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Response of Erosion Processes and Hydrodynamic Indicators to
Inflow Patterns on Engineering Accumulation Slopes

CHEN Yueyan', MA Baohong', LUAN Xinlong', WEI Xiaolan', WU Xu"*, NIU Yaobin'*
(1. College of Resources and Environment, Shanxi Agricultural University, Taigu, Shanzi 030801, China;
2. Soil Health Laboratory in Shanxi Province, Taiyuan 030031, China)

Abstract: [ Objective ] To reveal the effects of different inflow patterns on slope erosion, sediment yield, and their
hydrodynamic characteristics. [ Methods] Based on simulated inflow scouring experiments, two inflow patterns
(concentrated flow and sheet flow) and three flow rates (4, 8, and 12 L/min) were designed to investigate the
response mechanisms of slope erosion processes to inflow patterns. [Results] 1) Under concentrated flow and
sheet flow, the slope runoff and sediment yield processes were basically consistent. The runoff yield process
shifted abruptly and then stabilized, while the sediment yield process showed an initial rapid decline and then
diminished with fluctuations. Compared with sheet flow, the soil erosion rate under concentrated flow exhibited
stronger fluctuations, with coefficients of variation ranging from 71.49% to 111.94%. 2) The average flow
velocity on the slope under concentrated flow was significantly higher than that under sheet flow (p<Z0.05), with
differences ranging from 28.15% to 52.85%. 3) Under both concentrated flow and sheet flow, the slope flow
types were consistent, both showing the coexistence of transitional flow and turbulent flow. However, significant

differences existed in the slope flow regimes: concentrated flow showed supercritical flow, while sheet flow
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showed subcritical flow. 4) Under both inflow patterns, soil erosion rates were extremely significantly positively
correlated (»p<C0.01) with Reynolds number, resistance coefficient, runoff shear stress, stream power, and runoff
unit energy. However, the optimal hydrodynamic indicators differed: stream power (R*=0.68) for sheet flow and
runoff shear stress (R*=0.80) for concentrated flow. 5) Compared with sheet flow, the slope soil erodibility
indices (K., K,, and K.,) under concentrated flow increased by 166.67% , 81.25%, and 113.86% , respectively,
and the corresponding critical hydrodynamic thresholds (z,, w,, &) increased by 19.78%, 40.70% , and 42.11%,
respectively. [ Conclusion] Concentrated flow shows stronger turbulence and higher erosion energy, leading to
severe soil erosion. These findings help reveal the influencing mechanisms of inflow patterns on slope erosion
processes and provide a crucial theoretical basis for developing slope erosion prediction models under different
inflow patterns.

Keywords: inflow patterns; concentrated flow; sheet flow; hydrodynamic parameters; engineering accumulation

soil erosion
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Fig.1 Indoor scouring experimental apparatus
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Fig. 2 Slope runoff yield process under different inflow patterns
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Table 1 Differences in slope runoff yield under different inflow patterns
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Fig.3 Slope sediment yield process under different inflow patterns
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Fig.4 Morphological characteristics of slope erosion under different inflow patterns
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Fig. 6 Differences in runoff velocity under different inflow patterns
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Fig. 8 Runoff hydrodynamic parameters under different inflow patterns
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Fig. 9 Correlation analysis between slope runoff parameters and soil erosion rates under different inflow patterns
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Table 4 Regression analysis between soil erosion rates and hydrodynamic parameters under different inflow patterns
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