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Particle flow simulation of rock burst mechanism
for highway tunnel ventilation shaft
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Abstract: Rock burst is a serious problem during the excavation process of the ventilation shaft No.2 of Qinling highway tunnel
according to the analysis of in-situ engineering geological condition. Rock burst mechanism is a physical process related to the rock
microstructure including particle diameter, particle cement and particle void, etc. The microscopic parameters of mixed gneiss are
calibrated based on the theory of particle flow and basic macroscopic mechanic properties of mixed gneiss. The analysis of similarity
criteria about particle flow simulation is conducted because particle diameters are not free parameters and then the rock burst
mechanism is simulated using particle mechanics approach and strength reduction method. The results show that the rock burst
mechanism is a progressive failure process including crack initiation, crack propagation, crack coalescence and formation of
macroscopic fracture. The failure type is compression—induced tensile-shear failure; and it is dominantly tensile cracking. The results
provide preliminarily references for stability analysis of rock burst of ventilation shaft.
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Fig.1 Layout of the ventilation shaft No.2
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Table 2 Calculation parameters of PFC model of rock burst
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Fig.9 Crack development of rock burst mechanism

(a) 50 35 (JRi/NETsRgh)

(b) 100 2 CAATFUEIRED

(c) 200 5 CHRE ) B ) 2 P IXOR D

(d) 400 & CHERBEBIN, ABEE

B 10 EREARKIA R B
Fig.10 Different stages of rock burst failure

K 9 AR B a R LUK ERR DL, 110
AR AR B AN 40T, %
HIHZ IR e Ny R AT, BRI, RT3



890 b +

2 2011 4F

s B N S B DX 2 Jay B N g i
RORLRESE I wiR I, BRGNP AREL, B P
EOERIAPATIT YD 22 ) BB g i s 86 45
DI R, FhgiWrR BT REL, KB RGO
HA5° o R NHEREOTE TR, KON
RRLL, BIREUEY, RGO REAAT TITH2
Mo ER NI RBIA B G  Ja /N sl t L
he BEAEWCREY MBI H 32, ek KN T
EIX, MREOHRR G ENRL. VI
BORDXEWIE R, XN BREEH 8, R WA 4
THURBCR I AR SIS - A V IR A BRI T
WMERGOZ D R A RE, BORMBEE K,
e a A BRI, R AR BB R g, JF
TE R R R BB A X

MRS, SRABORLARA AT LA 4 A
A MBEARIRE, SO hr s AL A B 1) 20 R
B AR AL A B B I AL 1A
TIHZI RGO L — TR G e 5 — 20
REUIB I, NSRBI, 322 sk
2E/NINE ey P ey I8 7 SURE V)
NEBRECE U — o RO —RIVE A, R
PRI R AR — AR I R, R L2l g &
Sy WL INAT 14 F B 40 L PR e BB L A2 A
— 2.

5 4 iE

SR ZRIG A BRREIE 2 Sl XU TR, SR
RPN DYIE - G AAR Y P b LRI K PO S e
B (oE A BN F B HEEARY) 5, BB TR R
HIASE BRI, 1D RS
T AT AL, DL T A R A B
R, RYIE A RO R XA B R . A i
(K e — AU LR, A2 I 4L
APAT T ITFZ I MR SO 2L — ARG e R
— TWEREUNITE G 2 B 0 25 B T3 A LR D /)
EHRECE P N — A AR — TR . T AR
32 R A AT AL AEANWT A 2 A, R T M
B ARy 22D 0

B TR A BRI 2 5 TIN5 RS
TS TR R NRHIT SR

2 % 3 MR

(11 RMAE, E2228, BURAR EBIE L] S AT T,
A%, 2002, 23(3): 300—303.
XU Lin-sheng, WANG Lan-sheng, LI Yong-lin. Study on

(2]

[4]

(]

mechanism and judgement of rockbursts[J]. Rock and
Soil Mechanics, 2002, 23(3): 300—303.

Weih, RV, EORSE, AE. MU A R A U
BRI AT TT]. & TR, 1997, 19(4): 49—
56.

PAN Yi-shan, ZHANG Meng-tao, WANG Lai-gui, et al.
Study on rockburst by equivalent material simulation
tests[J].Chinese Journal of Geotechnical Engineering,
1997, 19(4): 49—56.

B AR S B LB R AT 23 M R
[0]. &L TRE2AR, 1997, 19(6): 49—55.

LI Guang-ping. The mechanism of compression-shear
damage for rock mass with its application to rockburst[J].
Chinese Journal of Geotechnical Engineering, 1997,
19(6): 49—55.

W, TGN, AR, F. UREE R AR
FESZIGHFIE[T). A0 12 5 TRE2AR, 2007, 26(5): 865
—876.

HE Man-chao, MIAO Jin-li, LI De-jian, et al. Experiment
study on rockburst process of granite specimen at great
depth[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(5): 865—876.

REEEE, FIHEAS, BRmgn, A WREES b BB R
PR IR T AR ARG [T]. 4 TREEAR, 2008,
30(10): 1520—1526.

CHEN Lu-wang, BAI Shi-wei, YIN Xiao-xi, et al.
Plane-strain model tests on rock burst of horseshoe
section caverns in hard and brittle rockmass[J]. Chinese
Journal of Geotechnical Engineering, 2008, 30(10):
1520—1526.

SUN lJin-shan, ZHU Qi-hu, LU Wen-bo. Numerical
simulation of rock burst in circular tunnels under
unloading conditions[J]. Journal of China University of
Mining & Technology, 2007, 17(4): 552—556.

DYSKIN A V, GERMENOVICH L N. Model of
rockburst caused by cracks growing near free surface[C]//
Rockbursts and Seismicity in Mines. Rotterdam: Balkema
AA, 1993:169—174.

ORTLEPP W D, STACEY T R. Rockburst mechanisms in
tunnels and shafts[J]. Tunnelling and Underground
Space Technology, 1994, (1): 181—190.

PROCHAZKA P P. Application of discrete element
methods to fracture mechanics of rock bursts[J].

Engineering Fracture Mechanics, 2004 (71): 601—618.

THZ 898 T



N

EE (Rt RS 2y B XU A LR 0RO 7T

[10]

[11]

[12]

[13]

[14]

LA, BT L BB (9], /K SO i TR 1 5,
1989(1): 33 —38.

TAN Yi-an. The mechanism research of rockburst[J].
Hydrogeology and Engineering Geology, 1989(1): 33—
38.

W, ELREZE. TRMTREI L R O S K 5 o PR (D).
Hp | R 2 5B 223, 2005, 16(4): 58—61.

XIE Yong-mou, JU Neng-pan. Preliminary analysis on
relationship between macroscopic-microscopic structures
of tunnel surrounding rockmass and rockburst[J]. The
Chinese Journal of Geological Hazard and Control,
2005, 16(4): 58—61.

LR, KRG, TICH, & R A BRI X B
AN AT B[], A D%, 2009, 30(6): 1759
—1763.

XU Shi-liang, ZHU He-hua, DING Wen-qi, et al. Rock
burst prediction for ventilation shaft of Qinling highway
tunnel and its countermeasures[J]. Rock and Soil
Mechanics, 2009, 30(6): 1759 —1763.

POTYONDY D O, CUNDALL P A. A bonded-particle
model for rock[J]. International Journal of Rock
Mechanics & Mining Sciences, 2004 (41): 1329—1364.
RS, R BRIEIRTTHLE A LR D = o

[13]

[16]

[17]

[18]

B[], A TREAAR, 2008, 30(3): 450—456.

WANG Cheng-bing, ZHU He-hua. Tunnel collapse
mechanism and numerical analysis of its influencing
factors[J]. Chinese Journal of Geotechnical Engineering,
2008, 30(3): 450—456.

JifE, Fx4, S W
[J]. A& +J1%, 2009, 30(1): 86—90.
ZHOU Jian, WANG lJia-quan, ZENG Yuan, et al

VAL T T RTIRE DN

Simulation of slope stability analysis by particle flow
code[J]. Rock and Soil Mechanics, 2009, 30(1): 86—90.
TOMOFUMI KOYAMA, LANRU JING Effects of
model scale and particle size on micromechanical
properties and failure processes of rocks—A particle
mechanics approach[J].
Boundary Elements, 2007, 31: 458 —472.

CHO N, MARTIN C D, SEGO D C. A clumped particle

Engineering Analysis with

model for rock[J]. International Journal of Rock
Mechanics & Mining Sciences, 2007 (44): 997—1010.

ZHAO CHONGBIN, HOBBS E, ORD A, et al. An
upscale theory of particle simulation for two-dimensional
quasi-static problems[J]. International Journal for
Numerical Methods in Engineering, 2007, 72: 397—

421.



