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Synopsis

In Japan, a lot of hillslope collapses triggered by heavy rainstorm almost every year. In spite of continuous
effort to elucidate the mechanism of landslide occurrence, sufficient answers explaining why the particular position
of the hillslope collapses have not been obtained. It has been pointed out that there is a close relationship between the
landslide and underground water paths according to observations around the collapse site; i.e. outlet of soil pipes on
the scarp, clouding, stopping or spouting of spring water just before or after the landslides. However, detail of these
relationships has not been clearly understood yet, partly due to lack of an effective method to detect the water path at
the slope.

In this study, a new method to detect the underground water path positions measuring sound of ground water
flow by a sound sensor “hydrostat” was developed. As a first step, water flow through a single water pathway
installed within an isotropic model soil layer was examined by this method. And as a second step, this method was
applied to natural hillslopes and road cut slopes. Water springs from lower part of every slope were observed. As the
results, underground sound pressure above the spring was biggest than other positions. Therefore, underground water
path positions can be estimated by this new method.

As a next step, this method was applied to the collapses in natural slope and road cut slopes. Measurement
line was set up upper the scarp of collapse. And, underground sound pressure was measured at 2.0m intervals.
Underground sound pressure in collapse position was bigger than other positions. Therefore, it was clear that the
collapse position was decided by the water path position.

The non-failure position that had big underground sound was monitored. This position was collapsed by the
typhoon in 2004. As the result, there is a part which underground water daily concentrates in the slope. And, water
path position was collapsed by the groundwater that was supplied to torrential rains.
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I. Introduction explaining why the particular position of the hillslope

collapses have not been obtained. It has been pointed

In Japan, a lot of hillslope collapses triggered by
heavy rainstorm almost every year. In spite of
continuous effort to elucidate the mechanism of
landslide occurrence (Okunishi et al. 1978, Okimura et
al. 1980, Ohsaka et al. 1992), sufficient answers

out that there is a close relationship between the
landslide and underground water paths according to
observations around the collapse site; i.e. outlet of soil
pipes on the scarp, clouding, stopping or spouting of
spring water just before or after the landslides (Tada et



al. 20023. However, detail of these relationships has not
been clearly understood yet, partly due to lack of an
effective method to detect the water path at the slope.

In this study, a new method to detect the
underground water path pesitions measuring sound of
ground water flow by a sound sensor “hydrostat” was
developed. As a first step, water flow through a single
waler pathway installed within an isotropic model soil
layer was examined by this method. And, as a second
step, this method was applied to natural hillslopes and
road cut slopes. And, underground sound was compared
with water path position.

As a next siep, this method was applied to the
collapses sites in natural slope and road cut slopes.
Measurement line was set up upper the scarp of
collapse. And, underground sound pressure was
measured at 2.0m intervals. Underpround sound
pressure in collapse position was compared with other
positions, And characteristics of underground sound in
collapse position were examined. Moreover, variation
of landform that was caused by the torrential rains was
monitored. And, position of landfonn variation and
characteristics of underground sound distribution were
compared.

2. Underground sound and measuring device

In this paper, the sound generated from the
underground flow is called the underground scund. Not
only the underground flow originates but also another
noises confains the underground sound. For instance,
vibration sound of wind and siridulation sound of soil
or gravel ete, Though, the noise can be suppressed by
devising the measurement. Hereafter, it explains the
mechanism of the measuring device.

Photograph 1 showed the underground sound
measuring device. And figure | showed the measuring
method of an underground sound. This device was
developed to detect the water leak part of water pipe.
This device is calied the hydrostat in that field.

Measuring device of underground sound is
composed of pickup sensor, measurement equipment,
headphone, and recorder. The functions of each part are
as follows.

[ 11Pickup sensor; A stainless stick of ¢0.8x10cm
shown in photograph | is installed in the pickup sensor
to prevent the noise such as the winds. This is inserted
to the ground surface, and an underground sound is

Photo 1 the underground sound measuring device.
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Fig. 1 Measure the underground sound

caught.
[ 2 ] Measurement equipment; this part consist of
amplification circuit, filter circuit and level meter, The
amplification circuit amplifies the underground sound
that caught with the pickup sensor. The filter circuit
intercepts the noise such as the winds, and take out the
underground sound clearly. This function can flexibly
correspond {o various noises on the fields. The level
meter directs the sound pressure of the underground
sound. Strength of that sound can be visually judged by
this function.
[3]Headphone; the underground sound caught with the
pickup sensor is output with the amplification rate and
the frequency band.
{4]1Recorder; The underground sound output to the
headphone can be recorded,

The underground sound measuring device can
be used in the mountainous area. It is because that this
device is light (toial weight 900g) and also small.
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3.1 Method

Underground sound
distribution is examined, when
one water path exists in uniform
soil layer, The model soil layer
was shown in Figure 2, The model soil tank is 5m in
length, 2m in width, and 0.7m in depth. The soil layer
was made by the standard sand that was spread in the
tank to become dry density was 1.43g/em®. Artificial
pipe that assumed water path was set up at the center of
this model soil layer.

Artificial pipe made of the chioromethane tube of
Scm in the diameter that have 0.8mm holes become to
the density of 0.7 pieces/cm’. Water was supplied from
Qi of Figure 2, Water passed the model soil layer
drained in a point abowt 10m away from soil layer. And,
the drain sound is not transmitted to the proving ground.

Experimental conditions changed depth of the pipe
and the volumetric flow. That is, depth of the pipe is two
cases (35 and 62cm), and steady volumetric flow is six
case(50, 100, 150, 200, 250 and 300 ml/sec).
Experimental conditions were seitled in Table 1.

An underground sound was measured on ground
surface. The measurement length is 2m, and the pipe has
been buried at the center of the measurement area. The
measurement interval is 0.2m.

An underground sound pressure is  identified
according to the following procedure, First, hearing
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Fig. 3 Measurement resuits of underground sound in each depth

sound from the headphone and the value of the level
meter are carefuily observed, next, the value of the
upper limit is read. This underground sound could be
cavght well between 100-600 Hz in the result of a
prefiminary experiment. In this experiment, this
frequency band is treated as observed vatue.

3.2 Characteristics of underground sound
measuring in ground surface

Figure 3 showed the distribution of underground
sound pressure of each pipe depth. Figure 4 showed
the distribution of underground sound pressure of each
discharge. In addition, the number in each figure
showed the discharge {(mt/sec) , and the position of the
pipe is written as Om in figure. The following can be
read from figure,

{1] The underground sound pressure measured in the
ground level is the largest on the pipe. An
underground sound pressure becomes small away
from the pipe that is the sound source, {fig, 3, 4},

(2] In the case of the pipe depth is equal (Figure 3),
the underground sound becomes big when there is a
lot of flowing,




[3] in the case of the discharge from the pipe is
equal (Figure 4), the underground sound
becomes big when there is a shallow pipe.
These results give the following finding.

=
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[ 1] The underground sound pressure is strongest
on the water path. And the underground sound
pressure becomes smaller far from the water
path position.

[2] In the case of water path depth is same, the
underground sound becomes big when there is
a lot of flowing.

(3] In the case of water path flowing quantity is
same, When the depth of water path is shallow,
the peak of an underground sound pressure is
bigger.

[4] The strength of the underground sound level
transmitted to the ground surface is depend on the
balance of flowing quantity and the water path
depth,

4. Application of this technique to the natural
slope
When only one water path exists in uniform soil layer,
water path position was able to be presumed by
underground sound peak. In this section, we discuss
about the Presumption accuracy of water path position
in the natural slope that had inhomogeneous soil layer

4.1
The investigations are done in Misasa in Tottori
Prefecture, Hirusen in Okayama Prefecture, Mt. Rokko
in Hyogo Prefecture and in Kamitakara village in Gifu
The

Outline of study area

Prefecture. Study area was shown in Figure 5.
outlines of each study areas are as follows.

[1]Hirusen A (Photo2) ; Spring position in forest road
cut slope was inquired. Ground surface is covered with
the andosol of 0.5 m in thickness. And the lower soil
layer is composed of tuff breccia. There is one spring in
tuff breccia soil layer. Spring occurred in heavy rainfall
event or snow melting event. There were a few spring
walers when the investigation was executed.

(2] Hirusen B (Photo3) ; Two spring position in forest
road cut slope were inquired. Ground surface is
covered with the andosol of 1.5 m in thickness, The
lower soil layer is composed of tuff breccia. There are
two springs in road cut. One spring in andosol layer
(spring A) has a few discharge when road cut slope
were inquired. Another spring existed in tuff breccia
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Fig. 4 Measurement results of underground sound in each discharge
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Photo2  Soil exposure at the road cut in Hirusen A

soil layer. This spring B has few discharge when road
cut slope were inquired,

[3] Hirusen C (Photo4) ; One spring position in
bottom of the slope were inquired. Ground surface is



Photo 3

%
Photo 5 Cendition around the spring in Hira Valiey

covered with the andosol of 2.0 m in thickness. The
lower soil layer is composed of tuff breccia. There was
the spring in andesol. And, spring oceurred in heavy
rainfall event or snow melting event, This spring has
not discharge when slope were inquired.

[4]Misasa; One spring position in bottom of the slope
were inquired. Geological condition in this site was
granite. Spring water exists in heavy rainfall event and
snow melting event, This spring has much discharge
when slope were inquired.

(4] Mt.Rokko ; One spring position in bottom of the
slope was inguired. Geological condition in this site
was granite. Spring water exists at all seasons. This
spring had much discharge when stope were inquired.

(5] Kamitakara (Photo 5} ; Two spring position that
developed in zero order channel of colluvium were
inquired. Geological condition in this site was
porphyritic. These springs had no water in dry season,
however there was a smail amount of discharge when
inquired.

4,2 Prospecting method of water path
Water path in natural slopes were investigated
according to the following procedure.
[1] The crossline was set up in the photograph 2-5
position.

[2] The measurement point is installed on the line at

Photo4 Condition around the spring in Hirusen C

intervals of 0.5-2m.

[3] Topographic survey is executed in water path
position and measurement points .

(4] The underground sound was measured in each
measurements point. Though the measuring method
already mentioned, underground sound was
measured by the frequency between 40GHz and
1200Hz to reduce the wind effect.

[5] The underground sound distribution chart was
made from the investigation results.

4.3 Investigation results

Figure 10 shows the results of water path
investigation, The solid line in figure shows the ground
level, and white circle shows an actual spring water
point. Black circle shows the underground sound that
measured in the ground surface,

In all sites, underground sound was biggest on the
spring point. And underground sound in measurement
point has become small while going away from the
spring point. This tendency is the same in case of two
or more spring water exist.

These results in natural slope conformed to
experimental resulis. And, It is interesting that there is
a sound peak in the position where spring was not
seen (Hirusen B, C).
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Fig. 6 Measurement results of underground sound and calculation results of water path position

5.  Underground sound in collapse slope

An underground sound is inquired on the collapse
site in the natural slope and the road cut slope. The
relation between water path position and collapse
position is investigated.

5.1 Study area and examination method

10 collapses that occurred in 4 natural slopes
were investigated in Okayama prefecture. And 63
collapses that occumred in 40 roads cut slopes in
Okayama prefecture, The location of study area were
shown figure 1.

Collapse in patural slope was planting zone of
Japanese cedar and Japanese cypress. Geological
condition in all sites was pranite. Width of collapses
was from 2m between 16m, and depth was from 1m
between 3m. Geological conditions of collapses in road
cut slopes were granite, granodiorite and tuff etc.
Collapses widths were from 2m between 30m, and
depths of collapses were from 0,5m between Sm,

Water path position was estimaled from
underground sound pressure. The investigation was
done according to the following procedures.

[1] In natural slope, measurement line was installed
above 5m of scarp. In case of road cut slope,
measurement fine was installed upper Im high from
the road.

[2] Measurement points were installed at 1m or 2m

\ 3 f~fc " -1,,
[l Okavama

'Lf"

o @ Natural Slope failure
@® Road cut slope failure

Fig. 7 Study area

intervals on this measurement line.

[3] An underground sound was measured at cach
points. And, the number of point and value of
sound pressure were recorded.

[4] move to the next point

Hereafter, the last measurement point was measured

by repeating the work of 1 -6,

5.2 Correspondence of collapse position and
anderground sound distribution
It was examined that the difference of an
underground sound in collapse slope and non-collapse
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A

slope. Here. Some collapses were explained as the
example.
a. Collapse in natural slope

Photograph 6-8 showed the appearance of the
collapses in natural slope A-C. Measurement results of
underground sound were shown at figure 2 to figure 5.
The underground sounds were measured on interrupted
line in each photograph. And, collapse positions were
represenfed by gray hatch in each figure,
[1] Natural slope A (photo 6, Fig. 8)

Natural slope was catchments landform, and

had one collapse. Width of collapse was 10m, depth

R i Coltapse  Collapse Collapse Cuoflapse
was from lm fo 1.5m, Seil mass above the bedrock . A B C inl
was collapsed, These were no spring when this site was E) |
inquired. apismmer 11191 1 Trveen TN Tr—
4 sttt A

The underground sound in collapse position was TR
bigger than another positions, And, Collapse position
had 3 sound peaks. The collapse was divided into
three blocks in photograph 6. And, each blocks was
corresponding to each sound peaks.

[2} Natural slope B (photo 7, Fig. 9)

Three collapses were occurred in 14 age of

Fig. 10 Distribution of the underground sound in natural C

And all collapse had no spring.

The underground sound in collapse position was
bigger than other positions. And, collapse B and C was
divided two blecks in scarps. Comrespondingly, these

Japanese cedar forest. The geopraphical feature was
collapse had two underground sound peaks. The

catchments. Collapse A was 12m in widih, and 2.0m in .
depth. Collapse B was 16m in width, and 2.0m in depth, collapse positions and the underground sound peaks

Collapse C was 10m in width, and 1.0m in depth, All  Were adjusted even when the pond did not exist.

coliapses were occurred on the bedrock as a boundary. (31 Natural stope C (photo 8, Fig. 10)



Four collapses occurred in natural slope C. The
geopraphical feature was ridge. Collapse A was 2m in
width, and 1.0m in depth. There was one spring under
the collapse. Collapse B was 6m in width, and 1.0m in
depth, There were two springs under the collapse.
Collapse C that was collapsed the soil mass above the
bedrock was 12m in width, and 1.0m in depth. This
collapse had no spring, Collapse D was 2m in width,
and 1.9m in depth and also had no spring,

The underground sound in collapse position
was bigger than another positions. And, there were two
sound peaks in collapse B that had two springs
b. Collapse in road cuf slope

Photograph 9-11 showed the appearance of the
collapses in forest road cut slope A-C. Measurement
results of underground sound were shown from
figuration 11 to figuration 13. Collapse positions were
represented by gray hatch in each figure.

[1] RoadcutslopeA (photo 9, Fig. 11)
Two collapses occurred in ridge of forest road. Collapse
A was caused by typhoon No.23 in 2004. Collapse B
was caused by typhoon No.21 in 2004, Collapse A was
30m in width, and 5.0m in depth, One spring and wet
zone were detected in the investigation immediately
after the collapse. Collapse B was 14m in width, and
1.0m in depth. One spring was detected in the
investigation immediately after the collapse.

The underground sound in collapse A and B
were bigger than another positions. And spring and wet
zone in collapse A were comesponded with
underground sound peaks. The under ground sound
between collapse A and B was smaller than under
ground sound in collapse A and B.

[2] Road cutslope B (photo 10, Fig. 12)

Two collapses were occurred by Typhoon 21in
2004, Collapse A was 3.0m in with, and 0.5m in depth.
There was no spring in this collapse. Collapse B was
14m in width, 1.0m in depth. There was no spring in
collapse B. The underground sound in collapse A and
B were bigger than another positions.

(3] Roadcutslope C (photo 11, Fig. 13)

Four collapses and two water erosions were
occurred in planting road cut slope. Collapse C and D
was made by grating crib works. Collapse A was 2m in
width, 1.0m in depth, and had no spring. Collapse B
was 4m in width, 1.0m in depth, and also had no spring,
Collapse C was 6m in width, 1.0m in depth. Spring
water occurred in heavy rainfall event in collapse C,

Photo 9 Collapse in road cut slope A
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Fig. 11 Distribution of the underground sound in road cut
slope A

Photo 10 Collapse in road cut slope B
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Fig. 12 Distribution of the underground sound in road
cut slope B

Collapse I was 4m in width and 1.0m in depth, There
is no spring in collapse D. Water erosions occurred in
Position E and F,

Underground sound was big in cach collapse
positions and also big at position E and F that water
grosion occurred




It was examined that corespondence
distribution of underground sound and collapse
position. As the result, there was clear relation
between underground sound and collapse position.
And, the underground sound in collapse position was
bigger than another position. This phenomenon
indicated that collapses in natural slope or load cut
slope occurred at the water collect position. And,
even if the slope did not collapse in big underground
sound position, water erosion occured in that

position.

6. Manitoring of landform in underground sound
peak

Underground sound in collapse site was
measured. As the results, the collapses occurred at the
position of underground sound peak. There were a few
slopes that had not collapsed even if the underground
sounds were the same as collapsed slope. Variance of
stopes that had same sound peak in collapse position
was examined.

£1] Road cut stope C

The underground sound in road cut slope C was
measured on July 12, 2004. Photo 11 showed the slope
al that time. After measwement, Typhoon No. 21 that
approached to Totlori and Okayama area brought
heavy rainfall on September 29-30 in 2004.

Figure 14(a) showed the appearance of precipitation.
Peak of rainfall intensity was 30mm/hr, Camulative
rain precipitation was recorded 200mm.

Appearance of load cut slope C after the typhoon
was shown Photograph 12, The road cut slope was
collapsed by heavy rainfall of typhoon. Photograph 12
indicated that Collapse was occurred in left side of
grating crib works. Collapse was 30m in width, and 1.5
m in depth. This collapse position was collated with the
underground sound distribution chart (Fig, 15). The
collapse was occurred in the part that had three peaks
of underground sounds.

2] Road cut slope D

The underground sound was measured on July 12 in
2004, After measurement, Typhoon No. 23 brought
heavy rainfall in Tottori and Okayama aria on October
20-21, 2004, Figure 14(b) showed this precipitation
result. Peak of rainfall intensity was 30mm/hr,
Cumulative rain precipitation was recorded 250mm.
Photograph 13 showed the appearance of road cut stope
D before and after the typhoon approach. Cut slope was

Photo 11 Collapse in road cut slope C
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Fig. 14 Rainfall intensity and cumufative rain
precipitation

collapsed by the heavy precipitation. Collapse was 10m
in width, and 0.5m in depth. Figure 16(a) showed the
underground sound distribution that measured before
typhoon approached.

Figure 16(b) showed the position of collapses and




Photo 13 the appearance of road cut slope D before and
after the typhoon approach
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Fig. 15 Collapse position in road cut slope C

distribution of underground sound that was measured
on July 12 2004 before typhoon approached. The pale
hatch in figure showed the position where the collapse
round had already been occurred on July 12, 2004, The
dark hatch in figure showed positions in collapses and
water erosions that were occurred by typhoon 23.
Collapses occurred in big underground sound position.
The non-failure position that had big underground
sound was collapsed by the typhoon. There is a part
which underground water daily concentrates in the
slope. And, water path position was collapsed by the
groundwater that was supplied to torrential rains.

7. Conclusion

In this research, the method of detecting water path
by an underground sound was proposed. And, this
method was applied to the collapses sites in natural
slope or road cut slope. Consequently, the following
findings were obtained.

[1] The underground sound was biggest above the
water path position. This phenomenon was confirmed
in the experiment and natural slope,

[2] the underground sound in the collapses positions
was bigger than other positions. Therefore, collapse
occuired around the water path position.

[3] The non failure position that had big underground
sound was collapsed by the next typhoon, There is a
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Fig. 16 Underground sound distribution and collapse

position in road cut slope D

part which underground water concentrates drastically
in the slope. And, water path position was collapsed by
the groundwater that was supplied to torrential rains,

There were slopes that collapsed or did not collapse,
even if these slope had similar landform and geological
conditions. And, the reason cannot often be clearly
answered. But in this study, it becomes clearer that the
presence of the collapse is decided by the presence of
underground water. When the collapses are investigated,
it is necessary to note the presence of ground water,
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