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Abstract: [Objective] This study aims to investigate the impact of freeze-thaw action on the mechanical
properties of sandy loam soil, clarify its variation patterns under dry and wet conditions, and provide a theoretical
basis for revealing the mechanisms of freeze-thaw wind and water erosion of sandy loam soil. [ Methods] Typical
grassland sandy loam soil from the Maqu section in the upper reaches of the Yellow River was taken as the research
object. Through field sampling and laboratory freeze-thaw simulation experiments, the impact of different numbers
of freeze-thaw cycles (0~15) and initial water contents (8%~20%) on the mechanical properties of remolded soil
under dry and wet conditions after freeze-thaw action was systematically investigated. [ Results] Freeze-thaw
action slightly increased the shear strength and cohesion of wet soil, with the maximum increase in cohesion
observed at 9 freeze-thaw cycles. However, it reduced the hardness, shear strength, and cohesion of dry soil, with
the greatest decrease in hardness and cohesion also occurring at 9 freeze-thaw cycles. The higher the initial water
content, the more significantly the hardness, shear strength, and cohesion of dry soil increased, but the greater the
reduction caused by freeze-thaw action. The mechanical properties of wet soil showed no obvious change. The

internal friction angles of both dry and wet soil were not sensitive to changes in the numbers of freeze-thaw cycles
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and initial water contents, with a maximum variation within 2°. [ Conclusion] Freeze-thaw action weakens the

mechanical properties of dry soil while slightly enhancing those of wet soil. The initial water content has a

significant impact on the mechanical properties of dry soil.

Keywords: sandy loam soil; {reeze-thaw action; mechanical properties; Yellow River source; initial water content
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Fig.1 Variation of soil hardness with number of freeze-
thaw cycles and initial water content
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Fig. 2 Variation of shear strength of dry soil with number of freeze-thaw cycles
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Fig. 4 Variation of shear strength of dry soil with initial water content
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Table 2 Rate of increase in shear strength of dry soil with
initial water content under different treatment conditions
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FT-3 0.30 0.89 1.09 0.85 0.78
FT-6 1.20 1.09 1.28 1.46 1.26
FT-9 0.72 1.05 1.27 1.30 1.08
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Fig. 5 Variation of shear strength of wet soil with initial water content
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Table 3 Variation of soil cohesion under different treatment conditions
. ~ AR U K 4 AT AR RS T /kPa
WA EBIERRSK ; .
8% 12% 16% 20% T 1
FT-0 3.9241.44% 6.2+1.57" 14.54+0.92 15.72+£1.12M 10.10
FT-1 2.634+0.62" 6.31+0.62" 14.34+0.72% 13.64+0.75% 9.23
FT-3 5.55+0.69" 7.0741.5348 8.964+1.08""" 9.2240.7" 7.70
B FT-6 2.24-+0.6" 7.374+1.17" 8.87+1.61™ 15.234+0.33* 8.43
b
FT-9 3.64+0.31%" 5.234+0.47"% 6.92+1.85" 11.02+1.01* 6.70
FT-12 3.18+0.31" 7.83+0.55% 9.01+0.45" 12.07+1.15% 8.02
FT-15 4.0940.41" 7.61+0.64"% 11.5440.5% 13.31+1.92%* 9.14
- H 3.61 6.80 10.60 12.89
FT-0 1.240.5" 2.2441.04" 1.5640.16" 1.3340.59% 1.58
FT-1 2.73£0.97 2.3940.87" 2.620.64" 3.19+ 14 2.73
FT-3 2.5+0.37" 2.0440.48" 1.840.93% 2.9+1.38™ 2.31
. FT-6 4.86+0.58" 2.5740.41™" 4.6941.53 3.54+0.93 3.91
N |
FT-9 3.79+0.86™ 6.42+0.04" 4.2540.55 4.0941.28M 4.64
FT-12 2.8+1.94" 1.374£0.45" 3.39+£1.72% 3.72£0.83" 2.82
FT-15 3.1341.34M 2.66+0.62"" 3.47+1.72" 2.240.35 2.87
V- E 3.00 2.81 3.11 3.00
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Table 4 Variation of soil internal friction angle under different treatment conditions

VR il 181 45 200, VR I e 13 H R R o

AT & KA T SARN RS /(7)

ME &M HEEIR O % 2% 6% 200 -
FT-0 7.35+0.18™" 7.39+0.19™ 7.640.27" 8.49+0.11" 7.71
FT-1 7.9240.11% 9.04+0.58" 7.93+0.25M" 8.97+0.26M 8.46
FT-3 7.4740.02"" 8.0340.3' 8.61+0.25M 8.58+0.19% 8.16
- FT-6 7.4540.22%" 7.64+0.18™ 8.44-0.19" 7.94-0.09"% 7.86
FT-9 6.960.2" 8.190.09"" 8.860.54 8.24-0.62" 8.05
FT-12 7.6740.27"" 8.0740.37" 8.330.36"" 8.2540.54" 8.08
FT-15 7.3140.53"" 7.5640.544 7.3340.11% 7.3841.11% 7.40
1 7.44 7.99 8.15 8.26
FT-0 7774017 7.5540.14" 7.6940.11"" 8.07+0.27M 7.77
FT-1 7.64+0.14M 7.7840.08"" 7.8240.09" 7.6740.2" 7.73
FT-3 7.77+0.18" 7.98+0.22% 7.95+0.2" 7.840.31" 7.87
- FT-6 7.29+0.15M 7.4440.13" 7.2240.36" 7.62+0.13 7.39
FT-9 7.65+0.147 7.39+0.13% 7.5740.22°% 8.35+0.43M 7.74
FT-12 7.84+0.26M 8.16+0.13 7.77+0.28" 7.82+0.17M 7.90
FT-15 7.53+0.31™ 7.86-£0.08"" 7.89+0.17°% 8.15+0.11% 7.86
BBk 7.64 7.74 7.70 7.92
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