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Creep properties of rock under high confining pressure and different pore water

pressures and a modified Nishihara model

JIANG Hai-fei, LIU Dong-yan, HUANG Wei, XIA Yu-chao, LIU Fang-yu
(College of Civil Engineering, Chongging University, Chongqing 400045, China)

Abstract: The creep rules of rock are analyzed based on the triaxial creep test results of fine sandstone under high confining
pressure and different pore water pressures. With the increase of the pore water pressure, the viscoelastic modulus linearly
decreases. The linear function and power function are adopted to fit the linear parameters which change over time. Then an
expression for the viscoelastic modulus, which changes with water pressure and time, is derived. Furthermore, a modified
Kelvin model is proposed. According to the accelerating creep results under different pore water pressures, a power function is
selected for fitting. By introducing a nonlinear element, a two-component visco plastic creep model is obtained for reflecting
the accelerated creep characteristics under different pore water pressures. By combining this model with the modified Kelvin
model, a modified Nishihara model can be put forward. Using the 1stOpt software to identify the model parameters, the results
are satisfactory. A comparison between the test and theoretical curves proves the validity of the proposed model.
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Fig. 1 Test devices and environment
BRI T T A R E PO X SR s,
BRI e, KA O A 2B W E bR
Ay (ISRMD G FURE A A FEREAT I T, 6 A
HAE 50 mm. =i 100 mm [ EFE A UFE T3 B
2.33~2.74 glem’, LBRFEN 0.63%~0.71%, Fifth
0.01~0.5 mm, FHIHURGRAL 63.40 MPa, FiYERLE

4 25.03 GPa, JAFAEL R 0.13. 77t nFLBR/K & Rk
BT TELM KA . LT S AP Tol (R D R
1) =l s A A o e D e PR P ) A 4
i, I N #oE A 4 0.01 mms.

WRIGHT, FIH MTS815 2/ 12+ ARG x) 5
Rl TB0F A0S A AT T =R A ek . &F
R COLEE 3 ANAFEEATSRE NN, LTI
24T RIS 5 R IO N AN R
MR L

FT 1 ZHIETIKIE TR

Table 1 Work conditions of triaxial creep tests

THigms HJE/MPa  FLBE/KE/MPa #iE

T T 40 0 FLBRAKH R 0
T 40 1 MPa I HEAT [ =
AL 40 5 ol s Al AR B
T4V 40 10 TR T B
THV 40 15 IRTIRIRAS

®2 WA ZHEMHFRBER

Table 2 Test results of sandstone under triaxial compression

LU (0,-0,)_ /MPa (0,~0,),/MPa
Tl 321.52 245.67
T 269.59 209.96
T 260.80 197.24
TV 253.37 198.93
LAV 230.07 178.30
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Fig. 2 Creep fracture surfaces of rock
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Fig. 3 Creep strains under different loading conditions
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Fig. 4 Isochronous stress-strain curves

33 - —u—0.1h
—o—1h
32+ —A—2h
31k —v—3h
- —I—4h
% 30+ —>—5h
e —0—10h
;'!},?; 29 —o0—15h
o8l —6—20h
& —%—25h
w271 —e—30h
?ﬁ’é 2L —o—35h
—e—40h
25 —A—45h
24 1 1 1

—2(I) 2 Alt é 8 ll()121I41I61I82IOZI2
FLBR K E/MPa
5 MR E SFLKEXRR
Fig. 5 Relation between modulus of visco-elasticity and pore
water pressure
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Table 3 Fitting results of E(p,)=4- Bp,

i Z1/h A B R?
0.1 33.07065 0.47209 0.96875
1 32.97862 0.47695 0.97099
2 32.88378 0.47850 0.97362
3 32.85036 0.48132 0.97500
4 32.80432 0.48408 0.97244
5 32.76895 0.48854 0.97466
10 32.55822 0.48977 0.97385
15 32.44903 0.49228 0.97505
20 32.28154 0.48910 0.97157
25 32.09652 0.48783 0.97485
30 31.97682 0.48979 0.97716
35 31.86847 0.49344 0.97571
40 31.76991 0.49528 0.98018
45 31.63611 0.49571 0.98199
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Fig. 12 Nonlinear viscoelasto-plastic creep constitutive model
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Table 6 Parameters of improved creep model
PS5
TH RKF/MPa = R
G, /GPa G, /GPa n,/(GPa‘h) n, /(GPa‘h) n,
30.57 224.7960 10.6581 — 782.6234 — 0.9193
71.34 430.0227 12.1321 — 6767.6130 — 0.9217
112.10 369.7188 12.1713 — 7041.3831 — 0.9380
T I 152.87 379.7568 11.8783 — 7577.1221 — 0.9684
193.63 262.1682 11.5463 — 7482.6172 — 0.9671
224.20 204.5432 10.9415 — 5233.6277 — 0.9879
254.78 209.0205 10.2197 42751%10° 4214.7459 0.2266 0.9953
30.57 123.6016 10.7112 — 706.5621 — 0.9479
71.34 98.2516 10.2501 — 1590.9978 — 0.9642
THYV 112.10 107.2990 96.5513 — 1517.7286 — 0.9624
152.87 110.6295 87.3425 — 1969.2653 — 0.9591
193.63 106.8901 87.3341 1.7263 X108 375.1429 0.1717 0.9744
SO [ - - - ik — Bl 25478 MPa 0.0095 - . AW
0.0085 /.7——// 0.0090 - 193.63 MPa ~
0.0080 [ 0.0085 . — WA
00075 [ 224.20 MPa 0.0080 | —
00070 L 0.0073
0.0065 - 193.63 MPa 8:%2 L 152.87 MPa
g (g)%gg ; 152.87 MP, g 8:%2{5) i
X i X 0.0050 |
g 8'%,(5) : a g 8’%: 112.50 MPa
00035 | 112.50 MPa #0.0035 |
0.0030 0.0030 71.34 MPa
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0.0015 30.57 MPa 20013
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Fig. 13 Comparison of creep test theoretical curves
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