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Improved nonlinear viscoelasto-plastic rheological model of rock and its
correction of hardening coefficient of viscosity
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(1. School of Resources and Safety Engineering , Central South University, Changsha 410083, China ;2. School of Application Sciences, Jiangxi University of
Science and Technology ,Ganzhou 341000, China)

Abstract ;: Under uniaxial loading instrument , the cyclic loading and unloading creep test on the sandy shale specimens
of Dongxiang Copper Mine was done. Based on the hardening-damage mechanism of creep process, the timeliness of
hardening-damage effect was proposed during the analysis of creep data. And then the coefficient of viscosity ( harden-
ing coefficient of viscosity) in the decay creep stage under high stress condition was corrected. Based on the creep
mechanism of damage in the stationary creep stage, the accumulation-diffusion mechanism of rock damage effect was
put forward under high stress condition. Hereby , the triggering model ( nonlinear creep body) of accelerated creep ac-
cording to the accumulative creep deformation of damage was introduced to describe the unstable creep characters. On
these bases, introduced the instantaneous plastic component, combined with the hooker body and viscoelasto-plastic
body, the nonlinear rheological model of rock was established to describe the overall process of creep. The comparison
between nonlinear rheological model and experimental curves show that two curves accord well each other,the correc-
tion of hardening coefficient of viscosity is necessary,and the improved nonlinear viscoelasto-plastic rheological model
is available and reasonable.
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Table 1 Testing results of instantaneous elasto-plastic

strain and viscoelasto-plastic strain
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Fig.2  Scatter graph and fitting curves
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(DY o <o, <o, B BRI A BRI AR A
AT, AL T B T A B B, FH I A4 8522 J7 72

g g
== 4+ = 13
& £ E (13)

(2)H 0o, <o <o, B, BRI APBEE AR AHE
S IR P A RIS AE MR AR T 5 A8 e 1, A I 4 05
AR5 REA

o o O'—O'A_l _ﬂl
=2 2 1 -emn 14
¢ E, E, ( e) (14)

EC




%o

1o FRELL A MO R A E R R S S U A AR R LR AL B e R A B IE 941

FERLSE I T, BB BOR  2 ,(1)
AT 1 BB 75 (o) R TS 398
PEIIE o7(1) WIS AR AR BUR A IERFPE B4 40
A5 S RBAERR 5 I

~ 20,
e (1) =270 = ot (15)

E,
£0)=%¥1—eﬁ) (16)

3 Yo, <o, < o i B R BN AR
BH SR PE RN AR L A AR AR A Y AR A 4 P0G
AR T AR | U ) 45 N I A AR i R 43Ry
LR Y .

D e, < e, B, AL PEIRAR PR F BLH 261k 4 i 1A
(AR R R IE S (12) A5 BIAH R PR S R N
-0, E,

g — 0
(l _efnjt) + 52

o,
E, E, Ui

e=—+=
E

e

t

(17)
D s, > &, W ARSI R AL B B, A5
A (12) , HHIE A AL 7 72

—_ E
o o 0 -0y

e=—+ — + (1—e’n%‘)+
E, Ep E,
1
1 — e - -Aen
8,|—( e >(0- 0’32)’f+Aen—|l)‘ (]8)
|_ ne, J

Zi LR A A BRI AR S T oAy i
8 SR DB A2 A 5 7 8 1 g 7K B [ R T LAAR
- A A A 0 R R AR R S A o

3 RESHHHERERIE

3.1 RESHWHE
(1) B siRE E, 5 E
e (13) 5 (2) TR 2],
E, =E’ =30.27 GPa

E,=E) =1254.05 GPa
(2) Fh ARSI E 0, S o,
Bar(15),(16) H5x0(4), (6) AT LR3I

_8.580""” - 8.260

0’ =
17, 166%% - 8.26
0_()‘2
E. =
‘17. 160" - 8.26
O_LSIStQ 19

M= 46" (17 160" — 8.26)

AP w HREALRE U R KL n, BB RS, 7 B ek %8,
m=1
w=606.5(c/0,) —65.5

(o <o0,)

(o >0,)

(3) LGRS E n,e,,A H o,

K e A i e e I A s B A A Y
1A S 1 | 2 PR R I A ) AN A o U 1)
Yrom g, R, B HlHEL Mo AR S5

o, =0, =47.76 MPa

R A L PR 05 A5 A %) W A8 e e R 1 ),
R R A5 672 Wy B e o i i, 45X (5) AT AR
E|

n=4(c -0o,) "

P O VT AL | e 7 I M 7 A ) el R U I
WAL ERTE Vo AT

HR A 56 A2 B0 s A P05 A X (8) AT LAAS B A A b
R W A Bt Ay O R A B A e e R AR A R AR B

F(11) B . AL 0% A2 A R A% il e R AE K
FE G G AR AR IR 261 05 AR B B, B AR LB AR
B PR BRTE) LRR |, SRR
A, R4 (12), XF 52,82 MPa T [ Ji i i
AR BeE AT LA, AR 10 s, A5 G AR (R R AR (E
1.491 1,

5501
5001
4501
] 400
%3501
3001
2501

= 5282 MPa
— Gk

200 . . . . . . . .
11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 155
t/h

P10 o s A HAC Al B LA T 26
Fig. 10 Scatter graph and fitting curve of accelerating creep
3.2 HESHWIE
W IR SR L 2 B M i A Ty R
AT AR S T 19 e £ 55 A2 2 7 X
B2 3 A ACRYERY I ) KT Al L i A 4 Y
HE 2k, IF AR T B A2 S 56 2% EE, 4

11 FiRs,
2 800
=« 30.96 MPa
+ 37.92 MPa
‘:’N 2200 e 52.82 MPa
5 — AR 2%
1600
1000 . . . , ,
0 20 40 60 80 100
t/h

BN e ARGk 3 B i AR A R i 22 5 I 2 2R 1Y B A
Fig. 11  Comparison between fitting curves with nonlinear

elastovisco-plastic rheological model and test results



942 # 2

1’ 2012 455 37 &

P11 St b e GO 45 A8 i A8 A AR AR R A 7
PR 3 ARERIERL KT AR LR I AL AR B3
250 W) A B IR ST A AR R SRS VAR
PSSR ) TE AR A B DA RO AL G iy R AE I
HOPAT: S

4 & it

(1) A B 78 ol 2 Aef A 2000 -5 48 0 2880 17 G T
PR AR . WG RII) , FRBA LURE AL RN o Y 52
DB A e A, R Dl A AR T IO g 9 R A RN 7
B A8 SR Dk 14 TR) N A7 458 £ R0 0 7 39 58, A
T 0 A3 55 A — T U TR N A, 2 g e
RTAISREE IS, oy T 5 AR RS R4 1
SRR R 7 25, 02 S0 4 A A AR 2 i
I, [P 73 2 o o 46 5, o e 38 55 7 g A
Ko P RARAN RN g 26 05 T B8 A S el s 22 i 7
HA BRI ARN I ZAFT | LA A A 07 1l
L AAET BS50[RS 3= A

(2) A TEIE A S5 A2 1o 7 i, s 22 D — A
W05 SRR 10 A AL B BRI T AR
RGBS B0, SRR, A r
RO T EAE AR R IR BT b IR B D AR
6] LR S 0™ 1, AT BRI 1E] Y, 45405 R AR -
ERRAL TR, FFR T B0 A 15 0 76 SRy DX ek )
AR B R T3 DX A R S B i g
RIGAAR T R A5 40000 76 Ja R DX ST R i AR 2R, A
11173 B A A ORI R /b, 2 17 5 LS o i s A
1) a G

(3) A AR, A A B BB PR AR B o A
WRAE DR o RIS SR A 4 7 A [RS8 T 1 A
SR BRI AR T 3O | S BORTEAR N ) 246 0F T
WIS SR PR SR AR AN, AT LA 220 {ELJE: A RE PRI T 22 1%
W SRR AR A AR

ARSCHR BEATRIRITTE TAR R T S I AP 2R
S HE W0 B IR b AT A S Al 4 S B
SEIY AR TR )

S Xk

(1] B2a AR, bk, 25, TR koK i sl U A 5 B9 U1 78 ) 2%
FRMERFST[T]. 55 £ %% ,2007,28(5) :898-902.
Yang Shengqi, Xu Weiya, Yang Songlin, et al. Investigation on shear
rheological mechanical properties of shale in Longtan hydropower
project[ J]. Rock and Soil Mechanics,2007,28(5) :898-902.

(2] &4, SRk, A A7 00 Al 22 Pk Vit A2 451 00 45 280 R H g JH AT 5
[J]. R ZE 3 TR 24241 ,2000,1(3) : 1-5.

[10]

[11]

[12]

Jin Fengnian, Fan Hualin. Study of nonlinear rheology damage prop-
erty of rock[ J]. Journal of PLA University of Science and Technolo-
2y,2000,1(3) :1-5.
oy, S kT, . — RO E AR T]. A
F1% 5 TREAEHR,2001,20(6) :780-784.
Deng Ronggui, Zhou Depei,Zhang Daoyuan, et al. A new rheological
model for rocks[ J]. Chinese Journal of Rock Mechanics and Engi-
neering,2001,20(6) :780-784.
ERIN, L 4,2 M. A AR AR O AR Rt i P M R
BRI J]. a2 5 AR AR ,2002,21(5) :632-634.
Cao Shugang, Bian Jin, Li Peng. Rheologic constitutive relationship
of rocks and a modifical model [ J]. Chinese Journal of Rock Me-
chanics and Engineering,2002,21(5) :632-634.
BB W g R B R B R R Y N G AT B R 7
JERERLL T ). IR R AR ( A SRR AR ) 2004 ,31(1) :48-51.
Zhao Minghua, Xiao Yan, Chen Changfu. Laboratory experiment of
the rheological property of soft clay and the improved Xiyuan model
[J]. Journal of Hunan University( Natural Sciences) ,2004,31(1) :
48-51.
GBI AR AW S8 SR WOHE B VY SRR KR AR e PR T (D]
TR B TR 272747 , 2005 ,24 (1) 22-24.
Zou Youping, Zou Youfeng, Guo Wenbing. The modified Xiyuan
model and its stability analysis[ J]. Journal of Henan Polytechnic
University ,2005,24 (1) .22-24.
TFN XU P SRR A PR T ] R A R (A SR F
ZHR) ,2007,35(6) :651-654.
Wang Xiaoping. Reevaluation of modified Xiyuan model[ J]. Journal
of Hohai University ( Natural Sciences) ,2007,35(6) :651-654.
SN R I, ERGAL, S S A0 AR 4 i 78 54 S Y BT 5T
(3] EA AL R4, 2009,38(3) :331-335.
Jiang Yuzhou, Xu Weiya, Wang Ruihong, et al. Nonlinear creep
damage constitutive model of rock[ J]. Journal of China University of
Mining & Technology,2009,38(3) :331-335.
T SN R IANG 7 RUAL. A e 2 1 R 3 0 P L A TR A Y M
RSB, 41 J12F 5 TR, 2008 ,27 (4) :832-839.
Jiang Yuzhou, Zhang Mingming, Li Liangquan. Study on nonlinear
viscoelasto-plastic creep model of rock and its parameter identifica-
tion[ J]. Chinese Journal of Rock Mechanics and Engineering,2008 ,
27(4) .832-839.
fp W, RS, TOKIL, 45, A A IR PR M A T K H S
B[] 0T TSR, 2005,24(2) :181-183.
He Feng,Wang Laigui, Yu Yongjiang, et al. Nonlinear creep model
of rock and parameter determination| J]. Journal of Liaoning Tech-
nical University,2005,24(2) :181-183.
FAFE T )i GF. A ARl R A A B Ho R
SEPESMHT (], H A0 1% 5 TR 4R, 2004, 23 (10) ; 1640 -
1642.
Wang Laigui, He Feng, Liu Xiangfeng, et al. Nonlinear creep model
and stability analysis of rock[ J]. Chinese Journal of Rock Mechan-
ics and Engineering,2004,23(10) :1640-1642.
IR, B 530, 2, 45 S o PR B 05 A 1 OC R A5
[J]. HA 125 TR, 2006,25(S) :3093-3097.
Xu Welya, Zhou Jiawen, Yang Shenggqi, et al. Study on creep dam-



1o FRELL A MO R A E R R S S U A AR R LR AL B e R A B IE

943

[13]

[14]

[16]

age constitutiverelation of greenschist specimen[ J]. Chinese Jour-
nal of Rock Mechanics and Engineering, 2006, 25 ( S) : 3093 -
3097.

ZRAGIR T, E . BT PR i 2 1 b S0 P i
BERI[J]. Jr2241,2009,41 (5 ) :671-680.

Li Liangquan,Xu Weiya, Wang Wei. A nonlinear viscoelastoplastic
rheological model based on Nishihara’ s model[ J|. Chinese Journal
of Theoretical and Applied Mechanics,2009,41(5) :671-680.
PRUCTE W R B F 55 BOea AR i —Fiop 1=l [ 7],
A 15,2003 ,24(2) ;209-214.

Chen Yuanjiang,Pan Changliang,Cao Ping, et al. A new mechani-
cal model for soft rock rheology [ J]. Rock and Soil Mechanics,
2003,24(2) :209-214.

T Ky A e e A BLIN o T VRS SR R e R[4
2#B¢,1986.

Ma Mingjun. The experimental study and theoretical analysis of
rheological behavior of rock [ D ]. Changsha; Central South Poly-
technic University, 1986.

RAIERR, P SCHTE, S5, A R M i R R e
WAL ()], 50 T35 5 T AR 2441, 2008,27 (3) 477 -
486.

[17]

[18]

Zhao Yanlin, Cao Ping, Wen Youdao, et al. Elastovisco-plastic
rheological experiment and nonlinear rheological model of rocks
[ J]. Chinese Journal of Rock Mechanics and Engineering,2008 ,27
(3) :477-486.

TURKME, FHPCTT , B0 . RS ACE M NLRIE R [T]. & a
25T R2AR,2010,29(8) :1555-1561.

Fan Qiuyan, Yang Keqing, Wang Weiming. Study of creep mecha-
nism of argillaceous soft rocks[ J]. Chinese Journal of Rock Me-
chanics and Engineering,2010,29(8) :1555-1561.

HAR), EWRIR RS, 55, G — T A8 J1 24 A5 R B0 WA
ASRAI T RSB [ 1] A A 2R S TR 24,2008 ,27 (8)
1594-1600.

Xia Caichu, Wang Xiaodong,Xu Chongbang, et al. Method to iden-
tify rheological models by unified rheological model theory and case
study[ J]. Chinese Journal of Rock Mechanics and Engineering,
2008,27(8) :1594-1600.

THEAAE BT, oA RS R R B R B SRR [T ]
RIS B, 1988,19(3) :257-265.

Ma Mingjun, Zhong Shiyou. Visco-elastic and visco-plastic charac-
teristics of stable creep of weak rock[ J]. Journal of Central South

Institute of Mining and Metallurgy,1988,19(3) .257-265.





