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Weibull distribution parameters of rock strength based on
multi-fractal characteristics of rock damage
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Abstract: According to the standpoint of multi-fractal, three-dimensional multi-fractal spectra which can indicate the
complexity of the micro-crack distribution in damaged rock are calculated and plotted. By introducing a relative fractal
dimension value which can reveal inhomogeneity and anisotropy of damaged rock material and considering the singularity
values of multi-fractal spectra, a quantitative method for actual damage state of the rock is derived. In addition, based on the
representation of Mohr-Coulomb criterion and the characteristics of Weibull random distribution of rock strength, the change
laws of Weibull parameters on diffreent multi-fractal parameters are studied by introducing a fractal parameter into the
constitutive model and considering the uniaxial stress-strain test curve of rock. The results show that for the same rock in
different damage states, the Weibull parameters change according to certain rules, and the distribution of micro-cracks in
damaged rock has different influences on the post-peak strength of rock. The test results may further improve the statistical

damage constitutive model of rock.
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values By
/cm A( m F, /MPa sl
0.9 0.6578 2.6634 25.4432 -
0.7 0.5130 3.4497 22.0651 215 i
0.5 0.5662 3.0397 23.2395 E
0.3 0.8165 2.3544 29.3504 10
0.1 0.9113 2.2525 31.6424 / —— [FHELY em
5t / -+- [E]#EL1.7 em
/ -+ [EFELS5 cm
35 o iSRRI - / & FEl3em
-e-mEETREEEERL. T 0 — [pEllem
0 0002 0004 0006 0008 0.010
o i
301 ;
S 7 F —
55| ; Fig. 7 Uniaxial stress-strain curves under different values of F,
e 35 ¢
0 e k%%
20 — 30 ¢
01 02 03 04 05 06 07 08 09
[B] B /cm
25 ¢
4 m §20 i
Fig. 4 Relation between spacing and value of m R
Bst
34
T—\\‘\‘ 10
F35.12
25 -_-tF032.90
—— FAEBES AL 51 o F3022
O Ty o REMEREREEEL & F2864
L v . . ‘ -+ F2633
w28 ¢ 0% 0002 0004 0006 0008 0010
53
26t N .
\\\ // 8 J—
241 \ P
B 7 Fig. 8 Uniaxial stress-strain curves under different spacings
22 SR — S
01 02 03 04 05 06 07 08 09
fB)BE/cm
6
5 F 1
Fig. 5 Relation between spacing and value of F;
m F
35 m F,
0 = 4 5
= Weibull
251 R )
7 N Weibull
£20 %
= i/ +
s 2 E F
1.8 m E m
10 = Zégg
5 ey ! F
= m2.6 F m
0
0 ' ) ' ' \ F
0 0002 0004 0006 0008 0010 0
V%S
m
3

6 m —
Fig. 6 Uniaxial stress-strain curves under different values of m



(1]

(2]

(3]

(4]

(5]

[M]. , 2002:
5—20. (LI Zhao-xia. Damage mechanics and application[M].
Beijing: Science Press 2002: 5—20. (in Chinese))
[J1. , 2004, 33(6): 25—29. (LIU
Hong-yan, WANG Gen-wang, LIU Guo-zhen. Research
development of rock damage theory characterized by damage
variable[J]. Explosive Materials, 2004, 33(6): 25—29. (in
Chinese))
; . [J1.
, 2002, 21(6): 787—791. (XU Wei-ya, WEI
Li-de. Study on statistical damage constitutive model of
rock[J]. Chinese Journal of Rock Mechanics and Engineering,
2002, 21(6): 787—791. (in Chinese))

, . — [M].
, 2003: 45—60. (TANG Chun-an, ZHU
Wan-cheng. Concrete damage and fracture-numerical

experiments[M]. Beijing: Science Press, 2003: 45—&60. (in
Chinese))

, , . [91.

, 2004, 26(6): 820—823. (CAO Wen-gui,

ZHAO Ming-hua, LIU Cheng-xue. A study on damage

statistical strength theory for rock[J]. Chinese Journal of

Geotechnical Engineering, 2004, 26(6): 820 — 823. (in

(7]

(8]

(9]

(11]

11 weibull 1791
—A Chinese))

[6] : : . b

8 [J]- , 2009, 30(9): 2560—2574.

(LI Yuan-hui, LIU Jian-po, ZHAO Xing-dong, et al. Study on
b-value and fractal dimension of acoustic emission during
rock failure process[J]. Rock and Soil Mechanics, 2009,
30(9): 2560—2574. (in Chinese ))
, . [J].

, 1991, 10(1): 74—81. (XIE He-ping,
GAO Feng. The fractal characteristics during rock damage
of Rock Mechanics and

process[J]. Chinese Journal

Engineering, 1991, 10(1): 74—381. (in Chinese))
[J1. , 2007, 29(9): 1386—1390.
(LIANG Zheng-zhao, TANG Chun-an, TANG Shi-bin, et al.
Characteristics of fractal and percolation of rocks subjected to
uniaxial compression during their failure process[J]. Chinese
Journal of Geotechnical Engineering, 2007, 29(9): 1386—
1390. (in Chinese))
, . [M].
, 1997: 89—121. (LI Hou-giang, WANG
Fu-quan. Fractal theory and its application in molecular
science[M]. Beijing: Science Press, 1997: 89—121. (in
Chinese))

[10] LEMAITRE J A. [3].

, 1985: 83—107. (LEMAITRE J A. Continuous damage
mechanics model for ductile fracture[J]. Material &
Technology, 1985: 83—107. (in French))

, . Mohr-Coulomb
[J]- ( ), 2005,

32(1): 43—47. (CAO Wen-gui, ZHANG Sheng. Study on the
statistical analysis of rock damage based on Mohr-Coulomb
criterion[J]. Journal of Hunan University (Natural Sciences),
2005, 32(1): 43—47. (in Chinese))



