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Abstract: During the construction of karst tunnel, it is difficult to avoid approaching the cavern, even high
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pressure water cavern. Water inrush damage very easily causes safety accidents and would have irreversible
impact on the tunnel. The study on damage mode is conducive to solving problems related to karst tunnel safety
and has certain significance for the safety of route selection. In this study, the physical and mechanical parameters
of micro-discrete particles are calibrated and verified by a three-dimensional discrete-continuous coupling
numerical technology, and the important process of rock-burst collapse prevention between the underlying solution
cavity and the tunnel invert under water pressure is simulated. The results show that the failure modes of outburst
prevention rock mass are divided into three types: shear failure mode, bending failure mode, and composite failure
mode. The bending failure mode indicates that the tensile cracks in the middle and both ends of the outburst
prevention rock mass are in the form of penetration; the shear failure mode shows that the cracks at both ends of
the outburst prevention rock mass are in the shear state; while the composite failure mode has the common
characteristics of both. The fracture development rules caused by the three failure modes are similar and can be
divided into three stages: initial development, rapid development, and gentle development. At the stage of initial
development, the number of cracks in the rock body is small; the number of cracks in the rock mass maintaining
water pressure and preventing outburst suddenly increases and enters the stage of rapid development; after that, the
crack in the outburst prevention rock mass connect and then enter the stage of gentle development, ultimately,
leading to the overall collapse of the outburst prevention rock mass. Thus, this study indicates that water inrush

damage is a gradual process in karst tunnels, but it has an irreversible impact on the overall safety of karst tunnels.

Keywords: karst tunnel; water inrush; rock bar; discrete-continuous coupling

W A F [ 0T 7Y T b X E G K e B AL, A A
BRI SE RO IR A R st g b . P AR
s 0 3 B SR 0 Ko LR s AR RO A
AN T o B A VY A Ml X008 A PO AT gk
e b 2 BV b X, VA b DXV PR D) 2 s AR K
EHA R AR B R E R R
I o B G AR A P ) R R G O K, B T
ST P 18] 0 A A R R T R e T B A K 56
BEDRIER o MR A AT 5 DX 0 S S, 2 A e A R
R BRI 008 J5E B2 B4 5 2 o AR AT AR R D/ SOk R 8
AR, PRIERE T ME T2 4x 0 Rk, [ P Aho 2 0
TR T R B 5 A A A B R A S R AT T ST .

AR B SCHIR, A 9 bR A Bl 2% o MR 35 2 Bl
NS T 2 BERHEAT IS . A B R B R A R
i A R e, WIS LA B JE A, AT 5 A5 B Y 2 4 R
JE O JRERE MRS DAL AN S R B O A R Y R
Mg 10121, A7 2 5 Bl 9 S AR TR A D A AR R,
F B A 0 LR e D v A AR T | 3R IE R S0k r B
B 2 AR, B 5E H A5 28 AL | Vi 5 Rl 2
[ B9 A X R /0N R o 57 ¥ 40 1 R 1) 2 W) s oA o
K Bl 5 S VAL O 1 S B4 T A4 A4 R, 9F 58085 K TR T Bl
GG PRI T 2 R A e B AR O, B g T e
RIS, BEFE T 0 SRR A 2B B 5% S 1A B JE EE 5
i A 2%

SR, bR TS B2 T, (1) BA % &
BBy 5 A AR TE W K IR AE R 2 0 /NI 5 (2) 8%
HE B H 5 B B 5 T R D05 (3) 18 ¥ I K
JE TR KA | TP R B2 RN, B
M LA B By 5 5 R B B G AR R A S 5
Pr R p A P K S BRI FELA ANAT

LA PR TR B, 25 T 1 S T B A FROT
A BR 22 73 25 AN [ AR 18 A 1 5 5, (]I 2 123 1 3
HRE ) B HOT R P (e A AR | W R R R 7 T
HAMARREE, nT 7R A R e, 5 52 bR il
ST, Rk — 2 B B 5 A TR B T A S 4R 3t
el o (HXFEON AR TR, 2RACR B HOT, &
A RORIE AR

B 1 B2 i S B BORE A U A A b L3R IR)
WM T RE o T 2223 VTS I8 S O 5 B
T TR, AR L TR, AR | PIAET
RRUSPL RSy TR ST I o AEREIE T2 2 5 5
R A N o SR, 0L P S - R AR
P T R A B 5 4 PR B R i e i AT B b

A SCRe FH R - 5 A 5 R R e Y B 1 B O
PR A e DR AR SR AT W5, 3 3 0 fOUL 85 HEURE 4 B
1% SR AT AR E IF IR AIE, JF K B /N R S T
PRV I Ko 2 1) 14 Bl 5 PR PR 8 BICIURL ) £ 45 1%, T
AR e b i J22 WAy 32 B2 4 BTG, AU 2 A A



2024 4F

RUBRSE, 55 J T =4 B -1 S A 1A U B 1 SR DR BE I 5E - 165 -

V8 v K B R B R AR B B R 5, IR AR s
AR T A R T 0 2 B A

1 HREXHEER

Tt R e AEK T D R T 6 T B R Y R R e
Hig X, BRE 4K 6610 m, KA LKA 1/3 4 TIHRE
B )zE, BUASFH AV R BEE 2K AEER K 200 1
DL b, BRAR VSl i ph i SR R BTIR R F . B%
TH gk b JE R 3 Sy vl 2 bR Dy SR Y i
DAFE M ST | 5% BRI, H S kB AN AT, AR R B
B 8K EGERIRE, R #ER R, 765
KA RABCA UG o AR DX K SCHE BT 4544, 78
He R H B AT, B X 32 2 1 R i K 5% el i R
DK298+500—DK299+300 B fiiitifiK &2 2.33 J1 m’/d.
PR SRy 122 1% T 4G R ME BB K, A R A Bt R e Tk B I E
A R TR

b% i DK298+766—+772 B¢ A 4t L i FF 12 8 78 —
WhE(E D, BB TEY Sm. K 5~ 6m, IR
4~ 5m, A] (5 K I I 5 RIS Z 18] Y 7 28 5 TR 3 I

B1 BEM#ETRERE
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Table 1 Physical and mechanical parameters of actual
surrounding rock
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Table 2 Particle parameters in the triaxial compression test
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Fig.2 Particle aggregate model for the triaxial compression
simulation test
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Fig. 6 Contour map of vertical displacement in the
verification model
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Fig. 11 Compound failure of outburst prevention rock mass
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Fig. 12 The number of fracture in the outburst prevention rock
mass under three failure modes
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