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Empirical Model of Rill Erosion Processes and Sediment Transport Capacity in
Alpine Soil under Freeze—Thaw Action
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Abstract: [Objective] This study aims to investigate the mechanisms by which freeze-thaw action affects rill
erosion. [ Methods] Laboratory flume scouring experiments were conducted to analyze rill sediment transport
characteristics under different combinations of flow rate (¢) and slope gradient (S) , and sediment transport
capacity factor models were constructed. [Results] 1) Freeze-thaw action increased the sediment transport
capacity of rills by up to 34.34% , with a pronounced dependence on slope gradient and flow rate. Additionally, it
shortened the critical slope length from 6.8~8.1 m to 5.3~6.4 m. 2) The sediment transport capacity maintained a
linear relationship with flow rate (T.,=Ag) both before and after freeze-thaw processes, while its relationship with
slope changed. Before freeze-thaw, it increased exponentially with slope (T.= —ae‘ *'”+4-¢), while after freeze-
thaw, it followed a power-law growth (T.=dS"). The established models, T.= — 0.041 4+0.110 1S+192.5¢
before freeze-thaw and T.,——0.039 8+0.107 7S-+213.2¢ after freeze-thaw, exhibited high accuracy (R*=0.96).
The changes in these coefficients indicated that the influence of flow rate on sediment transport capacity increased
while that of slope decreased after freeze-thaw. [ Conclusions] Overall, freeze-thaw action alters soil structure,

enhances the sediment transport capacity of rills, and modifies the slope response relationship. Model comparisons
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indicate that freeze-thaw action, soil bulk density, soil type, and experimental settings all affect the prediction

performance of the models. These findings provide important theoretical support for soil erosion prediction and

control in alpine regions.
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Table 1 Comparison of soil properties before and after freeze-thaw
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Fig. 2 Variation characteristics of sediment concentration with slope length under different slope gradients
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Table 2 Estimation of critical slope length and sediment transport capacity

Vi A T. A T,
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5 74.53 0.013 0.378 8.1 98.41 0.017 0.477 6.4
10 99.58 0.017 0.418 7.3 133.78 0.022 0.485 6.3
1 15 131.41 0.022 0.417 7.3 163.85 0.028 0.499 6.1
20 145.06 0.025 0.422 7.2 188.97 0.032 0.517 5.9
25 208.19 0.035 0.443 6.9 209.70 0.036 0.556 5.5
5 115.11 0.038 0.386 7.9 121.63 0.040 0.523 5.8
10 123.15 0.041 0.414 7.4 152.85 0.050 0.526 5.8
2 15 134.14 0.044 0.429 7.1 178.81 0.059 0.535 5.7
20 173.53 0.057 0.423 7.2 206.59 0.068 0.532 5.7
25 221.17 0.073 0.446 6.8 221.72 0.073 0.567 5.4
5 130.82 0.088 0.405 7.5 143.67 0.096 0.539 5.6
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4 15 156.48 0.106 0.465 6.5 194.96 0.131 0.558 5.5
20 193.05 0.129 0.433 7.0 221.97 0.149 0.564 5.4
25 237.58 0.159 0.435 7.0 245.93 0.165 0.576 5.3
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Table 3 Empirical equations of rill sediment transport
capacity under different slope gradients
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