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I Loy E A, RE&EH P E BB KRK L
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Fig.1 Experimental device diagram
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Table 1 Flow velocity along the saturated loess soil slope under different hydraulic conditions
(m's™)
Slfztre%@) Flow r;tﬁ;/i-min‘l) 3m 4m Sm 6m 7m 8m - Mean
2 0.224 0.240 0.241 0.241 0.251 0.266 0.244
5 4 0.288 0.322 0.310 0.301 0.299 0.317 0.306
8 0.325 0.338 0.332 0.355 0.356 0.370 0.345
2 0.241 0.279 0.281 0.305 0.319 0.341 0.294
10 4 0.318 0.359 0.347 0.370 0.402 0413 0.368
8 0.425 0.475 0.452 0.464 0.523 0.467
2 0411 0.402 0.419 0.471 0.526 0.485 0.452
15 4 0.407 0.454 0.500 0.522 - 0.440 0.465
8 0.497 0.496 0.516 0.577 0.619 0.624 0.555
2 0.386 0.432 0.387 0.332 0.425 0.441 0.400
20 4 0.493 0.556 0.570 0.602 0.632 0.571
8 0.553 0.582 0.752 0.801 0.741 0.686
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Table 2 Maximum rill detachment rate calculated by the

numerical method, modified numerical method,
and analytical method

' em | Bk BEREE WO
YRz Flow ratey  Numerical  Modified numerical  Analytical
Slope/(°) (L-min™) metlg)d{ 1 metlg)d{ 1 metlg)d{ 1
(kgm™-s™) (kgm™-s™) (kg'm™-s™)

2 0.043 0.044 0.046

5 4 0.235 0.234 0.184

8 0.464 0.530 0.341

2 0.087 0.080 0.085

10 4 0.234 0.173 0.176

8 0.530 0.493 0.482

2 0.470 0.350 0.307

15 4 1.320 0.801 0.721

8 2.057 1.262 1.212

2 0.761 0.433 0.400

20 4 1.509 0.819 0.712

8 3.076 1.832 1.618
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Fig.2 Relationship between maximum rill detachment rate and shear stress of water flow based on the calculation of the numerical method,
modified numerical method, and analytical method under different hydraulic conditions
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Table 3  Soil erodibility parameter and critical shear stress of the
saturated and non-saturated loess soil slopes
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1B IEBUEE
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. method
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bk 0.256 1367
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M HEHY .
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slope Analytical method
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Table 4 Soil erodibility parameter and critical shear stress of the
saturated loess and purple soil slopes

e el Vi A TR S Y YIS
Soil types Calculation method Rill erodlblhtyl Critical sheazr
yP parameter/(s-m’) stress/(N-m™)
filbTiE
o Analytical method 0.256 1.367
1 A
Loess soil ﬂ'.’ﬂ:ﬁﬁ{f.
Modified numerical 0.283 1.306
method
filbTiE
nalytical metho
ot Analytical method 0.081 1.303
= A
Purple soil ﬂ'.’ﬂ:ﬁﬁ{{‘.
Modified numerical 0.083 1.334

method
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Characteristics of soil erodibility parameter and critical shear stress on
saturated loess soil slope

Huang Yuhan'?, Yang Mengge?, Lei Tingwu*, Li Fahu'®, Wang Wei’
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. Guangxi Key Laboratory of Forest Ecology and Conservation, College of Forestry, Guangxi University, Nanning 530004, China;
3. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Soil erodibility parameter and critical shear stress are important indicators to evaluate the degree of soil erosion
sensitivity and the resistance to the shear deformation of water flow. To date, the change of soil erodibility parameter and
critical shear stress is unclear in the rill erosion process of saturated loess soil slope. In this study, the maximum rill
detachment rates of saturated loess soil slope were determined by a series of soil scouring experiments in the laboratory under
different slopes (5°, 10°, 15°, and 20°) and flow rates (2, 4, and 8 L/min). Then, the numerical, modified numerical, and
analytical approaches were utilized to calculate the soil erodibility parameters and critical shear stresses. The results showed
that the maximum rill detachment rates calculated by the three methods increased with the increase of slope and flow rate over
saturated loess soil slope, and the maximum rill detachment rates calculated by the modified numerical method were similar
with those calculated by the analytical method. The soil erodibility parameters were 0.470, 0.278, and 0.256 s/m, respectively,
and the critical shear stresses were 1.502, 1.306, and 1.367 N/m’, respectively. The modified numerical method improved the
calculation accuracy, thus the modified numerical calculation was close to the theoretical value calculated by the analytical
method. The soil erodibility parameters of saturated loess soil slope decreased by 16.83%, and the critical shear stresses
decreased by 66.97%, compared with those of non-saturated loess soil slope in the same study area. Soil saturation had no
significant effect on the soil erodibility parameters, while greatly reducing soil critical shear stress, and then leading to serious
soil erosion on loess soil slope. Besides, the critical shear stresses of the saturated loess soil slope were 6.38% larger than those
of the saturated purple soil slope, and the soil erodibility parameters of the saturated loess soil slope were 2.26 times those of
the saturated purple soil slope. These results indicated that the soil saturation had similar effects on the critical shear stress of
the two soils, while the saturated loess soil was more sensitivity on soil erosion than the saturated purple soil. These findings
can provide some references to optimize the rill erosion model parameters in different soil slopes under the condition of
saturations.

Keywords: soils; erosion,; rills; erodibility parameter; critical shear stress; saturation; maximum rill detachment rate



