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Abstract: A series of uniaxial compression creep tests on dry, saturated sandstones, and the sandstones with
hydro-physico-chemical influencing effects due to the circulating flow of different hydro-chemical solutions are
conducted. Based on the test results, the strain versus time relations, instantaneous strains, creep strains and creep
rates of dry and saturated sandstones under different stress levels are compared; and the hydro-physical influencing
effects and mechanisms of saturated sandstone are derived. Furthermore, the differences of creep strain versus time
relations, creep strains, instantaneous strains and creep rates of the sandstones with hydro-physico-chemical
influencing effects due to the circulating flow of different hydro-chemical solutions are systematically and
originally researched respectively. The influencing effects of ion concentrations and pH values of the different

hydro-chemical solutions are revealed; and the corresponding mechanisms of hydro-physico-chemical actions are
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investigated. The research demonstrates that the creep behavior of saturated sandstone is more obvious than that of

dry sandstone, while the creep behavior of the sandstones with hydro-physico-chemical influencing effects due to

the circulating flow of different hydro-chemical solutions are larger than those of dry and saturated sandstones.

The creep behavior of saturated sandstone is affected dominantly by the hydro-physical action. The creep behavior

of the sandstones due to the circulating flow of different hydro-chemical solutions has both the hydro-physical and

hydro-chemical influencing effects. The larger the creep behaviors of sandstones are, the stronger the ion

concentrations of the hydro-chemical solutions are. This paper has a useful reference to the theoretical and applied

research in the field of rock rheological mechanics and water-rock interaction.

Key words: rock mechanics; sandstone; creep behaviour; hydro-physico-chemical effect; experimental research;

mechanism analysis
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Fig.1 Microscopic-structure photos of different sandstone

samples
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Table 1 Initial concentrations of Na*, Ca®", Mg”" ions, and pH
values of different hydrochemical solutions used in

the research

Na®, Ca®, Mg* B k¥

KR . pH 1
/(mol * L )
A 0.001 6
B 0.010 6
C 0.500 6
D 0.010 9
E 0.010 3
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Fig.2 Axial creep-time curves of dry and saturated

sandstones
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Table 2 Instantaneous strains of dry and saturated sandstones

under different stress levels

IF It A8 /104

12 MPa 20MPa  28MPa 36 MPa
g 12.70 20.30 26.00 31.20
K 13.80 21.60 28.10 34.00

T3 FN IO T TR AR 5 Rl T 0 A8 B AR {E (¢ =
115 h)
Table 3  Axial creep strains of dry and saturated sandstones
under different stress levels(z = 115 h)

Bl i A N AR B /104

12 MPa 20 MPa 28 MPa 36 MPa
T 1.27 1.17 0.85 1.24
ik 1.67 1.64 1.28 1.54
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Fig.4 Uniaxial creep curves of sandstones with hydro- physico-
chemical effects due to the circulating flow of
hydrochemical solutions A, B, and C
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Table 4 Instantaneous strains of sandstones with hydro-
physico-chemical effects due to the circulating flow
of hydrochemical solutions A, B, and C under

different stress levels

TR WA BRI AR (/104
HM 12 MPa 20 MPa 28 MPa 36 MPa
A 18.60 26.70 33.10 38.70
B 26.40 3430 40.60 46.80
C 52.70 65.80 76.30 87.30

RS OKEWA, B, CIRMGENE G &N A M b
075 AR W AR{E (¢ = 115 h)

Table 5 Axial creep strains of sandstones with hydro-physico-
chemical effects due to the circulating flow of
hydrochemical solutions A, B, and C under different
stress levels(z =115 h)

TR B i AR AR AR /10
KE 12 MPa 20 MPa 28 MPa 36 MPa
A 1.724 1.698 1.691 1.900
B 3.455 2.128 1.934 2.657
C 6.704 4.059 3.328 5.138
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Fig.5 Comparison of axial creep rates-time curves of dry,
saturated sandstones and those with hydro-physico-
chemical effects due to the circulating flow of
hydrochemical solutions A, B, and C
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Fig.6  Axial creep-time curves of sandstones with hydro-

physico-chemical effects due to the circulating flow
of hydrochemical solutions D, E
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Table 6 Instantaneous strains of sandstones with hydro-
physico-chemical effects due to the circulating
flow of hydrochemical solutions D, E under

different stress levels

I I A5 /104

USENIEE
12MPa  20MPa  28MPa  36MPa
D 45.30 55.20 63.60 71.40
33.50 42.60 50.40 58.10

RT KB D, EMENREMER]G AN A T bl i
AFNAR(t =115 h)
Table 7 Axial creep strains of sandstones with hydro-physico-
chemical effects due to the circulating flow of
hydrochemical solutions D, E under different stress

levels(¢= 115 h)
BRI R ¢= 115 h BHigAR AR E/10

kg
12 MPa 20 MPa 28 MPa 36 MPa
D 2.929 2.189 2.135 -
3.085 2.771 2412 3.150
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Fig.7 Comparison of creep rates-time curves of dry, saturated

sandstones and those with hydro-physico-chemical
effects due to the circulating flow of hydrochemical
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