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Abstract

In our country, due to the factors including steep terrains and weak geology, slope disasters
caused by rainfall continue to occur. Even on the road slopes consisting of natural slopes (which
may have an effect on the roads), and artificial slopes (cut and fill slopes), disasters have not been
eradicated. Because of the steep terrains, Japan has a vast number of slopes, resulting in the high
level of risk and social influence associated with the disasters. Nowadays, in the aim of securing
the strength and safety of the land, the importance of the maintenance and management of the road
slope has been recognized, and relatively thorough inspection has been performed as a method of
disaster prevention.

The maintenance and management of the vast number of slopes needs to be performed
efficiently and effectively in order to reduce the danger and social effect associated with the
occurrence of disasters. For this reason, the mode of management is shifting from the
“symptomatic treatment method (post-incident maintenance)” in which the treatment is done after
the deformation or damage is found, to the “preventative maintenance” in which the treatment is
done before the stability failure of the road slopes. The scope of the preventative maintenance has
been expanded from the disaster prevention based on the inspection results of the road slopes
selected from the documents, to include the slopes without any evident behavior of damage or
collapse. At the West Nippon Expressway Co., Ltd., all of the slopes are planned to be inspected
every five years, but due to the vast quantity, it is extremely difficult to complete the inspection
within this cycle. The preventative maintenance of the slopes requires an innovative approach.

The cause of the road slope disaster can be divided into the prime factor and the trigger, and the

soundness and inspection results at the present state is evaluated based on the prime factor and the
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damage. The prime factor includes the “weathering,” “(back) geography,” “structure (strike and
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moisture content,” “underground water level,” and the “vegetation situation.”

dip),” “geology,
Of these factors, the “geology” must be considered in terms of the cause of the road slope disasters,
and the information on the geology can be obtained from the geological map and other existing
documents. From the viewpoint of the preventative maintenance, the soundness of the road slope
without any current signs of collapse or damage needs to be grasped based on the analysis of the
geology. In addition, the degree of weathering can be grasped from the N-value, which is
commonly used as a ground index, with large amounts of existing sample data. The collapse of the
slope occurs when the sliding force exceeds the resistance, and the resisting force increases as the
N-value of the Standard Penetration Test increases. The N-value represents the quantitative
hardness of the ground, and theoretically, the ground with a higher N-value is more solid and less
likely to collapse. For this reason, the result of the Standard Penetration Test (N-value) was noted

as an index to indicate the geology and the hardness of the ground.

In this research, from the “Geological Map of the 2km Width Alongside the Expressway,” the



“Result of the Standard Penetration Test (V-value) Implemented during the Expressway Planning,”
and the “Disaster History of the Expressway Slopes,” focusing on the geology and the weathering
which are the factors primary factors of the road slope disasters, the difference in the Standard
Penetration Test results (N-value) was summarized based on the correlation between the disaster

pattern, surface geology, and the location of the disaster. In terms of the primary factors other than
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the geology and weathering; the “(back) geography,” ”structure (strike and dip),” “moisture
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content,” “underground water level,” and the “vegetation situation,” the examination of the
existing documents and the organization of the current inspection result data will be considered in
the future.

In the Chugoku Region of Japan, there are many slopes with potentially dangerous prime
factors, and considering the rising number of localized heavy rainfall, the risk of sediment
disasters is likely to increase. Since there have been several cases of severe slope disasters in the
Chugoku region becoming a serious social problem in the past few years, it is necessary to
carefully and proactively implement the preventative maintenance of the road slopes.

There have been 663 cases of slope disasters recorded on the expressway managed by the West
Nippon Expressway Co., Ltd. between 1974 through the end of March, 2012, and 44.5% (295
cases) occurred on the cut slopes, 50.8% (337 cases) on the fill slopes, and 4.7% (3 1cases) on the
natural slopes including the debris flow. In addition, the following facts were made clear; nearly
100% of the slope failures occur on the surface layer within a depth of five meters, the higher
slopes (slopes with more vertical sections) does not necessary have a higher rate of collapse, and
81.7% (241 cases) of the 295 cases of cut slope failures have traces of collapse damage on the top
level of the slope, and when combined with the cases with unknown collapse situations (20 cases),
the rate increases to 88.5% (261 cases), which shows that the majority of them have damage on the
top section of the slope and the natural slope above it. Due to the fact that majority of the slope
disasters occur on the top section of the cut slopes and the natural slope above it, it is speculated
that there is an interrelationship between the firmness of the weathered ground surface and the
occurrence of disasters.

The correlation between the expressway slope disaster areas and the surface geology was
analyzed using the “Geological Map of the 2km Width alongside the Expressway” and the
“Disaster History of the Expressway Slopes,” which were organized as technical documents of the
expressways in the Chugoku region, with the “cut slopes” and “natural slopes” as the object of the
analysis due to the significance of the effect of the geology. For the geological classification, the
ground was categorized into five groups depending on the period of formation and the major rock
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type: “(DCenozoic Era: Unconsolidated Sediment Layer,” “@Cenozoic Era: Volcanic Rock,
(Volcanic) Clastic Rock Sediment Layer,” “(3)Late Mesozoic to Early Cenozoic Era: Granite” “@
Mesozoic Era: Clastic/Volcanic Rock Sediment Layer (excluding Granites),” and “(Paleozoic

Strata (Clastic/Igneous Rock Sediment Layer)”. It was revealed that the geology in the Chugoku



region with a high probability of disaster is the sediment layer of volcanic/clastic rock comprised
mainly of green tuff from the Tertiary to Quaternary Cenozoic Era. In addition, the geology with
the disaster prone area larger than 100m® was found out to be the sediment layer of volcanic/
(volcanic) clastic rock of the Cenozoic Era, and the sediment layer of bioliths, clastic rocks, and
volcanic rocks. The area with a high concentration of these geological features is the coast of the
Sanin area and the western part of the Yamaguchi Prefecture.

From the “Result of the Standard Penetration Test (N-value) Implemented during the
Expressway Planning,” and the “Disaster History of the Expressway Slopes,” organized as
technical documents of the expressways in the Chugoku region, the characteristics of the ground
with a loose surface prone to slope failure in both the “Natural Ground with a Disaster History”
representing the area where slope disaster has occurred, and the “Natural Ground without any
Disaster History,” was analyzed based on the difference in the N-value. From the analysis result of
the expressway slope disaster tendency, since the majority of slope disasters occur on the top
section of the cut slopes and the natural slope above it, the firmness of the weathered surface layer
of the ground was examined from the depth distribution of the N-value, and the analysis was done
focusing on the difference between the area with and without a history of slope disaster.

The average N-value of each of the five geological classifications showed a tendency similar to
the log-normal distribution, and the average N-value of the “Natural Ground with a Disaster
History” was lower than the average N-value of the “Natural Ground without any Disaster
History”. The average N-value of the “Natural Ground with a Disaster History,” in terms of its
relation with the depth, is indicated by a line with a high coefficient of determination, and by
calculating the N-value of the dangers limit (NVp;, Value) from the average N-value of each depth
and the standard deviation o, the N-value at each depth of the “Natural Ground with a Disaster
History” was proved to be lower than the Np; Value in over 80% of the cases.

The Npr. Value was calculated based on the expressway slope disaster record from 1974 through
the end of March, 2012. For this reason, the Np; Value of the slope disaster areas from April, 2012
through March, 2015 was additionally obtained and its validity was verified.

This paper is comprised of six chapters. Chapters 2 through 4 explains about the “Tendency

b

Analysis of the Disasters,” mainly the regional slope disaster characteristics of the Chugoku
Region, and in Chapter 5, based on the facts from the previous chapters, the difference in the
Standard Penetration Test results of the areas where disasters have and have not occurred is
summarized as the “Analysis of the Standard Penetration Test Result (N Value)”.

The summary of each of the chapters of this research is indicated below.



Chapter1 Introduction

The object of the maintenance management of the road slopes extends from the areas selected
based on the inspection results of the locations extracted from the documentary survey, to the road
slopes that do not currently show any clear damage or behavior of collapse. In order to secure the
safety, the automated “Displacement Measurement” to observe the slopes has been introduced, in
addition to the implementation of a thorough inspection. However, due to the vast number of road
slopes, there is a necessity for an ingenious approach of screening for the objective area. In this
chapter, the current situation of the road slope management and the disaster prevention method,
and the case examples from the previous studies are organize. I addition, the problems to be solved
are extracted, and the background and objective of this research are defined.

Furthermore, the structure and outline of this paper is indicated in order to clarify the flow of

this research.

Chapter 2 Sediment Disasters in the Chugoku Region

In order to grasp the local characteristics of the Chugoku Region, the “8 General Regional
Division” used in the modern geography education, was utilized to perform the comparative
analysis. Due to the difficulty of obtaining the national data of the expressway slope disasters, the
sediment disaster data from the national erosion and sediment control handbook was used. The
“Sediment Disaster” includes the debris flow, earth fall, and landslide of the natural slopes, and the
failure of the cut and fill slopes are designated as “Slope Disasters”.

In this chapter, it is indicated that the number of sediment disasters in the Chugoku Region is
ranked fourth nationwide, and the annual rainfall amount is ranked third, both in the mid range. It
is also indicated that the number of slopes with potentially dangerous primary factors is high, from
the fact that the disaster prone area index (number of disaster prone areas/ area of the object
region) in the Chugoku Region, is considerably higher than the disaster occurrence index (number
of disasters/ area of the object region). Considering the recent rise in the number of localized
heavy rain, the risk of sediment disaster may increase in the future. Since there have been several
cases of severe slope disasters in the Chugoku region becoming a serious social problem in the
past few years, it is necessary to carefully and proactively implement the preventative maintenance

of the road slopes.

Chapter 3 Expressway Slope Disaster in the Chugoku Region

From the disaster history of the expressways in the Chugoku Region managed by the West
Nippon Expressway Co., Ltd., the disaster pattern of the road slopes was analyzed.

Rain is the cause of all of the expressway slope disasters in the Chugoku Region. There have
been 663 cases of expressway slope disasters between 1974 through the end of March, 2012, and
44.5% (295 cases) occurred on the cut slopes, 50.8% (337 cases) on the fill slopes, and 4.7%



(31cases) on the natural slopes including the debris flow. In addition, the following facts were
made clear; nearly 100% of the slope failures occur on the surface layer within a depth of five
meters, the higher slopes (slopes with more vertical sections) does not necessary have a higher rate
of collapse, and 259 out of the 295 cases (87.8%) of the cut slope failures have damage on the top
section of the slope and the natural slope above it.

Due to the fact that majority of the slope disasters occur on the top section of the cut slopes and
the natural slope above it, it is speculated that there is an interrelationship between the firmness of

the weathered ground surface and the occurrence of disasters.

Chapter 4 Expressway Slope Disaster Locations and the Surface Geology

The expressway slopes can be divided in to three groups: “Cut Slopes,” “Fill Slopes,” and
“Natural Slopes”. It is usually conceived that the embankment (slopes) consist of the same
geology as the constructed location or the area adjacent to it, but depending on the area and period
of the construction, soil from other construction areas, purchased soil, back filling of the surplus
soil from the structure excavation, and other factors make it difficult to estimate the material from
the geology of the adjacent ground. For this reason, the correlation between the expressway slope
disaster areas and the surface geology was analyzed using the “Geological Map of the 2km Width
alongside the Expressway” and the “Disaster History of the Expressway Slopes,” which were
organized as technical documents of the expressways in the Chugoku region, with the “cut slopes”
and “natural slopes™ as the object of the analysis due to the significance of the effect of the geology.
Since the area of each geological feature on the surface across the 2km width along the
expressway in the Chugoku Region differs greatly depending on the location, the disaster
occurrence index (number of disasters/ area of the object region) per unit area of the geological
distribution was used for the comparison.

The major characteristic of the surface geology along the expressway, as with the whole
Chugoku Region, is the wide distribution of granites, followed by the rhyolite and the Sangun
Metamorphic Rock. The ground in the areas where disasters have occurred was classified into five
categories depending on the period of formation and the major rock type; “(DCenozoic Era:
Unconsolidated Sediment Layer,” “(@Cenozoic Era: Volcanic Rock, (Volcanic) Clastic Rock
Sediment Layer,” “(3 Late Mesozoic to Early Cenozoic Era: Granite” “@ Mesozoic Era:
Clastic/Volcanic Rock Sediment Layer (excluding Granites),” and * (® Paleozoic Strata
(Clastic/Igneous Rock Sediment Layer)”. It was revealed that the geology in the Chugoku Region
with a high probability of disaster is the sediment layer of volcanic/clastic rock comprised mainly
of green tuff from the Tertiary to Quaternary Cenozoic Era. In addition, the geology with the
disaster prone area larger than 100m* was found out to be the sediment layer of volcanic/ (volcanic)
clastic rock of the Cenozoic Era, and the sediment layer of bioliths, clastic rocks, and volcanic

rocks. The area with a high concentration of these geological features is the coast of the Sanin area



and in the western part of the Yamaguchi Prefecture.

Chapter 5 Correlation between the Standard Penetration Test Results (/N-value) and the

Expressway Slope Disaster Locations

From the “Result of the Standard Penetration Test (N-value) Implemented during the

Expressway Planning,” and the “Disaster History of the Expressway Slopes,” organized as
technical documents of the expressways in the Chugoku region, the characteristics of the ground
with a loose surface prone to slope failure, focusing on the “Natural Ground with a Disaster
History” representing the area where slope disaster has occurred, was analyzed based on the
difference in the N-value for each of the five ground categories. Since the majority of slope
disasters occur on the top section of the cut slopes and the natural slope above it, the firmness of
the weathered surface layer of the ground was examined from the depth distribution of the N-value,
and the difference between the area with and without a history of slope disaster was analyzed. Due
to the fact that majority of the slope disasters occur on the top section of the cut slopes and the
natural slope above fit, it is speculated that there is an interrelationship between the firmness of the
weathered ground surface and the occurrence of disasters. Therefore, from the N-value which is
the result of the boring survey of the mountainside implemented before the construction, the
difference in the depth distribution of the N-value of the ground with a disaster history (area where
a disaster has occurred) and the ground without any disaster history (area where a disaster has not
occurred) was analyzed, focusing on the disaster history of the weak weathered surface of the
ground at the “top layer of the cut slope and the natural ground above it”. Since the majority of
slope disasters occur on the top section of the cut slopes and the natural slope above it, the
firmness of the weathered surface layer of the ground was examined from the depth distribution of
the N-value, and the analysis was done focusing on the difference between the area with and
without a history of slope disaster. In addition, the slope failure caused by rainfall occurs at a depth
of less than five meters in nearly all of the cases. The depth of the analysis was set at a maximum
of GL-10m, in order to grasp the tendency of the N-value at spots deeper than five meters. As for
the distribution, the central Value tends to be at the lower side, and the number decreases as the
N-value rises. In order to grasp the dispersion at high N-values and analyze the difference between
the “N-value of the Natural Ground with a Disaster History” and the “N-value of the Natural
Ground without any Disaster History,” the “Average Value” which is higher than the central Value
was used.

The average N-value of each of the five geological classifications showed a tendency similar to
the log-normal distribution, and the average N-value of the “Natural Ground with a Disaster
History” was lower than the average N-value of the “Natural Ground without any Disaster
History”. The average N-value of the “Natural Ground with a Disaster History,” in terms of its

relation with the depth, is indicated by a line with a high coefficient of determination. By



calculating the N-value of the dangers limit (NVp;, Value) from the average N-value of each depth
and the standard deviation o, the N-value at each depth of the “Natural Ground with a Disaster
History” was proved to be lower than the Np; Value in over 80% of the cases.

The Np;, Value was calculated based on the expressway slope disaster record from 1974 through
the end of March, 2012. For this reason, the Np; Value of the slope disaster areas from April, 2012
through March, 2015 was additionally obtained and its validity was verified.

Chapter 6 Conclusion

In this chapter, the result of the research is summarized. The points to consider in designing
new roads and the preventative maintenance of the road slopes without any obvious signs of
damage or collapse are proposed, in addition to defining the problems and the prospect of the
application as the “basic document for prioritizing the detailed inspection and disaster prevention
measures, and determining the frequency of the inspection as well as the feasibility of the

displacement measurement”.
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STWN5D.

F£=-5.61%, 5OICX LI-tESEEICR-5. 14 M5 E-5. 18 DfEREZF L Db DT
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@ |12.532| 8.770| 0.700 391 10.0| 5.0]117.214| 12.210| 0.709| 2,219] 14.0| 5.0
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ToIE AR (B REL S HL) 1 %, 2V A x5 & L723E GL-5.0m 32D A EE O NED 80%
L E DR (1) T, GL-5.0mZ D) NEI 84.4%7° Np BRI T 5 Z & 23487 L7z,
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