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Abstract: The negative coal pillar roadway arrangement has been widely adopted in rockburst-prone mines across
the country, demonstrating effectiveness in mitigating the rockburst risk associated with roadways along the gob.

However, an unexpected rockburst incident occurred in the negative coal pillar roadway during the mining of the
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17-seam coal gob-side fully mechanized caving face at Junde Coal Mine. In response to this incident, we
conducted a comprehensive investigation of the rockburst damage characteristics of the negative coal pillar
roadway in the context of dynamic load disturbances. Our approach utilized a multifaceted methodology,
incorporating field measurements, numerical simulations of particle flow, and theoretical analysis. This enabled us
to clarify the underlying mechanisms of rockbursts in negative coal pillar roadways induced by dynamic load
disturbances and to propose a methodology for identifying rockburst hazards in such roadways. The findings of
this study can be summarized as follows: We analyzed the movement and evolution characteristics of surrounding
rock in the negative coal pillar roadway and proposed a risk criterion for rockbursts under dynamic load
disturbances based on the ejection velocity of coal and rock bodies and the maximum radial displacement of the
roadway. A rockburst damage calculation model for the negative coal pillar roadway under dynamic load
disturbances was developed based on energy attenuation theory and rock dynamics. We derived the displacement
damage engineering criterion and the dynamic damage criterion for the coal body in the negative coal pillar
roadway under dynamic load disturbances, and proposed a method for identifying rockburst risk in this context.
From a displacement perspective, the radial displacement of the roadway depends on the stress of the original
rock, the angle of internal friction, and cohesion, which reflect the inherent strength of the rock, support resistance,
and dynamic load. From an energy perspective, the ejection velocity of the coal body in the roadway is influenced
by the energy of the mining shock, the distance from the mining shock to the negative coal pillar roadway, the
energy attenuation coefficient, the range of the plastic zone, and the energy-absorbing effect of the roadway
support assemblies. We proposed three targeted prevention and control measures, focusing on the generation of the
vibration source, the propagation path of the vibration wave, and the mechanism of vibration wave disaster. These
measures are designed to reduce the risk of rockbursts in negative coal pillar roadways subjected to dynamic load
disturbances. The first measure involves quantifying the critical width of the pressure relief protection zone. The
second measure addresses the over-support of the negative coal pillar roadway. The third measure entails
pre-cracking and blasting of the roof plate.

Key words: mining engineering; rockburst; negative coal pillar; dynamic load; mining-induced tremor; the theory

of energy attenuation; the theory of rock dynamics
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Table 1 Parameters of the 67 - 26 Borehole column

i A R /m JE B /m
Rio R 518.25 27.55
Ry WibE 520.95 2.70
Rg R 550.05 29.10
Ry B RS 557.40 7.35
Re wWibE 570.50 13.10
Rs R 575.80 5.30
Ry Wb 579.50 3.70
R; YRR A 584.00 4.50
R, R 586.00 2.00
R Wi 605.15 19.15

Coal 17 50 617.55 12.40
F, wmibE 623.70 6.15
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Fig.2 Destruction site of negative coal pillar roadway
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Table 2 Mechanical parameters of simulated rock stratum
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WEEIE g RRN SRS S PEHAY Ram e sk TR SEEEES b g

GPa MPa MPa ©) [E/GPa NIt B3 - GPa
GPa Lt

Ry X 0.19 7.88 1.80 470 35.00 8.00 1.50 0.50 1.20 1.00 6.50
Rio KRR 0.25 10.06 8.34 15.60 35.50 12.60 1.10 0.60 1.10 1.10 12.60
Ry WA 1.60 7.07 1.50 7.60 34.30 9.50 1.50 0.75 1.50 1.00 33.00
Rg KLY & 0.25 10.06 8.34 15.60 35.50 12.60 1.10 0.60 1.10 1.10 12.60
R, TR A 0.22 10.52 5.45 5.80 40.10 6.80 2.50 0.50 6.80 1.00 16.90
Rs WA 1.60 7.07 1.50 7.60 34.30 9.50 1.50 0.75 1.50 1.00 33.00
Rs KLY & 0.25 10.06 8.34 15.60 35.50 12.60 1.10 0.60 1.10 1.10 12.60
Ry WA 1.60 7.07 1.50 7.60 34.30 9.50 1.50 0.75 1.50 1.00 33.00
R; TR A 0.22 10.52 5.45 5.80 40.10 6.80 2.50 0.50 6.80 1.00 16.90
R, LRI & 0.25 10.06 8.34 15.60 35.50 12.60 1.10 0.60 1.10 1.10 12.60
R; b E 1.60 7.07 1.50 7.60 34.30 9.50 1.50 0.75 1.50 1.00 33.00
Coal, 17 54 0.23 0.50 2.40 2.40 42.60 0.50 1.20 0.20 0.50 1.00 5.10
Coal,  WEWFIE)Z 0.19 0.40 1.80 1.70 35.00 0.45 1.00 0.15 0.40 1.00 450
F, b E 1.60 7.07 1.50 7.60 34.30 9.50 1.50 0.75 1.50 1.00 33.00
F, ZMIX 0.19 7.88 1.80 4.70 35.00 8.00 1.50 0.50 1.20 1.00 6.50
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Fig.8 Rockburst mechanism model of negative coal pillar roadway

F

w=2nf
t=n/E, (5)
E =EE,/(E,+E,)

Kot WEEEIOIEREEES, U, NEBAE S
r W RRENIARER, U, NS AIVIMaRER, f N
RRANBMIIER, E, NS samrINIE, 7, NS5
S5 R E R AL

S B TR R I8 = P AR TE AR A 2
it HEERABA R AR, Ny BOH IR .
AT RN B, 72 Bl I8 e 3 28 0 PR A 1 e
U, A

U, = Ul_e*(ﬂm +hany) (6)

A B MR BN R A TR e 2 H 30k SR 2
B, NS RE AR R EL AR
PR SRR TEELRTNCA ZBKE, AR
R TR E I Z B

(2) HIESCIIRAE

AR B S Bl B AR AT (F) B U
SCORRIMHZR o SR A T8 26 7 5 AR AR DA e EL T
W JSER /NN IO I VR T S 5 T AR i M 2R D T
HORFEARIE, ARIE N BE R R e ) 3 2R IR 3
SRR IR RERT R BE I ER 5

MR =PI BERL R T A1), AR TE 52

Ciak e NIl AN
1o Pu P
P = bu, " bu,
K PONTRYE U BB SCIR T, b A TE B
BE, u, AT U BMIMIEE, PR SCARIN S
PR, w, R SCEEHERE . MIASTE LR BE E, N
E, =p;s ®)
A s NASAEBER PN &,
R BRI, B sh T A E AR Bl
TRy H s (AT sh# N i) A

(7

1
U_e*(ﬁm +5o13) _ &_’_& SZ_ vz 9
i buo buz 2 pZ P ( )

b p, WEEVEXIEAR B RE vy AIBIE XA
PSR, PR v, <1 m/s B, YR HEAROR
AR AP, AP E R 1 m/s<v, <10 mv/s B,
IVEIX IR T B R ARy, HOEBEE K, phii A
MIATREPERR R, 24 v =10 my/s I, BAVE XA —5E
KA R,

(913 B8 Bh T A A 18 s e o vk
AEERH S, AMEHEM LRI, v, BT m/s):

5, = £ (10)

2 Uie*(ﬂm*ﬂz’z)_ &4_& B
bu, bu,




FA4E F 12

= AR BRSNS AR I LR SR IR S

* 3425 -

BN BN N SO R E o A R 1 e B R A
Sy R, BB BN R A R B, ik
AR RN . M5, >1 I, SRR TR
ERE: B, <L, FURHEEL TREEESIS
BRIRES .

MBER ST, ShEkhzh T A E b i
el vEREE R 6, FTE SV REEE . 7R 2 U
BEREE . REEIERAREL BIEXTEH . BESL
PHGERBERCREA K. ENZHRIRER:

@© FEHB T AR E G SRR R
o, S AE NS p, RIEMR, 51
i EBE R U, 2O, eSS EE R R
U, SR EL B AL RERE RS x B AHHSG,

@ BB T B BIE b E R E R
o, FEE BLA % p, BAMERTK.

4.2.2 RIS IR T SRR

RATFRIPE G, FEAE Y f AL T 3R Ae
RS, BIEIHZ)E, FBa N EF A, BiER
A BN R . R AL i AR L A
ITHUR AT, A AT, B4R ) A7
K, BIEREMEBE.

RAEE A BN 2R, RAPE RN E
AL R, REH &R A H I,
HI AT TR DU B TE R KA AL A% o A R J
LR IR VAR B A 3N

o, AJpE, e (11)

e A4 NREBIBASBRIBNE, x ARIPHIE
HERE RS .

% R B TR AR IR 2 A BB LR A 2
i, HEERABEIR AR, NoyBOtE ZiEng
BRI W Zh i 3. ATIBUR WG], 0 RS
GRAE B TE VAL BT Oy S

deax = A\/ plEalpZEa2 ei(ﬂ]rﬁﬂzrﬂ (12)

FER SRR, BIE AR i R ALAS AP0

i sing (1 _ o3 2sing
u:bsm(p (py, + Ccotp)™(1 51p(p) (13)
2G I=sin(py +C cotp)

(pz’ - O-dmax + CCOt (/’)

Kb p AEAERN T, o ABESENEESM, C N
AR, GARARB Y E.

M4 R. P. Zhang 2500 1, MR8 2 M AR &
u<<50 mm I, WIEFEMERLF, WAFT IER T
b= MAREA R E 50 mm<u<<200 mm Y,
W EN— K, FERDUEISEHERS; 4

2sing

Al SR A B 0 =200 mm I, R E MER
%, TAEFFSLRE L, EZERIUEHE, HiE
FaEMEER. HEit, Z546X(13), fHsEMI T
BRREAE AT PR RS A I A

B (13) 5 5, 3538 R e T R0 A AR T A B
F BT RN ST py~ SN A 580 P 5 1 P
Bt o MFEE T € X BT p, FUEBN BN # o, -
AT Z 2R 2R A

(1) HIEMEDERNE v BEEBERTEN B
1 S5 I R BG OR 2 R ARk HOC R IE R 484
(R /INE T A0 R TR P R A o, PN R AR
/N, FREHOK, AR IE A 1A ) 67 A 1 KRR

() BEMALERMNE v ST p R
TG, HHRAARRIEEDIRE o, B IEAHX.
4.3 mEEERFNRSGE

FZERATERTHEM BN —, &b, #
H Bl E Pl A b A B R T,
Wk 9 fraw.

i 1
EMERNEA G| R PR
iR AR A | | A i
SR B REHIXE B B W P!
t | }
B, R
SR B A SR
WG, (12)iF W), aDit
SRR SR ‘ SRR R
LS i BRG] A
b R B 78 FEAR R ? il B B 7 B
S M A1 Sy R A 10 7%
LR RTES RS
t t
!
‘ 3 [ Hmin(S,,) Flmax(u;) |
Min(,,)< 158 — —
bkt
B
et Rt 5
i i
AR | [REEE
gy | | FIORRER |
[ | ]
(@x)

B9 haEgm R U IE pp A E B AR T
Fig.9 Identification method of rockburst risk of negative

coal pillar roadway under dynamic load

(1) sh#orde. TR M R 503 1 e 3)
WHREEMZN S M EA N AL E R R, SR



* 3426 ¢

HA 1S TR

2025 4F

I RSB R AR B 2K -

(2) FeE RERAR A B RAAS TR . AR BN
GO ARTE K AR5 51—, T LI (13), (11)
THE BN E I BN T FUEA R R E TR B R 5,
ENEIEN N BE AR RIS us TR SIEAN
WIZB AR A 2 Fh, Bl s6), (12)iH5.

() MR AR . i P AN ) B AN
T RRE R TE e e v R R H S, MR ORI
RO AR KA u, WRIERN S, 5 1 RRANR
FANER 3 PR ETE K Rk« XGE ™ 6
AF—EE Y b d ek tE, 2 Wy gs i fa
o3

# 3 SUERERE TR

Table 3 Negative coal pillar roadway stability division

AR o AR [ & #2300 & /mm
T u<50
R E 50<u<<200
ArasE u=200

(@) Bidae e, GO iR B £
Mok, TR KB R AP M S . IR U5 A
R R SR 3 57 96 S SR P
SRR B R, B e A PR 5
RE (AR G A 36055 2 8 A 4 0
FIZH AR, B IR K R 2 1 i
o LK FLAREERTLIO I 8, K BRI
BN AES 1, Uh b OB A S
SRt TRECH IS G

5 SEfISTH RBTERT R

WRAE=MRBOCR, THEA MR RS AR
EL TS E B 8 2626 m; RV AL U
AR TE R 2 B 1, 9 19.75 m.

WA s = IR a5 R, DUR B AIHER f=10
Hz; KHCEAMSECN: E,=10GPa; p, =2 650
kg/m’; E,=2.0Pa/m; n,=0.1GPa-+s; fHMEHE
X ZHN: E,=3.5GPa; p,=1050kg/m’; E =
1.0 Pa/m; 7,,=0.09 GPa *s. ¥ FIREUARA (@),
THEH RS 1 RSl R BRI R EL 5,=0.009 4, 7t
BRAE BB X R B RE B T I A 4 4, = 0.017 1.

51 RFEIBFIELIE

BB NS RIE 4 = 30 MPa, 1R (12)

13 o, = 1.005 MPa. SRR IR AR FT po =

8.6 MPa; [ N BEHEff 0 =30"; HIAMIFR C=
2.12 kPa; [EIA MBIV R G = 3.2 GPa; LH AL
B 77 p. = 0.059 MPa. 4 FRSHARNA(13), 715
u=0577 m, HIFESGRTUEH, §EZmMH T4
PR B i KR AL 28 577 mm(GE KT 200
mm), EELAT “HR” RE.
5.2 EIAREIRFIHRIEIE

IR B — B MIE R IHRE U, = 1.17x10° J,
B PRI s = 0.1 m, ¥ LiRSHARANK(10),
13 6,~0.517<1, HiHEERATLIEH, SZHK
AN G, AR AN BLE P03 3
Ae, SUEAEEREAT R RS

PR TR, BT “XE” R
A, A a7 RHUE R VA X R B
ARG AR T ] ReA 0 AP REAT A g s S B 2
53 sHxtEBTARTE

MRHE(10), (13)n] %0, AEE G FUGAE B pp
wfaltE, ATCAMEIRME . R AL 12
RN PEBCRMLE] 3 AN TTHANT . AU T K
JEARAP T 56 B BRI R IR RS S R0 12 = A5 18 S 4P
3 FhOTVERBRAR AR BRSO T SO AR 18 (1 v
hfaR
5.3.1 BEREI AR 98 B

H(4), G) 2%, YRS EFER, B
SR 2 AR TE I B B 55 45 0 55 T I B AH DG . A
FRRUTR Y, 250 55T W BE 5 72 3l 3 D 2R 2 B AR
K, MHEEAR H 2R R . LR T B . BB I
AR IAN) 5 25 R GG T NI BE R DG . F b AT A7
T A T A 7 0 28 1 XA T e B R TR e A O
BB AR, PRCBER R, T,
2t 3R o 4 K A7 A T A 7 0 B X Y L 1
TR BRI A A 5 188 11 o S B

AP T B AT 5 T A 3 000 2 e DX R 9 B
FEIR R SFEAEARTE MR x, M (9)H ST Bl
SPEEE v U1 mys I, SOBRERERE AL TR AR i
JERIE S . M= (9)28 M

Ul.e’[ﬂ' (x=D+p11 _ prs _ Ez — % (14)

W1 5%, URIESARREANU, N, B
X 11l 556 B2 1, A

I, :{ln|:(p22+p;s)/(]i:|+ﬂ]x}/(ﬂl -5) (15

¥ SCHEARAR5)H11F [,~21.7(m)>15(m),
FHUL T2, B PR B R TE 47 m, BEEA



FA4E F 12

= AR BRSNS AR I LR SR IR S

<3427«

L17x10* T I TIARE 78, 75 BRI s G A 4%
T AR 7 R 0 28 X5 L R S K& 21,7 m Bk,
R DR AE TR ™ 7R REMA) N OB AR PR RS e

B, $RHIEE K B AR R LR R pE
I TAETH PR OS FE A A A Y b fa k. Fr
173 Jee TR o Y0t 25 7 JORE A 6308 1) B 2 AN R e AR
ARASHF, HHEHERNBEXIE R EE L, 18
ERERE R, B EET KR
I, U bo X RSB s br T, BfAKESE
R B FLIE Iy s [ RUEHASIEE R 1 m RS
T—NMEERFREEEAL, B8 Fh N99°,
FLIE 25 m, L2 ¢ 153 mm, fHiMHA—10°(WLE 10).

IATEIX

X
10 [5] XU R # R LA 0 B AL T s =
Fig.10 Schematic diagram of the large diameter pressure

relief drill hole in the lower gang of the return airway

5.3.2 REARIE R
RIE(10), (13)F %0, R L 50 E iR
I3 KB EI BN T UG ARTE ph s R B = R A
S, MRS ) A58 B 1L E M K% u, A
Y BRAR B AR FUEATE AR TE RSN . BT X6 R AR TE 1)
SEBR T, A3 o A A A TSP 0 B IR e
Ju: RGEHRT S 100 m, 0~3 m AEA+A
FUUHAEE HE, 3~100 m 765 U BB A =9 1 3
fith ENft 36U AMGE— A CH, I BSRHESR R
B (LA 11).
53.3 FIURVEREE
RHE(10), (13)5 %0, EIFREENT AR TE
b el e voe R, RIRRREBAL, FUE
A o S B M RGP ) 30 3 T TR
(17720, MRRAS b BRI RR WA 7 A2 110 MR 5 A0 72 U5 1) R
S, MR AR AR T B R A AR s 1
PEo BAREIA: B TAEHERT 50 m JFaG, Wk
% 15 m il T —2s AL, B4t T 3 N
HN99°, fLIEN 75 mm [EEFL, LRILE—FKEL

BRI SO
RIS U

2.5m

2m

I 4.5m !
B [ XUE R AT S 9 R
Fig.11 Schematic diagram of over-advanced support for air

return way

b, BESEZET0NR 38 mo 1*FLFLIK 73 m, fiff 14°;
2°FLALIK 84 m, fHiff 7°5 3FLALIR 96 m, il 1°,
EHELIE L5, RFFL%E 100 kg K Z50RN%, gt RE
B2k, BIKE 25 m, [Er¥Z, BHLKE 20 m,
FLEEE 0.3 m, BT NFLA B LM B,
IR 1A 3 AMLOLE 12).

P12 [m] XU TOUAR TSR A Al L ) T 7 i
Fig.12 Schematic of pre-cracked blasting drill holes in the top

plate of the return duct

2 G IR [ XU SR ELAR D R AL AR TE
B S ANTOURR TR f , 7E 8 AR T [ R i
Firb, Ak S b R
5.4 B

SRR 1411 B A NS AR BLLE 1410 3EX
PSR 10 m &b, s 43k 0 () i R LR A L)
TRENE . K E AR FLEN R AT S 25 F Badk A7 p
drt R G, HUTCRGLS IR =KL 17 2=
DY X[ RS 2R AL, BEAT 25T BH 36 K30 AR 5 58 5
Bep A R VIR B B PN pe A S AP R 3 By v R 1)



* 3428 »

HA 1S TR

2025 4F

AT ES

14171 [5] RGP 36A 7= 35 00 0 FLIR 20 m, TAETH
i KRR RN T 107 ), fUS S pEE AR IE
SFYIEEBSHL 50 m, 7 )Z#EN 2 548 kg/m?, ARIHE )
APIZ 1300 kg/m®. BUBJEREU, N 1X10° T,
FEVEPRIPE B8 50 m, B E A 3k KPR A O EL
AN 0131 RS 7 56 BE LN 17.2 m, /)
T-HUEARP A5 20 m, BHRARYEFR T &0 &0
1411 KCPEETERRR S5 3h B T Refs 22 At . 2k
PRSI, 1411 [BRCPASHE 3E 1 (8] f0E fg & H AT
UART 10 &, P33 H B B (% T 78 A =
Hi BT, AT TR 60 m Y P
TR A% i & AN TR & 0 43 Sl 4ERFAE 20, 25 AT 1.4
MPa 7i 47, AR BRI 1 m/d 32715
24m/de ZELRTAL, BEOCENE AR TE R . BRKRE
PR e BRI m AT S A B 3 P L R A AR
B fr AR A I 22 A i gt

6 & it

DU IR =K “11 « 147 i F4E N TR
5, WIS RO AE BRI 3 BT
ETFB, i 7 e T AR R E b A R
fiE, 487~ T BhEIRBNF K A AT A5 18 i o b AL
$EH BhEI BN T GG 18 ph s R R 1 R T
PECEE TR B, AR DU S iR

(1) KH PFC?® FUEBIHEFL T 3 #3307
P i R AL AR, e T U I
“11 « 147 SRRy s B s, JFALE
IR b e PR AR S T R AN AR TE AR ) e KA AS
PE s fE RS M e 4e br, $RH T AR E B %k
P i A ]

(2) o Hr TSR ARTE [ I B ALRRE, 1
T SIS T USSR T R, HE
ST IS T SRS TE (AL R BRI F 4 AN
PRSI A TAZ A, &0 T shEIhah T 7
SRR AR T i fE R 1 R T Vs

(3) MBOIB AT, BEFERAREES R A
REFT B A i PR o ) N R A AN B D0 X
I RE S B G REE A E AT, ARIE
ARG E 50 R E . RS AU E
PR, ReE AL, BHXVEREMEE L AE
PR BB S K

(4) WRIRIIPE . REhp i HAe . RalK
BURHUH 3 ANTTHAT, L 1 PR I 57 58
FERYEATT 0 OB B A S RN TR Pl
3 FhEEXHERT IR I I, SEEL T RS EILEh T
BAEAE rh R vk H .

£E 3CHk(References):

[1] 5k F, R, skisig, 55 RIERLECR W2 AR ok
ARl LRI FE 0], 50 1% 5 TR, 2024, 43(3):
713 - 727.(ZHANG Xiang, ZHU Sitao, ZHANG Xiufeng, et al.
Research on the mechanism of overall instability type rock burst of
fault coal pillars in deep topsoil fully mechanized top coal caving
mining area[J]. Chinese Journal of Rock Mechanics and Engineering,
2024, 43(3): 713 - 727.(in Chinese))

2] SR, KU, WRE, & BT EE B EBOZ AR &
P37 B R T [D]. R 2R, 2024, 49(6): 2 589 -2 603.(MA
Yuzhen, ZHU Sitao, PAN Junfeng, et al. Research on the
identification and on-site application of the hazardous layer caused by
the main control of overlying strata in coal mining[J]. Journal of China
Coal Society, 2024, 49(6): 2 589 -2 603.(in Chinese))

[B]1 5k F, R, TaEDS, S RIERLECR A bt
HUEHLHIT]. B SEHR, 2023, 48(5): 2 092 - 2 105.(ZHANG Xiang,
ZHU Sitao, JIANG Fuxing, et al. Mechanism of stress-loaded rockburst
in fully mechanized top-coal caving stope with deep overburden[J].
Journal of China Coal Society, 2023, 48(5): 2 092 -2 105.(in
Chinese))

[4] E&HE, FrEk, OB, S BT OREEIE BRI i i
FEBGRHARBITE]. FRFIEHA, 2019, 47(1): 69 - 78.(WANG
Zhigiang, QIAO Jianyong, WU Chao, et al. Study on mine rock burst
prevention and control technology based on gateway layout with
negative coal pillars[J]. Journal of China Coal Society, 2019, 47(1):
69 - 78.(in Chinese))

[51 EMS XES, MERL FOREKRE TART RS )50 KR
FRAE[T). B0 % 5 TREER, 2023, 42(1): 194 - 211.(WANG
Pengfei, LIU Jianan, FENG Guorui. Stress distribution and failure
characteristics of a longwall panel floor with a negative gate pillar[J].
Chinese Journal of Rock Mechanics and Engineering, 2023, 42(1):
194 - 211.(in Chinese))

[6] ZAEM, EHE, V75 S REITRIREBE T E R T
FEAFED). HERAIR, 2015, 40(8): 1729 - 1 736.(JIANG Fuxing,
WANG Jianchao, SUN Guangjing, et al. Engineering criterion of
gob-side entry rock burst hazard in deep mining[J]. Journal of China
Coal Society, 2015, 40(8): 1729 -1 736.(in Chinese))

(71 E&u, £ W, A & 5 ETINEEBEEER SR
BLHIBTF (3], R E I K223, 2020, 49(6): 1 046 - 1 056.
(WANG Zhigiang, WANG Peng, SHI Lei, et al. Research on

prevention of rock burst based on stress analysis of surrounding rock



Fa4t H12H =

A4 BIRIUEN R R R TE ph o SR L R e R i)

R 5T * 3429 -

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

of gob-side entry[J]. Journal of China University of Mining and
Technology, 2020, 49(6): 1046 -1 056.(in Chinese))

TR, TR, BEAR, S LR ET R 5P iR
W[I]. BERELAFR, 2020, 48(1 2):
ZHANG Qinglin, ZHAO Weidong, et al. Analysis and prevention

111 - 117.(ZHANG Defei,

measures of rock burst in Huafeng Coal Mine[J]. Coal Science and
Technology, 2020, 48(Supp.2): 111 - 117.(in Chinese))

AR, B, KINME, 5 BERESETE TP ITR B
RS R D] BER2EH, 2019, 44(6):
Minghua, JIANG Fuxing, ZHU Sitao, et al. Research and application

1 707 -1 715.(ZHAI

of mining design based on prevention of rock burst under giant
thickness hard strata[J]. Journal of China Coal Society, 2019, 44(6):
1707 - 1 715.(in Chinese))

M. REEE A TR R TEHL 2 A S AT
Fe[ 2 sD]. dbat: HEG KRS, 2022.(WANG
Peng. Study on the mechanism of large deformation and split-level
layout control of gob-side entry with narrow coal pillar in extra-thick coal
seam[Ph. D. Thesis][D]. Beijing: China University of Mining and
Technology(Beijing), 2022.(in Chinese))

FMA, GG, T K S IRBETREBEY RIBKETES
REPL S FAE ], R E RET AR, 2025, 42(1): 85 - 96.
(DOU Linming, MA Xiaotao, BIAN Ge, et al. Mechanism and control
of roof collapse induced by mining tremors in deep thick-top-coal
roadway[J]. Journal of Mining and Safety Engineering, 2025, 42(1):
85 - 96.(in Chinese))

EAREVE, WK, R, SE 0 RS HOSOR R b o IR A i
K- EBBIRNIRII]. RS2 A TSR, 2025, 42(1):
202.(WANG Guifeng, CHEN Feng, LI Hongwei, et al. Tremor

194 -

dynamic loading effects and the transient triggering-linkage failure
rockburst mechanism[J]. Journal of Mining and Safety Engineering,
2025, 42(1): 194 -202.(in Chinese))

ST, SRR, ek, SRS R R T I RS 7k
FaMUHI[). 5 H b5 S5 R, 2024, 52(10): 25 - 35.(ZHOU Kunyou,
DOU Linming ,

CAO Anye, et al. Mechanisms behind mine

earthquake-induced dynamic instability of thick top coals in
high-stresses roadways[J]. Coal Geology and Exploration, 2024,
52(10): 25 - 35.(in Chinese))

RELLE, DRPIS, mE i, S5 PG R HE R
FIATET]. R SAR, 2019, 44(1): 23 - 33.(KANG Hongpu,
YI Bingding, GAO Fugqiang, et al. Database and characteristics of
underground in-situ stress distribution in Chinese coal mines[J].
Journal of China Coal Society, 2019, 44(1): 23 - 33.(in Chinese))
BEE, 8 5 B 4 TATREG R A S B R R
WWFFL[]. A S TRE AR, 2012, 31(7): 1 491 - 1 498.(ZHAO
Guoyan, DAI Bing, MA Chi. Study of effects of microparameters on
macroproperties for parallel bonded model[J]. Chinese Journal of Rock
Mechanics and Engineering, 2012, 31(7): 1491 - 1 498.(in Chinese))
A, B, Bl DRI R R Al A R R
FI]. BERFFFRAR, 2021, 49(6): 23 - 31.(DOU Linming, CAO

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

Jinrong, CAO Anye, et al. Research on types of coal mine tremor and
propagation law of shock waves[J]. Journal of China Coal Society,
2021, 49(6): 23 - 31.(in Chinese))
TRIEHL, R, 2R, S A A RERGE N R SRR
BN HEH, 2015, 3634 1): 94 - 100.(ZHANG Guokai,
LI Haibo, XIA Xiang, et al. Research on energy and damage evolution
of rock under uniaxial compression[J]. Rock and Soil Mechanics,
2015, 36(Supp.1): 94 - 100.(in Chinese))
FEML. B R AM]. JbR: B, 2017: 35 -
37.(DOU Linming. Theory and technology of rock burst
prevention[M]. Beijing: Science Press, 2017: 35 - 37.(in Chinese))
B, 0 %, BRI, B0 REENET B Bk A RN ).
TR 253, 2010, 35(12): 2 006 -2 010.(CAO Anye, FAN Jun,
MOU Zonglong, et al. Burst failure effect of mining-induced tremor
on roadway surrounding rock[J]. Journal of China Coal Society, 2010,
35(12): 2006 -2 010.(in Chinese))
WRIERE, BREefe. phibil RISl &N RAa LB AR AT, 4
B4R, 2015, 40(9): 2 021 -2 025.(CHEN Guoxiang, GUO Bingbing.
Rockburst mechanism and occurrence modes under superimposed
static and dynamic loading[J]. Journal of China Coal Society, 2015,
40(9): 2021 -2 025.(in Chinese))
AR, B3R F R BEAR S 3 BR WL L5 ok 3t 1 5 V6 T R
AMELFA0R D] Jbnt: FEI I KFAER), 2021.(ZHENG
Weiyu. Research on the mechanism of stress wave induced dynamic
failure of coal and prevention methods of coal bump[Ph. D. Thesis][D].
Beijing: China University of Mining and Technology(Beijing),
2021.(in Chinese))
WRIERE, BREefe. Pl RSl & in RAa LB FUR AR, 4
WA, 2015, 40(9): 2 021 - 2 025.(CHEN Guoxiang, GUO Bingbing.
Rockburst mechanism and occurrence modes under superimposed
static and dynamic loading[J]. Journal of China Coal Society, 2015,
40(9): 2021 -2 025.(in Chinese))
FEI W, FOOH, S R R = R RS
SRIEVHBLITVAT]. BB, 2020, 45(9): 3 087 -3 095.(WANG
Aiwen, PAN Yishan, QI Qingxin, et al. Strength calculation method of
three-level energy absorption support in rockburst roadways for coal
mines[J]. Journal of China Coal Society, 2020, 45(9): 3 087 - 3 095.
(in Chinese))
A, TR b ERTR B S EORM]. M T E
KR4, 2001: 66 - 67.(DOU Linming, HE Xueqiu. Theory and
technology of rock burst prevention[M]. Xuzhou: China University of
Mining and Technology Press, 2001: 66 - 67.(in Chinese))
ZHANG R P, GONGSY, DOUL M, et al. Evaluation of anti-burst
performance in mining roadway support system[J]. Sensors, 2023,
23(2): 931.

MEE, sREE Gl R Z MY R Tl
Hi AR 4, 2022: 98 - 100.(LIU Zhijun, ZHANG Guohua. Mining
pressure and strata control[M]. Xuzhou: China University of Mining

and Technology Press, 2022: 98 - 100.(in Chinese))




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


