 1.88 0.66 2.03
19.2 566 355 150 542 2.01 5.87 1.98 1.00 1.78
224 510 480 144 5.39 2.71 4.62 2.05 1.37 1.57
25.6 541 561 118 523 2.20 6.82 2.19 1.84 1.33
28.8 515 697 106 5.20 2.89 6.25 2.03 2.21 1.25
32.0 524 774 100 5.19 4.44 5.18 1.93 2.47 1.47
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Fig.12 Variation trend of coal sample strength and cumulative
acoustic emission energy under the influence of

periodic breaking step mining
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Fig.13  Variation trend of acoustic emission energy at the last

loading and acoustic emission energy per unit stress

under the influence of mining at cyclic breaking steps
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Table 6 Statistical table of coal sample failure process under the influence of mining with different hard roof breaking steps

WL P BIAG IR G/ BUREIIA WA 51 WA 5 2

(breaking step)/m (sample number) (initial sample) (crack propagation) (sample failure) (failure scenario 1) (failure scenario 2)

16.0 CD1
19.2 CD5
22.4 CD8
25.6 CD12
28.8 CD14
32.0 CD17

7R S R IX i)/ PR B/
(mV ¢ ps) - (mV * ps)

1007

| Msso 350
80 ; 300 300
g 60 f 250 250
N 40 200 200
20 150 150
® 100 100
50 50
0 0

(a) 16.0 m M550 (b) 19.2 m T2 B

(a) Breaking step of 16.0 m (b) Breaking step of 19.2 m



* 1818 »

HA1E S TR

2026 4F

P PR ST AR X )/
- (mV ¢ ps)

350
300
250
200
150
100

50

309

(c) 22.4 m I B
(c) Breaking step of 22.4 m

— 75 RS X )/
- i o (mV * us)

350
300
250
200
150

100

S0
(e) 28.8 m 725
(e) Breaking step of 28.8 m
Bl 14 7] SRR THURC Al O 25 B SR Sl R T R 75 S 2 1) 3 A AR AE

Fig.14 Spatial distribution characteristics of acoustic emission of coal samples under the influence of different hard roof breaking steps
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Table 7 Evaluation index of cyclic loading-unloading response ratio of coal samples under mining stress path

GRIEEL
(evaluation index)

AN

(computing formula)

Ak

(discrimination basis)

1. PSRN Y, =E /E,
IEER R L e

2. BRI AT R RS EEN Y, =(N, /0,)/ (N_ /o)

1. BEREIEFR INEN T f0 558 AR R 7 EE KT 25
2. RS HCR I EN SRR R L, BT R AR R
RIFBERLRT 2

R 8 ANFITHAR A W B R Bl N A% T PR AR D0 B Hon s i R 4 i 3R

Table 8 Statistical table of coal sample failure and its loading and unloading response under mining stress path with different roof

breaking steps

' , SRR AR o ) 2B e 7 L T RSB SR /N B o R B
b ﬁ}ii(%ﬁifp y fail ﬁ&? %{tﬂ:‘ isti (elastic modulus loading and (response ratio of acoustic emission
(breaking step)/m (failure characteristics) unloading response ratio) number/loading-unloading size)

16.0 1.15 1.35

19.2 BURERIR 5 10 T2 AR5 4 AR X 56 4 1.27 1.47

224 1.44 1.65

256 BEREROR R i, 0 EARBEIR, FLIREO 1.69 1.72

28.8 Y BN SR S = R 2 1.89 1.92

32,0 PERER T PR, TR R BT UIOR, R 213 294

FERRGR, M AR ]
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Table 9 Main mechanical parameters of coal and rock in numerical simulation of hydraulic fracturing

e P % i (density) TR o A PURLoR PR S W2
(No.) (lithology) p/(kg*m®) (Poisson's ratio) (Young's (tensile (compressive - (internal friction  (fracture toughness)/
’ gy modulus)/GPa  strength)/MPa  strength)/MPa angle)/(°) (MPa * m'?)
1 B3 #t)2 1512 0.310 5.70 2.75 19.15 30.25 0.30
2 Wb 2447 0.260 18.85 6.89 56.85 30.22 0.58
3 PR 2574 0.250 16.48 3.61 68.25 29.26 0.79
4 AR 2631 0.210 13.57 3.17 75.25 28.86 0.72
5 VeE 2533 0.280 8.50 2.28 33.50 30.41 0.61
6 B2 #t)E 1640 0.290 6.00 221 15.78 29.72 0.32
7 btk AT 2543 0.210 19.80 4.48 45.62 29.98 0.82
g
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X
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< iy
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Fig.15 Design and construction of numerical simulation scheme for the influence of different staged fracturing lengths
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Fig.16 Distribution characteristics of fractured hydraulic fracturing in side view direction
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Fig.17 Distribution characteristics of fractured hydraulic

fracturing in top view direction
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Fig.18 Variation of adjacent crack spacing with different segment length
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Fig.19 Comparison of energy/frequency of microseismic events before and after hydraulic fracturing

PR3 BOK D) R 42 6T, AR R %o [FR, 70BoK I ISRE IR, K4 131000
JE SR R I B H RGR R R R AR T 1310, IR R, RURFMRRED A8 2.31x10° A
MK N ERIEIG , TARMWOR B R HIE  4.00x100T. KIJ R, 7E7%5 8 2 Ao Krg 4
10T DUR, WURSHFREE. SRR ROE MR T, TR IFR M B H 0= e 21 41E



Fa5E Ho B RS UERE TR T BRI R BEAACR ) ) SEmi NR  ZB  o) BU AL

* 1823 »

93.69x10%T, BT HIKJER)E 5.07<10° ] )
MR R R IME; AR KRR
(Rgem, 2T AR T F R (0 50 H R Re 273
3 5.61x10° J, TR HRHMERR R FIIHEL
10.65%. H.7K /7 2L R0 0% 5 HACE B R 25
W, IKITEZR G R 3ME 38 I, BURZREAT )
B B H AR IERIA B 52.0%. 7K 7RSS 5 4 1%
TR TOURR (1) e B2 15 214 2R, 5 HAGE Re &=~ F351E
T B[R] B R S A B S BT, SRR AR
R AR BRI E R, OB KRR F %A
HEE 2/ e E .

1553 BB 20T J5 1) TAE T S-4HEEE 200 m 1I4H[H]
T, ERERHBERBUSREEEE PRI, ERT
HIL2 K 10°~107T J2 11K 105~10°T KR 44,
MR ETE F R0 2 10°T LUF, RHER
A A= T ORREE OB IR . 7 BoR R T
A, WUEEM 2B AN, HE
S5 0 A D T B A DX IR TR 2 i ik 4
40 m, Hor BN AT R0 VG LB A B B A
o TG B IRAR T X 35k 711010202 R 723 X —
A, LA ) 43 A7 5 BBl 5% B2 B A 1 5 B A
B —ErE, RS 102T DL ERAUE R R
BB SRR B R AT B B IR 20),
X SRR EARRIEIN . e R PR ST A

1010202:K %5 [X. . b
1

\ 1010206 TAE

O e

1200 ;

1

i

. L

Sose o Sud

1400 = ———— -

BIE, E— Ui B 1 R 2 b (R A0 2 R B R BN AE
2% )b HH 2% R AR Hh A 1) X34k 7 HC

1010206 TAF 7K 77 & 2471 J5 108 S+ RE = 4>
X &R E 10 Fros, Br 2k 10°7 LR KREE
HEAN, JEZET 0~10 T MUZFHMIH 560 X,
IR T EZSE 1 1 639 K, 10~10°] MEFH M4 N
1 926 X FEFHILT H2RE IE F 45, KT 1070
OB HMIR T RS, HARHIAT 10T 1%
BHME, KIEHEMBE 0~10% T BGEEM 5 &
TR FFI 671.74%0, 18 17K )R ZLHT TAETHIIT R
BrBE 0~10% T FIRUE S (5 L 488.31%0. AT/
FIEZAE AR T A R TR P R R, HAME
REE FEH/ANT 10° ) HUB FA R, WK ) 2
IEB] T R E R AR

BT RS 52 T TRUARJE A0 0 1 Jor s 288 25 7 2
WA RBNITEAT N BIBERE 715850 5 7 Bk
FERZM I EUE T H AT, ME T B A R TR
JE SR BT s e R MR AR ) AR, HER T AR THOT
R AR THUAR A A W R R B B I R IE A, R
T T TAE T R 2 A i 5 A4 R 50 B ) B AR AR
A, B TR Bh N7 V(L i o R AR AT 4
MIRHTE R RRE. JEH, JET E HAw b5 iR 8h
ST (IR AR O 7 450 B L s gk B2 LG ) 51N
B8 T RSN T AR R R IR JEAE B Ak ) B s

JFR X [8]

%

.

STt 1010206

L.

- :
gl o 4
@ P '
RO

T 1010206 g

-- T 800

1000 T R R X 1A/

FE A /m

R S e ~
‘. 1200 .,

o . o °
Sy BLE AR ¢ ?
0~10 10~10" 10°~10’ 10°~10* 10*~10" 10°~10’
. s i JERIX ] i
E%: . : : ' =
IR A ! 1010202 3R [X
i

\a/”-—r_.‘/_/://—_//

1010206 T )il

* 1010206 T./E THi
10102061 Jiit

800 K /m

1000

K20 73 BUR ST A o S 2 1) 20 A AL

Fig.20 Spatial distribution characteristics of microseismic events before and after staged fracturing
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