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Study on Creep Properties and Damage Characteristics of Sandstone Under Seepage-Stress Coupling Effect
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Abstract: In order to reduce the adverse effect of creep on the long-term stability of the project under the action of seepage water
pressure, creep tests under different hydraulic gradients were carried out using the seepage-stress coupling servo control loading
test system to explore the rheological properties and seepage characteristics of sandstone. Combined with three-dimensional
digital image correlation technology (3D-DIC). the micro-cracks evolution law and deformation localization characteristics of
sandstone were studied. At the same time, the crack damage characteristics of sandstone were explored based on CT scanning
technology. The results are concluded as follows. Firstly, the larger the hydraulic gradient is, the larger the creep deformation
is. the faster the micro-cracks growth rate is, and the more obvious the change of strain field cloud map is. Compared with the
axial strain field cloud maps, the larger strain points and strain localization characteristics appear earlier in the radial strain field
cloud maps. Secondly. the larger the hydraulic gradient is. the larger the strain increment is, the faster the strain change rate
is. and the shorter the creep life of sandstone is. By establishing a virtual strain gauge., it is found that the strain changes inside
and outside the local failure zone of sandstone are inconsistent, indicating that there are localization characteristics in the creep
deformation process of sandstone. Thirdly, under the low hydraulic gradient, more pores and fissures are pressed and sealed,
the seepage channel is reduced, and the flow rate is continuously reduced. Under the high hydraulic gradient, the damage is
continuously accumulated, the seepage channel is increased, and the flow rate is increased. Finally. it can be seen from the CT
scanning that the three main cracks penetrate the whole sample, guide the sandstone failure, and generate secondary cracks to

promote crack propagation. Near the loading end of sandstone, the applied seepage water pressure is larger, and more
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secondary cracks are derived from the upper part of sandstone, forming a complex crack network structure.

Key words: Sandstone, Seepage-stress coupling, Creep, Hydraulic gradient, Deformation localization, Strain increment
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Table 1 Physical and mechanical parameters of sandstone
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under different hydraulic gradients
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Fig.3 Variation curves of sandstone creep test parameters
under the hydraulic gradient of 60 MPa/m
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Fig.4 Axial displacement field cloud maps of sandstone surface during creep
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Fig.5 Radial displacement field cloud maps of sandstone surface during creep
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Fig.6 Three-dimensional cloud maps of axial strain field on sandstone surface during creep
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Fig.7 Three-dimensional cloud maps of radial strain field on sandstone surface during creep
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Fig.8 Time history evolution curves of stress increment and strain increment under different hydraulic gradients
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Table 3  Axial strain increment at characteristic time

under different hydraulic gradients

K FI b/ Tl ) B AEBE R /(X107 Y)
(MPa/m)  t=1000s ¢=10000s ¢=50000s ¢t=100 000 s
0 1.6 2.3 3.2 3.6
30 1.8 3.0 4.0 4.6
60 2.2 3.4 4.4 4.9
90 2.4 5.0 7.2 8.8
120 4.8 19.9 =>20.0 >>30.0

R4 AEAKNBETHIERZNEZEGDRTIES
Table 4 Radial strain increment at characteristic time

under different hydraulic gradients

IK 1 EE g/ A 1m] AR H A /(X107 4)
(MPa/m)  ;=1000s ¢=10000s ¢=50000s =100 000 s
0 —1.8 —0.1 —0.3 —0.2
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Fig.12 CT scanning diagram and three-dimensional

reconstruction diagram of sample before test
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the hydraulic gradient of 120 MPa/m
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