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Study on compound disaster of rock burst and roof falling in coal mines

PAN Yishan'?? DAI Lianpeng' ,LI Guozhen® , LI Zhonghua’

(1. Key Laboratory of Ministry of Education on Safe Mining of Deep Metal Mines, Northeastern University , Shenyang 110819, China; 2. School of Environ-
ment , Liaoning University, Shenyang 110036, China; 3. Liaoning Technical University, Fuxin 123000, China)

Abstract ; With the development of coal mine to the deeper zone,the dynamic disaster of coal mines not only shows
some characteristics of rock burst, but also shows some characteristics of roof falling. The two typical disasters break
the previous cognitive law that the occurrence of roof fall and rock burst is mutually converse. These two type of disas-
ters are mutually induced and compounded in deep coal roadway with high stress, especially coal roadway with thick
top coal. On the basis of summarizing the characteristics of roof (top coal) accidents caused by rock burst of typical
roadways in Shandong,Shanxi and Xinjiang mining areas,the concept, mechanism and classification of the compound

disaster of rock burst and roof fall in deep roadway were proposed. It is pointed out that the key point of compound dis-
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aster mechanism is to reveal the stability principle of the whole roadway system ,the subsystem of the fracture area and
their interaction. In this paper, the mechanical model of compound disaster in roadway was established. According to
the criterion of disturbance response instability ,the critical load ,the radius of critical softening zone and maximum al-
lowable disturbance stress increment were obtained , the main control factors of the disaster were clarified and the influ-
ence of rock burst tendency index, support strength, roadway radius and uniaxial compressive strength on the occur-
rence of the disaster was analyzed. In addition, the development law of the surrounding rock softening and fracture
depth along the increase of the ground stress was clarified. The results show that the main body of dynamic instability
of roadway is an unstable system composed of elastic zone, softening zone and fracture zone ,and the main body of fall-
ing is fracture area. The stable fracture area increases the critical value of rock burst start-up , which makes it more dif-
ficult to start,but the development of fracture area is easy to cause roof fall. Roadway stability support is the key to
solve the compound disaster. Scientific and reasonable support can not only effectively control the surrounding rock
fracture and roof falling-resistant,but also improve the critical value of rock burst start-up. The occurrence mechanism
of the compound disaster of rock burst and roof fall is revealed with theoretical study,and the significance of the sof-
tening and fracture area and its stability control for the prevention and control of the dynamic disaster in the deep road-
way is clarified.

Key words :rock burst;compound dynamic disaster ;roadway roof fall ;deep mining;roadway in coal seam ;disturbance

and instability
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Fig. 1  Characteristic of burst and falling damage of roadway in Shandong Province
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Fig. 2 Characteristic of burst and falling damage of

roadway in Shanxi Province
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Fig. 3 Characteristic of burst and falling damage of

roadway in Xinjiang Province
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Fig. 5 Analysis model of compound disaster system of
rock burst and roof falling in deep roadway
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Fig. 7 Process of “roof falling to rockburst” of compound disaster
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Fig. 8 Process of “rockburst to roof falling” of compound disaster
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Fig. 10  Influence of burst tendency index on critical

condition and fracture zone
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Fig. 11 Influence of support strength on critical condition

and fracture zone
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and fracture zone
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Fig. 13 Influence of UCS of coal mass on critical condition
and fracture zone
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Table 1 Main control parameters and critical values of rock

burst roadway system in typical mining area

WX INZRFE Iy B
kﬁﬁg?&{%m% 0. 67 1.14 2.70
éif;fﬁj%f 12.70 20. 14 19. 10
A AP R E/GPa 3.12 3.52 2.85
WEEHEFR o/ (°) 30 30 30
FRATFER L A,/ MPa 18 34 40
TR R B £ 0.28 0.30 0.19
KPR p,/MPa 0.33 0.29 0.34
il Y22 py/m 2.50 2.45 2.40
iRy S1{H Py/MPa  27.80 ~31.43 28.20 ~31.91 12.8 ~13.9
i AR EE 1, /m 18.58 12.41 8.21
I SRR R TR BE 1,/ m 11. 67 9.38 7.36
AR J7 P,/ MPa 33.85 34.27 17. 44

BT e AR FS R TR AR T AR Sk b
HE— 2575 R AR R ) A ZE M B 2553 3800

Pt B AP R REA SR B R R |, SRS T b
i) Bl FHE.

(5) AR AR IE i b IR 5 B TR 5 K PR
— BT FE S A TE TR ST S AR GE XA B e X
TR GG E PR A T AL B A 4 1 R A R SRR e
TR BT th LR, W NS 5 9 G R AR 18 P S R 5
R SRS e X il AP il R R G5 1
AT R HONE & TR R AR A 2 TR i AR 1
SCPITIE S RBEOR

S % Lk ( References) :

[1] COOKN G W,HOEK E,PRETORIUS J P G,et al. Rock mechanics
applied to the study of rockbursts[ J]. Journal of the Southern Afri-
can Institute of Mining and Metallurgy,1965,66(10) :435-528.

(2] U ahel MU R S R B[], B T
TR ,1987,6(3) :197-204.
ZHANG Mengtao. Instability theory and mathematical model
for coal/rock bursts[ J]. Chinese Journal of Rock Mechanics and En-
gineering, 1987 ,6(3) :197-204.

[3] W—1l, 2200w, J0E vhifi oA A WL R BT iR
WHELI]. A A 12 5 TR0, 2003 (11) :1844-1851.
PAN Yishan, LI Zhonghua, ZHANG Mengtao. Distribution,
type , mechanism and prevention of rockburst in China[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2003 ( 11) ;1844 —
1851.

(4] SFECHT, BRMAS, T, & whdi R A8 0B E R L
BUABHUBTIE[ )], A T35 5 TR 2441, 2003,22 (11) 1852~
1858.
QI Qingxin, CHEN Shangben, WANG Huaixin, et al. Study on the



122

%X

www.chinacaj.net

#*® 2021 445 46

(7]

[9]

[10]

[11]

[12]

[13]

[14]

relations among coal bump , rockburst and mining tremor with numer-
ical simulation[ J]. Chinese Journal of Rock Mechanics and Engi-
neering,2003,22(11) :1852-1858.
FRALE: I A, o, A B TR I BEA R IB R RS
SR LI] A S TR ,2015,34 (1) :2227-2241.
KANG Hongpu, FAN Mingjian, GAO Fugqiang, et al. Deformation and
support of rock roadway at depth more than, 1000 meters[ J]. Chi-
nese Journal of Rock Mechanics and Engineering,2015,34 (11)
2227-2241.
BRI TR A T R A A BRI ], T E S R
#2,2017 ,46(3) :467-473.
HOU Chaojiong. Effective approach for surrounding rock control
in deep roadway[ J]. Journal of China University of Mining & Tech-
nolugy 2017,46(3) :467-473.
ThAAA T G, B AR TR PR 2 U i S L S

BT[] ERFI2E AR 2015 ,43(6) :34-40.
MA Nianjie, FENG Jicheng, LU Kun,et al. Study on cause classifica-
tion method and support countermeasures of roof falling in coal drift
[J]. Coal Science and Technology,2015,43(6) ;:34-40.
FEE I, A s o). R30S 5 0 L 2 o D 5 o T AF S [T . vh
Bl K2R 2006 (2) :145-148.
BAI Jianbiao, HOU Chaojiong. Control principle of surrounding rocks
in deep roadway and its application[ J]. Journal of China University
of Mining & Technology ,2006(2) :145-148.
T ERGG, 5, A JF A R IRE R FlA S X 57
BRBIAL)]. BB ,2019,44(1) :105-114.
WANG Weijun, DONG Enyuan, YUAN Chao, et al. Boundary equa-
tion of plastic zone of circular roadway in non-axisymmetric stress
and its application[ J]. Journal of China Coal Society,2019,44(1) .
105-114.

W — 1. B b b A Sl ) o 2 R B8 K

#%,2018,43(8) :2091-2098.

HLI]. Memess

PAN Yishan. Disturbance response instability theory of rock burst
in coal mine [ J]. Journal of China Coal Society,2018,43 (8):
2091-2098.

FEOHT, e, BN, 45, B wh il R FIE HR SAR MR
ROPFEL)]. B TTR 2017 ,22(1) :1-5.

QI Qingxin, LI Hongyan , DENG Zhigang, et al. Studying of standard
system and theory and technology of rock burst in domestic[ J].
Coal Mining Technology,2017,22(1) :1-5

FMEAR W — 1L, e %, 45 &Eli%ﬁﬁ?k*ﬂ‘]ﬁhﬂilﬁﬁsm}i
FB7IGR)]. BEHFIR,2014,39(2) :205-213.

JIANG Yaodong,PAN Yishan, JIANG Fuxing,et al. State of the art
review on mechanism and prevention of coal bumps in China[J].
Journal of China Coal Society,2014,39(2) :205-213.

W R, 7T, B S BT R ehil M S S e ()] A

£ 71% 5 TSR ,2012,31(3) :586-59.

PAN Junfeng, NING Yu, MAO Debing, et al. Theory of rockburst
start-up during coal mining[ J]. Chinese Journal of Rock Mechanics
and Engineering,2012,31(3) :586-596.

DAI Lianpeng, PAN Yishan, WANG Aiwen, et al. Experimental

study on the self-protection performance of anchor bolts with ener-

[15]

[17]

(18]

[19]

[20]
[21]

[23]

[24]

gy-absorbing tails [ J ]. Rock Mechanics and Rock Engineering,

2020,53:2249-2263.

1%@%7 TRFR A TE P ) 1 DG BE B R B ST [ 7). ok
2R3 2017 ,46(5) :970-978.

HOU Chaojiong. Key technologies for surrounding rock control

in deep roadway|[ J |. Journal of China University of Mining & Tech-

nology 2017 ,46(5) :970-978.

WU Wenda, BAI Jianbiao, WANG Xiangyu, et al. Numerical study

of failure mechanisms and control techniques for a gob-side yield

pillar in the Sijiazhuang Coal Mine, China[ J]. Rock Mech. Rock

Eng. ,2019(52) :1231-1245.

B, T3, R R TR 9 Bl 16 -5 0 A 4

RLT]. HEmBL2EFAR 2013 ,41(9) :105-108,121.

MAO Debing, YIN Xiwen, ZhANG Huijun. Technology of preven-

tion roof disasters and monitoring and controlling in China

coal mines[ J]. Coal Science and Technology,2013,41(9) :105-

108,121.

WIRIE w0t , 5. IR TT R A E

2£41%,2015,40(1) :1-10.

XIE Heping,GAO Feng,JU Yang, et al. Quantitative definition and

HAE S T] R

investigation of deep mining[ J]. Journal of China Coal Society,
2015,40(1) :1-10.

A, bR, TRER A R D 2 BE R [ M. JE st B AL,
2010.

Ll ST PR R [ M. dEsC BhA R 2018.

SHEN B. Coal mine roadway stability in soft rock: A case study
[J]. Rock Mechanics and Rock Engineering,2014,47(6) ;2225-
2238.

EEE. AFEE TS| A ek S AL B i
BB DU TR 2006,

WANG Guanbao. Study on rock burst induced by roof falling and
D]. Wuhan; Wuhan University

[ D].

its control methods in gypsum mine[
of Technology,2006.

T FRIGEE BRS04, X 5T R E 1 R A el b s R A
PLBE R HAEMEN [ ], 52741, 2016 ,41 (11) :2679-2688.
MA Nianjie, GUO Xiaofei, ZHAO Zhiqgiang, et al. Occurrence
mechanisms and judging criterion on circular tunnel butterfly rock
burst in hom-ogeneous medium[ J]. Journal of China Coal Society,
2016,41(11) :2679-2688.
[GIE S Y SR S e
s SRR ST ()], B A 1%
519-525.
LU Caiping,

vl BT T A A i v A
5 TR 2% 4]k, 2008,27 (3) :

DOU Linming, WU Xingrong, et al. Experimental and
empirical research on frequency-spectrum evolvement rule of rock-
burst precursory microseimic signal of coal-rock [ J]. Chinese Jour-
nal of Rock Mechanics and Engineering,2008,27(3) .519-525.
WARAT. H T B ol R R B E TR S B0 S B e[ ).
IEVTAN: ,2014,5(3) 1154,

MAN Fuyou. Prediction and prevention of local roof fall accident
based on prevention of rockburst[ J]. Heilongjiang Science,2014,
5(3):154.





