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Abstract: Riverbed armoring in gravel-sand rivers results from complex interactions among suspended load,
bed load, and bed material. These interactions form an unsteady process of scour, armoring, and exchange.
Traditional prediction methods simplify the physical mechanisms and ignore sediment exchange. As a result,
they have low accuracy and limited use. This study develops a new calculation method for riverbed armoring.
The method fully considers sediment exchange among suspended load, bed load, and bed material to improve
prediction. First, this study compares four widely used armoring models under different hydraulic and
sediment conditions. The comparison clarifies the limitations of these conventional models. Then, based on
sediment transport statistics and a revised mass conservation equation for the active layer, this study proposes
a new method. This method couples the exchange process of suspended load, bed load, and bed material. The
new method is tested with flume data and field data from the downstream reaches of the Danjiangkou
Reservoir and Three Gorges Reservoir. Results show that the proposed method gives much higher accuracy
than traditional methods. In natural river applications, the RMSE is 4.9%, and the MAE is 3.3%. In flume
tests, the RMSE is 5.5%, and the MAE is 2.5%. This method successfully reproduces the dynamic feedback
between flow scour and bed armoring. It also accurately simulates the grain size distribution of the armoring
layer and the scour depth. Sensitivity analysis shows that the change in active-layer thickness and a clear
definition of armoring stability are key for high-precision modeling. Based on sediment transport statistics
and active-layer mass balance, the proposed method is physically consistent and reliable for predicting
armoring evolution in gravel-sand rivers. It overcomes the main weaknesses of conventional models by
coupling multiple sediment transport patterns and dynamic bed processes. These findings deepen the
understanding of riverbed armoring and offer a useful tool for predicting channel changes after large dam
operations.
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Tab.1 Initial water and sediment conditions
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Fig.1 Calculation results by classical methods (natural rivers)
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Tab.2 Calculation accuracy of classical methods (natural rivers)
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Fig.2 Calculation results by classical methods (flume experiments)
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Tab.3 Calculation accuracy of classical methods (flume experiments)
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Fig.4 Calculation results of the method constructed in this paper
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