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Resear ch on energy and damage evolution of rock under uniaxial compression

ZHANG Guo-kai, LI Hai-bo, XIA Xiang, LI Jun-ru, YU Chong, LIU Jing-sen
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: Energy transmission is an essential feature of material. Uniaxial compression test is performed by particle flow code to
study crack propagation, energy transmission and damage evolution. It's revealed to be more reasonable to research the energy
through PFC, which overcomes the defect of macro mechanical theory and makes it possible to achieve multiple cracks failure form
of specimen. In the compression process there is a one to one correspondence between cracks, energy and damage evolution. The
relationship between macro-and micromechanical parameters is analyzed under three working conditions. It is concluded by least
square fitting that microcracks are in power function with axial strain. Damage variable is defined with secant modulus. The
accelerated decline of elastic modulus is taken as damage threshold which equals to 0.158. It has been proved that there is a linear
regression relationship between damage and microcracks, so asto provide reference for further research on damage evol ution.
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Tablel Mesoscopic parametersof PFC smulation
Ry mm R/ Res E, IGPa k Ik, E /GPa k Ik . IMPa z.IMPa u
0.4 1.66 28 1.6 28 1.6 110 110 05
2 3 -
Table2 Macroscopic and microscopic corresponding parametersunder 3 conditions
E, E o, 7,
IGPa /GPa /kPa /kPa /GPa IMPa
1 28 28 110 110 39.444 0.212 148.42
2 28 28 130 130 38538 0.233 169.60
3 40 40 110 110 57.026 0.225 149.07




96 2015
24 21001 * 1160
1 PFC 1800 1440
> 1500 120 %nj
T 1200 110 <
180
900 60
40% i
600 140
300 420
0 1 1 0
0 0002 0004 0006  0.008
2 a
@ 1
2 c
1800 ° 1180
1500F — 4150
2 d _ 1200} 1120 g
900 | 190
600 d60
300 130
0 . . 0
0 0.002  0.004 0.006 0.008
(b) 2
(828000 (b)29000  (c)30000 (d)31000 (e) 33000 2100 ¢F 4180
1800 — i
2 150
Fi - ; ; 1500 | g
ig.2 Crack propagation at different loading stages - 1120 s
1200 h
490
900 |
160
600 |
300 | 130
0 L 0
0 0.002 0.004 0.006
Grady [19] (© 3
Weibull 3
Fig.3 Growth curvesof microcrack
n=Keg] 1
3
K m &,
[20] 0.98 S
m
n=Kég 2
g =us &€
n=Keg" 3
3




U=U°+U" 4

1
e_ -
U= : (0,6, + 0,8, + 0,65)=

E[O'l2 +0,.+0, —2v(0,0,+0,0,+0,0,)] 5

Ue U
[19]
1
3.1
PFC
4
(9]
PFC
1600F 1160
1400 {140
1200 {120
o 1000 4100 g
800 {80 =
600 {60
400 —_— d40
——
200 _ {20
0 1 1 1 0
0 0002 0004 0006 0008

Fig.4 Srain energy curves of obtained by theoretical
calculation and numerical simulation

3.2 -

3600
3000
2500

A

2000
1500
1000

500

5 -
Fig.5 Relationshipsbetween energy and stress-strain

- 4
1 0A
41.5% 5 4
0
2 AB A
B
3 BC
C 0
4 CD
C



98 2015

3000 r

tEH

2000 |

1J

0.98
1500 o

500

0 400 800 1200 1600

Fig.6 Relationship curve between energy and crack

451 :
109 o1 500 1000 1500 2000
0 /
@ 1
1100
4
[6]
E
D=1-— 6
1 -
7

D, =0.158
0r— T 7160
50 1140

& 4120 © 3
Q 40 1100 £
= 8
30 480
ol 460 Fig.8 Relationshipsbetween damage variable
440 and crack propagation
10f
420
0 0
0 0.002 0.004 0.006
. 20 Do n(e)

Fig.7 Curvesof secant modulus D =acs®



1 99
a b rock like materials[J. Chinese Journal of Rock
&, :% Mechanics and Engineering, 1995, 14(2): 107 117.
4 (4] : : :
dD s )V [J. , 2011, 36(12):
DZE:_C(«?_J 8 2007 2012,
LI Li-yun, XU Zhi-giang, XIE He-ping, et a. Failure
experimental study on energy laws of rock under different
dynamic impact velocities[J]. Journal of China Coal
5 Society, 2011, 36(12): 2007 2012.
(5] :

1 [J. , 2012, 31(5): 953
962.

2 ZHANG Zhi-zhen, GAO Feng. Research on nonlinear
characteristics of rock energy evolution under uniaxial
compression[J]. Chinese Journal of Rock Mechanics
and Engineering, 2012, 31(5): 953 962.

(6] :
3 [J. , 2010, 27(2): 179
PFC 184.
CHEN Xu-guang, ZHAN Qiang-yong. Research on the

4 energy dissipation and release in the process of rock shear
failure[J]. Journal of Mining Safety Engineering,

1 2010, 27(2): 179  184.

> 7 .

0.158 , 2005, 24(10): 1735 1739.
WANG Xue-bin. Analysis of plastic deformation and
fracture energy of rock specimen in uniaxial compression
[J. Chinese Journal of Rock Mechanics and
[1] , , Engineering, 2005, 24(10): 1735 1739.
(. ,2005, [8] ; : [J.
24(17): 3003  3010. , 2000, 19(4): 422 425.
XIE He-ping, JU Yang, LI Li-yun. Criteria for strength FAN Hualin, JN Feng-nian. Effective modulus method
and structural failure of rocks based on energy dissipation in damage mechanics of rock[J]. Chinese Journal of
and energy release principles/J]. Chinese Journal of Rock Mechanics and Engineering, 2000, 19(4): 422
Rock Mechanics and Engineering, 2005, 24(17): 3003 425.
3010. (9 :
2] , , , [J. , 2000, 22(6): 720  722.

[J. , 2008, 27(9): 1729 ZHAO Ming-jie, XU Rong. The rock damage and
1740. strength study based on ultrasonic velocity[J]. Chinese
XIE Hewping, JU Yang, LI Li-yun, et a. Energy Journal of Geotechnical Engineering, 2000, 22(6): 720
mechanism of deformation and failure of rocks[J. 722.

Chinese Journal of Rock Mechanics and Engineering, [10] , ; . cr
2008, 27(9): 1729  1739. [J. , 1998, 17(3): 279

(3]

[J.
, 1995, 14(2): 107  117.

LI Guang-ping. Analysis of micro crack damage model of

285.
YANG Geng-she, XIE Ding-yi, ZHANG Chang-ging.
The quantitative analysis of distribution regulation of CT



100

2015

(11]

(12]

(13]

(14]

(19]

(16]

values of rock damage[J]. Chinese Journal of Rock
M echanics and Engineering, 1998, 17(3): 279 285.

[J. , 20009,
28( 1): 3234 3238.
LIU Bao-xian, HUANG Jing-lin, WANG Ze-yun, et al.
Study on damage evolution and acoustic emission
character of coal-rock under uniaxial compression[J].
Chinese Journal of Rock Mechanics and Engineering,
2009, 28(Supp.1): 3234 3238.
WALSH J B. The effect of cracks on the compressibility
of rock[J]. Journal of Geophysics Research, 1965, 70:
381 389.
HUANG C Y, SUBHASH G, VITTON S J. A dynamic
damage growth model for uniaxial compressive response
of rock aggregateqJ]. Mechanics of Materials, 2002,
34(5): 267 277.
PARK J W, SONG J J. Numerical simulation of a direct

shear test on arock joint using a bonded-particle model[J].

International Journal of Rock M echanics and Mining
Sciences, 2009, 46(8): 1315 1328.

LEE H, JEON S. An experimental and numerical study of
fracture coalescence in pre-cracked specimens under
uniaxial compression[J]. International Journal of Solids
and Structures, 2011, 48: 979  999.

YANG R, BRWDEN W F, KATSABANIS P D. A new

[17]

(18]

[19]

[20]

(21]

congtitutive model for blast damage[J]. International
Journal of Rock M echanics and Mining Sciences 1996,
33:245 254.
. GB/T 50266-2013
(S : :
2013.

[J. , 2011, 32(4): 1211

1215.
YIN Xiao-tao, ZHENG Yana, MA Shuang-ke. Study of
inner scale ratio of rock and soil material based on
numerical tests of particle flow code[J]. Rock and Soil
Mechanics, 2011, 32(4): 1211 1215.
GRADY D L, KIPP M L. Continuum modeling of
explosive fracture in oil shaelJ. Int. J. Rock. Mech.
Min. Sci., 1980, 17: 147 157.

[J. , 1997, 16(2): 140
147.
LIU Xiao-ming, LEE Chack-fan. Damage mechanics
analysis for brittle rock and rockburst energy index[J].
Chinese Journal of Rock Mechanics and Engineering,
1997, 16(2): 140 147.
Particle flow code(PFC), (Version 31)[M]. Minneapolis:
Itasca Consulting Group, 2004.



