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Abstract: As a key flood control area in the middle and lower reaches of the Yangtze River, the Anhui section of the Yangtze River has
strategic significance in ensuring the safety of the watershed through its embankment protection projects. This study systematically
investigates the engineering adaptability of riprap revetment technology, revealing the differentiated requirements for revetment
structures due to the geomorphological differentiation between the north and south banks of the river section, and elucidating the
multi-scale mechanical mechanism of riprap protection under the combined hydrodynamic action in the monsoon region. By
integrating digital technologies such as Beidou positioning and BIM simulation, a modern construction system of "3D geological
adaptation intelligent throwing ecological collaboration" has been constructed. Engineering practice has shown that the new grading
optimization scheme reduces the stone loss rate to below 4.7%. Innovatively proposed the Ecological Efficiency Index (EEI)
evaluation model, quantifying the annual ecological service value per unit length of riprap revetment as 280,000 yuan. The study also
found that there is a periodic mismatch between traditional rigid protective structures and the dynamic evolution of river channels.
Based on this, a digital twin driven waterfront collaborative governance framework is proposed. The research results provide
theoretical support and technical path for the ecological flood control project of the Yangtze River Economic Belt, and have important
practical value for promoting sustainable development of the basin.
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