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Abstract: For the excavation of rock mass under high stress, the defects of the rock mass and the dynamic effects induced by

the excavation have a great impact on the damage of the surrounding rock. The distribution of joints is simplified and quantified.

Based on the two-dimensional discrete element method, the process of excavation of rock masses with non-persistent joints is
simulated. The macro-and micro-dynamic failure modes of the rock mass under different connectivity rates and the dynamic
response near the joint are studied. The results show that after considering the dynamic effect, the range and degree of damage
increase significantly. The dynamic model is more likely to produce wing crack coalescence under high connectivity. The joint
amplifies the dynamic effect at the rock bridge center and acts as a cushion to absorb the shock behind the joint, but the rock
mass before the joint will be affected by the reflected stress waves.
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Table 1 Material parameters of DEM rock specimens
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Table 2 Macro-parameters of intact rock
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Fig. 1 Schematic diagram of DEM specimen
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Fig. 2 Distribution of cracks under different joint persistencies
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Fig. 3 Number of cracks under different joint persistencies
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Fig. 4 Schematic diagram of failure modes
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FE B A B AL, AHXEGEAE (6 (a)),
ORI A T 2 A8 30, e e RT DA AR A o2

MR ZEL IR AR 2 T (AR A S 8500, T AROu ik
(1 Jls 25 B AR SR 2 i B IR . AEMISH RGOz Ak (]
6 (b)), BLLRLHMBRLALEE 7 AT LLE Y, 22
AR E PO, AT L A R R
WEFEHAR, W Z AP AR R S B 1, DRk
SERPUNR BT L, [ IGO0 1) e 22 e U 2
BEFM.

é%@%ﬁﬁﬁﬁ,AMHm@l%ﬁFWE%
B B 7 NER IR D 4558, S5 s sh s
ww,ﬂuEM@%ﬁﬁﬁ?,a7u)¢mEﬁ$
T2 B A5 T = AR B RR, B 7 (b)) i ER
S S 0 35 P BE N o PR 8 Dl g il L VR 1T )
B, 5K 6 Ak, #eEpABIUT,  HAANTE T L
FEAE/DEIR, BB AN R R ENIRGS, s
R R BT o0 b3k (B 8 (a)); SR A (A i
R —Emh A (E8 (b)),

it i
&ﬁ# (b) E=
&7 |ILEAMBEFR (REEIHRD

Fig. 7 Failures around tunnel (static solution)

(b) frE—
[ 8 TEROBBIR (REEIHBRA)

Fig. 8 Failures away from tunnel (static solution)
2.3 HEMNEFRLRENRIZETL ST
WAL IBR 2 5, S/ EN. R

(a) prE—

% DRI L AR ST SR B T 22 /NI 55, 0 Sl WA [R]

168 238 7T T BT %) R PR AR X T TG B (1 el AR
%,u%ﬁwﬂﬁ$mﬁﬂf%%%wmo

I AL R B R s A B S 9 s
HoAdE y Sy EATE T 2 AN, AN s
BT 3ANES: ARG A 0.1R LI & 55— AT 7
SAHARATEL A ROy, B8 A S T B
Mgk b 78 x J7 A B AR AWM AT, A B Rl
TAEMROLL L. PURH G GERY, PR
i, Bl GIPT ARERH —HHE— A (=0, y=1.4R),
G2P2 fREEHE —HE A5 (x=0.5R, y=1.5R).



200 H O+ T OB % M

2020 4F

Ly

B9 EfLOMTEREREE
Fig. 9 Schematic diagram of joints around tunnel

B 10~12 &R 1 3 VLN n AEAN R HE S 28 7 FA A
R I AR . 5 — I A7 B 43 3 7
FOEEEWIP 10 Fizn. 7£ GIPL LB, MrB—WlT
THZEN R AN B AT s, R AT DL B ROk
TR PERR GO, I A EHE A R R0k 1 B2 KT
HUE AR RURDE R, I B RAFAEOR T 2a Bt
BN IRN s F3— 71, 25 B ) RN it A i
AR RTITHG Ko BEJS PN s B AR B B I L
)R AS AL R 55 58— R AL, (EL R W {13 7 B B
R DR T 2 L3

=8 5T S =8 R H
tn 70% 4 tn *8-2 4
= 0.4 2 2 X 2
56 8'4 0 04 0810 56 3'4 0 04 0810
=24 =24
‘1?32 iﬂﬁZ
& &
B’ B’
01 2 3 456 01234567 01234567
il (1074s) il (1074s) AL/ (1074s)
(a) GIP1 (b) G1P2 (e) G1P3
[ 10 SE—HEYM = FRIR B R FEEE

Fig. 10 Change of velocity of first group of particles

. —06 S\ . —0. . I
56 8’4 0 04 0810 56 '\ §g 56 Zovom
=4 el 4
-0 ol
=3 =3 i
01234567 012345¢67 01234567
M E]/ (1074s) A/ (1074 ) )/ (1074 )
(a) G1P1 (b) GIP2 (c¢) G1P3
& 11 5 AN = FURLE B AT FEEE 1L

Fig. 11 Change of velocity of second group of pariticles
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