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Investigation on coal face slabbed spalling features and reasonable
control at the longwall face with super large cutting height and
longwall top coal caving method

XU Yongxiang' >, WANG Guofa'* LI Mingzhong' >, XU Yajun'? ,HAN Huijun'** ,ZHANG Jinhu'*”

(1. Coal Mining Research Institute ,China Coal Technology & Engineering Group ,Bejjing 100013, China ; 2. Coal Mining Branch ,China Coal Research Insti-
tute ,Bejjing 100013 , China ; 3. State Key Laboratory of Coal Mining and Clean Ultilization , Beijing 100013, China)

Abstract ; Based on the mining conditions of the longwall face with super large cutting height and longwall top coal ca-
ving (LTCC) method at the Jinjitan Coal Mine, China, this paper aimed at solving the problems caused by slabbed
spalling at the longwall face with super large cutting height. The feature and mechanism of slabbed failure and spalling
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at the longwall face with super large cutting height were elaborated and the appropriate structural form of the face sprag
and reasonable spalling control measures of coal face were studied through combining the research methods of theoreti-
cal analysis and engineering practice. It was found that the slabbed spalling has many characteristics, such as slab-like
spalling , onionskin-like spalling, ejection-type spalling and spalling caused by the disturbance of face sprags of hydrau-
lic roof supports. Bearing capacity curves of both the integral-type sprag and the split-type sprag were proposed and
calculated ,which could also be used as an evaluation index of bearing capacity of the face sprag. The kinetic charac-
teristics and the structural coupling relationships of the coal face and two types of structural forms of sprags were ana-
lyzed individually. It is concluded that the integral-type sprag has the advantages of strong bearing capacity, excellent
flexibility and high adaptability of structural coupling,which was analyzed from the perspective of mechanical proper-
ties and kinematic properties. It is suggested that the integral-type sprag with two plates should be selected in priority
under the premise of the required protective height of coal face is satisfied. According to the site observation, the fea-
tures and damage of slabbed spalling of the coal face were investigated , and the corresponding controlling measures
were put forward. The application and the maintenance effect of the split-type sprag with three plates used at the adja-
cent longwall face with 8.2 m super-large cutting height were analyzed. Combined with the structural coupling relation-
ship between the hydraulic roof supports and surrounding rock at the longwall top coal caving face with 7.0 m super-
large cutting height, it is concluded that it is more suitable to adopt the integrated-type sprag with two plates at the
longwall top coal caving face with 7. 0 m super-high mining height. Production practice shows that the integral-type
sprag with two plates could effectively maintain the stability of the longwall coal face with super large cutting height
and LTCC,and it could make contribution to automation control and high-efficient mine production.

Key words :slabbed spalling failure ; face spalling control ; longwall top coal caving;super large cutting height; hard

coal seam ;extra-thick coal seam
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Fig. 1 Slabbed buckling spalling at the coal face with super
large cutting height
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Fig.2 Mechanical mechanism of coal face spalling failure
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Fig. 4  Structure of face sprags at longwall face with super large cutting height
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Fig. 9 Bearing capacity curve of split-type face sprag
2.1.3 2 Pt B AR £ e 1 6T L AT

P A A3 A X9 5 M 7 2 e D0 % L 1T (1
10) A] %0 AR P ISR IE B A5 1. 25 m LA IR 7R
ZRAE ) AR GG B T 0 A3 5 Al T 7 R B4 R
1.25 m LAZR X [RIBE AR T 0 A X4 5 A, {H P 5 A 22
AR, BRSNS TF 100 ~200 kN, FF32 ¥ 2% 12 36 06k, 76 WA
2 FhEEATE AP AR R s A B RE 7 4055 .

1400 —— Ak
1200 —— B

&

= 1000 — T A

EVie)

& 800t T—
= R b
6001
En | GHHRT T LR
s 200 - s
0 0.5 1.0 1.5 2.0 2.5 3.0

SRR A /m

K10 2 Fhahfie sam i soR806E 1 0
Fig. 10 Comparison of bearing capacity between two types of
face sprags

2.2 PH/IRGERIEHFERFES T

X 2 RhES I 2B P i Al , 20 W 4 R 1 1] 54
] Bt e # g 52 W, AR AP RS T T THUA e E E
(80 mm/s) ZAFT 3 it AR AN A 4P 8 i 119 432
By 1 X LG o A Heazm gl 2 R X RS SR (18 11)
R @ 2 MG TE 4 1 AR AL S SRR R AL £
B R AR AR, e i 3 B 4P AR (PP S A A 32
9°90°) I 3 B B HLABAEAN K, Rl s G 47 6 Bl AR X
SRERE Rty ; @ BRI Az 2l B AR X R e
TN U AT S R S B B2 3 5l SR e AT R



www.chinacaj.net

F % 2021 4E45 46 %

364 # £
N R
4sf—— AR 190
~ ol S A A 140
2 Ol — R 120 -
3 W AT 00 =
%3m3 g 80 =
52&3 60 =
I > 1ot A4 &
,{f"“::;::::::" -
10x B-E-8-5 pio-o-5-a-5-0-58

01 2z 3 4 5 6 7 8§ 9 10
] Te) /s
B 2 Rt 2 AR IS SRt X L
Fig. 11 Comparison of kinetic characteristics between two
types of face sprags

Pan SR TR TR E R AT ETAR T T 2 N WL £ 115
VB, BT SRR TG, RIGE2E . RS 1Y 25
B B AR P AR AT AR A1 L /N T 1800,
i B2 BR A AP i Al =, B AR i A
SERTET R R, B SRR S A DU AT B R 4
Pt A fdr AR B AR Pk kS 3 AE K - RE DR AIE PR EE AN
WAL IR B O% AR T L o M

25 EXF e, AR AR ) 2 R B RE ) Flizs
AR L T o AR P AR
2.3 ZZRAPEIRFN = AP E T L AT

CHER 22 2 AR ) MU - “ M 40R TAE R
it 3 m B B WO AR AU AP AR, B
IR N7 o X T R A 4 e B Bt =, B
i JC WA 0K 58 AN/ T HRORCR & Y 173 (— ik
ZRHN(E) o PR v BE B A T S5 KR v 4 g
TN, 4 A% i 45 AL RS e RH B, A B
WRBEA — P, M =%, IR TAETm (AL

/
]| i
il
1 Il

B N\
Yl

KR T 6 m) —BR A G sl = G4 M LA
AR R

SRR AP bR AP R,
PE— 2B IN e E B/NJC S A B R T AR, AR
T, = 24P — M AN BE e e &, LA S = e dr ARl ml
R X =2 T T At 5, L = Gl
ZIEBESRHOR A B R R A, NI, % I8 3
GERG 9 S RN RN (8 7 (A, X T AL BE AR E 1k i 1)
W REAR TR L 3P R AR OE R T e 4
e

3 PERSRBREMBEXER

P AR g - A R i TG T 45 A A 5 5 28 R
VERIZCR B B BERS S, WU SR P i AR — 7
TS HEBE HEAT T2 Sh Ak d B 1 ARORE 735 R I R
BEXT I 85 N B e % 5 5 — I i, ml AP 45 Al
T 247 SRR L BE 7 TOURR HEA T A7, TSI oA A A= i it
FCBIR e3P Je 8 D0, R FH 3P A % R 4 2 B
IRF3P T, B L 5 R R G L — 22K

Az r R UL SR BE S A S BRI R AR A
WA, B2 K A A ORI AN SR ZU I B0 T, 1%
BAEREANT AnP 12 Js  BEE KA T il &
B R R RRAEH 45 B R ) R R A AR
I RE AR A2 T B Bt B2 28T, (/R -5 SO AR
T L ZEL R < /NS R B BB R BT RN Y AL
R R R) (A R 45 R S AR A DU 2 X AR T LA N S
ZREL Y NS R T s By, S EC NS B
TEVEREAR , S ALAIERE 7R 2808 0 (e 7 3 3t 22 4 1
TFIRIEIR) RE D) Ao i

P12 JRERERR ST Rl 28 A A T AT 7R B

Fig. 12 Schematic diagram of surrounding rock structure and stress environment around the coal face

—J7 0, W TR AT SR AT, BERE Y —
1 B R A L 0 A 8 P8 i R X, 800t iy S K
T 1) JREBE TR e B | 5L BE PN IV 7 4 o KRR s 52

B8 R R X (ST AR BT ) B 22 f) A TR bR A
TN RO I AR RS B BE AL T
PEORIE B I 7 B AR X (et i X)), i 7R 3% OO



52 4

www.chinacaj.net

VRIRAR A B R 3 S5 T AR TR AL F A ik B B 5 42 ol 365

TBUNSTCIE Ty, 5 — O I, A L R A A I
PRI 1 1 BE AT RETE B A — 2 L AR E Tk 1Y 4h
o DR, AR AT I i B B BE OR A A R AR A T
AL G JE T i I A5 BE AR 0L ) S R S R 1 B 2
W HEA —E B R ENE . KA BIR S 15
BE TR IR R R R A I, /0N 1 A0 548 3l 3t AT RiE &
ARG R & T I IS A Al E B R Ak T R D
AR DX 0 Jet i A R B A Xk A E A A BE A R S
gidr WA sh S Eh
3.1 PR RS

Ui 13 ez 3P O BEREAT 3 3l S R g sl K
AR RS T XA N 1 R, (SRR RE ph P w52
AR ) = 0152 FPIRASHEAL , UM, FI 355, e i B
BE [ BRERAE ST, PN ] AP 2 5 REAIR T AR
PR A AT 5K F 7, BELAIREAAR A 2B % kT A
BBl B ERE A A B IR, T4 i Aokt
PREBERIVE A BR , 24 AR 5 Sl 4808 i, 47 i Al o
TP PEBEAL I FIRIRINT A A SR o

B
WREEF el

K13 PR T BB ] 252 ) T AR
Fig. 13 Schematic diagram of vertical fracture in the
coal face under the action of face sprag

XFF AR 7 JC SR A BE | R Y
JRE P HAR T G AL A5 1k, P3R4 P A AR
M RG At Ry e B2, BRIV AR 45 440 w85 G LU, 46 i Al 25
Wi, Hiait sz kB RS HAT IS IR oK
ST AT RE (e R A i it AR TR RN | Bl
PERETHP AR R LG R ATl (151 14)

WA AR 1%
R R

El 14 SREEERAP IR T 2 SR T B
Fig. 14  Slabbing failure of the coal face along the lower edge of face sprags

3.2 PERITRER S

SO SRERE AR AL 7 R A R S AR
Sh  WAFE—E WSS E . PR S48 o
FTITFP BRI Il 3P B 2 A B Be ., S SR
PR [ ARERE kb 10 S AR T A AR
BB, 3 ZRORIERE T KA T Gh 1 AR
IR BAESP AR I A5 TR IR T, 38 3 37 35 Al
FRERE RPN EE 5 T ORF5 5 B B E T -, S 4
AR I, AR A JRERE % 25 504 g AE TR
T M R SO AR N A v (1 15)

L7 BRHE WL 6 K B, anIET 16 FT7R R ST AR g
TARFTOT i R, DA o 1) 43 o L BE A, A R AL
O RRERE 2 DT ¥ P ol AL RE A, SRR
TERBNRL ST K A SRPTIR I 7™ A A 1) B LB
TSRS, S0 3 AT Jred BEae A 1) S4Bl i

AR ) R 4 A ) JRE VR T R RERE AR R )
FUE R IR IWT, K AR T 8 . R, 393
WRAEFT I R rpy, W SE AT T 7 6 M 22 2 IR, Pod
Aok 1 248 TR AR S 1 PO S SE AR B | JRE S X JREBE TP i
s ZUgEE AR
3.3 SEXPFEWSERBESIRIN

W 17 s, o R AR i — G i AR UR
S5H LR AN S RERE ERARE T, J2 2K GE
TR =G (TREBA ) AR S A
20 2 B FH 2 B DR U T S 2R A B R
eI T0, 7 1k AR B ¥ 5 2 ik Qe SR s A

AT 2 N A S A AP A G 5 AR F fk
HEA BRI TAR Sy (3 4558 T 7 DU E e
FGR 225 TR A B 1) A A T IR RERGE 1 1Y 4



366 # 2

www.chinacaj.net

F % 2021 4E45 46 %

e b R

g
L
-

PR RFFAER T
FAB R AL

FHETRIERE

SHERERE OV

(o) WRALHLEESE 1504
1S B ml o B RE v
Fig 15 Coal face spalling after the withdraw of face sprags

P AR SEBRAE P A 4 TR B AR — TR SR AL F AR A
J& , BT TR AR SRR 22 AR R B B E N
B A SRR T B A R DL S B R I S
e, S5—J7m , i 17 Fras, TAF R e 5 T AR
(i) 2 SO B8 35 I 0 AR T G o B o A 4 S
T B MR 2 22 BN M, i 4 2GR AP TR .
IR AR G KB e AT RE A Al 24Pk e IR I 42
VT SRS B SRERE DI W, DAL e R 0T AR 1 B 4
Ay 1 S
3.4 BEXPERSEEBSURSW

LN RETRR I TR e s e G E TR SR R
R, v] R AR R AR AL B, RAG TR

SRR IE e
A TIE S

37 SRRl o 48 ol
BERE I ) i i

KRN #H

K16 i pudsdy S EUREE A3
Fig. 16  Coal face spalling caused by the hitting of face sprags

XA RE S a3 R PSR, ANTET 18 s, 4746 Al ]
AR 45 e BEBE A [R] B 25 A 5 J o (o 4 SR g
B e 47 S A A AL 2835 S I RE S A AR DT IE , (47
M 5 JRERE | MTI 8 31 5 4 Y 25 AR A IR S, S0
F AP BE A 4P 1 JE R HRERE 7 5 O
FERZICT, o AR AP 5 A mT 52 B A - 4 TR 2 (&
18(c), (d)) , oA AR o i SE B T, 1
RE AR 4 4 T, 47 TS R /)N

4 IENASH

LG W 8.2 m B KR i 45 R TR T R
7.0 m KR B SE T AR A [ — 3 I [ — 4% X, Hh
AL MR (RZ 25 )RR R ), BRI
TEFm (SEBRM2Z 1.0 ~1.5 m) JFRTZ2ME T
PR DA —E 25 57 (7 2 4 b | R 25 4 A
P R S8 2 A R ) R ST R R e A A
RRAEARARL , H 35 35 8 KR R T A TS (25 R s A



www.chinacaj.net

VEFRREAE B RR o 3 AR TR A A 3 Rk B B AP 5 42 o 367

JRBE R TR
AR AE A ULt 2 B

(¢) Bz
17 s SRR SO 25

Fig. 17 Poor coupling between coal face and face sprags
TART R —F R PR 25k TART ) . I, 8.2 m 8
KR e &5 % T AF 47 35 A 5 B BE RS 5 S8R 7 i vt
7.0 m AR R ER L T AR TP R R T A B A
YL,
4.1 DX =RIPBIRE A S

SRR — 5 X P 8. 2 m M KR i A I
TR SRR F A3 RS = G i A, A 7 S B R W R 5
KT 7.5 m i, itk om0 H A RE 5 S A0 0E 122,
U &1 301 > S0 ) IR B 55 7™ o, 4 3 Al 5 R BE 25 4
MeEME MULERFMWIHEEN, REMT
7.5 m I, BERE [ B AR E PERC AT 9P A fig g L R S
IR AP RFR SRS TEAAT ISR =9 FE R B3R — 2
PR G RE R AN AR OL T, REEEAR SR BEOR R
SRR E M, X R BIPRS00 Tk e /N
(AR Al LA IR A B R A3 VR T (EDGE T T A

p— bt
S (&) BURAREL T
K18 A g AR i Al S RS R &

Fig. 18  Structure coupling of face sprag and different coal

2255
(o) i, b aarh)

face structures
W RO B IR de i A BR . 55—y,
SR SR AP AR R S FERT G I RE T R 22
BF 2R = AP RS B S IR RE R A R 22 | FLBR — P B
YRR B R M E 180N
4.2 BEXZRIPEBHRNASHF

Y F IS AT S o R = A B A 8.2 m i
KK e TAE TS FHRCR MAFAERAR IR 7.0 m 8
R e £ TAR TSR FH A3 AR =X = G 5 Al X 4 )
TERIRIEAE . R 7.0 m BB RR &L TAEm , —
P RS WA TR =R, H R
PSSR A M R T 22, B, 7.0 m HERCR
1R 23 TR R SRR T R P R 7 P B i A
KGRI, — 5 T2 i TR AR 3 AR
B R R PE U T 0 I A, 4 b A il &
B A AT R ANTE B A ] il 4 R 0 = G B AR
—J7 T, 7.0 m M RCR = ZE T T AR R R AH X 8.2 m
B IR 4ok TAR TR/, B CR 5 J5 1 L AR T
A3 S TECRRERILA TR S v 42 o S SR | gk P R
AR TP (PR EE 2.5 m) TR
TE,

AT I e 3R I L K SR e £ T AR TR T
6.3 ~6.5 m TEOLT, T0UHR I R e 1) [ A B A PR 32
B, ToURS ]399 >F 39 ) AR TRT r 0 sy 0 R 2 13 B —
FERRBE R T B S R 5 AR T R R
10% ~50% ( PRIERE B B Fo0 M | TOURR ok 5 B0 A
FHP R RVE RO AR N AEE 2257 ) s PR EZE R



368 # 2

www.chinacaj.net

#*® 2021 445 46

BEIRRE R T (2 Rm AR, R R E R E A KT
500 mm; ARG RCR AP, 20 FIERE R, T
FHERE R 5 B /N (29 100 mm ) 5 R T 6.5 m
Jev , AR T B R A e 4 R, 5 R B A 1 AL
BN, TAEH R % I g R k&
YR I | T AE T FFHILEE TN TR 0 B R AR
Xof A TG %8 4 v 5 3 1 s B — R R R iR 6.3 ~
6.5 m HOLT, TAE T A3 TR K 5 21 To0 ARt i
BFEAy B RO, G, A I SE PR T R R —
PEHITE 6.3 ~6.5 m, I T.00F A% 1 HE 7 o 3 2y
10 m/d,

5 2 i

(1) 4 R PEAREAT 6 SR ol £ I T A Tl L R 2
KAERCRA R B ZBRRAE  BOIRBRCR AL
BEIR” M2l U BB (AR JERE ) A 35 Al
BB PR

(2) KRB T it e Xt H e W A8 A 3 5 Al K 4
RESIE T R dm A

(3) MRS g g 8 Mz gyl E e | T JEE v
HRBHPEHSCR AL , X J5EBE 45 R 11 2855 1O AR 5 1
5

(4) BN e JRE A 6 AR o 2 i T A T AR A4 0
AP G 0 B4, AT AR R AR S P A )
LA

2 2 3Lk ( References) :

(1] R P SOME, 20 50 4. B KR W AR TR 4 5 A
M EVEFICRT]. 24,2017 ,42(2) :518-526.

WANG Guofa, PANG Yihui, LI Mingzhong, et al. Hydraulic support
and coal wall coupling relationship in ultra large height mining face
[J]. Journal of China Coal Society,2017,42(2) :518-526.

(2] VEK#E, TR, HRAG B S5 R R R A 5 228 RO 3 £ T R

PRI L )] KB 5 % 4 TR ,2020,37 (4) :
715-722.
XU Yongxiang, WANG Guofa, LI Mingzhong, et al. Investigation and
practice of the reasonable cutting height at longwall top coal caving
face with super-large mining height in hard and extra-thick coal
seams[ J |. Journal of Mining & Safety Engineering,2020,37(4) .
715-722.

(3] KkaE, EEE, W 45, BT 245 00K R iy 5 58 10 At AT
JRERROTRBUERAUDE 5 [ )] BB F 4, 2019,44 (11) 3317 -
3328.
XU Yongxiang, WANG Guofa, LI Mingzhong, et al. Numerical simu-
lation of longwall top-coal caving with extra-thick and hard coal seam
based on bonded particle model[ J ]. Journal of China Coal Society,
2019,44(11) .3317-3328.

(4] TR, FESOE, X0, H7IE )2 IR B 48 HUT RALR & Y

(7]

(8]

[11]

[12]

[13]

WaE SR [ T]. B ,2012,37(11) :1777-1782.
WANG Guofa, PANG Yihui, LIU Junfeng. Determination and influ-
ence of cutting height of coal by top coal caving method with
great mining height in extra thick coal seam[ J]. Journal of China
Coal Society,2012,37(11) :1777-1782.
D SOME. IR il R S 5 A M BER G R [ D] JL L,
HERFFADIIEEBE 2018,
PANG Yihui. Hydraulic support and surrounding rock strength cou-
pling relationship in ultra large mining height face[ D]. Beijing; Chi-
na Coal Research Institute,2018.
TRAEZE. BERE RS HLBIBI 58 K LB iR it [ )] . 50 IR 2017,
22(1) :41-46.
XU Yajun. Coal wall spalling mechanism studying and it’ s preven-
tion method[ J ]. Coal Mining Technology,2017,22(1) ;41-46.
XU | RV, VEKRE , A5, JOR B RE AL T SR IR BE 423 RS
WEFERIEARBITE [ J]. BERBL 4R ,2019,47(10) :131-135.
LIU Junfeng, TANG Enxian, XU Yongxiang, et al. Study on full
process precision control technology of coal wall under large min-
ing height intelligent mining condition[ J]. Coal Science and Tech-
nology ,2019,47(10) .131-135.
SRR XMR W, e SO, 45 WU SR AP HE BILAA B 3 5803 43
BrLT]. 223 ,2011,36(4) :691-695.
ZHANG Yinliang, LIU Junfeng, PANG Yihui,et al. Effect analysis of
prevention rib spalling system in hydraulic support[ J]. Journal of
China Coal Society,2011,36(4) :691-695.
TS EVR T IOR E SRR M RE R B R 2B 5 1V
[J]. KA 5% 4 TR ,2008,25(2) :222-225.
YIN Xiwen, YAN Shaohong, AN Yu. Characters of the rib spalling in
fully mechanized caving face with great mining height[ J ]. Journal
of Mining & Safety Engineering,2008,25(2) ;222-225.
FERE, Bk, L. B T AE R B RER 5 By i HL
[T]. HEm2#4) 2015 ,40(10) :2243-2250.
WANG Jiachen, WANG Zhaohui, KONG Dezhong. Failure and pre-
vention mechanism of coal wall in hard coal seam[ J]. Journal of
China Coal Society,2015,40(10) :2243-2250.
WRAETHE, KR e R E R S A T ERE R
BLEISMTLI]. % 015 ,2015,36(3 ) :803-808.
CHANG Jucai, XIE Guangxiang, ZHANG Xuehui. Analysis of rib
spalling mechanism of fully-mechanized top-coal caving face
with great mining height in extra-thick coal seam [ J]. Rock
and Soil Mechanics,2015,36(3) :803-808.
X At TR . ROR U SR 1 5 U TAERL
BRI (1], R0 52 4 TR, 2018,35(4) : 725 -
733.
LIU Chuang, LI Huamin, ZHANG Qunlei. Research on reasonable
ratio of setting load and yield load of shield in large mining
height coal mine [ J]. Journal of Mining & Safety Engineering,
2018,35(4) .725-733.
R U, SRR v A T M RERSE M A B A [ D). AL
HEA R (L) 2017,
SONG Gaifeng. Investigation into face stability of a high — seam
longwall panel and its control techniques[ D ]. Beijing; China Uni-

versity of Mining & Technology ( Beijing) ,2017.



www.chinacaj.net

2 VKPR 8RR i S T AR T Al A R 8RR I B B AP 5 4 369

[14]  JAME, 5 505¢ Beo i, 55 DRISLRE A Ik ) B 5 A A4 AR i SR F 5 [20] JEDHE, Ao, 5 5o 5. DRI IR B 2400 16 4 BT ) S AT 5l
WS ) R B RSt e (1] % 0%, 2015,36 (10) : 2737 - WA BB T ML AT (1] 540 15 5 TR 41, 2015,
2749. 34(6) :1081-1090.

ZHOU Hui, LU Jingjing, XU Rongchao, et al. Critical problems of ZHOU Hui, XU Yongchao, LU Jingjing, et al. Experimental investi-
study of slabbing failure of surrounding rock in deep hard rock tun- gations and mechanism analysis of anchoring effect of pre-stressed
nel and research progress [ J]. Rock and Soil Mechanics, 2015, bolts for slabbing surrounding rock in deep tunnel [ J]. Chinese
36(10) :2737-2749. Journal of Rock Mechanics and Engineering,2015,34(6) ;1081 -

[15] R STACEY T. A simple extension strain criterion for fracture of 1090.
brittle rock[ J ]. International Journal of Rock Mechanics and Min- [21]  JEIHE ARORHB, y5 5o, 5. DRI IR Al 24 il - B AL ) S 4 B
ing Sciences and Geomechanics Abstracts, 1981, 18 (6) ;469 — *ﬁ*uﬁt%ﬁﬁ;ﬁ[” AR S TR AR ,2015,34(S2) :3658-
474. 3666.

[16] ORTLEPP William David. The behaviour of tunnels at great depth ZHOU Hui, XU Rongchao, LU Jingjing, et al. Study on mechanisms
under large static and dynamic pressures[ J]. Tunnelling and Un- and physical simulation experiment of slab buckling rockburst
derground Space Technology incorporating Trenchless Technology in deep tunnel[ J]. Chinese Journal of Rock Mechanics and Engi-
Research,2001,16(1) :41-48. neering,2015,34(S2) :3658-3666.

[17] DIEDERICHS Mark S. The 2003 Canadian Geotechnical Colloqui- [22] OV SRSCHE. —FiEy UL A 5 A 25 AL —— R SR 25 4 B L T 2%
um ; Mechanistic interpretation and practical application of damage FREAI[T]. MRl 1985 ,20(3) :275-282.
and spalling prediction criteria for deep tunnelling [ J]. Canadi- SUN Guangzhong,ZHANG Wenbin. A commonly-sighted rock mass
an Geotechnical Journal ,2007,44(9) :1082-1116. structure slab-rent structure and its mechanical model[ J]. Chi-

(18] DIEDERICHS M S,KAISER P K,EBERHARDT E. Damage initia- nese Journal of Geology,1985,20(3) :275-282.
tion and propagation in hard rock during tunnelling and the influ- (23] WKHE, k&R 4K, 5. BT IH5E 3 2 i 3 20O s S 4
ence of near-face stress rotation [ J ]. International Journal of BNREERTSEL )] TR 2018 ,23(4) (4-7.

Rock Mechanics and Mining Sciences,2004 ,41(5) :785-812. XU Yongxiang, ZHANG Jinhu, TONG You, et al. Study of

[19] RihBs ZBRKI, £A9, 55 HiBE 11 oK B IR KBRS L shield hydraulic support motion characteristics based on calcula-
WEIRIR I AFoT SR TBM JFE R[], A4 55 TR tion kinematics[ J]. Coal Mining Technology,2018,23(4) :4-7.
#12,2010,29(6) :1089-1095. [24]  ZEALBE, FARZS,PENG Syd S, 4. i T0UE R e S 4 7R 484 Pk

WU Shiyong, GONG Qiuming, WANG Ge, et al. Experimental study
of slabbing failure for deep-buried marble at Jinping II hydropower
station ant its influences on TBM excavation[ J]. Chinese Journal of

Rock Mechanics and Engineering,2010,29(6) :1089-1095.

FOERIPEMTL ] PR, 2015,43(6) :23-28,70.
LI Huamin, JIANG Dongjie ,PENG Syd S, et al. Analysis on loading
features and suitability of hydraulic powered caving supports[ J].

Coal Science and Technology,2015,43(6) :23-28,70.



