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Table 1 Particle size distribution of different testing soil

HFHRL 0.01~0.05

sRRyRE 0.005~0.01 4HHkE 0.001~0.005

.EPE*E?& M H>0.25 . AL AL 0.05~0.25 Coarse grain Medium powder Fine powder Hiki<0.001
Median size ds)/mm Coarse sand >0.25/% Fine sand 0.05~0.25/% 0.01~0.05/% 0.005~0.01/% 0.001~0.005/% Clay <0.001/%
0.095 0.30 64.9 22.0 2.8 32 5.8

0.04 0 36.58 48 3.84 4.73 6.85
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Table 2 Non-dimensional formulas of flow intensity indicators
KGR L AR R KRR L H AR A KRR ETC A A 5

Flow intensity ~Formula of flow intensity Non-dimensional formula of flow
indicators indicators intensity indicators

P 14 Vo=V /[m}
LoavIba] = pghS 0=7hs 1[(rs =7)ds ]
BLAL KR T P=Vs P =Vsiw
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Note :ys is the bulk density of sediment particles; y is the bulk density of water; @
is the sedimentation speed of sediment particles; J is slope descent; ds is sediment
median particle size; V" is the non-dimensional mean fiow velocity; € is the
non-dimensional shear stress; /" is the non-dimensional stream power; P" is the
non-dimensional unit stream power; W, is the non-dimensional effective stream
power; @ is the non-dimensional sediment transport capacity. Same as below.
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Fig.3 Comparison of phenomena of sediment-laden flow under different test conditions
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Table 3 Comparison of models applicability to this study
A A e RS kAR R Nt
Model Formula Slope/% Unit discharge/(m? s™') Median particle size/mm
AR T, =33 496.551-086,1.372 7-38.4 0.000 14~0.005 26 0.04~0.095 0.99 0.959
Zhang T, =1983151227,1.237 8.8~46.6 0.000 625~0.005 0.28 0.987 0.76
Wu 7, =22450914,41297 10.51~38.39 0.001 11~0.003 78 0.04 0.982 -0.878
Mahmoodabadi 7, =8590.151:97240-835 2~6 0.005 972~0.012 2 0.19~0.77 0.924 -3.174
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Overland flow sediment transport capacity calculation method based on
non-dimensional flow intensity index

Gao Chenye!, Zhang Kuandil?*, Yang Mingyi?
(1. Key Laboratory of Agricultural Soil and Water Engineering of Ministry of Education in Arid Areas, Northwest A&F University, Yangling,

712100, China; 2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling,
712100, China)

Abstract: Overland flow sediment transport capacity is one of the important parameters of soil erosion model, and it is also a
basis for accurate prediction of soil erosion. In this paper, the typical loess with two different median diameters (median size
ds0=0.095 mm, dso'=0.04 mm) in the sandy and coarse sand area was used in the simulation experiment of sediment transport
capacity in the sink. The slope gradient range was from 7% to 38.4% and the unit discharge range was 0.000 14-0.005 26 m?/s.
After unqualified analysis, the coupling relationship between the sediment transport capacity and slope gradient, unit discharge
and the flow intensity indicators (the mean flow velocity, shear stress, unit stream power, stream power, effective stream
power) were analyzed. The results showed that the sediment transport capacity exhibited an increasing trend with increased
slope gradient and unit discharge, and the sediment transport capacity had a power function relation with the slope gradient and
the unit discharge (R*=0.955). The index of slope gradient was 1.086 and the index of unit discharge was 1.372. So, the unit
discharge had more significant impact on sediment transport capacity than slope gradient. Compared with Zhang’s, Wu’s, and
Mahoodabadi’s models, Zhang’s model had a basic trial of this research , and the results of Bing Wu's model were all less than
the measured values in this study, while Mahmoodabadi’s model was the opposite. The mean flow velocity could be predicted
by a power function of slope and flow, the relation between sediment transport capacity and mean velocity was also a power
function relation ,with an index of 1.9072 (R?=0.857 3, Nash-Sutcliffe coefficient Nsz=0.879 5). Because the mean flow
velocity was affected by many factors such as hydraulic parameters and surface conditions, the relationship between mean
flow velocity and sediment transport capacity could not be optimized. For example, the index was significantly (P<0.05)
affected by the median diameter of sediments. Shear stress could be used to predict the sediment transport capacity through
power function relations and the index was 2.498 1 (R*=0.900, Nsz=0.756 1), which was not closely related to the influence of
soil particle viscosity. The stream power and effective stream power were better predictors than the shear stress, considering
the critical stream power W;=36.5. The power function relation of steam power and sediment transport capacity was the best
(R?=0.950, Ns=0.978), with an index of 0.920 8. Although the relationship between effective flow power and sediment
transport capacity was not optimal, it was still a content of further research. The unit stream power prediction model got poor
results for sediment transport capacity (R*=0.799 9, Nsz =0.839 6), which was consistent with the results of Zhang’s, Bing
Wu’s and others’ studies. So, the unit stream power could not be used as a flow intensity to predict the sediment transport
capacity. Based on the dimensionless sediment transport capacity, the formula for calculating the flow capacity of the slope
was presented. This study of the sediment transport capacity in the Loess Hilly Gully Area provided a new method for the soil
erosion prediction model. It is of great scientific significance to predict slope erosion and to reveal the sediment transport
mechanism of slope.

Keywords: soils; erosion; runoff; overland flow; sediment transport capacity; flow intensity indicators; stream power



