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Creep Law and Rheological Model of High-water Rapid-setting Material in Water Environment
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Abstract : In order to study whether the high-water rapid-setting material (HRM ) have the ability to control the strata movement chroni-
cally and effectively, transient mechanical tests and microscopic scanning were performed on HRM. HRM creep experiments in air envi-
ronment and water environment were conducted through continuously gravitational loading way. At the same time , based on creep experi-
ments , the rheological model and rheological parameters of HRM were identified. The results of creep experiments and rheological identi-
fication showed that the strength of HRM will be reduced in air environment, and water environment is beneficial for its strength rein-
forcement. The creep behavior stability of RHM is determined by whether its loading level is above or below its yield stress. The creep
law of HRM in water environment can be better simulated by the Burgers model.
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Fig.1 HRM under microscopic scanning
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Fig.2 Strength curve of HRM under different ages
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Tab.1 Uniaxial strength parameters of HRM

- VEERTEL  DURSEEL  EECR AL
P/N o/MPa E/GPa w

6-25-1 478 0.246 0.162 0.087

6-25-2 483 0.252 0. 154 0.084

6-25-3 470 0.246 0.161 0.085

FH{E 477 0.248 0.159 0.085
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Fig.3 Creep experiment system layout
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Fig.5 Strain velocity-time curve of HRM under dif-
ferent conditions
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Tab.2 Rheological parameters of Burgers model

e )/ M/ Gx/ nx/ G/
G
MPa MPa (MPa - h) MPa (MPa - h)
GS-2 0.0749 31202 19.32 2 691 14.5
GS-3 0.099 8 1 196 15.39 2916 88.0
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Tab.3 Rheological parameters of Visco-elastoplastic model

wee o/ e/ e./ Ey EJ e/ s/
iy MPa  10* 10> MPa MPa (MPa-h) (MPa-h)

GS-20.0749 1.29 2.26 576 35.1 7 805 —

GS-3 0.0998 10.00 13.32 100 8.1 1077 843

4.3 REEENE

K 2 Fof it AR AR Y iz 35 2 B B A B A T
2,15 21 Burgers BL7Y P 5704014 il 28 15 8 A8 a4
gt bt , WK 6 A7,

251

2.0F

A5 /107
»

s ARG (15kg)

——— Burgers f1

—— T

1 1 1

1 1 1 1 ]
0 100 200 300 400 500 600 700 800

t/h

B 6 15 kg fE/E A THYIRLE th 2k S 1l & M2 XTLL
Comparison between experiment curve and

simulation curve under 15 kg load

4.0+ 2 IRAR RS (20 kgD
3.5} ——— Burgers {74 .
30F —— PSR i

7 20 kg WHRIEA TN ML S PG &Ittt
Fig. 7 Comparison between experiment curve and

simulation curve under 20 kg load



5 3 1]

E T KERRE K DR AR R R 5

ST 2 b AR R RIS 7K PRI R i K R 0
AR AR A, e BRAREE T P4 B A Y, Burgers £
ARADLIG A2 i 2 P 459 Ak, S 2 0 7 1 40 i ) 7
A AR TR IR T B, LA R — S0 5 A o 3] S A
AR e B e T B L Kl . Burgers 7 B Fe
WA Ao B I P S AR A | SR e 1 — ) e gl s 7 A
TN AR RREYE T B AR . NI Burgers £
FIE B 4t R 7K BRI s AR B A R 114 B A L o

AT RIS H T R K s BRI 1) 2 K A A K R
P RIS I Em 1i%mh 2R A MR
SRR SR, SRR I AR /N T R AT A
BRI . SR K AL E RGBTSR rh ok A
T S A RO AE R, ARG S HO8 R 5% i
FEHE

5 & it

1) R K G BE X 23 SR A S AU, TR
A TR IR IR TR AR TR . BT
KRR FERACIRAS TR PRI R R 45 0 (A
JE B 7K AR A BRI, ZK PRI 2 T i = 47 44k
HKR AR B AR A R Ft P 2 B |l NI A i 48
FR BRER ARSI B VR o e KR B R S 74
R, RZATW7 BT, B, HAR iy sk mr LA
KA Rob s s R %5,

2) 2y A R A Rl ) N 7 AR A B L D]
BT, 7K FREE 17 5 R 28 AR 45 ) 43 45 2 B85 T A
AR Y 37 B R T A5 B A far 2 FH B, Ak
(25 S K RN ZE G 7K R B4 T EFLBR B B2 i,
AT I SHERA 6 1) HE A 5 22

3) Burgers 57U B T 1 by i A K R85 v e K G
B RLIX Fh “ 27 FOA IR AR R o FR T R K R
PRI SRR M RIK B K PR R B K I 3R 4P & 1
AP ST R MPR R SR S8, R R ) ) 0 AR
INTTIREAE T BB RS TE AR 5 SR 0 7K A A EIDRG Hi
REES AR KA 1 S RS TE AR, (A4 R Y
RitESHOE K IR AR i RS
S
[ 1]Zhang Guijin, Yang Songlin. Risk analysis of deep-buried

free-flow large-diameter tunnel based on surrounding rock
theology[ J]. Hydro-Science and Engineering, 2005 (1) :
15 =22, [ 5k 54, BAn Ak, TRHE K HARTC R 51 7K Bg T 2k
FURAS A 4B [T]. K FIKIE T4 ,2005(1) ;15
-22.]

[2]Wu Shiyong, Ren Xuhua, Chen Xiangrong, et al. Stability
analysis and supporting design of surrounding rocks of di-
version tunnel for jinping hydropower station[J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24
(20) :3777 -3782. [ R 5 AEJB4, RAESR, 45 B —
oK Lk K BRI B A e o B B st LI ] A
J12 5 TAE2EIR 2005 ,24(20) :3777 - 3782. ]

[3] Miao Xiexing, Yang Chengyong, Chen Zhida. Humidity-
stress filed in swelling rock[J]. Rock and Soil Mechan-
ics,1993,14(4) 49 -56. [ B4 ik, BE R 15 WK
AR S ] A )17%,1993,14(4)
49 -55. ]

[4] Einstein H. Advice on mud-swelling rock indoor experi-
ment[ J|. Rock and Soil Mechanics,1994,15(3) :81 -93.
[ Einstein H. e BTk 2 ik g iy g i i [ ] 5
J1%:,1994,15(3) ;81 -93. ]

[5]Chang Chandong,Haimson Bezalel. Effect of fluid pressure
on rock compressive failure in a nearly impermeable
crystalline rock: Implication on mechanism of borehole
breakouts[ J ]. Engineering Geology,2007,89 (3/4) ;230 —
242.

[6]Shen Rongxi,Liu Changwu, Liu Xiaofei. Triaxial rheology
characteristics and model of carbonaceous shale in pres-
sure water[ J]. Chinese Journal of Geotechnical Engineer-
ing,2010,32(7) ;1031 - 1034. [ L= E, XK, X .
JE KA R B 5 5 ey = il O A2 AR S RIS [ ]
4 TR ,2010,32(7) 11031 —1034. ]

[7]Feng Guangming. Research and application on super-high-
water rapid-setting material apply to filling and mining
technology[ D]. Xu Zhou: China University of Mining and
Technology ,2009. [ 556 j# 5 7K 78 H A B K H FEHOT
RFEARPTE G MDA b E K2 TR
222 2009, ]

[8] Zhang Zhiliang, Xu Weiya, Wang Wei. Study of triaxial
creep tests and its nonlinear visco-elastoplastic creep
model of rock from compressive zone of dam foundation
in Xiangjiaba Hydropower station[ J]. Chinese Journal of

Rock Mechanics and Engineering,2011,1(1) ;132 - 140.



6 PR 24 (TARERE 22

5 46 &

Lakifise, OR T, . 1 S 30K L ol U 5% Tl o 41
= A AR T R AR e R S B R I A BRI T[]
A1 178 5 TR, 2011,1(1) 132 - 140. ]

[9]Li Huamin,Li Zhenhua,Su Chengdong. Testing study on

iT]
£

creep characteristics of marble [ J]. Chinese Journal of
Rock Mechanics and Engineering, 2004 ,23 (22) .3745 -
3749. [ 2, 2R R1E, DIORIR. R I A8 R R 1 5 0T
FE[T). A A 1% 5 TR 24, 2004, 23 (22) : 3745 -
3749. ]

[10]Tao Bo,Wu Faquan,Guo Gaihui,et al. Flexibility of Vis-
co-elastoplastic to rheological characteristics of rock and
solution of rheological parameter[ J]. Chinese Journal of
Rock Mechanics and Engineering,2005,24 (17) :3165 —
3173. [ B e, AR A, SR, 55 9 ISR AL X 2 A1 it 72
FAPERIE N MRS RO E [T ] A A 17 E 5 TR AR,
2005,24(17) ;3165 -3173. ]

[11] Wang Honggui, Wei Limin, He Xiaoming. Determination

of three-dimensional rheological parameters based on long
term oedometer test[ J]. Chinese Journal of Geotechnical
Engineering,2006,28(5) :669 —673. [ F 2% 5%, BLAR L, #k
et MR I B ) R 400 25 SR = 4R i AR AR T S
BT ] %+ T ,2006,28(5) :669 -673. ]

[12]Chen Zongji,Kang Wenfa. Locking stress, creep, dilatancy
and constitutive equation of rocks[ J]. Chinese Journal of
Geotechnical Engineering,1991,10(4) :299 - 312. [ BE5%
B RS, B 0 AR T W AR R e A Ty
[J]. &0 o 5 TR EHR ,1991,10(4) 2299 - 312. ]

[13]Jiang Yongdong,Xian Xuefu,Xiong Deguo, et al. Study on
creep behavior of sandstone and its mechanical models
[J]. Chinese Journal of Geotechnical Engineering,2005,
27(12) ;1478 - 1481. [ KA, fif 2446, REFE [, 5. 4
WEAR 4 Ve G AR 2 BRI SR [T ], A - TR,
2005,27(12) :1478 - 1481. ]

(% K W)



