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Experimental study for shear strength characteristics of
sandstone under water-rock interaction effects
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Abstract: Shear strength tests of sandstone under different hydrochemical environments were carried out. The effect of
hydrochemical action on sandstone structure was analyzed from the viewpoint of meso-mechanism; and the mechanism of
hydrochemical damage of sandstone was discussed. On this basis, the effect of hydrochemical action on shear strength of sandstone
was analyzed; and a variable was introduced to quantitatively express the hydrochemical damage evolution of shear strength
parameters. Moreover, the evolution of hydrochemical damage degree of Chongqing sandstone under certain environment was
simulated by chemical kinetics method. Based on the simulation, the shear strength parameters can be predicted. The study results can
be used as a valuable reference to quantitatively evaluate the hydrochemical corrosion of rock; so as to offer an effective method to
estimate the safety and stability of rock engineering under water-rock interaction effects.
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Fig.1 Microscope image of sandstone
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Table 1 Test results of porosity and longitudinal wave velocity under different hydrochemical environments
pH
1% 1% /% / (m/s) 1 (m/s) 1%
10.8810 3806
( 30d) 7 10.882 1 10.933 0 0.47 3822 3688 3.49
( 60d) 7 10.882 1 10.954 7 0.67 3828 3605 5.82
( 30d) HCI 4 10.879 5 10.962 7 0.76 3805 3622 4.80
( 60d) HCI 4 10.879 5 10.996 1 1.07 3822 3548 7.7
( 30d) HCI 2 10.900 4 11.0710 1.56 3816 3532 7.43
( 60d) HCI 2 10.900 4 11.180 6 257 3819 3432 10.14
( 30d) NaOH 10 10.930 6 10.984 6 0.49 3802 3647 4,07
( 60d) NaOH 10 10.930 6 11.020 8 0.83 3829 3586 6.36
( 30d) NaOH 12 10.916 9 11.0152 0.90 3868 3658 5.43
( 60d) NaOH 12 10.916 9 11.080 1 1.49 3830 3566 6.90
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of longitudinal wave
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Fig.5 Effect of porosity on the internal friction angle and cohesion strength

5

J =-2774.0200+355.16 {
c=0.00101**

b

2 383
j 2
J
c j
C |
5
2
Table 2 Test results of shear strength under different conditions
(MPa) / MPa
pH
5 10 13 ¢/ MPa i1 R?
19.573 26.850 30.724 12.648 54.47 0.999 0
18.052 25.260 28.581 11.561 53.04 0.995 6
( 30d) 7 18.255 25.008 28.580 11.845 52.36 0.998 9
(  60d) 7 17.238 24.228 27.476 10.924 52.26 0.995 8
( 30d) HCl 4 16.872 24.358 26.631 10.971 51.30 0.9759
(  60d) HCl 4 16.174 22.604 25.230 10.624 48.93 0.991 1
( 30d) HCI 2 16.304 22.539 24.813 11.117 47.26 0.9859
( 60 d) HCI 2 15.095 21.045 23.105 10.224 45.58 0.983 2
( 30d) NaOH 10 17.538 23.319 27.930 10.941 52.10 0.9939
(  60d) NaOH 10 16.528 22.485 25.453 11.004 48.33 0.997 7
( 30d) NaOH 12 16.304 22.539 25.267 10.793 4858 0.993 8
( 60d) NaOH 12 15.896 21.150 23.583 11.156 44.13 0.995 7
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j =-4558550+550.70 (i , Si0, +2H,0f H,SIO, 6
¢=0.007 9[T%% b sio0,
0 pH>9 H,SiO,
H,Si0,  H,Si0*
[11,15 17]
H,SiO, f H,Si0, +H* { .
HSIO, f H,Si07 +H'
3 3 1]
Table 3 Dissolution reaction equations
92% of main minerals in sandstone
3 [12] Si0, +2H,0f H,SiO,
. KAISi,O, +4H" +4H,0 f K'+AlI" +3H,Si0,
H NaAlISi,O, +4H" +4H,0 f Na* + AP +3H,SiO,
CaCO, f Ca®* +CO?
Mg,AlSi,0, (OH), +16H' f 5Mg* + 2AI*" +3H,SiO, +6H,0
Si ALSi,O,(OH), +6H" f H,0+2AI" +2H SiO,
CaMg(CO,), f Ca* +Mg* +2COZ
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