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Determination of Rock Fracture Toughness Based on Particle Flow
Method

LI Qiyue, SUN Li
School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract The fracture toughness is the most important indicator in the rock fracture mechanics, which represents the ability to resist the
crack propagation or the resistance needed to overcome new formations of crack surfaces. In this paper, based on the particle flow theory,
the Particle Flow Code (PFC) model of rock with a pre—existing joint is constructed by using the parallel-bond model and the joint model.
The failure process and the crack propagation path during the Brazilian disc(CSTBD) test are numerically simulated by using the particle
flow code in two dimensions (PFC?), and the fracture toughness of the rock model is measured based on the simulated test data and the
energy balance. Comparisons between numerical and experimental results show a good agreement, which indicates the validity and
practicality of this method.
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(a) Initial particle assembly
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(b) Particle assembly with a crack
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Fig. 1 Particle assembly for compression test
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Fig. 2 Experimental results
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Fig. 3 Processes of crack propagation
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Fig. 4 The energies during uniaxial test
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Fig. 5 Relation between crack energy and crack area

Bl 58

L, AT A 102.3N-m/m?, AR 528 5k 24 ) 24 3ie
FRTT R, T BRSSO AL BE Go 5 TR E Ko 19OCHR
X
K(:1=\/ET(:1 (6)

P, T LA 2L B K il

Ko=\/102.3x20x10° =1.428MPa-m' (7)

®2 ZRZGHERARER
Table 2 Fitting table of model similar materials

s 25 il % EE
WAL o 5
Go/(Nm-m™) R%
1 98.6 99.25
2 103.1 97.63
3 105.2 98.57
3 SCRIIE

T B (A UL IR | ] — L 98 ST e LB 0 391 N
5,8,10,12 F1 15mm (7 B P4 B #5304, SR 5 % FLk 47 1 20 iy
S48 7 4 4 1 I, IR H AR R AL B IR ML L AT



] jcmik

#E S 2012,30(22)

5 3 (Articles) ﬁ

N T IRIFE PN Ko, PL 0. Tmm/min B TE %2 057 B 3R X6 4 17F
T mER, B2 il i e SR fr 2k P, SRR R BL R 2 5
TR A W 244 B K™
KcF%ﬁ ( 1+§—L2+%L6+%L8 |

Hfr L=a/D,a h W &L E D 8BV RN ER,
P RS20 B R 3R s B o0 BTG (B S R

6 ALY EH M2 F PRC™ #5045 JAE A9 xF L 1A
PSR EA B A A 1 BT Ko WES R
1.405MPa-m", b5 TR 1242 F Ae o 1 [ 38 45045 3]
B 2 A T 230 B3 R /0N, X 10 B FH SO B 400 T B o o
AW R R AT,

201
) —a— I
g 16r o HEMELE gt
= = e .
= —
LC.U 1.2 F I—'—’—f‘-’
il
B
OO0t
£
=
— 04}
[Ras
L
005 010 015 020 025 030 035
L=alD
B 6 tELERITLE
Fig. 6 Comparison of test results
4 %R

8 BB A0 F B O T RS BUA AR T B 2480 B2, OF
AT S IR T BUE A A R A AT R, EEASIR T,

(1) R H PEC 27 5% 2 T 8 Bl o A B 20 30 4 7 47 BLASE
oL, BEHCIE X4 (0 U 7 2% Z800T LA 4 T B L P R 4 50 40
I R A A ) 5 o 2 O g 2 i RN S B A

(2) 32 HIBURL I 7 32 DN BE B 5145 104 A B T A A Il
BN AE 8 G, 20 A 2 H TR W4 BB Ky A 1.428 MPa-m'2,
55 P A R 240 B A K 1.405 MPa-m' XJ L, P {E R
B, IR T AR SOOI A AR N S M

2 % 3k (References)

[1] Zhou Q, Gong S, Chen Z, et al. Compression shear fracture mechanism
for marble [C}/Int Conf on Fracture of Concrete and Rock, SEN-RILEM
International Conference. Bethel, CT, USA: Soc for Experimental
Mechanics Inc, 1987.

[2] AT, BRAEHE. 5 A 722 [M]. dbat: Bl2E 1 i, 2004
Xie Heping, Chen Zhonghui. Rock and soil Mechanics [M]. Beijing:
Science Press, 2004.

[3] e A R R ik &, CRA PRI Oy AR [S] dbsts R
iR AL, 1999.

The Ministry of Construction of the People’s Republic. Test method
criterion of rock engineering|S]. Beijing: Press of China Plans, 1999.

[4 250, T, VEIL, % SR % (M), TP 52 AL,
1987.

Li He, Yin Guangzhi, Xu Jiang, et al. Rock fracture mechanics [M].

SCIESCE & TECHROLOGY REVIER

Chongqing: Chongging University Press, 1987.

[5] XU, 2=k, VT, 5. D-P N 545 A W25 & K_(1c), K_(Ie) &
RIS o 15 5 TR A, 2004, 23(S1): 4300-4302.

Liu Jie, Li Jianlin, Zhou Jifang, et al. Chinese Journal of Rock
Mechanics and Engineering, 2004, 23(S1): 4300-4302.

[6] TR 4L, K B2, TS 0. 327 U5 5 O ) e 2 1 S0 R 1], o
Tolk K2#22 4k, 1995, 26(3): 310-313.

Xu Jicheng, Liu Da‘an, Sun Zongqi. Journal of Ceniral South University,
1995, 26(3): 310- 313.

(7] sk, /N2, ARt A T A0 0T 2490 2 0 3 B R R SR B 90 25 5
[J]. A0 B TR 2R, 2009, 28(1): 33-38.

Zhang Sheng, Li Xiaojun, Li Dawei. Journal of Henan Polytechnic
Unwversity, 2009, 28(1): 33-38.

[8] Bearman R A. The use of the point load test for the rap id estimation of
Mode 1 fracture toughness [J]. International Journal of Rock Mechanics
and Mining Sciences, 1999, 36: 257-263.

(9] BEIRAR, XU K2, 2aW], 45, A 12U W) 5 0 307 3 F 52 ok g (D],
MaH: AR 241, 2009, 23(3): 186-196.

Cui Zhendong, Liu Da’an, An Guangming, et al. Journal of Test and
Measurement Technology, 2009, 23(3): 186—196.

[10] FrHEAl, BUE R, 2520, A5, AN 75 26 00 5 0 0 07 24800 K, OB 5E[J].
A 12 TR 2, 1990, 9(4): 328-333.

Yin Xiangchu, Yan Yuding, Li Hong, et al. Chinese Journal of Rock
Mechanics and Engineering, 1990, 9 (4): 328-333.

(1] R, BE2 4, 4 70 = 0025 SR 2 B0 K, M5 (1],
PRR 22447, 1992, 15(5): 101-106.

Wang Qizhi, Xian Xuefu. Journal of Chongqing Unwersity, 1992, 15
(5): 101-106.

[12] Cundall P A, Strack O D L. Particle flow code in 2 Dimensions[R].
Minnesota, USA: Itasca Consulting Group Inc, 1999.

[13] Cundall P A, Strack O D L. A discrete numerical model for graunlar
assemblies|]]. Geotechnique, 1979, 29(1): 47-65

[14] F&fd, ook, s, 45 WORLIR O ik & PRC® BHJY [J]. & £ 717,
2000, 21(3): 271-274.

Zhou Jian, Chi Yong, Chi Yuwei, et dl. Rock and Soil Mechanics, 2000,
21(3): 271-274.

[15] 6, SIET, ook, 5. 5+ SURIS 50 0 R MR AL 2 T o
1%, 2000, 22(6): 701-704.

Zhou Jian, Chi Yuwei, Chi Yong, et al. Chinese Journal of Geotechnical
Engineering, 2000, 22(6): 701-704.

[16] Itasca Consulting Group Inc. PFC* (particle flow code in 2 dimensions)
theory and background [R]. Minnesota, USA: Itasca Consulting Group
Inc, 2002.

[17] XUMCEE, X7, TEAL A5, Wy B i Iy 4 5 PRC™ H(H A4l
BT, AT RE S TR, 2008, 27(9): 1828-1836.

Liu Shungui, Liu Haining, Wang Sijing, et al. Chinese Journal of Rock
Mechanics and Engineering, 2008, 27(9): 1828-1836.

[18] Tsuyoshi Ishida, Hiroyuki Shimizu, Sumihiko Murata. Importance of
inhomogeneity in rock fractuting deduced from distinct element
simulation and in—situ direct shear test [C]//Controlling Seismic Hazard
and Sustainable Development of Deep Mines (Volume 1), Rock
Mechanics and Engineering Society in China. Beijing: Rinton Press,
2009: 3-16.

[19] Moon T, Nakagawa M, Berger J. Measurement of fracture toughness
using the distinct element method [J]. International Journal of Rock
Mechanics and Mining Science, 2007, 44: 449-456.

[20] Yarema S Y, Krestin G S. Determination of the modulus of ohesion of
brittle materials by compressive tests on disc specimens containing
cracks[J]. Sov Mater Sci, 1966: 2(1): 7-10.

(FEHE LF4RW)

59 N



