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Abstract: Engineering accumulation slopes, a special geomorphological unit resulting from human disturbances, are
characterized by a large slope gradient, lacking soil organic matter, and loose surface structure, which drives the
engineering accumulation body to be prone to intensive soil erosion under heavy rainfall. To explore the effect of gravel on
rainfall erosion occurring on red soil engineering accumulation slopes, a series of indoor simulated rainfall experiments were
conducted to investigate the runoff characteristics, sediment yielding processes, and erosion dynamic mechanisms of red soil
engineering accumulation slopes with different gravel mass fractions (0%, 10%, 20% , and 30% ) under different rainfall
intensities (1.0, 1.5, 2.0, and 2.5 mm/min). The results showed that; 1) the stable runoff intensity varied as a decreased

—increased tendency with gravel mass fraction increasing under the rainfall intensity higher than 1.0 mm/min, whereas it
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varied as an increased—decreased tendency under 1.0 mm/min rainfall intensity, and both reached extreme values at 10%
gravel mass fraction ( maximal value or minimal value). 2) Under 1.0 mm/min rainfall intensity, runoff flowed in the
regime of subcritical flow during the whole test. The Freund number increased by 24.5%—=87.8% because of the existence
of gravel, and the gravel promoted the runoff to flow. However, under 2.0 and 2.5 mm/min rainfall intensity, runoff flowed
in the regime of supercritical flow. The Freund number was reduced by 4.2%—13.0% because of the existence of gravel,
and the gravel slowed down the runoff flow. 3) The erosion rate variation during the rainfall test was affected by the gravel
mass fraction and rain intensity. Red soil engineering accumulation slopes became more vulnerable to rill erosion and gravity
collapse under higher rainfall intensities and lower gravel mass fractions, resulting in multi—peaks and multi—valleys in the
erosion rates.4) Under 1.0 mm/min rainfall intensity, the gravel exacerbated soil erosion with the erosion rate increasing by
28.7%—50.5%. On the contrary, the gravel retarded soil erosion with the erosion rate decreasing by 5.0%—64.4% under
rainfall intensity higher than 1.0 mm/min. 5) The stream power could serve as the optimal parameter for describing the
hydrodynamic process of the red soil engineering accumulation slopes. The values of erodibility—related parameters and the
critical stream power values ranged from large to the small corresponding with the gravel mass fraction being 10%, 0%,
20% , and 30% , respectively. The results may provide a scientific basis for soil erosion control and erosion modelling for the

red soil engineering accumulation slopes.

Key Words: engineering deposition; gravel mass fraction; runoff; erosion; red soil
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Fig.2 Variations of runoff intensities with runoff durations under different experiment conditions
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Table 1 Characteristics of runoff hydrodynamic parameters under different experiment conditions

WA TR MR ok Fit Ikt G
Gravel mass fraction/0s | unfall Intensity/ Flow velocity/ Reynolds number Froude number Runoff power/
( mon/min) (m/s) (N/(m - )

0 1.0 0.049 53.971 0.526 0.223

1.5 0.078 84.853 0.855 0.336

2.0 0.108 130.758 1.091 0.539

2.5 0.127 170.776 1.194 0.723

10 1.0 0.065 65.463 0.762 0.276

1.5 0.066 71.921 0.848 0.319

2.0 0.103 109.613 1.045 0.496

2.5 0.114 128.787 1.091 0.625

20 1.0 0.060 58.528 0.655 0.241

1.5 0.077 77.251 0.836 0.357

2.0 0.095 103.221 1.011 0.465

2.5 0.101 122.197 1.039 0.594

30 1.0 0.082 47.922 0.988 0.213

1.5 0.092 79.582 1.004 0.366

2.0 0.106 112.069 1.044 0.503

2.5 0.127 143.760 1.055 0.649

2) MBS, IS T, v R R R B 3 T K R R LA Z A R A, o i iR
il B R SR A 3SR A, 1.0 mm/min FREGR SR T, 9B T BB fR VS B 0.526—0.988 , i1 3 12 0 b 22 ik, Ik
BF R A RIS R T A8 I %) R ks, AR LG A B 3G K T 24.5%—87.8% ;2.0 mm/min 2.5 mm/min FR 3%
T, £ 0RA TER BGA AR I LA 2GR 3, B ) 95 T AR RIR I R, S B BR A R AR T AR T I T AR
AR IR 4.29%—13.0% .,

3NV RT3 B W 3 () 3G KN K, 22 8 R B R R EOC &R (P<0.01) . 1.0.1.5 mm/
min FIHESSUET , 456300 35 42 3 21 26 K B0 /N 5 By A Bk A J5 2 0 BRI M 10% . 20% 0% , 30% A1 30% ,20%
0% .10%;2.0.2.5 mm/min WSRAIF T, 2 AR DI FON K530 0.539 .0.723 N/ (m - s) , SR A 13
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Fig.4 Variations of slope erosion rates with runoff durations under different experiment conditions
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Fig.5 Variations of erosion rates with gravel mass fractions and rainfall intensities
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Table 2 Correlations between erosion rates and hydrodynamic parameters

N N e it 7K B T
(= ok . " S R FA T R = s
TX'L’EEJ_ V(Y)Y B Re) ﬁg(ﬁj K X IRl TR YififE(E)
we) (Fr) 7(7) () .
. ow Reynolds Unit energy of
Erosion locity (V) ber (Re) Froude Flow shear Runoff \ .
°1 numbper water-c. 1mn
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Fig.6 Relationships between erosion rates and erosion dynamic parameters
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