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Abstract: Grouting reinforcement is an effective method for controlling the stability of engineering rock mass. The mech-

anism is mainly to inject or infiltrate the grout into the fracture of rock mass to form a grouting entity, and strengthen the
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stability of rock mass and the ability to resist failures. In order to realize the calculation of the whole process of grouting
diffusion and consolidation in broken surrounding rock, a diffusion-consolidation mechanism of grouting based on dis-
crete element method was proposed. Also, the model checking and example analysis were carried out, and the results show
that: (D In the full-length grouting of single fracture scenario, the shear peak strength of the post-fractured rock mass is
higher than that of the non-grouting fracture, which depends on the frictional resistance generated by the solidification and
cohesion of the slurry. ) In the point grouting simulation experiment, as the grouting pressure increases, the grout contin-
ues to diffuse. Therefore, the pre-peak shear yielding and post-peak phases of the rock mass are strengthened. (3 For the
engineering-scale simulation test, as the grouting pressure increases, the diffusion radius increases in two stages. When the
grout expands to the high-stress area, it needs to overcome a greater compressive stress to achieve flow. After reaching a
relative higher grouting pressure, the diffusion area of adjacent boreholes is superimposed to form a grouting whole body

that surrounds the roadway. When the solidification bond strength of the grout is low, the failure of contact is still the main

controlling factor to determine the failure and instability of the roadway.

Key words: discrete element method; fractured rock mass; grouting reinforcement; grout diffusion; coupled model

HEXIMBE R ARCAED 11, BEIE . KF 5 TR
Iz N, e R e TR SR AR SR L Ao
B S A E R TRA RS A KA
AT, A B0A 2 B ) 2 i 3 22 450
I BN AR R TR A Ra E s b i A 2%
J7 1, HAE AL 32 2R R A BB A 2254
T AR L TR T R P R AR B, BT 3 4 SR,
s Ak A AR E PE AR T AN IEIR B e

TR HOMEBIE W K ER T2 Wik T2 A
A NFEFEZ R, FEFERY B, Y
FE PR (Bingham fluid) B 7 #6141
et gE B O AR TIRZ WY W A, g
ERIE AT OIS | 6T 268 0 AR ) = DUR RS
WY HOTRE L ST ORI RS UE RN A B
FEEE . ARV EHLE 1, Hegr 50 35 T A
TSR A 3 5 A A s 4 v 455 4 T e B AN | A
HOF R 2B M B K R B TR E R AR )
Z A, HESIRE] T AW R, TE R T Z LA
WHIE | PUELSEA B BIE | B BRI BE A%,
RAFRFE T TR ARSI . 7855 AR 3 2% 31 512
S5 7 T, O A WS R B T H AR 50 35 9 R,
T e 3 A 1Y o I 2 TR S B R R AT T RS
5 BESR AL S, F] SR AR LR 10 1 B3R, 73
W12 10 MPa., 13 3~5 min &, S AVURIRE R
BT 1.3~2.0 1 B AR e A0 H5 T K A Bl A A
UL 285 48 Ko JFL 0 2 1 o 4% 1) 3 235 R T 9 2 W 1 224 7
H o X SR P A OT T R T R BT S EG,
FESN SN T A AR S BR P R R K R AR 5
WATAH L, R A B P ay s R m T 1.1~
L7 4%, BRASHRBERG N T 0.5~0.7 fi%.

B TR AR A AR B Bl vk, A A N R 4K
AT 1 3 AR X A B A O e, R T Sk i A
UL Bt TR E TR, B 280 TR
BE AT, TP AE TR E R A AR R SR
e L, RAHA BRI (0 FEM, XFEM, BEM),
BIHUATTIE (DEM) S5 m SE B, 762K /U i n
[ 5 1, 28 AR AU R AT BR O B AL RS
OBk, LT A AR I R B A RO Tk 4
W21 SR B ANSYSS B, 3l 1 45 1 30 Pl o 1A b R 2
BTk, R T AR I A T S AR e M s = T
2T Sl 3 22 06 N SR T TRV L SRR SR
FLAC JFR AR e T 2 [ X, A 7 R i 1
ST B B AR P iR AR T e
2 U3V A3 SR FE A SR 00 R 255 00 T3 0 s, A e B A
200 N S B T SRR IR R R A R — A
1], S AT T 5 X M K T T KRR %) 5 D 5 T T 2 A
LU0V 53 5o o 7 BARE K AT BRI B R 1, A
TR A R GTR E RE, R T T SR L 5K
TR AT AR S A B S — R 2 T S AL A SR |
ST VR SR BT A B AR B T I R T A
R o A7 e o1 A1 U VAN |1 Shs'ak ]
I 26 B2 U BB TR T, SR o A BRAR B, B
8T IWAE AR (4 HOE I, 18 R R L KR
RORE . BUUIBRBE . ST RE FIALRS B2 X R B4R
MIVEF, TR T L BN LA B RS BT J3 X 1 0 e
N FEEH.

JEC A WSS T ARG AR, e 1
JIEE B TSR AY sl Tk vy, R AEAE LA [ i 2
TRASFEDE: O X TRRE AR T, B A AR s 3 X
(SR RS I e sSE B 7 anksaE A | JLhTAE



1466 # %

F #®

2023 4F55 48 4

FHZIG , $ath = A — g SRR X R, AEEETHAE , 3X
Ay [ e LAY B HICEA T VA Z (B A ER, TR FH— L
N B R A AR (i A Mohr-Coulomb 55 ) A6 46
TEINN R, A1 AT 2 10T 510 P 1 R 1 R e el
R XSE ], ARG AT S BB M. @ AR R R A
R, BT SRR T S R G R B
IRl 1224 L (BB RN | R R AT,
Horp, WARZER T1 . FESFSHAUE TR shit
T, AR 5T b S 2 e 7 A ik R ] S S B T Y R A R
X IE O T AR B4 W S ME R . B fETE
AT WO R X ARG OR AR b, 2R 2 ROk
— RS S R B 5 N 2, AR SRS,
SR PEBE TR PR 4l P e ) Bl i A B o 245
— PR S RE AR S IR X, SRS AT X
SRR, AR, 55 1 RO IR AN BRI R A
BOR, 55 2 B AT G AR IR R B I RN
[ Py S A7 100, A 2 B T TR S ) —Fh S T B,
XFFFEAZ 20 5, S 1T 3kt S % ST I [) A f
M E T RE A XER . ARG, DA b [a) AR A% 0 I an gy
TEFRITIAR T A T SO0 R A 3 B 42 i e IR
BORMEIREOL T, SR B S s 2l B G
R

PRIk, AR ATA TR A 45 4 T 2 n 14 FHATL 1,
I AR WL T 27 47 B A, 25 IS B TR R —
FEVEERR YRR, PR B 2 WL AR A VR R AR L
Koo ARSCR B HUATTIL, $2 H 000 B # T ik 2 A
PRI P B-Fh &5 B 45" T34 0L, IR | UDEC
BT T T 2 S R B 25 A0 T ) 59 ) 273k
50 MR, I3 2ok B 5] Yo A5 1 R R L2 R4 3 5 o [
ZHRCGE AT o A SCE TR 285 XS
B B, $5 th — RO T R & ) S B R i 3
Jir 3, 9T ER R S AH DG 9T 3 I R T K B n [ Bl
THAEA TR T — e r 4 .

1 BB/ & Bingham iR EY

BRI (DEM) S5t TARE LA TS &
SR AR 12 R, e 5 g L 5 T
HE A RZE ST P, 78 UDEC. PFC %5 B3 Bk
FR AR, AR AETE BT GRS kD) 45
Fa R ) R FUAFL B /24 B vy, RT3l ok 2 o B T A
FLBRBE 55 B TR 12455 . 7 DEM B il
Y, FRBER S R R 22 MR A G R o
XtT Bingham WA &, HAIR A FFA A1 P g 52
SEFE, HA YRR s b AR, A TR &
AEBTYIASIE, S A fil i 2, B S 2R R 5 AR A
—FER LM Bl R 2R IR s AR Y 35 3k N T
KRN E . KT 2HEH a K4 Bingham
TARI B, BT e/ N AAR R 22 ) 200 A2

Jo=1,/a (1)
A, 7, o4 Bingham AR ik B 1 7, 5 AR B 45
SRR

2 BRLAERRY BSME N FEE

21 GERTEPEZEMOERTER

TEB A B, Hefh AR i i sh A e 2 RO
ABIIR A fuh N B U 3l (8T 1(a)) FHRBEIR 6 fih P £ 37 5
(L 1(b). (¢))o M THEMEAIBIR, AFAE 2 Bl 127 A
© B FHERIES p i K, FEGEMAK IS,
FEA RIS B VIR (K] 1(b)), 22 1 RBRIKITIE, 26
LT K I TR 2 AR s @ i TSR TTZ
I RALBIEN, FHARAAETAERE (F), 72420
SKRLEBTUIRIR (&1 1(c)), B3 T RBUKITIE, LT
IE B B Tl

VG EAR, WAL F i N B B T 20 1 e
fith . T 7K T3 BBEOR 42 fsh AL TIL g 2 e R4 fih 3 b IS ATE
Ko ATRASE, HA G LL 3 Mg b R
IK I AR EARE I, A RE S IIORS i F R S A HGE
I ELHE

FIuk 1 LA 1 Hoofk 1
Waeitit \p\ - w it
Hines e N Tine/ gl
Fh2 7016 2 i 2
(a) I FEREFAh (b) 1T K IR () I Jy 2 53A

BT SRR P R R 2R B

Fig.1 Schematic diagrams of contact failures during grouting
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