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Abstract: Under certain weather conditions, avalanches can occur because of snow cover on a steep slope. Such avalanches
can reach snow fences that are arranged as countermeasures. Furthermore, traffic is completely blocked when fences collapse and
snow falls on a road. Therefore, prediction of avalanche occurrence is important, but such predictions are considered difficult. To
resolve this difficulty, this study assessed measurement of the danger degree by measuring the risk to the avalanche fence at the
time of snowfall and falling rock according to changes in the load and the impact of voltage proportional to the avalanche barrier
deformation. This measurement system has fixed sensors attached with mounting brackets to a dedicated avalanche prevention
measurement fence. It measures the pressure and vibration measurement of the snowfall at the time of avalanche or rock fall
occurrence at the main structure of the fence. Furthermore, this fence made of lumber from thinned timber is useful as a defensive
barrier countermeasure against avalanches and falling rock. It is designed to withstand a snow load of 3—5 [t / m’] during an
avalanche.
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mitigate the effects of falling stone, in addition to values such
as the falling speed of falling rock, the likely rotation speed,
the amount of jumping along the falling path, the spread in
the running direction, and the impact load. Estimates are also
based on the degree of risk related to snow removal on the

1. Introduction

In Japan, especially in snowy areas of the Hokuriku and
Tohoku districts, avalanche disasters have occurred
continually since ancient times. Such catastrophes caused ) "
many deaths and injuries in 1981, 1884, 1887, and 2005 and ~ Slope and history of weather conditions and avalanches.
2006 [1]. Currently, avalanche prevention fences and Although patrolling and security are conducted, it is dlfﬁcult
avalanche prevention forest countermeasures are arranged on  tO CaITy out patrols to ensure snow removal and security on
steep slopes that have undergone avalanches in the past and roads for all stejcp slopes and danger zones. Therefore, as an
which present high risks near major arterial roads. In addition, ~ 2valanche warning system, some method must be used to
many places on steep slopes of coastal and mountain roads in ~ d¢tect avalanche occurrence related to cutting of a wire or
our country require countermeasures against falling rock at  Strétching of a wire [2], in addition to weather data such as

limestone quarries that have used open-cut mining, crushed ~ SNOW depth, snowfall rate, temperature, and monitoring
stone mining sites, and others. The necessary strength and the ~ SYSt€ms for evaluating the avalanche risk through analysis [3].

placement of protective walls and protective fences against 1 recent years, measurement by high tech equipment using
falling rock must be estimated as accurately as possible to ~ Doppler radars speed measurement, seismography, vibration
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sensors [4] [5], and image recognition systems are also being
implemented [6].

2. New Measurement Technology Using
Measurement Fence

An avalanche detection system for road networks requires
investigation of the following matters. To prohibit the entry of
traffic vehicles by an alarm device and to signal a forced
evacuation of local residents, it is necessary to detect
avalanche occurrence reliably, even in harsh environments.
Moreover, because many related locations are steep
mountainous areas, concerns regarding on-site construction
and security problems are cumulative. Additionally, it is
difficult to secure budgets for avalanche problems. Huge
investments are necessary to secure driver safety and to secure
temporary storage facilities for evacuees when carrying out
road closure and evacuation. To address these problems,
realization of a safe and secure society that respects human life
requires a simple and inexpensive measuring system that
entails low construction expenses.

2.1. Comparison with Similar Measurement Methods

As similar observation methods used for avalanches, a
sheet-like material (MFC) obtained by processing lead titan
ate zircon ate (PZT) ceramics into a fiber shape and
sandwiched between films can be used. Correlation between
shock load and output voltage is strong, so measurements are
possible. Moreover, output differences are small even in cold
districts. Piles used for avalanche measurements used in the
report have been implemented in attempts to bond this MFC
to the interior of a polyurethane cylinder and to detect the
avalanche impact load [7]. However, when using this method,
depending on the avalanche occurrence area and location, it
is necessary to prepare at least 50—100 measurement piles
and to process data from individual measurement piles with a
logger. The greatest difficulty is expected to arise in time
series processing of large volume data and priority ordering
of risks. As shown in the fence laying situation of Fig. 1, a
measurement fence using lumber from thinned timber devised
for this research is approximately 3360 mm long x 3800 mm
wide x 3350 mm high. The equipment installation situation
shown in Figure 1(a) depicts one set of a piezo-limit sensor
and piezo vibration sensor fixed in the central part with
dedicated metal fittings in Figure 1(b). Radio communication
equipment for data transmission is arranged in the lower part
of Figure 1(c). When transmitting the measurement result, the
threshold value is set by the microcomputer from a value
obtained from destructive testing of the measurement fence
and its components. Information communication of
unnecessary sensor output voltages is not set. In addition,
because the sensor itself outputs voltage in proportion to the
magnitude of the measurement result by shock or vibration,
this sensor requires no power supply for measurements. As
communication equipment, sensors (i-SENSOR; Applied
Geology Co., Ltd.) that have been proven for outdoor

observations were used. As a data communication feature,
transmission is performed only for output voltages exceeding
a set threshold value. About one year of communication is
guaranteed considering the large capacity communication and
power consumption. An important shortcoming is the
measurement fence size and weight, but the fence is designed
to allow simplification and transportation by assembly work,
so it is useful even in mountainous areas.

(b). Radio systems set

R
'*’:\/.;

(c). Measurement fence

Figure 1. Avalanche fence for peril measurements.
2.2. Construction of Measurement Technology

To detect avalanches, one must measure the avalanche
impact and the pressure imposed directly because of snow. For
this reason, we considered that it would be desirable to install
both large "fence" and "avalanche prevention" with
inexpensive structures. Figure 2(a) shows a piezo vibration
sensor used for measuring dynamic vibration. The piezo
vibration sensor output voltage increases in proportion to the
magnitude of vibration. This sensor requires no power source
for measurement, unlike an accelerometer. Moreover, it can
generate an output by a voltage according to the vibration
itself. Because the power generation principle is simple,
maintenance-free use and convenience are important benefits.
Its structure is simple. The piezo cable (110 mm) shown in
Figure 2(b) is inserted and fixed in the center of a hollow
urethane resin (¢ 10 mm x 120 mm). The head was designed
to be a hexagonal nut shape equivalent to M24, making it
possible to use general fastening tools. Figure 2(c) presents
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details of the piezo limit sensor used for measuring static load.
The piezoelectric limit sensor shown in Figure is a piezo film
(DT-2-028k / L; Tokyo Sensor Co. Ltd.), which is fixed tightly
in a rigid glass tube using ultraviolet curing (UV) urethane
resin. After inserting the lead wire with a hole in the rubber
stopper of the packing rubber, a connector is added for
connection to the external cable. This glass tube is inserted
into the metal holder with a gap for tolerance. The holder used
for the sensor exterior can be changed to aluminum, brass, iron,
or a similar material depending on the object to be measured.
For sensors used in this test, a brass exterior was selected [8].
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(a). Piezoelectric cable vibration sensor

]

CopperBraid ~ Polyethylene Outer

\\

Stranded Center VF2 Piezoelectric Film

(b). Structure of piezoelectoric cable

85

- & )
Glass pipe  Piezoelectric film  Packing rubber L9
210

Lead ‘wire

\rass holder Washer
Urethane rubber 5

(c). Piezoelectric limit sensor

Figure 2. Characteristics structure of piezoelectric vibration sensor and
piezoelectric limit sensor.

Figure 3 presents the magnitude of the vibration of the piezo
vibration sensor and the measurement result of the output
relation. Fixing the sensor to the vibration machine and
changing the amplitude of the vibration from 0.25 to 1 mm and
recording the relation between the frequency and the sensor
output confirmed an extremely good proportional relation.
These measurement results indicate the possibility of
obtaining reliability in field tests using this sensor [9]-[11].
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Figure 3. Relationship of frequency and vibration by sensor output.

2.3. Outline of Test Method

2.3.1. Maximum Load Test

Vibration sensor

(b). Sensor setup and limit sensor bracket

Figure 4. Measurement fence and sensor bracket shape.

Figure 4 portrays the metal fence shape and the sensor
bracket. Before the mounting test, a basic characteristic test
was conducted using a hydraulic jack in the laboratory. We
used a method of loading in the opposite direction using the
retraction force of a hydraulic jack so that the measurement
fence is the same as that when installed on the slope. We
devised a test method using a test measurement fence and a
cradle like that in Figure 4(a), generated a tensile load on the
vertical fence, measured the support post deformation, the
sensor response, and the load, and compared the results. The
displacement gauge was installed to measure the amount of
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deformation of each joint part and beam. As shown in Figure
4(b), the sensor mounting bracket and the piezo-limit sensor
were inserted and fixed in the sensor holder portion, which is a
dedicated metal fitting of the center post connecting portion.
Loading force was applied in the retracting direction using the
hydraulic jack to the test the measuring fence fixed to the
frame. The relation of the piezo-limit sensor output and the
loading force and displacement was measured.

2.3.2. Maximum Impact Test

To evaluate the detection characteristics such as falling
rocks in the early stages of snowfall, the measurement fence
shown in Figure 5(a) was tested indoors. The sensor was fixed
to the metal fitting shown in Figure 5(b). Then measurements
were conducted in the state of Figure 5(c). To simulate falling
rocks, approximate measurements by impact energy were
attempted when a sandbag collided with the central part of the
measurement rail. Similarly to the static loading test, the
impact vibration at the junction detection surface at the center
of the rafter when the sand bag (weight 30 kg) is dropped from
the upper 3.5 m of the fixed test measurement fence was
measured by the acceleration sensor and the piezo vibration
sensor. The measurement performance and characteristics of
both sensors were compared and investigated.

3. Measurement Fence Performance
Evaluation Results

3.1. Result of Load Tests

.‘.“ [N, TR
L P
| =

- =

(b). Sensor installation position

(c). Falling energy test

Figure 5. Experiment of falling energy test.

40 15

35 Limit sensor output -
= = Displacement
,E os
3 o
: L i -5 o =
E A ) T T T e 5
E 20 ( L ( B
8 N N 3
L} - 05
(1 |- (2) , &
10 o
.‘;‘
5 7 LS
.('
| e | | 2
(1] 200 400 600 800 1000 1200
Time[sec]

(a) Relation displacement between limit sensor out puts:
(1) Beginning of destruction, (2) Complete destruction warning, and (3)
Complete destruction.

Limit sensor output
Loading weight

s

o

1 05

Sensor output [V]

Loading [kN]

Time[sec]

(b). Relation loading weight between limit sensor out puts:
(1) Beginning of destruction, (2) Complete destruction warning, (3)
Complete destruction.

Figure 6. Result of measurement fence for destruction test.

The measurement fence is calculated from the maximum
snowfall load of 1 [m?], which is the maximum snowfall
measured in Niigata Prefecture. From this numerical value, it
was designed and manufactured so that the maximum
allowable load is destroyed completely at a load of 50-70
[kN]. Figure 6(a) depicts the relation between displacement
and the piezo-limit sensor output. Figure 6(b) shows the
relation between applied force and the piezo-limit sensor
output. According to the test results, the beam displacement
occurred as the load increased. The first large voltage output
was recognized from the piezo-limit sensor at about 20 [kN]
near the elliptical part shown in Figure 6(a). Because the rafter
displacement at the central part at this time measures
deformation of about 10—15 mm, it is regarded as the moment
when the first destruction occurred within the design
permission in the measurement fence. Next, in the vicinity of
the ellipse (2) in the figure, the second large voltage output is
recognized when it is about 45 [kN]. At this time, the
displacement of the rafter shows deformation of about 18-20
mm. When it is about 70 [kN] near the elliptical part (3) in this
drawing, which is complete destruction, the sensor shows the
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third large output and the rafter displacement in the center
shows a large value of 30-35 [mm], and the measurement
fence is completely destroyed. The piezo limit sensor is a
structure in which a glass tube and a piezo element are
combined and inserted into a metallic protective tube. Because
the piezo element sealed in the glass tube is fixed (normal
condition), the sensor output is not measured. However, if
displacements or static loads are greater, the glass tube will be
partially damaged by the load applied to the glass tube. The
voltage is output from deformation of the piezo element
caused by the impact and the displacement of the metal fitting.
From these results, it was inferred that this sensor can notify
users of a dangerous situation for the measurement fence in
three stages in real terms. In other words, prompt attention is
necessary with the first output. Immediate danger is signaled
if the second output is detected. Furthermore, the sensor
output can be demonstrated within the numerical value of the
maximum permissible load at the time of designing the initial
measurement fence.

3.2. Results of Maximum Impact Test
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Figure 7. Comparison of impact test by accelerometer and piezo vibration
Sensor.

Results of the drop impact test shown in Figure 7 are the
results of estimation of impact energy by the piezo vibration
sensor in the figure and the three-axis accelerometer by the
mark. The left vertical axis represents the output of the
accelerometer. The right vertical axis represents the output
voltage and the approximation of the drop energy calculated
from the outputs of the accelerometer and the piezo vibration
sensor. Because the detection results of both sensors have a
proportional relation and because the relation of the sensor
output according to the magnitude of the impact vibration of
the measurement fence is shown, the impact energy of the
fall directly transmitted to the measurement fence was
measured. It is regarded as the result. From these
verifications, it is possible to detect shock vibrations such as
falling rocks using measurement fences. It is considered that
the size and frequency of falling objects such as falling rocks
can be detected using piezo vibration sensors. However, it
was judged difficult to ascertain the relation between detailed
conditions such as the number and weight of falling rocks
and the sensor output quantitatively. Future studies will
incorporate mounting tests in the field based on results of this

test and verify the falling stone impact measurement on the
slope. It is necessary to reconsider the level of the falling
stone condition that can be detected and the setting threshold
value of the piezo vibration sensor while checking the
accelerometer output and the piezo vibration sensor.

We have devised a measurement fence system that
combines both countermeasures and measurement for
unprotected steep slopes where countermeasures such as
avalanches and falling rocks are not feasible. This system can
support observation of the occurrence of avalanches and
falling rocks autonomously using effective utilization of
thinned timber and an inexpensive measurement system and
invite attention to the residents and vehicles in the vicinity.
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