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Summary

This study clarified the nature of erosion and slope failure caused by the heavy rainfall on July 5" 2006 on slopes bor-
dering forest roads in Takakuma Experimental Forest, Kagoshima University. Moreover, a comparison of the types and
scale of erosion and slope failure caused by the typhoon Nabi, in September 2005, and the above heavy rainfall event
was also conducted within the study area. Characteristic results were as follows:

(1) The geological composition of the study area was shown to be of sandstone and shale base overlaid with
pyroclastic fall and pyroclastic flow deposits originating from eruptions of Ata Volcano and Aira Volcano and volcanic ash
and volcanic pumice originating from eruptions of Sakurajima Volcano. Two types of erosion and slope failure were ob-
served as a result of the heavy rainfall event: failure of the sub-base and sub-grade-bearing body of the forest road itself
as a result of groundwater between the bedrock and pyroclastic fall deposits combined with the influx of rain water, and
a shallow landslide resulting from infiltration and concentration of rain water in the surface soil on the cutting slope.

(2) Areas of slope failure and sediment yield due to slope failure within the study area were also investigated. The area
of slope failure ranged from 5 to 80 m? (average: 31 m*) and the sediment yield due to slope failure from 5 to 336 m® (av-
erage: 49 m®). A larger area was affected and more sediment yield occurred with failure of the sub-base and sub-grade-
bearing body compared with the shallow landslide.

(3) A greater number of slopes were damaged and more types of erosion and slope failure resulted from typhoon Nabi
compared to the heavy rainfall event. Moreover, when erosion and slope failure were of the same type , the scale, espe-
cially the sediment yield due to slope failure caused by typhoon Nabi was much larger than with the heavy rainfall.
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1. Introduction o
Control Department, Ministry of Land, Infrastructure and

Slope failure and debris flow following heavy rainfall caused
by a seasonal rain front occurred on Osumi peninsula in
Kagoshima Prefecture on July 5" 2006, with a daily rainfall of
253 mm and maximum hourly rate of 88 mm (Takatoge auto-
mated meteorological data acquisition system, 2006).

Considerable damage was caused to houses, engineering works

Transport, 2006), and furthermore, an evacuation recommenda-
tion was issued for all residents of Tarumizu City.

The heavy rainfall event also caused considerable damage to
the slopes bordering forest roads in Takakuma Experimental
Forest of Kagoshima University, making some of the roads com-

pletely impassable. Damage to forest roads occurred previously
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in Takakuma Experimental Forest in 1997, 2004 and 2005
(Ashihara et al., 2005; Teramoto et al., 2006).

We carried out a field investigation of the slopes bordering
these forest roads in order to clarify the nature of the erosion and
slope failure caused by the heavy rainfall event on July 5" 2006.
Moreover, a comparison of the types and scale of erosion and
slope failure caused by typhoon Nabi in September 2005
(Teramoto et al., 2006) and the heavy rainfall in July 2006 was

conducted. The results of this investigation are presented below.

2. Rainfall conditions

Fig. 1 shows the changes in hourly rainfall from July 5" to
6" 2006 recorded using an automated meteorological data acqui-
sition system (Takatoge automated meteorological data acquisi-
tion system, 2006). It began to rain on July 5" at 11 am, reaching
an hourly maximum of 88 mm between 21 and 22 o'clock. This
hourly rate was also the maximum value recorded by the acqui-
sition system since 1976. Total rainfall from July 5" to 6" was
290 mm, and the heavy rainfall continued for a comparatively

short time.

3. Study area and methods

The study area encompassed slopes both above and below
Kisyukusya forest road, Takahana forest road, Hiyamizudani
forest road, Nagatani forest road and Takeno forest road within
Takakuma Experimental Forest, situated east of Sakurajima
Volcano (Fig. 2). Ten sample slopes bordering the forest roads
and damaged by the heavy rainfall event on July 5" 2006 were
investigated (Fig. 2). To clarify the nature of erosion and slope
failure we investigated the following: type of slope failure; geo-

logical and geomorphological features; the presence of spring

water; the shape and inclination of the slopes; vegetation cover-
age; the area of slope failure; and sediment yield due to slope
failure. Sediment yield was calculated from the area and effec-
tive depth of slope failure measured in the field investigation.
The nature of erosion and slope failure caused by typhoon Nabi
on September 2005 was also investigated within the study area
(Teramoto et al., 2006).

The geological composition of the study area is sandstone and
shale overlaid with pyroclastic fall and pyroclastic flow deposits
resulting from eruptions of Ata Volcano and Aira Volcano, and
volcanic ash and volcanic pumice resulting from successive

eruptions of Sakurajima Volcano.

4. Types of erosion and slope failure

Fig. 3 shows the type of erosion and slope failure observed at
sample point No.1 in Fig. 2. Here, failure of the sub-base and
sub-grade-bearing body of the forest road itself occurred as a re-
sult of groundwater between the bedrock (sandstone and shale)
and pyroclastic fall deposits (Osumi pumice fall layer) aug-
mented by the influx of rain water. The width of slope failure
was 6 m with a slope length of 7 m and an effective depth of
slope failure of 8 m; accordingly, the area of slope failure was
42 m’ and the sediment yield due to slope failure was 336 m’.

Fig. 4 shows the type of erosion and slope failure observed at
sample point No.5 in Fig. 2. Here, a shallow landslide was re-
sulted from infiltration and concentration of rain water in the
surface soil on the cutting slope. The width of slope failure was
4 m with a slope length of 10 m and an effective depth of 0.5 m;
accordingly, the area of slope failure was 40 m’ and the sedi-
ment yield due to slope failure was 20 m’. This type of slope
failure occurred on a small scale compared to the other types ob-

served within the study area.
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Fig. 1

Changes in hourly rainfall from July 5" to 6" 2006 recorded by an automated meteorological data acquisition system.



Erosion and slope failure in Takakuma Experimental Forest, due to heavy rainfall on July 5" 2006 13

Kyusyu island

Kagoshima P.

Takakuma Experimenta

£+ 3

+ Hiyamizudani //\"
y forest road

J . B S R pIPRL

: 3 . T R . ) 7

» “'1 "%\%;idfﬁw : ‘ i’ N 3 {-',/:\ﬂ"l%zﬂ V,. T
v Sk aiqge\, e

S = PR, == ol

"l B R N i; L #y S on

%,

M’&\Mu S

e ‘\\g == {(\\%’/" ..,:/.,,f

-~ Nagatani forest ro
akahana forest road

""; Kisyukusya forest road // N

¢ 4

Y

R AN
5 'f/’/ g

DT W

® Investigated slope number

0

Fig. 2 Location of the study area.

The area of slope failure ranged from 5 to 80 m’ (average 31
m’) and the sediment yield due to slope failure from 5 to 336
m’ (average 49 m’). Moreover, 90% of the areas of slope failure
and sediment yields due to slope failure were below 50 m” and
50 m’, respectively. A larger area was affected and more sedi-
ment yield occurred as a result of failure of the sub-base and
sub-grade-bearing body of the forest road compared with the
shallow landslide.

A large amount of rain water is stored in the Osumi pumice
layer and, as a result, water conservation in the watershed cov-
ered by the Osumi pumice is very high (Jitousono, 1992).
Compared to shallow lahds]jdes, few groundwater-related slope

failures have occurred on slopes bordering the forest roads in

Takakuma Experimental Forest (Ashihara et al., 2005; Teramoto
et al., 2006). The main cause of such failure in the current study
was the heavy rainfall on July 2006 and the large amount of rain

water stored in the Osumi pumice layer.

5. Comparison of the types and scale of erosion
and slope failure resulting from typhoon Nabi in
September 2005 and the heavy rainfall event in
July 2006

Table 1 shows a comparison of the type and cause of erosion
and slope failure, the area of slope failure and sediment yield

due to slope failure resulting from typhoon Nabi in September
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Fig. 5 Changes in hourly rainfall generated by typhoon Nabi from September 4" to 6" 2005
recorded by an automated meteorological data acquisition system.

2005 (Teramoto et al., 2006) and the heavy rainfall event in July long time. Maximum hourly rainfall generated by typhoon Nabi
2006. Fig. 5 shows the changes in hourly rainfall generated by was less than that caused by heavy rainfall in July 2006.
typhoon Nabi from September 4" to 6™ 2005, recorded by the However, the total rainfall generated by typhoon Nabi was much
Takatoge automated meteorological data acquisition system greater than that caused by the heavy rainfall event (Fig. 1).

(2005). Maximum hourly rainfall was 38 mm and total rainfall A greater number of slopes were damaged and several types

was 638 mm, and comparatively heavy rainfall continued for a of erosion and slope failure occurred as a result of typhoon Nabi



Erosion and slope failure in Takakuma Experimental Forest, due to heavy rainfall on July 5* 2006 15

Table 1 Comparison of the types and cause of erosion and slope failure, the area of slope failure and sediment yield due to slope
failure as a result of typhoon Nabi in September 2005 and heavy rainfall in July 2006 within the study area.
Number of observed sample " . 2 Sediment yield due to slope failure
slope within the study area Area of slope failure (m’) (m3)
Type of erosion and | Cause of erosion and
slope failure within the | slope failure within the Range |Average| Range |Average| Range |Average| Range | Average
study area study area Sep. 2005
(Teramoto et |  Jul. 2006 Sep. 2005 Sep. 2005
al., 2006) (Teramoto et al., Jul. 2006 (Teramoto et al., Jul. 2006
2006) 2006)
Slope failure occurring
on the downhill side of 18 0 210-400| 295 - - 620-1600] 820 - -
the forest road )
Groundwater between
S the bedrock and
Deep-seated landslide in | 0. jatic fall deposits 1 0 320 | 320 | - - | 640 | 60 | - -
the natural slope .. . R
combining with an influx|
of rain water
Failure of the subbase
and subgrade bearing
body of the forest road 1 1 225 225 42 42 1125 1125 336 336
itself
Shallow landslide in the 13 9 16260 | 102 | 5-80 30 | 1018 | 78 5-40 17
cutting slope
Infiliration and
concentration of rain
water into permeable
surface soil in the slope
Shallow landslide in the 2 0 150250 200 | - - |120250| 185 - -
natural slope

compared to the heavy rainfall event. Moreover, when erosion
and slope failure were of the same type, the scale, especially the
sediment yield due to slope failure was much larger with ty-
phoon Nabi compared to the heavy rainfall event. The different
types of erosion and slope failure resulting from groundwater
between the bedrock (sandstone and shale) and pyroclastic fall
deposits (Osumi pumice fall layer) combined with the influx of
rain water caused by typhoon Nabi in September 2005 was espe-
cially notable compared to those caused by the heavy rainfall
event in July 2006.
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