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7. A Study on Prediction of Slope Failure Using Highly Accurate Tilt-Sensor.
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Abstract; Sudden failures of slope during or just after slope excavation works cause many serious
accidents which sometimes take the lives of workers. Loss of lives and property damages could be
prevented if early predictions of failure could be made. Although many instruments have been developed
to measure the movement of landslide, however, most of them are either difficult to set up or are too
expensive to use at small to medium-sized slope excavation sites. In this study, a simple and cost-
effective slope monitoring system using the tilt-sensor was developed, and the mechanism of slope failure
was also investigated.

The tilt-sensor consists of highly sensitive accelerometers, which are made up by anodic bonding of
three layers of silicon (two fixed and one movable) and glass. By measuring the output voltage, it can
measure the change in the inclination of the sensor within the range of 20 degrees with the sensitivity of
100mV/deg.

Two types of prototype model of tilt sensors; small compact type and stand-alone type were used. The
small compact prototype model comprises of small size accelerometers (10x8x5mm), which are mounted
on a small plate (22x18mm) supported by a flat longitudinal bar. Whereas the stand-alone prototype
model consists of fabricated tilt-sensors, which are rested on a thick plate (120%120mm) supported by a
large diameter (48.6mm) pipe.

The small-scale full size model slopes of River sand were prepared in the laboratory and the full-
scale model test of Kanto loam and Narita sand slopes were prepared in the field. The tilt-sensors were
set up both on the slope surface and on the top of slope. Stepwise toe excavation was then followed at
regular time interval and continuous measurement of tilt-angle was made until slope failure occurred.
By analyzing the trend of tilt-angle movement (slope movement), it was found that in all cases, at each
step of excavation, the changes in the tilt-angle were observed. The amount of change in the tilt-angle
gradually increased during the progress of the excavation and it changed rapidly just before the slope
failure. Large increment in the tilt-angle just before the slope failure showed the applicability of the tilt-
sensor for the possible early prediction of slope failure during the excavation works.
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Fig. 1 Scenario of cave-in labor accident occurred

between gravity wall and cutting slope.
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Fig. 5 Tilt-sensors for field test.
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Table 1 Performance of the sensor.
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Aﬁf Table 2 Test cases for laboratory test.
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Fig. 14 Time history of wire sensor and tilt-sensors in case F2.
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Photo 6 Sequence of slope failure in case F2.
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Fig. 14 Time history of wire sensor and tilt-sensors in case F3.
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Photo 7 Sequence of slope failure in case F3.
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Fig. 16 Time history of wire sensor and tilt-sensors in case F4.
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Photo 8 Sequence of slope failure in case F4.
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Fig. 17 Failure mechanism estimated by measurement results.
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