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Mechanical properties and damage evolution of coal under
cyclic loading conditions
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China; 2. Geotechnical and Structural Engineering Research Center Shandong University Jinan 250061 China)

Abstract: The uniaxial and triaxial strength tests on raw coal samples under cyclic load conditions were conducted u—
sing acoustic emission technology to systematically study and compare the damage evolution characteristics under sin—
gle and triaxial cyclic loading conditions. During the whole process of cyclic loading the rock internal damage process
is divided into three stages namely the initial damage stage the micro-erack initiation and evolution stably stage and
the destruction stage. The peak strain unloading stiffness and damage variable in the process of cyclic loading were
quantitatively analyzed. The uniaxial cyclic test shows the most significant damage in the first stage and the triaxial cy—
clic test also shows significant damage in the first stage while the third stage is not significant. The upper limit of the
cyclic stress shows a stronger acoustic emission phenomenon indicating the most intense internal damage occurs
around the cyclic stress upper limit. Incremental step uniaxial cyclic loading tests show the damage variable under sta—

ble damage stage and the mean stress is in an exponential relationship. The damage variable value slightly elevates
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when approaching destruction under the triaxial cyclic loading condition which shows a great diversity under uniaxial

cyclic loading.

Key words: cyclic loading condition; uniaxial and triaxial strength tests; AE test; damage evolution law
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Table 1 Main indicators obtained by coal quality testing
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Fig. 4 Cyclic loading parameters ofuniaxial cyclic loading
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Fig. 5 Uniaxial cyclic loading tests’ results
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Fig. 9 AE test result of sample DX3
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Fig. 11  Damage variable at the stable damage stage

changes with average stress
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Fig. 12 Coal feature after destruction under triaxial loading
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14
Fig. 14 Changes of damage variable during triaxial

cyclic loading process

3 .
(1)

(2)

3.
: 1
3 .
(3) 3
2 3



7 1681
.1 2 9 ~
2 3 ] 2006 25( S1) :3040-
3045.
° Xu Jiang Xian Xuefu Wang Hong et al. Experimental study of
rock deformation characteristics under cyclic loading and unloa—
o ding conditions J . Chinese Journal of Rock Mechanics and Engi—
(4) neering 2006 25( S1) : 3040-3045.
10 N
I 2009 28(5):
’ 892-899.
Xu Jiang Yang Hongwei Li Shuchun et al. Experimental study of
° effects of cyclic loading and unloading pore water pressures on de—
formation characteristic of sandstone J . Chinese Journal of
Rock Mechanics and Engineering 2009 28( 5) : 892-899.
Blake W. Microseismic applications for mining: A practical guide 11 Xu Jiang Li Shuchun Tao Yungi et al. Acoustic emission charac—
R . Washington: Bureau of Mines 1982. teristic during rock fatigue damage and failure ] . Procedia Earth
Rudajev V Vilhelm J Lokajicek T. Laboratory studies of acoustic and Planetary Science 2009 1(1) :556-559.
emission prior to uniaxial compressive rock failure J . Int. J. 12
Rock. Mech. and Min. Sci. 2000 37(4) : 699-704. ] 2007 26( 1) :201-205.
Yang Yongjie Song Yang Chu Jun. Experimental study of charac—
J. 1998 20(2) : 82-85. teristics of strength and deformation of coal under cyclic loading
Wu Gang Zhao Zhenyang. Acoustic emission character of rock mate— J . Chinese Journal of Rock Mechanics and Engineering 2007
rials failure during various stress states J . Chinese Journal 26( 1) :201-205.
of Geotechnical Engineering 1998 20( 2) : 82-85. 13
RS I . 2009 28( S2): 3498 -
I 1999 24( 3) :270-273. 3504.
Wang Enyuan He Xueqiu Liu Zhentang. Experimental research and Li Xiaoquan Yin Guangzhi Cai Bo. Experimental study of deforma—
R/S statistic analysis of AE during the fracture of coal or rock J . tion and seepage properties of outburst coal samples under cyclic
Journal of China Coal Society 1999 24(3) :270-273. loading J . Chinese Journal of Rock Mechanics and Engineering
2009 28( S2) :3498-3504.
J. 2003 22(2):182-187. 14 Song D Wang E Liu J. Relationship between EMR and dissipated
Xi Daoying Liu Xiaoyan Zhang Chengyuan. Analysis of micro— energy of coal rock mass during cyclic loading process J . Safety
and meso-dlamage of rock by macro-hysteresis curve J . Chinese Science 2012 50( 4) :751-760.
Journal of Rock Mechanics and Engineering 2003 22(2): 182 - 15
187. I 2014 33( S2):3563-
J. 3571.
2010 41(2) :685-691. Xu Jiang Li Bobo Zhou Ting et al. Experimental study of deforma—
Xiao Jianging Ding Dexin Xu Gen et al. Deformation characteristics tion and energy evolution law of coal under cyclic loading J . Chi-
of rock under constant amplitude cyclic loading J . Journal of Cen— nese Journal of Rock Mechanics and Engineering 2014 33( S2) :
tral South University: Science and Technology 2010 41(2): 685 - 3563-3571.
691. 16
J. 2014 39( 1) :84-90.
J . 2010 35(7) :1099-1103. He Jun Pan Jienan Wang Anhu. Acoustic emission characteristics
Li Nan Wang Enyuan Zhao Enlai et al. Experiment on acoustic of coal specimen under triaxial cyclic loading and unloading J .
emission of rock damage and fracture under cyclic loading and multi— Journal of China Coal Society 2014 39( 1) : 84-90.
stage loading J . Journal of China Coal Society 2010 35(7): 17
1099-1103. J . 2013 5(5):1-4.
Zhao Yucheng Zhao Shuzhe Zhou Shenglin et al. Mechanical
J. 2012 31(9) :1839-1845. properties and acoustic emission evolution characteristics under cy—
Ren Song Bai Yueming Jiang Deyi et al. Experimental study clic loading J . Coal 2013 5(5) : 1-4.
of temperature effect on fatigue property of salt rock J . Chinese 18 J .

Journal of Rock Mechanics and Engineering 2012 31(9) : 1839 -
1845.

2008 27(9) : 1729-1740.
Xie Heping Ju Yang Li Liyun et al. Energy mechanism of deform—



1682

2016 41

19

20

ation and failure of rock masses J . Chinese Journal of Rock Me—
chanics and Engineering 2008 27(9) : 1729-1740.

J. 1997 19(2) :1-5.
Xie Heping Ju Yang Dong Li. Discussion about “elastic modu—
lus method” in the classic definition of damage J . Mechanics and

Practice 1997 19(2) :1-5.

I 2008 27(4):712-717.

21

Liu Jianfeng Xie Heping Xu Jin et al. Experimental study
of damping characteristics of rock under cyclic loading J . Chinese
Journal of Rock Mechanics and Engineering 2008 27(4):712-
717.

M . : 1991:
54-67.

Lou Zhiwen. Basis of damage mechanicws M . Xi’ an: Xi’ an Jiao—

tong University Press 1991:54-67.



