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Study on the Key Influencing Factors of the Mechanical Behavior of Tailings Materials Under Freeze-Thaw Cycles
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Abstract: The evolution law of mechanical properties of tailings materials under freeze-thaw cycles is explored to provide a
theoretical basis for the safety and stability evaluation of tailings dams. The tailings samples with different water contents were
subjected to 1, 3, 5, 7, 9 freeze-thaw tests, and triaxial shear tests were performed under confining pressure conditions of 100
kPa to 400 kPa. The test results show that with the increase of the number of freeze-thaw cycles, the macroscopic structural
deformation of the tailings increases significantly. Especially when the water content is 15 %, after 7 freeze-thaw cycles, the
pore structure of the tailings changes significantly, and the number of pores at the volume level of 0 =250 pm’ increases
significantly. In addition, it is found that increasing confining pressure can improve the elastic modulus of tailings and inhibit
the damage of tailings caused by freeze-thaw cycles. The deformation modulus of the tailings tends to be stable after 5 freeze-
thaw cycles, while the tailings samples with high water content show lower cohesion, internal friction angle and deformation
modulus.
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Table 1 Particle size gradation of the tailings

k4% /mm Lt/ %%
[0, 0.15) 19.05
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Table 2 Quality comparison of the tailings before

and after freezing and thawing

WAL MRS T GRTEUES

s T G /%
1 15 139.7 139.4 0.214
17 137.2 136.9 0.219
19 133.8 133.2 0.448

"""" 5 15 1388 138.6  0.144
17 137.7 137.6 0.073
19 134.6 134.5 0.074

"""" S5 15 1419 1400 1339
17 136.4 136.0 0.293
19 134.5 134.4 0.074

"""" 7 15 1402 1401 0071
17 138.1 137.6 0.362
19 133.5 133.2 0.224

"""" o 15 1396 1389 0501
17 136.7 135.7 0.732
19 134.8 134.4 0.297
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Fig.1 The appearance and morphology

of freeze-thaw specimens
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Fig.2 Comparison of tailings CT images

(b) BEME

before and after noise reduction
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Fig.3 Spatial distribution of tailing pores
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Table 3 Distribution of pores with different volumes in the

tailings berfore and of the freezing-thawing cycles A~

VERUCEL/ 0~250  250~500 500~750 750~1 000 >>1 000
w pm? pm? pm? pm? pm?
0 591475 71588 25 904 47 815 14 210
7 1688501 230 920 86 193 44697 21958
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Table 4 Maximum connected pore volume in tailings

before and after freezing and thawing
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Fig.4 Triaxial shear curves of unfrozen and thawed tailings
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Fig.5 Relationship between the numbers of freezing
and thawing and the bias stress under

different circumferential pressures
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Table S Cohesion and internal friction of tailings

under different times of freezing-thawing cycles

R 7S RV HEI1/kPa PR/ (D)
0 15.16 18.35
1 10.01 14.34
3 11.03 12.61
5 10.01 11.39
7 9.67 10.60
9 8.98 11.79
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Table 6 Deformation modulus of tailings under different

freezing-thawing times and circumferential pressures

U il A /MPa
WHEL/K K 100 kPa FilJE 200 kPa [ JE 300 kPa FilJE 400 kPa
0 15.33 22.01 25.35 26.69
1 14.10 19.05 22.19 23.83
3 12.64 18.63 19.20 21.16
5 10.12 17.54 18.66 20.82
7 10.22 16.93 18.69 20.11
9 9.99 15.56 18.40 19.32
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Fig.6 Changes in mechanical properties of

tailings after freeze-thaw cycle action
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