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Brief Analysis of the Failure Modes of Riverbank Slopes in the Ecologically
Fragile Area of the Upper Yellow River

Zhang Junling, Zhang Zhe, Wang Guoging, Zeng Yangyi, Ding Yunlong, Chen Huanhuan, Zhang Ding
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Abstract : The upper reaches of the Yellow River are located in the transitional zone between the Qinghai-
Tibet Plateau and the Loess Plateau, characterized by a fragile ecological environment and prominent
issues regarding the stability of riverbank slopes. Based on field investigations and interpretation of
remote sensing images, this paper systematically analyzes the main failure modes and their formation
mechanisms of riverbank slopes in certain sections of the upper Yellow River. The study reveals that
the failures of riverbank slopes in this region can be classified into four types: scour erosion, freeze—
thaw spalling, gravitational collapse, and composite failure, with freeze—thaw—hydraulic composite
failure accounting for 42.3%, representing the primary failure mode. Riverbank slope failures are
controlled by the coupling effects of multiple factors, including deeply incised valley topography,
seasonal permafrost development, storm runoff scouring, and human engineering activities. In response
to different types of riverbank slope failures, differentiated protection measures such as ecological
slope protection, gabion mattresses, and vegetation restoration are proposed, providing technical
support for the construction of ecological barriers in the upper reaches of the Yellow River.

Keywords : upper Yellow River; ecologically fragile area; riverbank slope; failure mode; freeze-thaw
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