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Summary

In order to clarify the nature and scale of the damage caused by typhoon Nabi in September 2005 to the slopes bor-
dering the forest road through the Takakuma Experimental Forest at Kagoshima University, thirty five slopes bordering
the road, damaged by typhoon Nabi, were investigated. Characteristic results were as follows:

(1) The geological composition of the study area is a sandstone and shale base, overlaid with pyroclastic fall and
pyroclastic flow deposits, volcanic ash and volcanic pumice originating from eruptions of the Sakurajima Volcano.
Several types of erosion and slope failure were observed within the study area.: slope failure occurring on the downhill
side of the forest road, as a result of the combined effect of groundwater from between the bedrock and the pyroclastic
fall deposits being augmented by an influx of rain water; shallow landslide resulting from the infiltration and concentration
of rain water into surface soil in the cutting and natural slope; deep-seated landslide resulting from groundwater between
the bedrock and pyroclastic fall deposits combining with an influx of rain water; failure of the subbase and subgrade bear-
ing body of the forest road itself, as a result of groundwater between the bedrock and pyroclastic fall deposits together
with an influx of rain water; and the clogging of conduits and partial failure of the forest roads themselves, as a result of
inundation by sediments due to debris flow.

(2) Areas of slope failure and sediment yields resulting from slope failure within the study area were investigated. The
area of slope failure ranged from 16 m* to 400 m? (average 133 m?) and the sediment yield due to slope failure ranged
from 10 m® to 1,600 m® (average 223 m®). The following figures obtained in one particular area of slope failure and sedi-
ment yield were obtained slope failure occurring on the downhill side of the forest road; deep-seated landslide; and failure
of the subbase and subgrade bearing body of the forest road itself showed a big value comparing with types of other ero-

sion and slope failure within the study area.
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especially on the Osumi peninsula. Five people died in the disas-

1. Introduction ) L
ter, and considerable damage was caused to houses, engineering

The sediment-related disaster of typhoon Nabi extended over
a wide area of Kyushu, Chugoku and Shikoku from 6" to 7°
September, 2005. A total rainfall of at least 600 mm fell be-
tween 4" and 6" September, 2005 (Takatoge automated meteoro-
logical data acquisition system, 2005), resulting in slope failures

and frequent debris and mud flows in Kagoshima Prefecture,

works and the agricultural, forestry and fishing industries of
Kagoshima Prefecture, particularly in Tarumizu City. In addi-
tion, the typhoon brought traffic on the national road passing
through Tarumizu City to a complete halt owing to the large
amount of sediment, and one village was temporarily cut off
(Taniguchi et al., 2005).
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Typhoon Nabi caused considerable damage to the slopes bor-
dering the forest roads in the Takakuma Experimental Forest at
Kagoshima University. As a result, part of the road passing
through the Takakuma Experimental Forest became completely
impassable. Damage to the forest roads has occurred before in
the Takakuma Experimental Forest, in 1997 and 2004 (Ashihara
et al., 2005), but the scale of the damage caused by typhoon
Nabi was much larger than on those two previous occasions.

The authors carried out a field investigation of the slopes bor-
dering the forest road in the Takakuma Experimental Forest at
Kagoshima University in Tarumizu City in order to clarify the
nature and scale of the damage done by typhoon Nabi. The re-

sults of this investigation are presented and discussed below.

2. Rainfall generated by typhoon Nabi in the
Takakuma Experimental Forest

Rain falling from September 4" to 6" 2005, as a consequence
of typhoon Nabi, was recorded by a Takatoge automated mete-
orological data acquisition system, which revealed that the
maximum hourly rainfall was 38 mm. Furthermore, the total
rainfall reached 600 mm or more. Heavy rainfall due to typhoon
Nabi continued for a comparatively long time (Takatoge auto-

mated meteorological data acquisition system, 2005).

3. Study area and method

The study area encompassed slopes both above and below the
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Fig. 1 Location of the study area.
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forest road within the Takakuma Experimental Forest at
Kagoshima University in Tarumizu City, situated to the east of
Sakurajima Volcano (Fig. 1). Thirty five sample slopes border-
ing the forest road and damaged by typhoon Nabi were investi-
gated (Fig. 1). To clarify the nature and scale of the damage
experienced by the slopes, we investigated the following: form
of slope failure; geological and geomorphological features; pres-
ence of spring water; shape of slope; inclination of slope; vege-
tation; area of slope failure; and sediment yield due to slope
failure. The sediment yield due to slope failure was calculated

from the area and effective depth of slope failure measured in

the field investigation.

The geological composition of the study area is sandstone and
shale, overlaid with pyroclastic fall and pyroclastic flow depos-
its, volcanic ash and volcanic pumice, resulting from successive

eruptions of the Sakurajima Volcano.

4. Types of damage to the slopes bordering the for-
est roads in the Takakuma Experimental Forest

We shall now describe the types of erosion and slope failure

observed within the study area.

No.32

Fig.2 Pattern diagrams and state of erosion and slope failure observed at sample point No.32.
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Fig. 2 shows pattern diagrams and key features of the erosion
and slope failure observed at sample point No.32 in Fig. 1. This
slope failure was a slope failure occurring on the downhill side
of the forest road as a result of groundwater between the bed-
rock (sandstone and shale) and the pyroclastic fall deposits
(Osumi pumice fall layer) being augmented by an influx of rain
water. The width of the slope failure was 20 m, with a slope
length of 20 m, and an effective depth of slope failure of 4 m.
The area of slope failure was, therefore, 400 m® and the sediment
yield due to slope failure was 1,600 m’. The magnitude demon-
strated by this slope failure had the highest value of any within
the study area.

Fig. 3 shows pattern diagrams and key features of the erosion

and slope failure observed at sample point No.2 in Fig. 1. This
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slope failure was a shallow landslide resulting from the infiltra-
tion and concentration of rain water into surface soil in the cut-
ting slope. The width of slope failure was 5 m, with a slope
length of 8 m, and an effective depth of slope failure of 0.5 m.
Thus, the area of slope failure was 40 my’, and the sediment yield
due to slope failure was 20 m’. This type of slope failure was on
a small scale, when compared with others within the study area.

Fig. 4 shows pattern diagrams and key features of the erosion
and slope failure observed at sample point No.25 in Fig. 1. This
slope failure was a shallow landslide resulting from the infiltra-
tion and concentration of rain water into surface soil in the natu-
ral slope. The width of slope failure was 10 m, with a slope
length of 25 m, and an effective depth of slope failure of 1 m.

Thus, the area of slope failure was 250 m’, and the sediment

No. 2
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Fig.3 Pattern diagrams and state of erosion and slope failure observed at sample point No.2.
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yield due to slope failure was 250 m’. The magnitude of this
slope failure was relatively large, when compared with other
shallow landslides within in the study area.

Fig. 5 shows pattern diagrams and key features of the erosion
and slope failure observed at sample point No.31 in Fig. 1. This
slope failure was a deep-seated landslide resulting from ground-
water between the bedrock (sandstone and shale) and the overly-
ing pyroclastic fall deposits (Osumi pumice fall layer)

augmented by an influx of rain water. The width of slope failure

Profile

Effective depth of
slope failure 1m

was 20 m, with a slope length of 16 m, and an effective depth
of slope failure of 2 m. Thus, the area of slope failure was 320
m’, and the sediment yield due to slope failure was 640 m’.
Fig. 6 shows pattern diagrams and key features of the erosion
and slope failure observed at sample point No.10 in Fig. 1. This
slope failure was a failure of the subbase and subgrade bearing
body of the forest road itself, as a result of groundwater between
the bedrock (sandstone and shale) and the pyroclastic fall depos-

its (Osumi pumice fall layer) augmented by an influx of rain

No. 25

slope failure
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Fig.4 Pattern diagrams and state of erosion and slope failure observed at sample point No.25.
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water. The width of slope failure was 15 m, with a slope length
of 15 m, and an effective depth of slope failure of 5 m. Thus, the
area of slope failure was 225 m’, and the sediment yield due to
slope failure was 1,125 m’.

The one remaining type of forest road damage, not illustrated
above, is that due to the clogging of conduits and the partial fail-
ure of forest roads as a result of inundation by sediments due to

debris flow, as observed at sample point No.5 in Fig. 1 (Fig. 7).

Volcanic ash and

Effective depth of
slope failure 2m

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 and
Shimokawa, 1990). Compared to shallow landslides, few
groundwater-related slope failures have occurred on slopes bor-
dering the forest roads in the Takakuma Experimental Forest
(Ashihara et al., 2005). The chief cause of such failure in the

current study was the the large-scale rainfall of typhoon Nabi on

No. 31

Forest road

—

Sediment by
slope failure

Fig. 5 Pattern diagrams and state of erosion and slope failure observed at sample point No.31.
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Fig. 6 Pattern diagrams and state of erosion and slope failure observed at sample point No.10.
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Fig. 7 State of erosion and slope failure observed at sample point No.5.
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Fig. 8 Histograms showing (a) area of slope failure and (b) sediment yield due to a slope failure, within the study area.

September 2005 and the large amount of rain water stored in the
Osumi pumice layer.

Fig. 8 shows histograms of (a) area of slope failure and (b)
sediment yield due to slope failure, within the study area. The
area of slope failure ranged from 16 m’ to 400 m’ (average 133
m’). The sediment yield due to slope failure ranged from 10
m’ to 1,600 m® (average 223 m’). Seventy percent of the areas of
slope failure and the total sediment yield due to slope failure
within the study area were below 200 m’ and 300 m’, respec-

tively. The principal types of large-scale slope failure, identified

on forest roads, were slope failure occurring on the downhill
sides below forest roads as a result of groundwater between the
bedrock and pyroclastic fall deposits, augmented by an influx of
rain water, deep-seated landslide resulting from groundwater be-
tween the bedrock and pyroclastic fall deposits combining with
an influx of rain water, and failure of the subbase and subgrade
bearing body of the forest road itself, as a result of groundwater
between the bedrock and pyroclastic fall deposits together with

an influx of rain water.
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