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Applications of Most Frequent Slope Angle and Critical Slope Angle to
Estimation of Strength of Slope by Topographical Analysis using Digital
Elevation Model
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Applications of Most Frequent Slope Angle and Ciritical Slope Angle to Estimation of Strength of
Slope by Topographical Analysis using Digital Elevation Model

Genji NAGAMINE

Angle of shear resistance of the landslide slip surface is supposed to be able to be estimated
based on the landslide slope angle because those have strong positive relationship each other.
However, in actual practice, the angle of shear resistance of the slip surface is back calculated
by assuming the factor of safety of the landslide and estimating the cohesion from the thickness
of the landslide mass. The possible reason of this practice is considered to be that landslide
occurs not only due to slope angle but also other complex factors such as geological structure,
groundwater and vegetation. Since the geology of Japan is complicated and each site has
different conditions, estimating angle of shear resistance of the slip surface based only on the
slope angle is considered to be simplified too much. However, the slope angle can be generally
useful mean for estimation of the angle of shear resistance of the slip surface, if we understand
the characteristics of landslide slope angle for each geology and rock facies.

In this thesis, the characteristics of most frequent angle of landslide slope at several geology
and rock faces are analyzed using 50m DEM topographical analysis. Then, the thesis discusses
that those characteristics can be useful topographical index to estimate the angle of shear
resistance of the landslide slip surface. Furthermore, since the natural slope angle has unique
features reflecting its shear strength for each geology and rock facies, the steepest natural slope
angle is defined as Critical Slope Angle and its engineering applications are studied.

This thesis is composed of the following 6 chapters:

Chapter 1 shows that the most frequent angle of landslide slope is the topographical index
which can be compared to the angle of shear resistance of the landslide slip surface based on the
existing studies; and shows that the purpose of this study is to reveal the engineering
applications of the index using 50m DEM topographical analysis.

Chapter 2 shows the overview of the DEM topographical analysis and shows the methods of
the data collection and the measurement of slope angles and directions.

In Chapter 3, the engineering characteristics of the most frequent angles of landslide slopes
are revealed based on the topographical analysis on Tertiary Area at eastern Shimane Prefecture
along Japan Sea coast. The landslide slope directions are affected by the geological structures,
while the most frequent angles show almost no difference in relation to the slope directions. Each
formation has unique most frequent angle, which is smaller in upper formation. In Iwami Group,
the most frequent angles are related to the distribution of topographic slopes.

In Chapter 4, the strength characteristics of the most frequent angles of landslide slopes are
revealed by analysis on Sangun Metamorphic Rock Area in Yamaguchi Prefecture. The natural
slopes with NW-SE directions are dominant due to schist structure; however the most frequent
angles of landslide slopes are not slope direction dependent. The most frequent angles of
landslide slopes agree with the internal friction angles of the water seeped residual soil samples
estimate by direct shear tests. It shows that the most frequent angles of landslide slopes are
useful topographical index to estimate the angle of shear resistance of slip surface.

In Chapter 5, the calculation method of the Critical Slope Angle of the natural slope is defined,
and the engineering characteristics of the critical slope angles and their possible applications are
discussed based on topographical characteristics of deep weathered granite and Tertiary Area
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discussed in Chapter 3. In deep weathered Granite Area, the critical angles of slopes are similar
to the angle of shear resistance of CL class rock classified by Honshu—-Shikoku Bridge Authority
with a few degree differences due to rock facies (composing minerals) namely, Granite, Granite
Porphyry and Granodiorite. As such, the critical slope angles can be topographical index related
to the angle of shear resistance of the deep weathered granite. In Tertiary Area, the critical
slope angles have unique characteristics for each formation. They are larger in pyroclastic rocks
compare to those in sedimentary rock. In sedimentary rocks, upper the formation, the smaller
the critical slope angle. Using this characteristic, approximate shear strength estimation may be
possible by showing the critical slope angles in the legends of engineering geological map. Also
the critical slope angles can be useful index to find the unstable slope zones.
Chapter 6 is the summary of this thesis.
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