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Experimental study on creep of rocks under step loading of seepage pressure
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Abstract: The creep and damage of fine sandstone rock under gradual loading of seepage stress are investigated through a
series of triaxial compression tests using RLW-2000M coal and rock computer-controlled rheological testing machine. The
volumetric strain and seepage volume (volume rate) evolution curves of rock creep under different seepage stresses are
highlighted. In addition, the transformation curves of rock creep and permeability coefficient under different seepage stresses
are analyzed and compared. The results show that the porosity evolution has agreement with three stages in typical creep
process. As the gradual loading of seepage water pressure, the instantaneous axial and transverse strains as well as Poisson's
ratio have an increasing trend. With the accumulated strain, the transverse strain is greater than the axial one in company with
expansion effect until the occurrence of creep damage. The seepage volume curve is linearly evolved under the gradual loading
of seepage water pressure. It is conclued that the permeability coefficient decreases firstly and then increases. The initial
permeability has a memory (a memory of rock pore channels) that pore channels are formed through the process of
deformation-closing-erosion-new channel.
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Table 1 Mechanical parameters under step loading of seepage pressure

Y of o, P(AP) I IS i 280 R0 AR o B i AR I [
/MPa /MPa /MPa £ /107 £ /107 £ /10 At v, t/h
2(1.9) 4.59 -0.70 3.19 0.153 9.00
Yo o6 0 4(3.9) 4.61 -0.81 2.99 0.176 10.13
6(5.9) 4.76 -1.01 2.74 0.212 10.07
8(7.9) 4.85 -1.19 2.47 0.245 11.17
2(1.9) 4.68 -0.50 3.68 0.107 11.31
4(3.9) 4.76 -0.53 3.71 0.111 3.30
“96 66 10 6(5.9) 4.77 -0.57 3.63 0.119 2.00
8(7.9) 4.79 -0.65 3.49 0.136 4.46
9(8.9) 4.91 -0.84 3.23 0.171 2.96
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Table 2 Parameters of creep under step loading of seepage

pressure
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i /MPa @  HIXANAE/(e10°)  FD) (1)

LB RAARY(V-em /(100" /(em*-h™")

® 02 998 —
2(1.9) @ -26 -75 —  -835 219
® 131 1972 —
® 05 995 —
439 @ -14 248 — 2460 4.470
499 ® 329 4505 —
® 03 997 —
6 (59 @ -58 -212 — 2112 6.144
® 116 61.69 —
® 39 9.1 —
8 (790 @ -137 -139 — -1295  9.806
® 493 10526 —
O 550 450 —
2(1.9) @ 99 -64 — 1257 2320
® 11.89 11.81 —
® 90 910 —
439 @ -31 -46 — -1532  3.706
® 235 1113 —
® 80 920 —
96 6 (5.9 @ -78 64 — 3478  5.565
® 204 1024 —
® 45 955 —
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® 27 3551 —
® 48 925 27
9 (89 @ -14 -242 -3109 -88.38  12.348
® 204 3381 2.13
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Fig. 2 Strain evolution curves of rock creep under different
seepage stresses
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Table 3 Parameters of fitting curve equation

W P(AP) LA TR y=Ax+B
9T /MPa 4 B R
2(1.9) 2.19 1.31 1.0000
499 4(3.9) 4.41 4.92 0.9969
6(5.9) 6.12 1.38 1.0000
8(7.9) 9.82 0.08 0.9999
2(1.9) 2.08 0.57 0.9991
4(3.9) 3.77 1.20 0.9994
96 6(5.9) 5.62 1.10 0.9995
8(7.9) 8.30 0.97 1.0000
9(8.9) 12.24 -0.004 0.9994
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Fig. 3 Relation between seepage volume and volume rate

evolution curves under step loading of seepage pressure
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Table 4 Permeability coefficient of specimens under step loading
of seepage pressure
Ak BIE AR (103 md
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A 0.08725 By Co D,
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By 0.13103 Ey
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Ey 0.13614
E, 0.19534
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Fig. 4 Relation between permeability coefficient and volumetric

strain under step loading of seepage pressure
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