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Fig.1 Schematic diagram of single crack 3D reconstruction
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Fig.2 Flow velocity distribution of single crack
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Fig.3 Single crack damage mechanism under
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Table 1 Numerical simulation parameter settings
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Fig.5 Cloud map of erosion damage under different particle incidence velocities at 0. 6 MPa

2x10 7" kgem 75" Bl A G B3 I3 eh
T H R S R SN P, 3 R T REE UL A
SRRSO I RO AT SRR B Be 30 T R AE
B SR THT 174 B 4 S BRI, AR SRR JR M S 8K
PEATHAE 3BT , B WL M F- 24 i ol 6 1 S 45028
v, FE 22 [8) (A0 51 HEAT 405, TR RE SR A5 7 ok 4L
KE:
E =k (5)

Aok Fln LA AL

BT SR AS R OB A BE AR R TR 8K A H )
RS ML, 45 RERY], R REIRLF
AL TR  AH OGRS 2R R SR 0. 996 8 ~
0.9992 A RE L AE3.01 x10°" ~9.77 x 10"
INEFRI A, 57— A R n BTE 1,403 ~

0 m/s —a— 1.0 MPa
1.0x1071% —o— (0.6 MPa
—&— (0.2 MPa

7. 7k jE%/kg'm’z's’l

2 m/s

6 m/s 4 mls
Bl 6 A[EMALN G BT 54 i ok 2R

Fig.6 Average erosion rate under different particle

incidence velocities

39



g 2024 45 6 1

1.2x10710F
A1lOMPa =----1.0MPa
1.0x107°F  ®0.6MPa =---0.6 MPa A
R ®(0.2MPa ==-=0.2 MPa ‘,'
o 4
& 4
IE 8.0x10°!
.bD 7‘29.77X10‘]Zx1 403 p
gx R?=0.999 2 & .
H 6.0x101 -
E "/ y=.§.84X10’12x1’455
’,ﬂ, 4.0x107" /," "'," R2:0.996‘8‘.
B o ‘/’ e
A R —— y=3.01x 1012 516
£ mee R*=0.997 9
B--""" . | )
0 2 6 8

4
TR AST R E (m - s7)

7 7SRNG BT T v iR FE A i 2
Fig.7 Fitting curve of average erosion rate under

different particle incidence velocities

(kg/m?* 5)
5.0x107"2
4.5x10712
4.0x10712
3.5x10712
3.0x107'2
2.5x1012 %
2.0x1072
1.5x10712
1.0x1072
5.0x10°83
0 (a) 2 pm

{b) 4 pm

8 0.6 MPa Rt RRFAAIE T iR =B

Fig.8 Cloud map of erosion damage under different particle sizes at 0. 6 MPa

2 um —4— 1.0 MPa
2.0x10°1L —— (0.6 MPa
—a— (.2 MPa

N J‘E%/kg em2eg!

9 AEIBHLALE T 1 i 2

Fig.9 Average erosion rate under different particle

sizes

6 ~8 pm 8 ~ 10 pwm I, - 24 ofr ok 3042 48 i 43 31 Sy

40

(c) 6 um

1.515 6 /NEFEINZE AL

<1 8 k1 0. 6 MPa A 11 1% 1 .0 m/s PO A G B
S B BREE R AN [R]UREAR AR T Y il 451 £
=, BEE FURDRLAR B/ )N | %k 7 B T e fodt 35 453 TR
TR, 3% /IR AR UL BL R A2 R X T 3t
A ) R B T S TR A R 3 i, T34 oy
RIS T VR OB A R i)
R T /INRLAR UKL, IR AR JURE = A 1 v e I8
AHASE T /)N AR 0 T 4 vy EL i e 45 45 8 8 B Dy ™
NN SR &3 UTE VRS Ty TR Y T YR 4D R e A S ) IVA
FAEEESR, XEZRM T/ BB/
PRI, % T 3 A 1 AR Tk BB 5 e P A T

K9 A [FIEURCRLAR FE AR R /K A FUE T 1
SEH kR EE . A H K18 0.6 MPa B B %
B EARIEE NN, SR EAR R 2 ~4 pm 4 ~6 pm

() 8 um

2.5x10 P kg-m s 1.3 x107" kgem 7 -s7",
1.2x10 " kgem 7+s™" 1 x10 ™" kgem -5~ [H#H
ORI A2 3 TN F- 2 b bl e () B R R . M A
RAZEAI /IR AR TR fIE A% DR bl 2R B AR 1
Bl FORARIORL R T SR B 1 A 2% AR TR TR Bl I 2
Gy BUAHX S A I, 5 SBOHOT 35 o ol ok 232 4 34
WA XA
[ Bs, X RURL R AR HEA T LA 43T, L S s i)
SR SRR, d L E 2 )R D
TG, AR R R EOC &R
E =kd (6)
B 10 S AFRDR AR FAEARIBIK A BRI
BRI I A L, 255 R0, T R BOR - i
AT B, A B R B R PSR 0.992 3 ~
0.995 0,445 2Bk 1E 4 x107° ~0. 001 7 45 58 35 il
WAL, S — LA R B n £ 0. 402 8 ~0.596 7 7]\
N,



KRG A WURLIT RS T A BB 453 5 T2 45 TR 3 0

2.5x1071
AlOMPa ----- 1.0 MPafil &
©0.6MPa ----- 0.6 MPaill &
— 20x101 |- ®O2MPa m=mms 0.2 MPaillf "
‘T‘. " __—“",
? LS y:9.88x10‘1zx"4“‘ e
5x r 2 -
g & _0'2?‘2_3,," y=6.12x10"120427
N P R=09943 o
o T PR
gé Loxiotgs" L -
3 T -
- e -
B sox10-oT mee T —3.06%1071%05
I R*=0.995 0
0 1 L 1 |
2 4 6 8 10
WORLRAZ um

E 10 AREFBURIALER T T2 25 v oo 3R = 0L 5 £k
Fig. 10 Fitting curve of average erosion rate under

different particle sizes

4 itig

SO T 2 FhOR R SURL R S EBE A [ K T
S A XoF B SR BE T 451 475 78 T ) 23, BOR
NSRS S R BORRE A% 1 1 24 o e e
AR AR 2 U R BOC 2R  BIVIURE Bl ) 2 2 B0 3
T 5 | R SR B B T A5 R ) R A

R (kg - m2 e s71)
1.2x 1070
1.1x107°
9.7x10™
8.5x% 107!
7.3 x 10
6.2 x 10!
5.2x 10
3.8x 107!
2.6 x 1071
1.5x 10
3.0x 107"

(a) 0.2 MPa

AT L 2 Fh UKL 1 2 H S il A 2 8]
PRECAYHE AL n K/ (36 2) LSRR8 36 - 25 iy
AR AR RAR A (BT 1), 3455 — L ) 2 2 8
Xt KR B M R, SRR X 2 AL
gy J3 2 SO Wb 5 03 B 52 0 RN G 2R - OB
SR > WORDRLAR , RIVPE 2 1) HAL S 8O A2 1 15 L
ORISR B E LG ORORLAR 5 | A e ol 453 03 5K
JEHE,

®2 FHEMSHSHERE BB

BXSH
Table 2 Partial correlation parameters between particle at-

tribute parameters and erosion rate fitting func-

tion
Wkish 1% ADBIKET

ZH(x) »/MPa "
0.2 3.01x10°%  1.5156
UL G 0.6 5.84 %107  1.4652
1 9.77x107%  1.4030
0.2 3.06x107"%  0.5967
IR R 0.6 6.09x10°%  0.4265
1 9.88x10°2  0.4028

(b) 0.6 MPa

B 11 ST N S 35 FEE A AL A £ ot S 249 e o 15 2R o Wi Rz 3R 4

Fig. 11 Response changes of particle incidence velocity and particle size to average erosion rate
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Analysis of main controlling factors of single fracture erosion
damage of rock mass under particle migration

ZHENG Maohui, WANG Donglin, HE Zhiyong, WANG Hui, CAO Haohao,

ZHANG Zhengmeng, LI Sihong, NIE Pengfei
(Tnner Mongolia Huangtaolugai Coal Co. , Ltd. , Ordos 017300, China)

Abstract; Micro-fracture seepage damage is an important influencing factor in the formation of the
dominant path of fault water inrush. In this paper, by constructing a three-dimensional single fracture
seepage model, the influence of different particle size and incident velocity on the erosion damage of
single fracture wall is explored. The results show that there is a power function relationship between
particle incident velocity, particle size and average erosion rate. The erosion rate of single fracture
increases under the action of high-speed particles and large-size particles, and the influence size is:
particle incident velocity > particle size. Under the action of hydraulic action and particle abrasion, the
more serious period of fracture damage is mainly concentrated in the stage of fracture development.

Keywords: CT three-dimensional reconstruction; particle migration; numerical simulation; erosion

damage ; main controlling factors o



