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= Physical Modeling (Measurements)-Amini et al. (2018)
= Analytical (Predictions)-Amini et al. (2018)
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Rock Slope Toppling failure is one of the most common rock slope instabilities. If the
Slide-Head- Toppling Failure discontinuity failure is triggered by an external natural or artificial factor, it is
Critical Sliding Failure called a secondary toppling failure. One of the most important types of
'S-I'irgétsi%g?g'”m Method secondary toppling failure is slide-head-toppling. In this failure, in the crest
Phase 2 Software region, rock blocks experience toppling, leading to sliding failure in soil mass

due to the resulting pressures. In the case of pure flexural toppling failure at the
crest, rock blocks in the upper crest section undergo tension-induced bending
and toppling. Consequently, the underlying soil mass experiences sliding under
imposed pressures. In instances of pure block toppling failure at the crest, due
to the presence of secondary joints, the rock blocks cannot withstand tensile
stresses. As a result of the pressure exerted by the overlying blocks, they undergo toppling or sliding. Similarly, in cases
of pure block-flexural toppling failure at the crest, under the pressure resulting from the weight of the overlying blocks,
half of the blocks experience tensile-induced flexural toppling, while the remaining half separate from the secondary
joint locations, leading to block toppling. Subsequently, all blocks topple against each other, resulting in sliding within
the soil mass.
In this study, various levels of sliding are considered in a typical example, and the critical sliding surface is determined.
Using the limit equilibrium software, SLIDE software, physical models within the soil mass are analyzed as developed
by Amini et al. (2018), and the obtained results are compared with the analytical method. The outcomes from this
software exhibit a commendable concurrence with the results derived from physical modeling and analytical approach.
Additionally, using the numerical software Phase2, the slide-head-toppling failure was numerically modeled, and the
safety factor for each model was calculated. Moreover, the findings indicate that the sliding surface within block toppling
is along cross joints, and the sliding surface within flexural toppling occurs at an angle ranging between 5 to 15 degrees
with respect to the perpendicular to the stratification plane. The critical sliding surface within the soil mass initiates
approximately from the mid-height of the rock block in contact with the soil, extending to the toe of the slope.

Summary

Toppling failure is a common instability in rock slopes. When triggered by external factors, it becomes a secondary
toppling failure. Slide-head-toppling is a significant type where rock blocks at the crest topple, causing sliding in the
soil. The study analyzes different toppling failures (pure flexural, pure block, and pure block-flexural) using SLIDE
software and compares results with analytical methods. Key findings show that sliding surfaces vary based on the type
of toppling, with the critical sliding surface in the soil extending from mid-height of the rock block to the slope toe.

Introduction
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Toppling failures represent a prevalent form of instability in rock slopes, significantly influenced by both natural and
anthropogenic factors. Secondary toppling failure, a subtype of these failures, arises when an initial discontinuity failure
is triggered by external influences. Among these, slide-head-toppling failure is notably critical, characterized by the
toppling of rock blocks in the crest region, leading to sliding in the underlying soil mass.

Methodology and Approaches

The study examines various toppling failure mechanisms, including slide-head-toppling, pure flexural toppling, pure
block toppling, and block-flexural toppling, by analyzing rock block behavior under tensile stresses and resulting
pressures on the underlying soil mass. It utilizes physical models, based on Amini et al. (2018), to simulate models and
validate the approaches. The limit equilibrium software, SLIDE, is employed for computational analysis to determine
critical sliding surfaces within the soil mass. Results from SLIDE are compared with those from physical modeling and
analytical methods to ensure accuracy and reliability. Also, slide-head-toppling failure was analyzed through numerical
modeling with the Phase2 software. This approach allowed for the computation of the safety factor for each individual
model. The study focuses on identifying critical sliding surfaces for each toppling failure type, investigating the angles
and locations of these surfaces within both rock blocks and the soil mass.

Results and Conclusions
The analysis using the SLIDE software, along with comparisons to physical models and analytical methods, revealed
several key findings:

1. Sliding Surfaces:

» In block toppling failures, the sliding surface occurs along cross joints. The presence of secondary joints in the
rock blocks leads to this type of failure.

> In flexural toppling failures, the sliding surface is found at an angle ranging from 10 to 20 degrees relative to
the perpendicular to the stratification plane. This angle is critical for understanding the mechanics of flexural
toppling.

» The critical sliding surface within the soil mass begins from the mid-height of the rock block in contact with
the soil and extends to the toe of the slope. This finding is vital for predicting potential failure zones within the
slope.

2. Comparison with Analytical and Physical Models:

» The results from the SLIDE software exhibited a commendable agreement with those obtained from physical
modeling and analytical approaches. This consistency validates the reliability of the SLIDE software for
analyzing rock slope instabilities.

» The study highlights the importance of using multiple approaches to gain a comprehensive understanding of
toppling failures. By comparing different methods, the accuracy and robustness of the findings are enhanced.

3. Comparison with Analytical, Physical and Numerical Model:
»  The comparison is based on the angle of the inclined table at the moment of failure.
» The results obtained from the Limit Equilibrium method show a satisfactory agreement with the physical
modeling results conducted by Amini and colleagues (2018) and their proposed analytical method.
» Due to plane strain solution, the Finite Element software Phase2 estimates the angle of the inclined table at the
moment of failure to be lower than the analytical method, physical modeling, and Limit Equilibrium method.
4. Implications for Slope Stability:

» Understanding the different mechanisms of toppling failure is crucial for improving slope stability. By
identifying the critical sliding surfaces and the conditions under which different types of toppling occur,
engineers and geologists can develop more effective strategies for slope stabilization.

» The study emphasizes the need for assessment of rock slopes, especially in regions prone to toppling failures.

Early detection of potential failure zones can help prevent catastrophic slope failures and ensure the safety of
infrastructure and communities.
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In conclusion, this study provides a comprehensive analysis of secondary toppling failures in rock slopes. The findings
underscore the importance of accurate analysis to ensure slope stability and prevent potential failures. The insights gained
from this research can inform the development of more effective slope stabilization measures and contribute to the overall

safety and resilience of infrastructure in topography-prone regions.
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