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Experimental study of the influence of drainage conditions on sandstone mechanics

and its deformation localization characteristics
XU Jiang'?, CAO Qi"?, PENG Shoujian'?, CHEN Yian'?, ZHANG Qianwen'?, RAO Haokui'?
(1.State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China; 2. State and Local Joint
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Abstract: In order to study the deformation localization failure characteristics of sandstone under the coupling action of seepage and
stress, the triaxial compression tests of sandstone under different drainage conditions were carried out using the visualized triaxial servo
control test system combined with three-dimensional digital image correlation (3D-DIC). The rock mechanics, seepage and deformation
localization characteristics were analyzed, and the micro-morphology of fracture surface after sandstone failure was analyzed using elec-
tron microscope scanning. The results shown that the peak strength and elastic modulus of sandstone under drainage condition were higher
than those under undrained condition, the peak strength, elastic modulus and Poisson’s ratio of sandstone increased with the increasing
seepage water pressure, the time point of penetration crack and maximum permeability would be advanced. When the seepage water pres-
sure was the same, the localized zone of deformation field cloud map of the sand surface was wider in the undrained condition than that in
the drained condition, i.e., the macroscopic crack of rock was more obvious. Water flow under drained condition took away the mineral
particles inside the rock and formed holes, the rupture surface of which was smoother than that under undrained condition, whereas flakes
cuttings were obviously attached to the surface of the particles under undrained condition. The initiation point of radial deformation local-

ization was consistently higher than that of axial deformation localization for all drainage conditions, with an average increase of 1.23%.
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The initiation stress levels of the radial and axial deformation localization increased with increasing seepage water pressure, i.e., the initi-

ation time point was earlier. The radial and axial initiation stress level of sandstone under drainage condition were higher than those under

undrained condition, with an average increase of 1.85% and 2.21% respectively. When the water pressure was the same, the initiation

stress and stress level were more significantly affected by water pressure in the undrained condition than in the drained condition.

Key words: 3D-DIC method; drainage conditions; seepage—stress coupling; strain localization; scanning electron microscope
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Table 1 Physical and mechanical parameters of sandstone

under uniaxial compression
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Table 3 Statistics on the parameters related to the start point of deformation localization under different drainage conditions

HEk 2 BiBKIE/ (&L =il il B ALY F) He ) e B K il g B8 K
MPa ox/MPa o,/MPa Opea/ MPa (Or/Opei)/ %0 (OAlOpea )P0
2.0 81.07 80.22 83.42 97.18 96.16
Hek 3.5 80.84 80.08 82.20 98.35 97.42
5.0 60.92 60.17 61.72 98.70 97.48
2.0 69.00 68.20 72.73 94.87 93.77
AHEK 35 66.18 65.22 68.64 96.42 95.02
5.0 48.59 47.42 49.89 97.39 95.65
3 & it

x4 HAOKERMHKEHZBHMSER

Table 4 Fitting result between stress levels and drainage

conditions
HEk %A PEARK R

On/Gpey=—11.609¢ " +98.743 0.998

H7k ap
Opl0pei=—10.789¢ ™ +97.640 0.983
. Or/ Gy =0.840AP+93.287 0.983

AHEK

0/ 0pea=0.62TAP+92.620 0.965
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