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Study of relativity between rockburst and microseismic
activity zone in deep tunnel
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Abstract: Based on a large amount of microseismic monitoring data and hundreds of rockbursts with different intensities occurring in
the deep diversion and drainage tunnels of Jinping Il hydropower station, relativity between rockburst and microseismic activity zone
is studied. The conclusions are drawn as follows. (1) Microseismic activity mainly ranges from 3 times the tunnel diameter behind
working face to 1.5 times ahead; and rockburst high-risk zone lies in the region as large as 3 times the tunnel diameter behind
working face. Therefore rockburst high-risk zone is greatly in accordance with the main microseismic activity zone. (2) Potential
rockburst high-risk zones in tunnel project are highly localized in the region already excavated as large as 3 times the tunnel diameter
behind working face and the region under construction as large as 1.5 times the tunnel diameter ahead of working face. (3) Seismic
events and rockburst distribution are characterized by regional aggregation. Some of them happen in the aggregation region of
seismic events. Others happen on the edge of aggregation region of seismic events. That is an inherent phenomenon in the failure
progress of rock mass and closely related to local stress concentration on the edge of aggregation region of seismic events.

Key words: rock mechanics; deep tunnel; microseismic; rockburst; relativity

18 = P o H il 2 —,  EAMRIA TR % 3
- Wit T3 58 [ B e 7™ S R P il TN % P A i 22

AR N ) A AE T R IR T Z R R
o BERGETE DTS e S B B 2y S, AR
A7 T PR B R N AR BESEARREIIL, DRI A 4
PRI FIVE L U BRI ILR I —
Pl Sy KA g M, AR R R TR

Wk H 1 2012-05-25
FEeTiH : HEKE SRR ERRI973) I H  (No. 2010CB732006)
HVEER B Y,

B, BB gk, 2009 411 H 28 H, L
HEAKIR R — IRt B, T KL 30 m, dRiRAL
ik 8 m, I RG AT, TBM & 24,
It 7 N, 2010 462 H 4 H, 2" 51 KEE 5

(2) 11+006~11+070 Btk A M 15, 1ELEH

1976 444, W-LOFTUAE, FENFERET RIS E £ )% J7 5T LA . E-mail:zhzhneng@163.com



492 Fe) +

7 = 2013 4E

ARV R T2 b o (B e 90° 4R B
A, FEUS TR . s T, 2011
11 3 HARAE RS d, F8010 A
T2, 50 RABNIE T o iR AL N TRt T %
G, WY R R ITTXE A P TREAR K, IR
BEATTRIN S o PTRL, e BRI SR T TR
- AEERE, BAT T PSR

EARAE 2 TSI IR R R v IR TP 3t 5 8
MR e, HRePml e e A RN B . e
DA SR Jgt BE M A 28 8] AN [R) 7 (A 2
Pl , RIBCA A7 Lol 3L R BT A Hh ) e 5
5 WP BAAY T Kb B A 2 O 1 Y
) AL K/ MU MRERRAEE R, Ll
A HERSHEWT A A BN PIRAS . AT DL, BET
K F AT BN AT TUE o A2 A2 0 T )5 2
L, DLRE SIS IS 3425 Mt Pl U B AR O B
A, HNHEAZ, WAk sk K
R P S R LUK T A% [ B A7 K
FACTOL AR E R4 SERTTIEA B
TIHT S BURE AR A AT SRR T A A
LT RR U AR o s s i Sl AR A D5 T T RE TR
RIWFLTAE, WG T HEERIPIO8R . (HIXLEAT
FUA NI TR TS5, B R RS I TR
(RIRIDRIFTE e/, TR SR B ] 3 %
BN LI E R R R R G AT IE . 26T
b, ASCLAHBE K H R 5 | K BRI AR KR
s BN TRETS 5, JT R TRUEA S 5
ORI, T o M M el B R B PR s
BIEATERG 0T, BRAF TIOR8l 8] 3 AT s ik
FCL AR OG AR, A ERG . PRI 2 MR A X
I RIAT EERPE R B 16 15 e SR AR

2 e N v L B I AR S o

B DE oK MR T G AKBEI TA2
M 4 551KBRIRA 1 SHARAI, PR EZ
16.7 km, *FEIHRZ) 1610 m, i KIERTE 2 525 m,
AP 1500 m TR BEK B 5 K 75,7~
75.9%. BEIAWIAG B W& 1 P, 3 1%, 351K
B A AT IR, 27, 475 K Bl e B i o 2[5
T 3 B IR ) S B T, 4 451 KB
TSR PR IR TFAZ, LW e vk P2 %6 %0 13 m,
SERR SR 13~14m, =k 8m, A
11 ms HEKWCH B JEW, R AR, &
T2 7.2 my SERRFFZTE V4 8 mo fil
M I A T BT O BRI P (B 5~10 km) 3%

FRBRIT. XA EE O A RS,
JZRAGERLL NNE 124, TREXAKZSEIE
TSR, Fo IR A S HAREA e /N T 5 m,
FEA DL I, T 200 3, o R oo 4 s, sl
JRORSE N 55~114 MPa, SPERiE N 25~40 GPa,
AN 8~16 GPa.

K FEE ISS o= I I 2R et 5 1 /K Bt Wr i
S K] A T B 8 A2 R o IR B K AT
SRS, MR R G S WL SR 1]

VLUK 250K 3PSDKI 45K kil
DI3m | DI3m
D72m

DI3m D13 m
g8 21N A 21N
I%%f%%;%% %%E¢§

m . 60m 6
| |

KRITHZE (60 0m 4 45m )
sy | I |

B RRIRTE AR B R A

Fig.1 Layout of the cross-section in deep tunnel

3 URIRE IR ORI Bl o B o A

3.1 BRIEMEESIX

S M ) (T4 AN DRI R R I 5
PEREATGEE T, BT 51 (HE) KBETR = ST
BRI o AL L WP 20 3 P

200
100
0 el | (-

=300 200 -100 0 100 200 300
FARSHE I /m
() B

350 | = FfF A M
300 b — IE&MihL

-60 40 20 0 20 40 60
AL IR /m
(b) FETImHE
B2 1% ~4"5] K Rk I o LRI P PR o R e o AV
Fig.2 Distribution range of microseismic events in
monitoring region of diversion tunnels #1-#4



552 3] AR REAE R REI Pee 0 3 DX 5 o R PR A R BE 9 493

0 ¢
60 t
s0
Tt
20t
10
0 L 0o b o fin 1 1
250 200150 <100 -50 0 50 100
S E IR /m
() B
50
=R
w0 | — EAM:
30 N

Sp 4

20
10

-60-50-40 -30-20-10 0 10 20 30 40 50
FFE S I /m
(b) HEF T
B3 HEKIR AR I 3 VE B A R AR T
Fig.3 Distribution range of microseismic events in
monitoring region of drainage tunnel

AR DL (1D pl 1A ] B ] ) 5 T A 22—
FEREEY (2930~350 m) , FHZIRMIS) 5 A AH 4
BT R P A e 3, 3 3 TR S RO T
P TR S o A, (HBEG 5 51T 2 1R
MG (2) Ko S0 A0 T4 ik,
Hod 1P ~4"5 K BRI 7 83.77%, HEKIF (5 94.25%.

HI 2(b) T W, 17 ~4" 5] K B i 7 10 B 1
Tl AR NI EL 1 - 7.36 WRHEZE o A
2217 [IE&MA, WM (u—o, p+o) B (=29.53,
14.81) 0 FF 250 A [, 204 571 5 77 30 m.
HUJ7 15 m (X3, 23 50k 51 K BRI 45 80 AR 1) 2.7
R 1.4 f5. BB 30) T LAG H,  HEAKIR % 7 it
T (R0 AT U NI H e = 912 FRifEE o
H17.0 ESHA W u—0, u+o ORI -26.12,
7.87) N F AR EA AT, L0 BTG 7 26 m.
HIJ7 8 m [RIIX 35, 433 A HEZK I 52 B T2 AR 1) 3.3
A 1.0 1%

zE LR, SR GEBh) EEHATEE A
FREFMG T 3 ARSI 1.5 52 6.
3.2 BRTREABRSTEE

ERE AR X A TR s F Y,
HSEFUR AR A SR, Rk, Agnred
BVEA A B B AR R, A
A X BYRE VB0 DO R RV A E X, )

W B BT e ] T %458 .

biiRO RS M E RO NI R E ey SR EZS g oK E
e, 15~ K BRI R HE 2T e M 6 2 40
SR AE TSP S 7 3000 400 m LAY, {HKHB
LT AT, 51 KEEI: 83.33% /T4
FHEJT 02 30m 20, 4 2.73 fiilidis, WK 4;
TEHEKI: 72.97%A00 THEF M5 77 27 m LR, 2l
3.38 iR, UL 5. XL AT 2~5 ATLLE H,
BRGS0 E T OE R S X e — 3
UL, ¥ 7mE T EEMGEESIX (3 FiE
L) e kX, 75 E A,

nEh, FTERRHE, EFWET 3 FREU
SMIAT R, g K & 16.67%, HEAKTR
27.03%, {HUA A ACA B R 2 . SO, — D71
SRR, B R R S, KRB
AR s oy THI e B Y 22 AR T A i T
BT A0 2 52 B FHAZ AR BN 520 o Iy 2R e 4
B HLEIEA 3872 W CER[13].
3.3 EBIETE X B R o X

TRIBA AL T =1 I = B ) PR ES, HEA
AR R SRR . BRI IS, AN IEE
(PO ) P e F TR, 1P 73 1RGS2 A P PR B g 90 A
SR =1 2 JPIREAL ) 2 JRES, HR I
B2 JPRAS s SR RN e XA R

120
100
80
60

IR

40 |
20 |

0 le= L = =t e ]
=300 -250 200 -150 -100 -50 0
HRRSE TS /m
(a) BRI

50
40
30

FRE IR

20 F

10 f
= mn ..—m.—m—d—hw—.—m—.mr—ﬁrﬂ_.H>

=50 45 -40 -35 -30 -25 20 -15-10 -5 0
PR IRIBRE / m
(b) TR
B4 1~4"5]KBEIR R B ITE E B R AV
Fig.4 Distribution range of rockburst in microseismic
monitoring region of diversion tunnels #1-#4




494 el + 7 &4 2013 4
30 R v, - .
o IR JT 3 RRRAR CIHZE R, BUCE Tl
25 _ SN e ST 42 e
AT 1.5 AR AR Ty .
LN
= 15
BT
5 F
O i 1 1 T N N B n ’—l Oornm
=350 -300 -250 -200 -150 -100 -50 O
RS TIEEE / m
() B
18 -
16
14 b B oo o feo 2 RI0IREEDI . A2 1 KA Y D5 D Jyiiiz
<27 Bl6 ST HEMHERIN 47"
ge ]g Fig.6 Stress distribution near the work face
% |
4 N 5 V] 1 2 Z3) 44
| 4 URIPEE I o A s TR) o AT R AR
Loe . o om UREET NP &

=50 45 40 -35 =30 25 20 -15-10 =5 0
RS ST /m
(b) ¥ T
B S HEKIR TR B B A o 1 40 A s B
Fig.5 Distribution range of rockburst in microseismic
monitoring region of drainage tunnel

AR L IR 2 3 BBV AL A AR P ISR BERE I, A
THZ ML A R A BEE S, R ILR,
FRAA R S YE M N, BB RO R E
MU S PHPIRS ke N )T RGTH e — A
ENASBACIERE, FSE ORI A NP IRZS IR 4,
[l N B 2 s RS B, TR R R = AT
WU S X B S T B Y ) i ARV, B
AT EFIETT 3 AR =TT 1.5 AR 0] .

NEK Mine-By 15 B&ild (K0 46 m, HAZN
3.5 m) HUBTFI2 B L s SR ™), vy
B ] 55 T T AZ B TGS 46 AF R, Sy ia s
W (N 53 B L 2 AR TE
W = RS = AT BT o A 4 R I3,
Bl 12 3 R RS LR 29 5 T 1A AR 2
E S NP X it T TR A A s Gk I EE SN
LTI NIT, SRUIR N A% l)E s 1
Frldfeat, A ST I AOHEDE, N7 A
Hit%, Wil 6 Pros. Zexttbortrfa i, Bz g;
R G RIEAR T T 52Bp TR N )y K
N HESETE. MR . KSCH AR AR TTHZ
TFFAEHEZ AR I, 3 S80I i o i
SE [ Bl I A BRI 4 R R K, (HEART A
SRR DL o

AT Y, BRI R M 1 XS T R X

4.1 PEHBEM G RE S EHE

(1) KRZHCHBAAE R, OSSR s:
wan, ArEAWET, SRR X,

C2OPE S B o o3 A S IR Sl B 5

TR DTG A, 25 TR B IE A A B o3 A
A2, PR R, AL Bk 4 53 #r
TR ST RS 3 o A S S R 3, DUIAS
—2eg A, 7 AT, 51 (4) 5+097~6+085
TBERAT 1 598.14~2 114.58 m 2 [a], HIE K
32.32%, HRURZEFX A BRI AZIBA Toy
IKEAGEER NSRBI, A, B0, 10
KM, HoEBNELr, SWAKE, T KAE
B AR XA BT K

Cl)==|g====
Wi KL

4000 4000

3500 f 4 3500

3000 3000

i /m
TR /m

i1

Ic

2500 42500

2000 r 2000

4" KB
1500 WL 500
5097 6085
PS5 /m
B 7 Bl (4) 5+097~6+085 I Bk T bt 5 ¥ i Pl
Fig.7 Geologic profile of the fourth diversion tunnel
ranging from 5 097 to 6 085 m




52 1

AR REAE R REI Pee 0 3 DX 5 o R PR A R BE 9 495

1P 8 TT UL, I B ARE A B e LK ek
PEEELEHF L, Hdg] (4) 5+730~6+085 X Bk
oy DI A AR 2 R A, HRKE S F 2,
AT, FURAREIEER, 2RORACEEE, HAE
JRR: — e IR R, FlE DA 3, K
HZ LM, AFEJIBN s 2 R R
(2070.43~2 11458 m) K. HiN 15,

Tib, EOHUR TR ERIX R R AR A, E R
Tt TR ISR T S, e T A e R
FERUAR AL BE Ty, SN T Ak o
e prE. 51 (4) 5+446~730 M5l (4) 5+097~
336 XEFHA N, SHIARE, L/NENS

51(4)5+097 N 5](4)5+336  5(4)5+446

A, ) B R AR R AT R A
B HER kN, O T B Rk g By, F R4
X R4 3 P AEE . 91 (4) 5+336~446 X B
TN, HeWmRE, HABHK, e
EREMED, HUNEREZ, WMERS, HRR
B -

BT BRI AW, —J5T, AR m i,
BEAE RN, HOS ) BRAR, TH0E S 2 kb iE 9,
ORI BB WIRGS , A MR BE Mgk 53— 7
T, PR FAE SCA R A S DO AR 2 A, S
TR DR R BRI VR S b A A A AR 22 s b, I
PR T S i A R R R 22—

51(4)5+730 51(4)6+085

400
-2.67 , & e e

-1.33 - gy

0.00

1.33 |
= «

G | \\ | |
5

BERAL o—BeR w—be ||
*—gRZL IR X X

B8 3l (4) 5+097~6+085 BB KA BRI
Fig.8 Distribution of microseismic events and rockbursts in the fourth
diversion tunnel ranging from 5 097 to 6 085 m

42 WERBMHELEXS5ERMENXRR

XTI W s B b AN R S AT St Ay
UIESHE

(1) — Mo TR FA AR S5 XN,
WK 9(a). (b)Fi7r.

(2) F3—Mor e R A TR ()
R XS, MAREL XA, Wk 9(c)~(g)h
N MBI E PR S5 BB —3, WK
100 SCHR[17]R5G 25 SRR B, 3 BH 1 a1 A L
PR A [ I A AP B NS TN (4R
g5) XAETUELE TS, MK A R AR RS K
2 Fei Y e AN, 1992 SE R SE S E RREA
S (KA, SF 1000 mmx500 mmx500 mm)
RIS S5 RN Wos, RS IR B A —E AL
TR B WL, R R R A AR
R B0 %, AN % DX ™, S5 it
KIS M EE AR, A (BOREERD KA T
I RER A5 I TN 203X — TG I B MAFAEI,  FEAEAN
MG, et MR R v P A I 5

WFFUR I, RIS ST R AR S5 X [ 25 Y ) )
(AESSI AT PR B DIRH G . — e, E BRI TR 425 0 faf
M, BENE S, ShRN e, gEmls

WRAMZTES), JEAEA MRS A R3]
R A, SRS . FEN TR, A AT
TR, R i A AR BAT R
iy INE o o (T 0 T 1 22 5/ A R 1 € €
RGN, DORAT BR Y P AN BT 28
S . A A N D R, AR A A
SR RPN S b, AR A s R A A A
BN A e, BRI, Tl s s g
Ko IR s, BRI F %,
TR WEEE . FELG N R ol R b i A
L ORI A o BOE DA AR .
ARG R R, SR8 DCER e B AR I
FRIAES) DI, HVRIRIERRA, O A AR 2 A
WSS 53— U7, A RS Bk i AR 4
D} REFEHG NOkAT, BN R, SECEMF
LA ZIC R N S, A7 R RSB AR
fig, AR TR ROEIRS . TRz
IR A A At — 2D iRy e i, 2F
TS IX TN G AT RE VAT RGBT R I
P A A7 NAZ RE SRR, A A AR
FAME S RIES . BGE. IRSERR LR M 3h )y R Rt
B, B ER.



496 el +

71
o 400
I 133

0.00

[ EE
R I
(a) 2011 4E 1 A 11 H, SK7+700~705 mflliass = HtE, Mmaln i

U
B 400 iR

2,67
B
0.00

.1.33

() 2011 4E2 H 19 H, 351(2)8+089~095 L1, s

g i
WY 400

| 28
13395

(c)2010 4E 12 J] 24 H, 51(2) 7+749~752 HtI, i/

s .
/i ’?'?é
©/ o0& R

B 400
m% 2.6/ K
T . I -133
0.00
BRI [ s

(d) 2011 4E 8 JI 28 H, 51(4) 8+055~058 Rk, st

] YR
N\ WO mim
O o

0.00

EHK 3

(€)20104F 12 A 7 H, 51(2)8+287~292 #LJ8 LT, Hhan

21 Ay
i T S b/
o 5 B X T AR
L -133 Q
0.00
[ IEE ESnil

(2)2011 4F 11 H 20 H, 5(3) 8+950~990 LMl ks B4, SmEIA 14

B9 ARASFREEBEUMBEFHEEREKR
Fig.9 Relativity between typical rockbursts with different
intensities and microseismic activities aggregation zone

S 2013 4
o &
&
[}
o i
A@”g

(a) THE AL R (b) PR GHRIL R
Bl () SRk ROR T R4E, MRLRORGEIEN, 1 Bl TR TR R A
AN A A 163 ) 22 7R AN ] BE SR/ RO BB A CRDRER AN, R 5%
TSR s K B (b)h “he” Rom Kfifh,

B 10 REHSHBEHESEKHKR
Fig.10 Relativity between high-energy event
and microfracturing aggregation zone

5 4 w

(D) Wi GEsD pAEEEZEN TET
G773 FARRARRT T 1.5 AR I8, T
KXETHETWETT 3 RN, RWE ek
XSGR GEsh) EEAEEAAYI5 .

(2) B TR e M A AU L pd DR DX el 3
THE TS 3 AR CIHZTE R, DUE I 1.5
ER{EE &) a5

(3) WoRFE 5D a5 Ak
dife i, b AR E TGRSR A A
i, A R AE TR FAT () HR45
DA%, XA ARBIR R T IS, i
e AP AR S X T G Jey B N B R DA G

BOA: R E R B DO 2T ] A
b MR AREISA L, RARAERE AR L BRAR
T A SRR Kl S AR R S S5 T T AR iR

2 % 3 M

(17 IRARE, E222E, R, 55 TRRL2 BR BRI S Ry
AEFRIATFEI]. MR SRR, 1999, (2): 55—
59.
XU Lin-sheng, WANG Lan-sheng, LI Tian-bin, et al.
Study on the character of rockburst and its forecasting in
the Erlang Mountain tunnel[J]. Journal of Geological

Hazards and Environment Preservation, 1999, (2): 55

—59.
[2] DURRHEIM R J. The deep mine and future mine
research programms——knowledge and technology for

deep gold mining in South Africa[C]/POTVIN Y,



(7]

[10]

Deep and High Stress Mining. Nedlands: Australian
Center for Geomechanics, 2007: 130—140.

BLAKE W, HEDLEY D G F. Rockbursts: case studies
from North American hardrock mines[M]. [S. L]:
Littleton, Colorado: Society for Mining, Metallurgy and
Exploration Inc., 2003: 19—28.

MIKULA P A. The practice of seismic management in
mines—how to love your seismic monitoring system[C]//
POTVIN Y, HUDYMA M ed. Controlling Seismic Risk-
RaSiM6. Nedlands: Australian Center for Geomechanics,
2005: 21—31.

MENDECKI A J. Seismic monitoring in mines[M]. 1st ed.

London: Chapman and Hall, 1997.

BkAt, B4, AL, FETR0E IR ER R IR IT
RITE BRI FI]. 54 D150 TREAAR, 2007,
26(4): 818—824.

YANG Cheng-xiang, LUO Zhou-quan, TANG Li-zhong.
Study on rule of geostatic activity basted on microseismic
monitoring technique in deep mining[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007,
26(4): 818—824.

FEARNE, WEEE, B, L BT I R R E R I
WEARN WS A1 755 TRAAR, 2000, 28(2):
3597—3603.

TANG Shao-hui, PAN Yi, HUANG Ying-hua, et al.
Application research of micro-seismic monitoring
technology to geostress hazards in deep mining[J].
Chinese Journal of Rock Mechanics and Engineering,
2009, 28(2): 3597—3603.

BONTR, ATUHE, X, & LDEILTIREIT R A%
WHAE DR T PEWT T[], AR B RS 2R (A AR B
Ji0) , 2009, 30(9): 1330—1333

ZHAO Xing-dong, LI Yuan-hu, LIU Jian-po, et al. Study
on microseismic activity in potential rockburst zone
during deep excavation in Hongtoushan Mine[J]. Journal
of Northeastern University(Natural Science), 2009,
30(9): 1330—1333.

Bhiser, SEpRAs, R, &5 B ph i IR o
AT I 5 SHETIE[T]. A 28 TR,
2008, 27(3): 519—525.

LU Cai-ping, DOU Lin-ming, WU Xing-rong, et al.
Experimental and empirical research on frequency-
spectrum evolvement rule of rockburst precursory
microseismic signals of coal-rock[J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(3): 519—
525.

MG, T, $0AR, A T RO BRI L
N ) ORI FL]. A AR S TR AR, 2009,
28(H T 2): 3632—3638.

YANG Zhi-guo, YU Run-cang, GUO Ran, et al. Research

of mining based on microseismic monitoring technology

[11]

[12]

[13]

[15]

[16]

[17]

52 AR REAE R REI Pee 0 3 DX 5 o R PR A R BE 9 497
HADJIGEORGIOU J, STACEY D ed. Challenges in in high-stress area[J]. Chinese Journal of Rock

Mechanics and Engineering, 2009, 28(Supp.2): 3632—
3638.

Widoasn, (EEE, WHERE, 5. AEESI TBM ks
o SN I S AR AE AT D). A e TREAEAR, 2011,
30(2): 275—283.

CHEN Bing-rui, FENG Xia-ting, ZENG Xiong-hui, et al.
Real-time microseismic monitoring and its characteristic
analysis during TBM tunneling in deep-buried tunnel[J].
Chinese Journal of Rock Mechanics and Engineering,
2011, 30(2): 275—283.

THERE, PR, W%, S URILERIR A A i LA
EHLHL: RIS BRUE BRI, A A 28 S TREAER, 2012,
31(3): 433—444.

FENG Xia-ting, CHEN Bing-rui, MING Hua-jun, et al.
Evolution law and mechanism of rockbursts at deep
tunnels: immediate rockburst[J]. Chinese Journal of
Rock Mechanics and Engineering, 2012, 31(3): 433 —
444.

Wi, SRR, WM, SE. URMERRIR A A
HHUEL: WA ). E A S TR, 2012,
31(3): 561 —5609.

CHEN Bing-rui, FENG Xia-ting, MING Hua-jun, et al.
Evolution law and mechanism of rockbursts at deep
tunnels: time delayed rockburst[J]. Chinese Journal of
Rock Mechanics and Engineering, 2012, 31(3): 561—
569.

FHRERI. bR TIUR B g AR —— D e A8 B LE BB ).
J1% 552, 2004, 26(6): 1—7.

YIN Xiang-chu. A new approach to earthquake prediction
—load/unload response ratio(LURR) theory[J]. Mecha-
nics in Engineering, 2004, 26(6): 1—7.

MARTIN C D. Seventeenth Canadian geotechnical
colloquium: the effect of cohesion loss and stress path on
brittle rock strength[J]. Canadian Geotechnical Journal,
1997, 34(5): 698 —725.

fess, XWNWY, BRI, R R P O3 AT B BRI 4y
TWICY/ER 3 Jm e E A3 e R Bae SeE. sl
PRI 2 B2 AL, 1992: 448 —457.

HOU Fa-liang, LIU Xiao-ming, WANG Min-qiang.
and degree[C]//
Proceedings of the 3rd Academic Conference on National
Wauhan:
Surveying and Mapping Press, 1992: 448 —457.

Wrileify, VK, RS, S TR BAZ IS RN ) ()
KAMISIHTFT]. HFEHTIT, 1998, 21(2): 128—133.
YANG Yun-hai, XU Zhao-yong, ZHAO Jin-ming, et al.
Experimental study between core-forming process of
rupture field[J].
Seismological Research, 1998, 21(2): 128—133.
PR, M4, THEM. SR RM] &
JE: o RRE B2 H R, 2010.

Discussion on rockburst origin

Rock Dynamics. Technical University of

micro and  stress Journal of



