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EXPERIMENTAL STUDY ON FRACTAL DIMENSION
CHARACTERISTICSOFACOUSTIC EMISSION OF ROCK UNDER
MULTILEVEL UNIAXIAL CYCLIC LOADING
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Abstract: Experiments on acoustic emission (AE) characteristics of fractal were carried out under uniaxial
multilevel cyclic loading. AE rate, energy rate and spatia distribution of different rock specimens were obtained.
Relevant fractal dimensions of AE rate and energy rate were figured out through G-P algorithm based on the
theory of reconstruction of phase space. Relevant fractal dimensions of AE spatial distribution was figured out
through column-covering method. The results show that AE rate, energy rate and AE spatial distribution are of
fractal characteristics and among them, AE spatial distribution has the most obvious fractal characteristics. Phase
space has some effects on relevant fractal dimensions, and it is better to choose 4 as the basic dimension for
correlation dimension calculation. The comparison of development trend of AE spatia distribution and relevant
fractal dimensions under different cycles shows that fractal characteristics can reflect the statistical evolution of
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the micro-cracks in rock. Relevant fractal dimension increases under isobaric cyclic loading and decreases with

the increasing of stress. Relevant fractal dimensions fluctuate in a small range or decrease slowly when the higher

stress has been reached. The characteristics above can be used as the reference for micro-seismic monitoring

warning on ground pressure in mining.

Key words. rock falure; acoustic emission; fractal dimension characteristics, multilevel cyclic loading; AE
spatial distribution
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Fig.2 Diagram of AE test system in laboratory
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Table3 Relevant fractal dimensions and correlation
coefficient of AE rates under different cycle

X-2 c3 H-12
D R? D R? D R?
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Fig.8 Linear fitting of relevant dimensions
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of AE rate

0.404

0.351

0.301

0.25

KERUERD

0.20

0.154 ——

INEAEER
11
Fig.11 Variation curve of relevant fractal dimensions of
energy rate

W
w

KIRYEHD

12
Fig.12 Variation curve of relevant dimensions of spatial
distribution

2.3~25
0.15~0.20

(1

(2

(3]

(4]

(5]

0.1~0.30
[16]
(5
(1)
(2 D
(3)
0.15~0.20
2.3~25
(AE) [M].
, 1996: 3—7.

Katsuyama K. Application of AE techniques [M].
Translated by Feng Xiating. Beijing: China Metalurgica
Industry Press, 1996: 3—7. (in chinese)
Blake W. Microseismic applications for mining: a
practical guide [M]. Bureau of Mines, US Department of
the Interior, 1982: 52—83.

[J. ,
1991, 13(2): 97—114.
Lei Xinglin, Ma Jin, Kusunose K, et a. Spatia
distribution and fractal structure of AE focuses of Inada
granite under triaxial compression[J]. Seismology and
G eology, 1991, 13(2): 97—114. (in Chinesg)
Kusunose K, Lei X, Nishizawa O, et a. Effect of grain
size on fractal structure of acoustic emission hypocenter
distribution in granitic rock [J]. Physics of the Earth and
Planetary Interiors, 1991, 67(1): 194—199.



99

(6]

(7]

(8]

(9]

(10]

[J. , 2005, 24(19): 3512—
3516.
Yin Xiangang, Li Shulin, Tang Haiyan. Study on strength
fractal features of acoustic emission in process of rock
failure [J]. Chinese Journa of Rock Mechanics and
Engineering, 2005, 24(19): 3512—3516. (in Chinese)
[J. , 2006,
25(12): 2584—2588.
Zhang Ru, Xie Heping, Liu Jianfeng, et al. Experimental
study on acoustic emission characteristics of rock failure
under uniaxial multilevel loadings [J]. Chinese Journal of
Rock Mechanics and Engineering, 2006, 25(12): 2584—
2588. (in Chinese)
[J]. , 2009, 30(5):
1241—1246.
Xu Jiang, Tang Xiaojun, Li Shuchun, et al. Experimental
research on acoustic emission rules of rock under cyclic
loadig [J]. Rock and Soil Mechanics, 2009, 30(5): 1241—
1246. (in Chinese)
Kiyoo Mogi. Experimental rock mechanics [M]. London,
UK: Taylor & Francis Group, 2007: 263—286.

[J. , 2010, 32(1):

147—152.
Li Shulin, Tang Haiyan. Acoustic emission characteristics
in falure process of rock under different uniaxia
compressive loads [J]. Chinese Journal of Geotechnical
Engineering, 2010, 32(1): 147—152. (in Chinese)
[J. , 2010, 27(3): 228—
235,
Zhang Langping, Yu Huaizhong, Yi Xiangchu, et al.
Application of the load/unload response ratio method in
catastrophic  failure prediction of structures [J].

(11]

(12]

(13]

(14]

(19]

(16]

Engineering Mechanics, 2010, 27(3): 228—235. (in
Chinese)

[J]. , 2013,
30(8): 278—286.
Wang Li, Mao Yuanchun, Ye jinsheng, et al. Models for
microcracks extension and damage evolution based on
number series of microdefects nucleation [J]. Engineering
Mechanics, 2013, 30(8): 278—286. (in Chinese)

[J. , 2009, 31(1): 43—46.

Liang Zhongyu, Gao Feng, Lin Jintai, et a. Fractal
analysis of the process parameter of rock's acoustic
emission under uniaxial compression [J]. Mechanics in
Engineering, 2009, 31(1): 43—46. (in Chinese)
Hirata T, Satoh T, Ito K. Fracta structure of spatial
distribution of microfracturing in rock [J]. Geophysical
Journal International, 1987, 90(2): 369—374.
XieH P, LiuJF JuY, et a. Fractal property of spatial
distribution of acoustic emissions during the failure
process of bedded rock sat [J]. International Journal of
Rock Mechanics and Mining Sciences, 2011, 48(8):
1344—1351.

[J.
( ), 2010, 42(6): 51—55.
Pei Jianliang, Liu Jianfeng, Zhang Ru, et al. Fractal study
on spatia distribution of acoustic emission events of
granite specimens under unialxia compression [J].
Journal of Sichuan University (Engineering Science
Edition), 2010, 42(6): 51—55. (in Chinese)
. - [M]. : ,
1990: 198—206.
Xie Heping. Introduction to fractal rock mechanics [M].
Beijing: Science press, 1996: 198—206. (in Chinese)



