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Abstract At first, this paper compares the Burgers creep model with the Bingham — Kelvin creep model. Based
on the comparison, the Bingham — Kelvin creep model is employed to study the creep damage characteristics of
structural plane in rock mass. Under the condition that the shear stress applied on the plane is less than its shear
strength ( i.e. , 7, < 7, ), this paper derivates the expression of shear modulus with the Bingham — Kelvin model,
and defines a damage variable taking the shear modulus as variable. Based on the shear tests on mudstone, this pa-
per further calculates the shear modulus and damage value of the structural plane under the same normal compres-
sive stress. The results show that: (1) When7, < 7, , the shear modulus and damage value of the structural plane
vary little as the time goes, and the damage value of the structural plane is little at the first two phases, and (2)
when 7, = 7, , the damage value alters suddenly some time later. The initial shear modulus increases with the in-
creasing in the shear stress, and under higher shear stress, they reduce more quickly with time and decrease more
while creep reaches to the stable phase. The creep deformation of structural plane increases with the increasing in
shear stress and time, and the damage increases more under higher shear stress when creep attains to the stable phase.
Key words Rock mechanics, Creep damage, Shear modulus, Structural plane, Bingham — Kelvin creep model,
Mudstone
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Fig. 1 Creep along discontinuity
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Fig. 2 Sketch of deformation including creeping — shear

fracturing — tension cracking
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Fig. 3 Burgers model and Bingham — Kelvin model
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of Bingham — Kelvin model
a. fAAR TR s b. 7Y JEAR Y

XEFPERAER, Y vy < 7, B, P DR g e
URAERY e = O p, A Pk CHRAE R, WA 522
Yo = 7/G; Mt —> e I, BRBT —REMHE
7/ (1/G, + 1/6,) o #zJ5 , #iE o F A2 I 7 A
5%, Kelvin (A (A TE B HT K . BAREANRE S
A T S AT A, ELRT LB 4D 5 B S L 2
AT AR TR 3 B P ) 2500 5 TR B

i bR, AR SCR 4 U TR SR ATF 5 2854 1T Y

IR AR o
4.2 BETHRGHHT
M1, <7 B, HAX(2)1%

To 1
= (8)
v T 11 e
3 +Gzl:1 —exp(—nlt]
Hry = Gy N
1
G(r) = 9
v L+L[1—exp(—%t] )
Gl Gz m

G(t) BIOASEHEIAE ¢ I 20 1) B DI SR g 22 2K K
K (4),(5),(6) KREFIBAACAT(9) BI Al #3451
THITE ¢ I 220 A B AR
PABY R s i, R SCASHA T 1047572 4
G(1)

D(t) =1 (0) (10)

X, 6(0) ARntaTy Ui, H
To

G(0) =y(0) (11)
DA P 221 R A A3 7 i T sl
1

D(t) =1 -
Gy
Ggl)) + ng) [1 - exp(- ;t]

(12)

- G(0)(G, +6,)
B YR AR AR R R S, S R R T
—FasE .

5 "/ f

I HSCHERE3 TR 5E 409 T3 17.2 - 1 5ok
R A SR FH BB I H R4 o 3R
EAEAN R B B RS E T, X 25 S A [ i) Z)
R AR I, IR T 32 IR )24 3. OMPa,

H 32055 722 12 56 B4 mT A, e a B ORHTE BT 1 )
Ty = 6. 3MPa /EHIN, &3 Ik 192h J5, b AE 5
T R A, FLARAE R A 1 oAy 4. 43 x 10 ™" s fEBY 1 )
7o = 8. 6MPa fEHIT Zid finzk 240h f5 , HER AR 7RAb
FhaaRA, HIE A AR y =9.81 x 107", 7ELL
TR EAE R, U5 5 S B (R RS T , 0
LR R, 9N 7, = 11. 3MPa fEH]
T, &k inzk 240h J5, 5528 IFOR AL T AR E RS M
B AERFEEIN AR 12 Ji5 U572 14 ATt P TR ] 4 % i 14
o EAE b 2 2 B M FERRE N 2400 J5 , H
ARy =25.75 107",

nAEH,TE 1, =6.3MPa fll 7, =8.6MPa &)
T RGE A M REER (7, < 7,) RS, IF i
7o = 1L.3MPa(7, = 7,) , 1 (4) . (5).(6) K%
BRIZH, RO (9) T 75 25 I 20 5 D)4 6 (1A
5)

13507 —+—7,=6.3MPa

—=—7,=8.6MPa
13007 —+1,=11.3MPa

1250
12001

1150%
S SN
1050+

1000

) B/MPa

0 12 24 48 72 96 120 144 168 192 216 240
i [al/h
5 Sk ny Uik i £

Fig. 5 Shear modulus curve of discontinuity
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Fig. 6 Damage curve of discontinuity
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