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Influence of wetting-drying cycles on mechanical properties and
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Abstract: The shaly sandstone which is taken from a slope of the Three Gorges Reservoir is studied. Considering different
wetting-drying cycles, the mechanical properties of shaly sandstone are investigated through uniaxial and triaxial compression
tests. The microstructural change law of shaly sandstone is also studied using the scanning electron microscopy. The research
reveals that with the increasing wetting-drying cycles (1~20), the peak stress, elastic modulus, cohesion and internal friction
angle of shaly sandstone decrease. But the peak strain shows two stages of falling and stability. The microstructural change law
of shaly sandstone can be summarized as three stages of regular, porous and cracking properties. By using the discrete element
software PFC?°, the influences of wetting-drying cycles on contact network of shaly sandstone grains, distribution of chains and

distribution of cracks are studied. Based on the test results, the expression of Mohr-Coulomb strength theory for shaly sandstone
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is modified considering wetting-drying cycles.
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Table 1 Mechanical parameters of specimens of shaly sandstone

. HVERE R W 5 ELEIVE'S
E/GPa o /MPa & /%o
n=0 5.17 49.10 11.50
n=1 2.67 28.63 12.97
n=5 1.90 21.35 10.98
n=10 1.84 18.48 9.78
n=15 1.73 16.77 9.80
n=20 1.55 15.37 9.78
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Table 2 Peak stresses of shaly sandstone

(MPa)
[ J/MPa n=0 n=1 n=5 n=10 n=15 n=20
0 49.10 28.63 21.63 18.50 16.77 15.37
2 60.33 31.38 2573 21.38 20.67 19.20
4 71.57 40.12 31.27 28.79 27.16 26.17
6 84.50 48.84 38.48 3552 34.17 33.15
8 9570 59.23 49.38 42.35 40.68 38.19
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Table 3 Cohesions and friction angles of shaly sandstone

IR #E ) ¢ MPa WEES o/(° )
n=0 10.07 45.14
n=1 6.53 36.48
n=5 5.27 33.13
n=10 4.81 30.76
n=15 4.46 30.54
n=20 4.20 29.80
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Table 4 Mesoscopic parameters of numerical model

n  E/GPa  o,/MPa 7 /MPa & kk
0 1210 255 150 195 2.1
1 9.85 12.5 100 175 35
5 8.33 9.5 80 150 3.7
10 752 8.5 20 130 45
15 7.30 7.4 19 120 46
20 710 7.2 18 110 47
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Table 5 Peak stresses of numerical model

(MPa)
/}Ij?; n=0 n=1 n=5 n=10 n=15 n=20
0 52.79 2624 2126 17.55 16.64 15.04
2 63.97 3457 29.32 2533 24.09 22.46
4 7220  43.02  36.59 30.87 29.96 28.26
6 81.00 51.12 4494 36.26 3532 3393
8 89.38 61.47 5425 41.83 40.57 39.16
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Table 6 Relative errors between tests and numerical model
Bl
/MPa

n=0 n=1 n=5 n=10 n=15 n=20

0 369 239 037 095 013 033
2 364 319 -359 395 342 326
4 -063 290 -532 208 280 ~2.09
6 350 228 646 074 -1.15 -0.78
8 632 224 487 052 011 097
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Fig 11 Initial status of specimens of shaly sandstone by PFC?®
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Fig. 12 Contact network of grains of specimens of shaly sandstone
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