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STUDY ON FAILURE BEHAVIOR OF ROCK UNDER COUPLING EFFECTS
OF TEMPERATURE AND CONFINING PRESSURE

ZUO Jian-ping" XIE He-ping' 2 ZHOU Hong-wei*
(1. Beijing Key Laboratory of Fracture and Damage Mechanics of Rocks and Concrete  Institute of Rock Mechanics and Fractals
China University of Mining and Technology —Beijing 100083 China 2. Sichuan University Chengdu 610065 China)

Abstract Based on the background of degp mining some conclusions related to effects of temperature and
confining pressure on behaviors of deformation and failure of rocks at depth are reviewed. Regarding the process
of rock yield deformation and failure as a process of energy release and energy dissipation a failure criterion of
deep rocks subjected to coupling effects of confining pressure and temperature is proposed according to the
principle of least energy consumption. With a clear physical meaning this failure criterion shows that if both the
plastic dissipation energy and heat conduction dissipation energy caused by temperature gradient in rocks reach to
acritical value therock will loseitsload carrying ability.

Key words rock mechanics coupling effects of temperature and confining pressure  deep mining  principle of
least energy consumption energy dissipation yield failure criterion

“ ” (

1
23

2005- 05— 09 2005- 06— 06
(50490272 50221402 10372112)
(1978-) 1999
E-mail  zuojianping@126.com



- 2918

2005
[16
[4 8 20]
[21]
(9] 8
1 2
[10 11]
20
500 183 MPa
128 MPa
[21]
[12 14]
()
10°

e ——i1 L

HE ms

KPR

iy >

0 100 200 300 400 500 600 700 800
Tl

1 _ [9]

Fig.l Axia stress-temperature curves (stress-temperature) of
different rockd™

[19]

[22]



24 16 . * 2019

3 4

[20]

#0) =220t + 02 + 0% -
3

(0,0, +0,0;,+0,0,)]— VT% 4)

(RVE)# o, T
flo, o, o, T)=0 (5)

( ) flo, o, o5 T)

4

©) Lagrange

A 17

II(c, o, o, T)=¢+Af(o, o, o5 T) (6)

olllo, o, o, T)
oo,

b=0, + @, +b: (1) oMoy, o, o3 T) _
oT

=0 (i=12 3
(7

olg+A flo, o, o5 T)
oo,

ol¢+A f(o, o, o5 T)]_
or -

4 ®
#(2) of 22

Py —§(201—02—0'3)
1
#)=c & VIl @ 2
oo, 31
o P of 22
= 2 (2. -0, —
T=Tx y 2) q oo, 3}:(‘73 0, =0,)
v o _1[o(VDa o a
@ or X | or T T?

=0 (=123
8
0

—0;—0,)

(9)

flo, o, o3 T)

df(o, o, o3 T)=

of of o o
. 22 do, + do, + do, +—=—dT 10
& = ?[Gi - V(Gj +0, ) ©) oo, o oo, 72 oo, s or (10)

&P o, (i=1 2 ) (10)

1



2920-

2005

T)=-

floy o, oy 7 ?(0-12"'022"'0-32_

1 [2/1

0,0, — 0,05 —030,) — VT% + C} =0 (11)

C
C
o,=0, 0,=0,=0
VI =0 (11)
24
C=-—"0? 12
3 (12)
cl=0l+05+0%-0,0,-0,0,—
3 q
- -—VT—= 13
030, 22 T (13)
(0,=03)
(13)
o =(0,-0,) ——vr 3 (14)
24 T
(0,-03)
(13)
Von Mises

((71_02)2"'((72_0_3)2"'(0_3_0_1)2 =20? (15)

S

(13)

D)

(1

(2

(3]

(4

(9]

6]

(8l

2
©)
Von Mises
(References)
[J. 2005 35(1) 91— 99.(Zhou Hongwei Xie Heping

Zuo Jianping. Developments in researches on mechanical behaviors
of rocks under the confining of high ground pressure in the depths[J].
Advancesin Mechanics 2005 35(1) 91— 99.(in Chinese))
Malan D F. Time-dependent behaviour of deep level tabular
excavations in hard rock[J]. Rock Mechanics and Rock Engineering
1999 32(2) 123- 155.

Malan D F. Simulating the time-dependent behaviour of excavations
in hard rock[J]. Rock Mechanics and Rock Engineering 2002 35(4)
223- 254.

Paterson M S. Experimental deformation and faulting in Wombeyan
marble[J]. Bull. Geol. Soc. Am. 1958 (69) 465 467.

Heard H C. Transition from brittle fracture to ductile flow in
Solenhofen limestone as a function of temperature confining
pressure and interstitial fluid pressure[J]. Geol. Soc. Am. Menair.
1960 79 193- 226.

Mogi K. Deformation and fracture of rocks under confining
pressure(2)  elasticity and plasticity of some rocksgJ. Bull.
Earthquake Res. Inst.  Tokyo Univ. 1965 (43) 349 379.

Mogi K. Pressure dependence of rock strength and transition from
brittle fracture to ductile flow[J]. Bull. Earthquake Res. Inst.  Tokyo
Univ. 1966 (44) 215 232.

Gowd TN Rummel F. Effect of confining pressure on the fracture

behaviour of aporous rock[J]. Int. J. Rock. Mech. Sci. and Geomech.



24 16

* 2021

(9

(10]

(11]

[12]

(13]

[14]

[19]

[16]

Abstr. 1980 17(12) 225- 229.
Wong T F. Effects of temperature and pressure on falure and
post-failure behavior of Westerley granite[J]. Mechanics of

Materids 1982 (1) 3- 17.

[ 1[D].
1998.(Xu Xichang. The preliminary study on mechanical properties
and damage characteristics for Three Gorges granite at high
temperaturelM. S. Thesis][D]. Wuhan Institute of Rock and Soil
Mechanics Chinese Academy of Sciences 1998.(in Chinese))

J.

2000 22(3) 332— 335.(Xu Xichang Liu Quansheng. A
preliminary study on basic mechanical properties for granite at high
temperature[J]. Chinese Journal of Geotechnical Engineering 2000
22(3) 332- 335.(in Chinese))

[J.

2004 23(21) 3571- 3576(Ding Wuxiu Feng
Xiating. Testing study on mechanics effect for limestone under
chemical erosion[J]. Chinese Journal of Rock Mechanics and
Engineering 2004 23(21) 3571- 3576.(in Chinese))
JingL Tsang CF Stephansson O. DECOVALEX—an international
cooperative research project on mathematical models of coupled
THM processes for safety anaysis of radioactive waste
repositories]J]. Int. J. Rock Mech. Min. Sci. 1995 32(5) 389 398.
Chijimatsu M FujitaT SugitaY et a. Field experiment results and
THM behavior in the Kamaishi mine experiment[J]. Int. J. Rock
Mech. Min. Sci. 2001 38(1) 1- 161
Hoek E Brown E. Empirical strength criterion for rock mass[J]. J.
Geotech. Eng. Div. 1980 106(9) 1013- 1035.

Bazant Z P Kazemi M T. Determination of fracture energy process

(17

(18]

[19]

[20]

[21]

[22]

(23]

zone length and brittleness number from size effect  with application
to rock and concrete[J]. International Journal of Fracture 1990
44(2) 111- 131
Sujatha V. Chandra K J M. Energy release rate due to friction at
bimaterial interface in dams[J]. Journal of Engineering Mechanics
2003 129(7) 793— 800.
(3.

2002 21(6) 778— 781.(You Mingging HuaAnzeng.
Energy analysis of failure process of rock specimensJ]. Chinese
Journal of Rock Mechanics and Engineering 2002 21(6) 778
781.(in Chinese))

[J.
2003 22(11) 1777- 1780.(Gao Wenxue Liu

Yuntong. Energy dissipation of rock damage under impact loading[J].
Chinese Journal of Rock Mechanics and Engineering 2003 22(11)

1777— 1780.(in Chinese))

[J. 2004 23(21) 3 565 3 570.(Xie
Heping Peng Ruidong Ju Yang. Energy dissipation of rock
deformation and fracture[J]. Chinese Journal of Rock Mechanics and
Engineering 2004 23(21) 3565- 3570.(in Chinese))

[M]. 2001.
(Zhou Zhubao. The Principle of Least Energy Consumption and Its
Application[M]. Beijing Science Press 2001.(in Chinese))
[M].

1986.(Li Rusheng. Non-equilibrium Thermodynamics and
Dissipation StructurelM]. Beijing Tsinghua University Press
1986.(in Chinese))

Lemaitre J. A Course of Damage Mechanics[M]. Berlin  Springer-

verlage 1992.



