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PFC® Simulation of the Strength Parameters for Jointed Rock Mass in
Gold Ore of Luoshan and Its Applications

ZHAO Guoyan, DAI Bing, DONG Longjun

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract The failure process of rock mass with different angle beddings in compression and tensile tests was simulated by using PFC™
numerical simulation. According to the displacement and speed distribution of the particles, the failure mechanism of rock joints is put
forward, and the strength and deformation characteristics of jointed rock masses are compared with that under the laboratory conditions.
The results show that the uniaxial compressive strength first decreases with the increase of angle beddings in the range of 0—60°and
then increases with the increase of angle beddings in the range of 60°—90°; the tensile strength decreases with the increase of angle
beddings in the range of 0—90°. The results of the PFC* numerical simulation are in perfect agreement with the test results, and provide
a new way for the determination of the strength parameters of jointed rock masses in practical engineering.

Keywords PFC™; jointed rock masses; mechanical parameters; angle beddings of different dip angles
yw J P g g p ang

0 sls A IF 50 X o ARG TR 2 AT AR A 1 AR XA
AR R TR R, TR K M B s i AR R e A PRI BT K22 A il AT o 8 5 P, ey 5 v A4 o)

T 2 1L A3 RS Sl AR FISGE | 5 AR 58 B 1) 5 A28 g e I 5 55 B AR 1 2 280 T A R TR R B A T

AN [ BB B B ST , BT BRI L o T B AE A EA HAEZEN L,

SRR BB A A BN IE St AR B SRR A ) SR i T B4 T R i A O LA K J 24P By TR B, K

e e 2 A B O AR O LSRR B gk | TR AL SR B B T ik A DUTE R AR R A 1 S HL B =

B 3K 4% 1) S M 2 S A I W R ) R AR R A A2
AN T (T 2R AR ) B B e AT e 2R N & AR
MEIN , BL4E RS M AR 7 2 e P 9 B A 5 3 N AR SR A

BAG B A 2011-09-19; 15 = B 41 :2011-10-22

PR, T EL 2% F B 1, PRI I A B 45 oF fy ot S e T 19 552
P BB Jir URE B 87 1 6 R R (A 0L 45 5 4 2 AR A A
Tk

RARA . BREELBAR LT X (973 3% )3 B (2007CB209402) ; B £ ¥ & 5 3 £ 785 £ B (SKLGDUEK0906)
YEH@A: REZ , HIR AR F@ART T4 Fhahbfog o hFs 18 8 F4EH :312929122@qq.com

B 36



] jcmik

##SH 2011,29(33)

538 32 (Articles)

FIAIT 2R T 2 M B E R T7 3k S5 2805 5 A o i Rl
BIOCIE A5 ROE Se A TR XS RO IE T (H AN KGE H
RASTE )L, i 5 B3 ) 3 TR 38 29 o, ol LA LS
LR B U B e B RIS I ARl T B RO R 4
A A0 SRR AT BRITHEAT BB L, B U2 SR A 2> AR Al [
AR Y B8 Tk X6 1 R AR A T B A AL

AR SCR i 45 A 1T £ 4050 728 A1 B, B T a0 M
PEC™ X AN [ 25 ke TG 14755 2SR BEAT BOE AL, 1340 T
LA 2 SR — B TR S A X R % 1 e
A8 DX I AR E PRI TS A v, ST R S £ 58 5 45 1) 5
Ve R Ty A PR BT SE B BT, AR AT T8 AT S B ) 2 S0 Ik
ST PRCY BUEMUE R, A IR e tE M s 42 48 13t
SRS, Sy BARB A A TR Bt fe it T B — s 4 SRt

1 BERMRERSHT
1.1 PFC® EXFIE

PRC® S & T AN IE LA Ji 22 W —Fh 07 3k, il ad o i
JLIE B AU B 0K (1912 2l K A BAE T U B A2 I 1Y
SEPRIAEL et Al LL S AR — A SO LA R T B
R AL AU P A 25 Ay [ 457 36 B ) “J0RE " JF AN L S5 A B b
S AFAEORCIR ) A O, FUR R A 2R A o 1k ) — S 7
o Hedn, Okl DURC AT B (9 A S0 UKL , f51) i 6 f ]
DAAR R 86 25 — A ) [T (A BB 490 00 R 35 - o A7 0,

AR YA A5 Y AR T UKL BRI 12 AT O AR R
PN A R B A DA R W R 2 T Y 4 ik T A g
SERFE T AR [R] E A5 5 SEAS ) A 15102 3 5 A, 3 Ao 0 A5 7
F UKL P i A5 7R i B OR A AR AN B A T TS
AT, FEIE A ) A R o R R LA B ) 2 2 R
PRI N S BRI RAT & OB BIBUE SR i Hoig .
Hh 2 oA T AT L g3 DRy S M A R i 2Rl 45 AT A P AT
BEAS R 3 TP A S A R R {2 fk R S £
Je H BRI AR TR 5 45 W JRE 5 2 ik 28l 4 A R SR HH A
FHAE 12 fiph 51 BLA 35 18] A0 1) M 38 F) 9058 3R 5 - 47 B 4 A
TSR — 2H A P A 4 i 1T R A 32 1 A 7D 1 B RE ) i SR
R

RREAL T 9 0 20 A2k ) PRC S AR 2 A 52 30 . 4k T 4)
A AL s BT 5 5 PRC™ P9 A Fish i 5 2 0 400 e, 4%
38 A 1) KX 38 0 A G Jon Ay 28
12 HERMET

FIH PRC™ 8 HURRIT 7 6 A N BB AR AL, AR R 2
il et S5 AL R BEAT 20, B EL 23 S HURS T LA SOmm 75 0
100mm , F 424 50mm | & 24 50mm (1 1578 4 44 5 AR (1B 1
2)HEAT LR AN PRI B ST 2 B A T A R ke, 23 5
RS AL —E 1 o 7 Tl B — R BRI A AR o SR
SR 0°,15°,30°,45°,60°,75°H1 90°; 75 1A 1) 9 B 44 £ =35°;

SCIESCE & TECHROLOGY REVIER

TAAS b u=0.25; 3528 J1 C=0.6MPa, 1§ Jo i X 3 %k, R
R/ 3 R IR R PR 35— 2, 0 8 A2 0 0L 7 DX I8P il
BLAE B, 4 v UKL A 2R 180 B DA B RARR SE R i B
FRURL , A AR D, AR T O 0 B0 R T B R P AR B
SIRETT e AR B R i ) e RE Xk R St i 4 A £k
AT A8, SR 20 500 28 ) 304 i B AR B AR DU S B i i A

B 1 fEREEER
Fig. 1 Model for uniaxial compression

B2 fHiEERE
Fig. 2 Model for uniaxial tensile

1.3 HERBINS LY iEE

PFC™ K A 0L GRloOUL 2 B T 28 40 45 JOURE 19 3 45 W 2 | g
PR R BOR AR BORL P A A5 T T A TR, XL O 2
g do B2 DUF A e HRBURTEE, #4555 ks
5, — 2 — L O LR S BB RO S X — R
BSR4 RE AR A B S8 AR AR ) .

R=1EA1E (1)

ket )

5= 12L[3E 3)

T‘Z - =2.11+0.38Inu—0.63In (TT';: -0.22 ;’,: Inw  (4)
%=0.78+o.141né—-o.341n% 5)

Forr 1o R 5% AR i m* s R OB 292 48 ms A O

37 Il



] jcmik

4@7
ﬁ\ 3Rt 3 (Articles) ## S 2011,29(33)
ﬁ.ﬁwmi REVIEW
x1 TEHEFHNHUSH Hr
Table 1 Microparameters of jointed rock mass aor
35
30
B R ik ik . - £
T S st
WOW EEE mINIEE I NIEE A5k VIR JE/(k = 5
] . w 20
28 FB /MMN- /(MN- R - 2
) /MPa m>) 15
m™) m™) /MPa ok
Wik 07 180 130 12.7 12.7 3000 sk
THL 05 — — 0.001 0.001 — . . : . )
BEK 1.0 10 10 _ _ _ 0 0.003 0.006 0.009 0.012 0.015

AUAE 14 42 o TR, m? s A JURE 1) R 488 R B ke, Ry UL 199 1% 1)
W FEE N/ e, S JURE B U 1) I BE N/ E, S 00K ) P A B
Pa; E N E AT B (A7 R B | Pa s, UKL 25 45 U 0] W BZ
Pa; oy, A UKL BESS 1 [0 WL | Pa,
1.4 HERLERS R

R A T B TR B 4% 1R R B 0 R P AT A2 03k
FIAR PR 5 B LARIT , 5 0 I ) 45 A Bt 2 Ae fb o 25 i
FR AR, 2 A A A R ORI ol P B B A hy 9B TR B B
WY T 5% 07 3 328 /0N (EL R AR AT R R B, 1 3 TR A
o JE BB 2 90° AR B A 52 1) A3 2k i 8 INHBURE 2 B 9 132
B Aits il . P 4 Fros Sy & J2 BB S 90° FY KBS 1 52 1
Ay 24467 28U R 32 2 19 3 B2 0 A 00 . AP S R LA B Ak
PO 2545 T 75 U PR B A B 48, O AT AT 3 545 2 v
P,

B3 HIES S TEEE K B4 HES G RSN
%5 h EESH
Fig. 3 Distribution of Fig. 4 Distribution of
particles displacement under particles velocity under

uniaxial compression uniaxial compression

e 92 bR E B A R AR HE S B, — R 8] 4%
PG (U0 B LS5 ) R 5E A A1 PSR B, T L PRCY
B AP SR FH G 54 458 A6 7R SRR A 007 R AR A T o JEE
6. P 7 23 5l o e TR A T A R RORE ) 43 B 05 20 A

B 38

B 5 mEZFETHR LT ML
Fig. 5 Axial stress versus axial strain under

uniaxial compression

B 6 MAZHETEREBNCES
Fig. 6 Distribution of particles displacement
under uniaxial tensile

B 7 fi & TER BN EE S
Fig. 7 Distribution of particles velocity
under uniaxial tensile

B, DN 8 [RIFE R LA 20735 B (R0 A oA 90° it 1) A BIR vy 28
AR

BB BRI S I 45 R L2 2, (1) m 3R 2 BdE T LIS 2
I R 5 B RN I R B A o AR Al — A 2
a=0°1F , HURH PR 3% ) Y B K AE (56.3MPa) , 4 a=60°HT |, H.
Bl BT S B e /IME (22.5MPa) 5 BBl T 5 B AE 0°—60°
70, [ P B A o B9 RN I 98 /1N, E 60°—90° 5 11 Py i 16 £ 114
Bl R RGO 1 B VR I M R B A o 1 1 RO B



] jcmik

##SH 2011,29(33)

¥ 3518 32 (Articles)

0.024

0.020

0.016

0.012

Ji JJ/MPa

0.008

0.004

0 0.003 0.006 0.009 0.012
J7E

B 8 MAKMH TR M ML
Fig. 8 Axial stress versus axial strain
underuniaxial tensile

F2 HEHRMER
Table 2 Results of numerical simulation
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Table 3 Results of uniaxial compression deformation tests
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Table 4 Results of uniaxial tensile tests
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