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Abstract: Aiming at the limitations of previous rock damage constitutive models, a comprehensive simulation method of rock
deformation to present simultaneously initial damage and residual strength is developed. With consideration of the initial damage
of rock and the fact that the damage portion still can bear certain stress, deformation mechanism models of each portion are es-
tablished by decomposing rock materials into three portions, undamaged material, damaged material and micro-defects. First-
ly. on the basis of geometry conditions and micro-force for rocks. the strain analysis for undamaged material is proposed.
Meanwhile, considering that the deformation energy of rock is only related to damaged material, the strain analysis for dam-
aged material is developed. Then, discussing the relationships between damage evolution and energy dissipation, and putting
forward a damage evolution model to reflect the initial damage for rocks, a rock damage constitutive model to simulate the com-
plete processes of deformation for rocks is established based on the strain analysis and the determination methods of model pa-
rameters are also provided. The results show that damage evolution model not only reflects the initial damage for rocks. but al-
so presents the rock deformation stages. Compared with previous models, the proposed damage constitutive model is more con-

sistent with the experimental curve. In addition, the proposed model reflects the complete processes of deformation for rocks,
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and presents intuitively the characteristics of the initial damage and the residual strength. Thus, the superiority of the model is

validated.

Key words: rock; closure stage; initial damage; residual strength; constitutive model.

A — A E A A Y b BT R R B 22 B AR
FEAETRCL IR 2 T S5 T 20 LR B o A 28 TR R 3R 3k
FESCBR g2 GO WL 5 I 9 98 B L B e 3] 5108 1Y 2ok
00 BII 3 = FH ke BIF 58 A0 R 1 22 JE e IR aod 2 e
Tl 2 W Bk 4 19 T 8T A el RS 4RO 5 ) 2 A
A ARG R 1)z B IS TR B R
WA BT A AT NI SO B i ik B 5 5 5 e 7 4
WAL R IR A A B 45045 5 AR 5 i A AR
FEAGEY ] T F0000 2 A %) 0 {5 8 R R A% R R AL
A7 543 AR R RS Y 2 S T A A A A R R AR 1) Al
Xof AR B AR B A 2 A A TR IR 1 DR Ot 2 A 4
P 0327 W AR Z2 R 8 5 05 vk SR 2 A A s g 2
JRETT .

Bl ALY & R AU ) 2545 3] T3
R A IS A3 A R 0T T A A R i
DAL CR @ B %5, 20005 Peng et al., 2015a; Yang et
al., 2015) A7 75 75 & a1 AR BHAFAE sk b BAT
Bl B P REAE S B 2 8 B2 e Ak I A a2 HE il DL
o340 PR, 3 10 T 38 TS [ S8 A2 8 8 40 A5 78
SCHEAE L2004 5 B SCHCFITKR T, 2005 5 SR IT4E 2016 ; Wen
et al.,2017) M 3 77 % (2004) g W 5 (2005) 43 #7
JIT i 4 A RS AR Z H5ORN  7 ith  ) T ARRAE L B H
e T T A 2 O E T s A A X B
AR E SO 2R A R Bl ) B T Y A 4 7 e (S
I 520005 HHER W FIBESE IR, 2002) s ik PR /E
P A5 i (GEARMRORT 42 3 45, 2000) 5 BORE 5 A T Al i
DNIVE SRy 4 0 7 o (5% KA, 2013) , BTG S 7 46 £ A%
PR AELJ2: , 30K L4515 A A4 5 78 A 2 1) Y ) B
BT E AR B R A A AR T ok AR T R AR
A AL TE A B RE T A 1 R s S O SR AR
20115 WRHFESE,2016a) B A A 4l R 4005 B R R 5
PRI ZS B 3 851, 0T BE T ge it e /@ A i
GEIT A RRY , ORI N BB B4 i 45251, (H )2
BT ge it Be d S 40 0 T A O R AT 0 R R WA A
FRIA) B 451 0 T i Ok SC B A (20164, 2016b) K 5
TBA L9325 B RN 2R PR 43 A AR TE ) 2
515 MR 3 A 0 AR TR (B HOR 2 s
AR 34T BE IR 52— 7€ WL T K R 3059 0 R 4
P88 7 1 7 A2 AH BRI L SR T 0 8t A b s 4 AN W AR
BT S, A W) IR RS A e B E R R

TR WL, oA v 80 0 ROS) R JEE s 7 A 7
o A MR 2 A 4% 8 0 78 T A Bl 3 P 7 A R B 5
M, 3 S A TRy 2 5 1 o 2 3 A R 25 L HL
R AR 5 2 B Z AL A K &R L (UK A B Ry
2 B B PR o 58 R 2% DRI AT e B — 2P
SEH AL TR BIE I 5 A1 A8 T8 2l R R BB 5.
AR SR R AL 5 9 T7 35 % e 4 R 3 i

3 AR RS0 AR R B S 23 2 BEAT A TR 3 A 0 R
TR FIAE TBORE 1 58 &R L 4 25 8 £ 0 6 45
D3 B9 F8 13 8 A0 5 R I T 2% 8 A O i R A% 78 23 g
ARG AT ST e A B A A L LS A S ) A R T
AR BL A7 B0 U 458 403 0 3 A i B A

1 A A PRASIE e s Al

R SCHR Gl 5 %5 . 20162) 1] 1, 5 & bRy R
ARARIRERE AR RRE Gl BE 3 B L A 1 TR
I RS T HE TN 7 53 BT B AL T AS SO A AR
o0 HT 9 £ B R A ST A B ORE Y AR SR 23 A RS A
TR B R o ph A R 045 S B R A BUIR S BZ E
T AHRAESNIE T L 2 B LB R 4777 AR AR T L i
TR ST 7 A B AR A S R 7R T 25 B R AR AL TS
ol 23 B A PA] 45 a0 20 A 415 6 3 R4 A A TR A R
gy A i HL S B A A R AR SR R PR Y L%
AT AN RE It L A7 1) S5 B3R TR A2 L IR I A 3% 1
DL DR o 3 04T 2 7 A Al 1 IR e

HRPE P 1B 7R 6 A oA 2R ) R

[=1"+1"+1, Q)
APl WAEAKE; " ARZHGI K H
BT 5 1 SRR B TR A B B =ty
AR W TR 1 o AL A5 0 A4 5 st B 8 o B S R

HOMBHESNT o FERITR R = AR AP i
AL FoR e R TR AL 48 AL 45 4 ER
GRS R ALY TR A R A3 AR 4 S AL

Al =Al"+ AL+ AL° . (2)
DU A R Rk g Bl ) 07 A AT R R OA
e, =AL/L. (3)

SR A5 8 48 450 4 B 3 1
0 L5 5 9



654 HiEREL2:  http://www.earth-science.net

5 44

o

o o' i
[T1TT1TT

-] |\~

LTT 111 LTI T TT LITT
I | I | I | I
T 1 T 1 T T 1

Al e ar AT
(a) (b) (c) (d)
1 S i R Y o A 0 A
Fig.1 Rock damage model including micro-defects
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Fig.2 Typical rock damage curves under loading conditions
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Table 1 The damage model parameters under different con-

fining pressures
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Fig.4 Rock damage evolution curves
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Table 2 The strength parameters corresponding to different damage variables

D 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

o) 36.65 37.82 36.73 35.48 34.13 32.77 31.31 29.73 28.02 26.29 24.10
c(MPa)  7.72 6.55 5.89 4.95 4.77 4.67 4.60 4.47 4.40 4.26 4.19
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