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Geological characteristics, disaster mechanisms and stability analysis methods of
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Abstract: Toppling failure is a typical type of disaster associated with rock slopes. The deformation behaviors and
mechanisms underlying the evolution of rock slope toppling are complex, influenced by adverse geological
conditions and external loads. Investigating the deformation characteristics, failure modes, and disaster
mechanisms of rock slope toppling, as well as proposing methods for stability evolution, are urgent issues in slope
engineering. Approximately 220 cases of toppling slopes in China have been collected, and the regional
distribution of these cases is presented. The relationships between toppling failure and several key factors, such as

slope height, slope angle, terrain obliquity, and lithology, are thoroughly analyzed. Building on existing
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classification methods for rock slope toppling, a four-level classification method is proposed based on the
tendency relationship between the dominant discontinuity and the slope, the dominant or subordinate status of
toppling deformation, the deformation characteristics of the toppling body, and the combination of toppling strata.
The deformation behaviors and failure mechanisms of typical toppling types, including block toppling, flexural
toppling, and composite toppling, are revealed through a combination of physical model tests and numerical
simulations. Systematic presentations of stability analysis approaches, including the G&B method, equivalent
continuum method, Liu method, cantilever beam method, and composite analysis method, are provided, along
with discussions on their limitations and evolving trends. This research is expected to serve as an important
reference for theoretical studies and engineering practices related to rock slope toppling.

Key words: slope engineering; rock slopes; toppling failure; geological characteristics; toppling classification;
failure mechanism; stability analysis
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Table 1 Incomplete statistics of toppling deformation bodies of anti-dip slopes in Chinal”" 32-62]
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Table 2 Incomplete statistics of toppling deformation bodies of layered slopes in Chinal62-67]
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Fig.1 Watershed distribution of toppling deformation bodies

of rock slopes in China(incomplete data)
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Fig.2 Slope height distribution of rock slope toppling
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Fig.4 Statistical distribution of slope angle and rock dip angle
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Table 3 Classification of rock slope toppling deformation
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(a) Block toppling deformation of columnar dacite in Rumei
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(b) Geological model of block toppling for slopes
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Fig.9 An example and the corresponding geological model of

block toppling slopes
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Fig.10 Model test and numerical simulation results of block

toppling slopes
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Fig.11 Shaking table model test of slope block toppling!'%%!
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Fig.12 An example and the corresponding geological model

of flexure toppling slopes
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(c) Slope displacement cloud map
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(b) Slope failure after excavation
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Fig.16 Geomechanical model of block toppling
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Fig.18 Geomechanical model of quasi-continuum method(*”!
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Fig.21 Geomechanical model of cantilever beam method
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Fig.23 Comparisons between calculation results by quasi-continuous medium method and transfer coefficient method
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