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Analysis of Causes and Reinforcement Strategies for Seepage-Induced Deformation in
Embankment Structures
Yanlun Li
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[Abstract] Seepage—induced deformation represents a critical geotechnical failure mode commonly observed
during the operational phase of embankment structures. If left unmitigated, such deformation progressively
compromises the structural integrity and foundation stability of embankments; under extreme hydraulic or
loading conditions, it may culminate in catastrophic failures—including slope instability, internal erosion, and
embankment breaching—posing significant safety and environmental risks. To ensure long—term structural
reliability and operational safety, this paper systematically examines the physical mechanisms underlying principal
seepage deformation types,critically reviews state—of—the—practice seepage control and reinforcement
methodologies, and evaluates the applicability and detection efficacy of contemporary field monitoring
techniques through case studies drawn from representative embankment projects in Xinjiang. Furthermore, the
paper delineates the conceptual design rationale, technical specifications, and implementation protocols for
integrated anti—seepage reinforcement systems. Post—construction multi—source monitoring data—including
piezometric, geophysical, and visual inspection results—demonstrate that the proposed reinforcement strategy
effectively intercepts seepage pathways, suppresses soil particle migration, and enhances overall hydraulic stability,
thereby contributing to sustainable embankment performance and risk—informed infrastructure management.
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