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Abstract. It is important to identify unstable rock blocks 1 Introduction
and take countermeasures to prevent sudden rock fall disas-
ters. However, identifying such blocks visually is extremely Rock failure is induced by many causes, e.g. rainfall, snow-
difficult, so an identification method using peculiar featuresfall, freeze-thaw, wind, earthquake, and human causes (Japan
of unstable blocks must be developed. The method reporte®oad Association, 2000). When this failure does occur, it
here uses a vibrometer, which is inexpensive and easy to opzauses severe damage. On cliffs facing roads or human habi-
erate. tations in particular, a rock failure claims human lives. So it
In order to assess the feasibility of the method, a field ex-is important to prevent a disaster caused by rock falling from
periment was carried out on rock cliffs in three regions of a rock cliff by accurately identifying unstable rock blocks
Japan where unstable blocks are likely to exist. Vibrome-on a rock cliff to monitor them and take countermeasures to
ters were set up on the cliffs to capture two types of vibrationprevent their failure. However, unstable rock blocks are usu-
waves in three dimensions, i.e., micro-tremor and reactive vi-ally identified by studying the distribution and aperture of
bration. The former type naturally exists all the time, while cracking visible on the rock cliff by a surface survey, but it is
the latter is generated only by applying stimulation waves.difficult to reliably perform such a survey visually from the
At least one of the vibrometers was installed on stable baseground surface, which means that accurately identifying un-
rock to compare the results with the wave patterns of unstablstable rock blocks is extremely difficult. Although physical
rock blocks. methods to evaluate the stability of rock blocks improve the
In addition to conventional items (amplitude, frequency current situation, they do not exist as far as the authors know.
spectrum, vibration particle trace), trace accumulation Hence we carried out a field test to develop a method
length, that is the accumulation of the trace length of a vi-of simply and precisely identifying unstable rock blocks by
brating particle for ten seconds, was introduced to analyzeneasuring vibrations of a rock cliff. This method of identify-
the patterns for both types of wave. ing unstable rock blocks is based on the idea that in contrast
As a result, unstable rock blocks were found to generateo stable rock in which surrounding cracks adhere closely and
higher amplitudes of vibration waves than stable rock blocks,are integrated with the foundation, in unstable rock blocks,
and different patterns of frequency spectrum, direction of vi-the cracks have opened and deteriorated, causing separation
bration particle trace, and trace accumulation length. Hencefrom the foundation, with the result that unstable rock vi-
vibrators were shown to be useful for identifying unstable brates more than stable rock (Fig. 1).
rock blocks. In particular, by using trace accumulation length
as an indicator, the stability of a block can be evaluated with-
out generating stimulative waves, providing a direction for2  Qutline of the measuring technology
developing a cost-effective simple method for identifying un-

stable blocks in future. To apply this measuring technology, a number of vibrome-
ters are installed on a rock cliff to measure the micro-tremors
(micro-tremors occurring at all times) of rock blocks and the
vibrations produced in reaction to stimulation vibrations, and
Correspondence tK. Fujisawa the amplitudes or wave lengths (frequencies) are compared
(fujisawa@pwri.go.jp) to evaluate the stability of the rock blocks (Landslide Re-
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Fig. 1. Image of this measuring method
Fig. 3. A rock-climber installing vibrometers.

the amplitude of the vibration, but also permits observation
of the direction of the vibration and allows the evaluation of
the instability of each measurement point accompanied by
a judgment of whether or not they are on the same block.
Fourth, trace accumulation length (cumulative length of the
trace of the vibration of a measurement point within a fixed
period of time) is obtained to represent the vibration ampli-
tude numerically based on the vibration particle trace. This
value is used to establish the priority of relative instability of
unstable blocks. Trace accumulation length is a new concept
) ) applied by this measurement technology, and is a value ob-
search Team, Erosion and Sediment Research Group, 200%4ineq by accumulating the lengths of traces moved by vibra-

At this time, the amplitude of vibrations applied to the cliff (o at the measurement points on rock during a fixed period
is not constant, so in principle, one measurement point is Segf time.

on a known stable baserock to measure its vibrations. The

vibrometers that are used can measure vibrations in three di-

mensions, and their size is approximately@8«4cm. Each 3 Fjeld test results

vibrometer is equipped with an approximately 8cm long

spike and is installed by drilling a hole in the rock, insert- 3.1 Relationship of stability and vibration properties of a
ing the spike in the hole, then fixing it in place with putty rock block

(Fig. 2). They are installed by rock climbers (Fig. 3).

The vibration that has been measured is analyzed to evalh Site A where overturning type rock failure had actually
uate the stability of rock blocks as shown in Fig. 4. First, the occurred, the relationship between the stability and vibration
vibration wave form is output and its amplitude and the way properties of rock blocks was surveyed (Asai et al., 2003,
it declines, and other characteristics are visually observed t@005). Figure 5 shows the state of the rock cliff and the lay-
judge the unstability at the measurement point. Secondlyput of the vibrometers. The rock blocks are composed of
a Fourier transformation of the vibration wave form is per- sandstone that is about 4 m high, 2.5m wide, and 1m thick,
formed to obtain the frequency spectrum. The results of theand there are open cracks on their back surfaces. During the
frequency spectrum analysis are applied to judge whether otest, the bottom of the rock block was destabilized by crush-
not measurement points are on the same rock block, based ang or the rock bloc was stabilized by pushing it towards the
characteristics such as the existence/non-existence of a dormountain to artificially vary the stability of the rock block
inant frequency, its value, etc. Third, because the vibration isand to measure the rock vibrations under each state. The vi-
measured in three dimensions, combinations of two dimenbrometers were installed at two locations at the top and bot-
sions are formed to output the vibration particle trace in a to-tom of rock block and at one point on stable rock.
tal of three directions: one horizontal direction and two ver-  Figure 6 shows the normal micro-tremors before the rock
tical directions. The vibration particle trace visually shows block was destabilized and when its stability was varied.

Fig. 2. Vibrometer shape and its installation.
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3.2 ldentifying unstable rock blocks by vibration measure-
ments
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In Site B, vibration measurements were done in order to iden-
ity unstable rock blocks (Asai, 2004). This rock ciif is at
risk of rock failure so preventive measures must be taken.
The rock cliff that is made of crystalline schist is divided into
many blocks by horizontal cracks formed by the joint faces
and vertical cracks at right angles to the horizontal cracks. It
was hypothesized that it includes many unstable rock blocks.
Figure 7 shows the state of rock cliff and the layout of the

«—— S N—>»
velocity {kme

SIO-S.Ua-?r-eOI;cit?r.o[kir?é?: 8’ measurement points. The measurements were done by in-
“«—— WE —> stalling measurement points at a total of 13 locations, includ-
ing stable rock (P-1) installed on the lower right so that the
4. Calculation of frace accumulation length major rock blocks are encompassed. The measurements were
Ratio of trace accumulation performed to measure normal micro-tremors and vibrations

fSoih foraabie ok produced by artificial vibrations applied by the passage of a

nstatie il 200 .
"% !, two-ton truck and by an oscillator.
i ' 50 The results of the measurements when vibrations were ap-
125
Stable
1.00

plied artificially by the two-ton truck are shown. Figure 8
shows the plane vibration particle trace. And Fig. 9 shows
the ratios of the trace accumulation lengths obtained from
the vibration particle traces for the other rock blocks with the
value for the stable rock block (P-1) as the reference value.

Judging from the measurement values, the stability of this
rock cliff was evaluated as shown below.

. Measurmg;nml :Vw;\a;er;
Fig. 4. Flow of analysis.

N o ) 1. P-5, P-9, and P-11 are stable, because the fluctuation of
When the rock block was destabilized, its vibrations were  hqqe yibration particle traces are small similarly to that

greater than in its previous state. Later when the rock block of the stable rock blocks (P-1) (Fig. 8). Also the ratios

was stabilized, its vibrations fell. _ _ of trace accumulation length for stable rock are low for
This demonstrates there is a correlation between the stabil-  15se blocks (Fig. 9).

ity and the vibration properties of the rock block, so that it is

possible to evaluate the stability of a rock block by analyzing 2. P-3, P-4, P-6, P-8, P-10, and P-13 are unstable, because

the state of its vibrations. the fluctuation of those vibration particle traces are large
compare to that of the stable rock blocks (P-1) (Fig. 8).
Also the ratios of trace accumulation length for stable
rock are high for those blocks (Fig. 9).
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and side surfaces, and these were unstable rock blocks com-
pletely separated from the foundation.

It can be concluded that this is an effective method of using
vibrometers to evaluate rock block stability and to identify
unstable rock blocks.

3.3 Judging the effectiveness of rock adhesion work by vi-
bration measurements

On a rock cliff in Site C, bonding material was injected into
open cracks on the unstable rock block. On this cliff, vi-
bration was measured before and after this was done in an
attempt to make a judgment of the effectiveness of this coun-
termeasure by this method (Asai, 2005). Figure 10 shows
a sketch of the rock cliff, the state of progress of the coun-
termeasure work, and locations of measurement points (P-1
to P-6). The measurements were performed once when the
countermeasure was completed to above P-5 and a second
time when it was completed to above P-2.

3. P-2, P-7, and P-12 are intermediate state (between sta-

ble and unstable), because the fluctuation of those vi-

Figure 11 shows the wave form when a vehicle passed.

bration particle traces are likely small as to that of the The first measurement showed small amplitude at P-5 where
Stable rock blocks (P_l) (F|g 8), but the ratios Of trace the countermeasure was already Completed, and the further
accumulation length for stable rock are intermediate forUp the cliff the measurement points — from P-4 to P-1 —the

those blocks (Fig. 9).

larger the amplitude. In contrast, the second measurement
shows that the amplitude at P-2 to P-4 where the counter-

And if the rock blocks are integrated, the directions of M&asure was newly taken was small as at P-5. But, at P-1

their vibrations are harmonized. Therefore, judging from the
dominant vibration direction of the vibration particle trace

where the measure was not taken, the amplitude continued to
be large.

shown in Fig. 8, at P-3, P-6, and P-8, there were unstable For the above reasons, the fluctuation of the amplitude of
rock blocks separated from the rock blocks above them. Arock vibration that was measured is in harmony with the state
detailed survey of the Site was done, confirming that at P-3of progress of the countermeasure, and its effectiveness can
P-6, and P-8, there were clearly opened cracks on the fronbe judged by measuring amplitude.
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4 Conclusions
Fig. 10. Situation at Site C.

This research obtained the following results.
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