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A study of the creep model of rock considering fractures and thermal damage
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Abstract: In order to reflect the whole creep deformation process of rock under the coupling thermal-
mechanical action, the critical damage stress is derived on the basis of fracture mechanics principle and a new
non-linear viscous component correlated to the critical damage stress is proposed to describe the rock creep
deformation in the steady stage. The exponential damage variable, critical damage and its related non-linear
viscous component are introduced into the rheological differential equation based on the raditional Nishihara
creep model and Burgers mode. By using the superposition principle, the rheological constitutive relation of
rock is derived under the uniaxial and triaxial compression conditions considering the effect of temperature.
The coupling thermal-mechanical damage creep model is established for rock. Comparison is presented
between the calculations of this damage creep model and test data of granite under the conditions of different
temperatures and stresses. The results show that this damage creep model can well simulate the creep
deformation characteristics of rock in the initial creep stage, the steady-state creep stage and the accelerating
creep stage, which verifies the validity and rationality of the damage creep model developed in this paper. This
model may provide an important theoretical basis for analyzing the long-term stability of rock engineering under

the conditions of high temperature and stress.
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under the triaxial pressure

TR BTN F) o KT A R B B 8T Vs B ) I, 3R
T RELTT O 7= A 5 AN F1 /N Tl BT oy, B
BB A

2 ER-
Fig.2 Mohr-Coulomb model

BB

MR A P VISR EE 7,
/1 +f2(0'1 _0'3> _f(o-l +0'3>

Ty = B (3a)
Xof T B s A KR, T, M

:Co( /1 +f2 —f)
2

(3b)

To
1
f = (an2B
o — NEEHA
Co—— LM FRYTE 58
e R =Sl b (18 1), B 0 A R 8 4k
WL YIRS

®

ol = o,co8’B + 0'3sin2ﬁ

m
328 =5 -9

® . 2 2
o, = o0,;8in"B + g,cos’ B

T 3 (4)
7, = (o, - 0;)sinBcosp
o. =o5,71,. =71, =0

ROV Z BN IE S8 7% = 7] 1B

No, = ol . BEKE EZHWELNRN 7, = "
SO, 7 = 7+ o, FR BB 1R
T, BB IR R K R

K, =7, /ma
(o, - 0,)sin2p
= f - T

—f(a',sinZIB + 0'300523) ] /ma (5)

UM R BB RE S by = (o0 - 00) /ma
I E G TR T | K, | = Koo « TS 2050 204
R K o P 2 R A T AR B
Y BLLCWT LB B Ky o R 2, PRt ) P 0 A b 1

B = D = R R
%%,
O, = 0c ~ 03
3K,
= £201, +fo) (/T4 f - ) (6a)
aTa
S A R R )
m=0m=(€i+hJ(ﬁ+f_ﬂ(®)

A o ——Ji IR D 3 R A e 5452 493 102 77
2 ERAFBEMETHRHGRE

WA R T & i i g g ) e s
A (U A gk R R A B A (I 3, v oin 2 g 22
o, — oy 43R 160,180,200 ,220 1240 MPa) , H A4
TEANF < 2t B vp g f1 25 kA e o A8 38 5 AR N )
IR A A A D R A R U AR AR T B B (] T AR
SE 3 o N KR (O ) B8 I FE ) B S A B T
VRS T A5 O AL A 4y T A N T A Ay B AR IR 4
BRARAT o A B AR RV DL R R Y ) 2 S S
22 3 1 L E AR ) B VIAH 56

A7 2 3 B0 B SRR (4N Kelvin #2751 Bingham 45
T Burgers H 7 F1 Nishihara ( 75 J5 ) 5 750 25 ) (Y fig Jz p
s 2 A8 T 1 IR I AN R B B G v A AN R U A
N EER T A A AN e, Bil, 248
IR A5 TR S S Y B ke B S
AN S R n B A O, BRI, AR SO
454 FA Y Burgers A58 1 PG JEAR R 5| A5 A 1Y) 7 24
B0, 9% R RN ) ARG (B 4) .

W JE A SCASE A BT G A 2 FE Burgers A58 Y [ 3



% 6 14

7K 3 b 5t T AR Hb 5T .49 .

0.8
o6
RO
E
Z04
& ——25C
0.2 —=—50C
——70°C
0_ 1 1 1 1
0 80 160 240 320 400

fif 1] 1/h
B3 AEEBETHRERENMEIET
i 2 (o, =30 MPa) 1"’
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Table 1 Parameters of the 3D creep model for granite (o, =30 mPa . T =70°C)

RS (o) —0a3)/

MPa K/GPa G,/GPa 1,/ (GPa-h) A G,/(GPa-h) n,/(GPa-h) n,/(GPa-h) « ML R HR?
160 21.12 14.53 672. 17 1.329 3.740 3.162 — — 99.51
180 21.09 14.52 650. 76 1.329 4.011 3.098 — — 99. 12
200 21. 14 14.55 597.98 1.329 3.931 2.819 — — 99. 45
220 20. 81 14.12 383.27 1.329 3.852 2.532 — — 99. 34
240 20. 52 14. 13 194. 49 1.329 3.357 1. 868 — — 99.35
260 19. 62 13.51 61.32 1.329 3.313 1. 444 6940. 46 0. 3805 98. 25
x2 FAEAERETHHRGEEZSH (0, =0 mPa)
Table 2 Parameters of the 1D creep model for granite at different temperature (o, =0 mPa)

AL S (o, = 03)/ L/ E,/GPa  x,/(GPa - h) A E,/(GPa - h)n,/(GPa -« h) 3/(GPa - h) « *B?E%‘M
MPa ’ R* (%)
128 23 35.93 261. 49 1.279 13.18 12. 04 1322. 06 0. 5675 98. 87
121 50 34.97 128.25 1.279 9.83 7.47 295.52 1.4612 97.98
125 90 33.09 56.22 1.279 6.87 3.41 37.36 1.8015 99. 02
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Fig. 8 Comparison of the proposed model values

and uniaxial creep test results for granite
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