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Abstract: Rockfall protection soil embankments and ditches are constructed primarily of soil, making them
relatively easy to build. Furthermore, since soil excavated from these sites can be utilized as fill material,
these embankments offer superior cost-effectiveness compared to other measures, such as retaining walls and
rockfall fences. The design of these embankments is largely based on the Handbooks for rockfall
countermeasures. This handbook describes the concept of kinetic energy from falling rocks being dissipated
by the rocks’ repeated bouncing within ditches or on the embankment slope; however, quantitative evaluations
of embankment failure remain insufficient. While it is recognized that embankment geometry must be
evaluated for resistance to impact loads and safety against ‘climbing’ or overtopping, the literature is often
limited to Ritchie’s dimension tables. Specific performance verification methods, particularly for tall slopes
where particle-based simulations are suggested, are not explicitly defined.

This study aims to propose a method for verifying the performance of rockfall protection soil embankments
and ditches. We integrated experimental investigations that used drop-weight impact tests on small-scale and
full-scale models with numerical analyses that use the discrete element method (DEM). This approach was
used to evaluate embankment damage and the post-impact behavior of falling objects. The key findings are
summarized below.

First, static and impact loading tests were conducted as part of the experimental investigation. The static
tests elucidated the fundamental deformation characteristic of soil embankment by analyzing crack formation
and the relationship between load and penetration. Impact tests further clarified the relationship between
impact velocity, weight-capture capacity, and the extent of damage. These results revealed that performance
verification must account for two distinct modes: the weight climbing the slope and the structural failure of
the embankment. Second, to validate these findings, DEM simulations were performed. The numerical
model’s validity was confirmed by comparing its results with those of separate full-scale experiments. By
optimizing the DEM parameters, we established an analytical method that accurately reproduces a falling
weight’s interaction with an embankment. Based on these results, we propose a practical survey method and

a performance verification framework for soil embankments that uses DEM-based numerical analysis.

Keywords: Rockfall protection soil embankments and ditches, Rockfall, Impact tests, Discrete element method
(DEM)
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