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Table 1 Estimated mean detachment rate and contribution of collapse calculated by shear stress and stream power

FETARIB T )5

BT RIHR I

Slop:ﬁgf dient/ ﬁ;&ﬂ% Calculation based on shear stress Calculation based on stream pgwer
& i D Dl S T O o D DI BT SR
(kgm™s™) (kgm™-s”)  Contribution of collapse effect/% (kgm™s™) (kgm™s™) Contrlbutlon of collapse effect/%
10 1.05 0.98 93.63 0.17 0.10 60.64
10 15 0.87 0.80 91.69 0.21 0.14 65.57
20 6.07 591 97.41 1.08 0.92 85.47
25 5.53 5.35 96.72 1.29 1.11 85.92
10 2.01 1.95 96.96 0.34 0.28 82.06
5 15 3.81 3.72 97.63 0.71 0.62 87.28
20 5.25 5.11 97.39 1.13 0.99 87.87
25 4.82 4.65 96.49 0.98 0.81 82.74
10 3.23 3.15 97.46 0.69 0.61 88.12
20 15 12.04 11.86 98.48 2.08 1.90 91.19
20 14.13 13.92 98.53 2.47 2.26 91.56
25 14.95 14.67 98.14 3.47 3.19 92.01
10 13.1 12.88 98.35 2.65 243 91.83
15 23.37 23.05 98.62 4.28 3.96 92.45
» 20 31.85 31.41 98.61 5.75 5.31 92.32
25 31.54 31.04 98.43 7.55 7.05 93.44
“FYIME Average 10.85 10.65 98.18 2.18 1.98 90.93

e Da M D S ACIRE (TEYHREI G W T FEKR A PRIV v SE . D, b Wi g sl r 1 ¢ o

Note: D, and D, are mean detachment rate calculated based on mean stream power and mean shear stress in experiment without collapse effect; D, is mean detachment

rate measured in concentrated flow experiment.
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Response of detachment rate of loess slope to hydrodynamic
characteristics under concentrate flow condition

Xiao Hai!, Liu Gang'?, Liu Puling***
(1. State key laboratory of Erosion and Dryland Agriculture on the Loess Plateaus, Institute of Soil and Water Conservation, Northwest A&F
University, Yangling 712100, China; 2. Institute of Soil and Water Conservation, CAS&MWR, Yangling 712100, China)

Abstract: Rill erosion caused by concentrate flow is one of the main erosion types on cultivated slope in the Loess Plateau. It
is necessary to research on the response of concentrate flow hydrodynamic characteristics for a better understanding of rill
erosion mechanism. However, the optimal runoff hydrodynamic parameter for estimating detachment rate was still ambiguous.
An indoor concentrate scouring experiment was carried out was carried out in the State Key Laboratory of Soil Erosion and
Dryland arming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of
Water Resources, China to investigate the response of runoff hydrodynamic characteristics to detachment rate under
concentrate flow condition with different inflow rates and slope gradients. Loessal soil collected from Yanan (35°21'-37°31' N
and 107°41'-110°31" E) in Shaanxi province, a kind of typical soil in the Loess Plateau, was prepared for this research. The
experiments were applied to a soil plot with 5 m long, 1 m wide and 0.5 m deep. Packing was carried out layer by layer to
attain the desired uniform bulk density (about 1.25 g/cm™) with 40 cm in depth. The bottoms of the boxes were perforated and
covered with a layer of 10 cm sand under the gauze to facilitate even drainage of percolating soil water. After packing, the soil
was watered to saturation with an electric sprayer to reduce the variability caused by packing. Four flow rate (10, 15, 20 and 25
L/min) combined with four slope gradient (10°, 15°, 20° and 25°) were designed for this research. The experiment lasted for 10
min after runoff initiation. Runoff and sediments were collected in a series of plastic containers at intervals of 1 min
throughout the 10 min. The volume of water in each container was measured, and the sediment was dried in an oven and
weighed. The flow velocity was measured by dye-tracing technique within the 1-4 m away from the bottom and the flow width
was also measured at 4 sections between 0.5-4.5 m to estimate flow depth at every minute during the experiment. The relations
between runoff hydrodynamic characteristics, including shear stress, stream power, unit stream power and unit energy of
water-carrying section, and detachment rate were analyzed. The results showed that all the mean and instantaneous runoff
hydrodynamic characteristics factors fitted the detachment rate well with different regressions equations except instantaneous
unit energy of water-carrying section. The mean runoff hydrodynamic characteristics factors were better than those of average
values for fitting with detachment rate. The optimal runoff hydrodynamic characteristics factor in our research was mean
stream power because it was of the largest determination coefficient 0.97. The curve of linear regressions of mean shear stress
and stream power with detachment rate became ascended because of collapse during the experiment process, which also led to
a negative value for corresponding critical shear stress and stream power. By comparing results with that from a published
paper that only considered the flow effect on soil surface in the same soil, the detachment rate directly estimated based on
mean stream power were more reasonable than those estimated based on mean shear stress. The collapse could account for
90.93% of the detachment rate, indicating an important role of collapse during rill development process. The results provide
valuable information for a better understand of the response of concentrate flow hydrodynamic characteristic factors to
detachment rate and its corresponding erosion mechanism.

Keywords: hydrodynamics; runoff; shear stress; concentrate flow; soil detachment rate; collapse effect
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