ISSN 1005 -2763 FLMREFE H A5 K5 FH1H 2025 %1 A
CN 43 -1215/TD MINING R & D, Vol.45,No.1 Jan. 2025

HETF RSM-FLACHAENT REXEKBEHMEE=ITEM

P LA EEIN ¥

(LR DUEE T2 WIR S TR =B, 4L I 430070
2R T RS R EMN T 5B Wb &AL, Wi R 4300705
SCRIH TR RAE & B = wIRs @R HE R W E LR, #de R 430070)

BEALEF AR Y BT 2E2EALWAREARE 275 L ZL2EFTFTRTHRAGRM, 4t A 08 @ LT H B R
FABBMERL R ERNFZIHLTAERFREAGRK, A ATEFIXFHFTLEIHUMESONETHE BHELTEZLH
HABRXRA MARBRBREZRARTAEFRENRERBAL LI ALY, RS, 5RRBRERFEELS MELRERL
MR RETEZ, RE. KM ML @ ESRERBTRBBEESN, ZAF ELARTALEFEN oL@ AN EE2T KT
REFBRIEEZTFN, SREAV . ZHFEENT AR RABBES 17.67% . MR KM E A 30.19% ;0 & @ % Fr it F 69
B RABAE A 17719, MAR K AR A 29.57% . " @ F AN 24 F % &t At e 1/4 388 A5 TR EHE
AR MATHAEIRE RSTHERE,

KB BEEF  ABBE R EBFNERH TR E W E @k

hE 525 :TD803 XHERARIZAD : A X EHS:1005-2763(2025)01 -0112 -08

Quantitative Evaluation of Instability Probability of Graphite Ore Goaf Based on RSM-FLAC
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Abstract: In the process of graphite mining, due to the poor stability of graphite surrounding rock, it has brought great threat to
the safety production of the mine. In view of the current situation that the spatial variability of rock mass mechanical parameters
was not considered in the calculation of the instability probability of graphite ore by the existing response surface method.
Firstly, based on the mathematical logic of the combination of variogram and covariance function, the correlation among
variables was analyzed, and a regionalized cross-correlation random field that can reflect the spatial variability of rock mass
parameters was constructed. Then, combined with the failure proximity index. the limit state equation of fractured rock mass
instability was constructed. Finally, the response surface method was used to analyze the failure probability of the goaf, and the
quantitative evaluation of instability risk of graphite mine goaf considering parameter spatial variation structure and response
surface method was realized. The results show that the instability probability of the two sides calculated by the Monte Carlo
method is 17.67% , and the instability probability of the roof is 30.19%. The instability probability of the two sides calculated
by the response surface method is 17.71% , and the instability probability of the roof is 29.57%. The response surface method
only uses Monte Carlo method to calculate 1/4 of the time to obtain a more accurate reliability calculation result, which
simplifies the calculation process and improves the calculation efficiency.
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Fig.2 Fluctuation range of different random fields

2 ETwHMEEENRAEERARMELE

iy
2.1 TEIRRBRIREFREME

H T IR EL AR R A L O B A
PRAE SR B B Y 2R RaobR 25 5 SR FH R IR 356 305 2 40
S,

w, 0<w<l
F= (6)
1+F,, w=1,F,>0

Ko HEKR R . 0=1—Y;Y HHHF P E M )7
) b e i i IR B AR B B 5 R A e IR AR B D
ZW.Y=d/D;F, Hakwih g . Fo=y,y, . h
Y, FIBYERLAS 7y AR BRI R AR

S4B AR TR T 2 D A 5 R T AR
YRR B K 583 45 4 T AN IR J 3] I SRR R IR AR
L RVARAE F ORI R WA R TR R
F=1 M, BIohb T b i iR 25 e 22 o 98 1R IR 25 1
G SR s 2 F =2 B, ookt T im R R Y
F=>2 W}, B0 DA 98 1 0 722 e A PR 98 4 7 22 T
Ab T RIRIRZS . PR AR SC L BB AR IR B2 3
F AR BB A R R 4845 DL = =F —2 fF 2R



116 F L RLE FA 2025,45(1)
Hy B A N:S RS £, al
{qnzﬂzi faﬁ:mmwrsw 7 STM TG
22 RERALFRUBERHE p,=rt (1
] T SR 2 X 2 200 5 2 T i B 2 R ’ ﬂN
SR SRR RIS, 7E R b B T — A T p=—g (PO )

B 5 R AEE MGG & 2N Ik, ke
M T IE A, 255 25 8T P L B
SEPRAG 09 22 96 BORE L XUR: 5 i A B0 F 4 . AR AR
25 DRSO Al BEAR JE R AR AR S R AR S
FY 1 2 32 3 RO A X R 28 IXEAT T B A A R
I3 R RS B E VR TR R R R R AR
REE 4 B O JF X R 23 ICHY B VPRI R B AT T
TRLER IR 1.

x1 RERXRAFRMHE
Table 1 Allowable failure probability of goaf

IR P, [ R 73 [0 22 42 %5
<10% R
10%<<P,<25% BARE
25% <P ;<<40% REMFREK
>40% SRR RAR K

23 ETHEEENREXBEFIEERITE

AR SC R FH R IO TR (RSMD 358 R 28 X I 4
R, FLRFGT R A KR AL IR 19 0T B8 1 L 0 4 AT A
THIS TIN5 A e R m R iy T R . R IX
R RS R T 3 B R SR s X USR5 R 25 3 ) ke o L A
] — AR SRR SRR R 23 A0 R R A IR

R A5 RSM A A J5U 8, SR FH oo & A i ik itk
F125 R ME 220 A 3k 6 05 o, T, A0 4 TR B i
Ko ) IR G (o) PIHRE p (o)) FER T
c(a ) FNEEEM ¢ (x5 NREVLAS & T,

T 58 R T ST 7 RV L S B E Y R
B R R [l 0 3 o %o 2 AR B0 R R A7 oK i
3% Hermite BHLZ W20 R5 5 R H0 >0, F 1 A4
i A S BRI 5 i e R A 4 R R Y AR L
K F s BRIT HE T IR B 30 B A R A XY B E
i 33 Nataf S HERFE e, A 1 000 Bl ST AR IEZS
PEREAR , FF 3T Hermite FEHLZ T, 45 1 000 4~
0 TR 422 30 i) 7 A K B — A i 7 A B B R A
PREL = =F — 2 WPl A7 R R0H 5 s e 4 R 20 () A
K IR A BT RS KRR IRESR P, Al
ATEEPERR AL .

AN IR EGM (o) A B A AR IR A )
FRARZS BB T (o) AR 18 [l 5 B AL 37 50 00 1 B IR 42
VT REEMR R, 24 T (o) <O M () =1, M) =
032, Nk A AN BENLAS BEEAEA ;¢ (o) NFRHEIE
AT BRI A R BUE

3 TAMNA

3.1 IRER

ARl SR DXL T % 1 B B AR g 75 1) 31.5
km A, T BB RO A R AR B L 8T X0 R
EVRPIEG Hh R BOR A S EEMRAR AR AL, R
i J& FEBCR AL TE R A B 67 R OE 1) A B R
KN 40~60 m. By Bem B 30 mo B4 58 B
2~8 m. AT HIAEN 4 m. WAESE 5 m.

R TR ) 2R 3 DX R AR IR O 3 3 R
25 XA R AR R B B AT 2R . AR B4R
MEER L # 55 AR TUR R RQD 445 2R,
WA 2, B RTIAR A9 RQD fE ) 1020 ~8300 . F- X1
5300 A i A AR R AR O 255 1L SR
RQD H 1296 ~66 26,810 5100 %4 41 it i 4
TR JR R O B 2 s BT IR AR 1 RQD {8 396 ~
820 X1 6400 A B B AP A R 4

x2 AETHFRMKERES RQDE
Table 2 RQD values of graphite ore body and

surrounding rock of roof and floor

Atk RQD fR/MHE/%  RQD e AKMH/ Y% RQDFH{E/ %

B R IO 10 83 53
IR=20RN 12 66 51
RN 39 82 64

By A A5 R BB A A R R R
e HUR AR 5T 2% 25 21 B, 1 v A ek S RN 45 A T R
B BERE CAAREUTRSE N E, PRSP
F1hy TR B 1) A8 2 B OO R I
32 BEHNEBYHRE

FE T MR35 B 43 A pR B T LA B E ¢ R g,
118 B DR MR 25 485 B 43 A1 4 Sl Ay R R0 2 43 A FE 28 4y
A A 2 5 R 4.92 MPa H1 53.3°, 5 K AH 20 51 0
5.18 MPa il 55.414°, fir /ME 4> 5 K 4.75 MPa Al
517 bRUEZE 43R 0.23 1 0.17, 258 W5, %k



wHEE,F AT RSMFLACH 227 R 2 RAEMER FTEN &7 LHFR S FL,2025,45(1), 117

(AL P IR ) 2 SRR 3.
£3 BRNFBESY

Table 3 Mechanical strength parameters of rock mass

RBURLE/ BYUIRIE BUROR )/ BRI/ NEEEA/

HIE GPa GPa MPa MPa Q)
Wik 12.55 11.45 4.17 4.92 52.6
oA P 9.87 9.01 6.74 6.19 51.2
JERAE A 16.99 15.51 3.43 4.51 52.4

3.3 BRTEBRET

M4 B 1 A7 AR A S XA B AU, G (&1 3 T
. BRIV A 2L MK BE R 99 m, WA 2 0 ] K B
H 91 mL R 73 m. A SRR R A BT R
91 m, BSR4 148 400 S EAITHT 156 213 A
. BENL AR EE R AN 4 R,

B3 MsER
Fig.3 Mesh model

5.5414E+01
! 5.5000E+01
5.4500E+01
5.4000E+01
- 5.3500E+01
5.3000E+01
5.2500E+01
5.2000E+01
5.1500E+01
5.1000E+01

B4 FEVIAEMER
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calculated by response surface method
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