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Fig. 9. Effect of tensile pulling rate on tensile strength (under con-
trolled pressure)

movement of target points drawn on the specimen
surface, clear movement of one half of the specimen
could be observed. . :

3. Ratio of unconfined compression strength and tensile
strength obtained for different unsaturated compact-
ed specimens varied from 4.6~6.9, 6.5~10.9,
9.3~15.5 and 5.7~9.4 for silt~sand mixture,
clay ~ sand mixture, clay~silt mixture and Narita
sand, respectively. Increment in tensile strength (also
gu/q: ratio) with the increase in the percentage and
decrease in the size of finer soil particles in the soils
could also be observed.

4. Effect of number of layers of compaction (one-layer,
two-layer, three-layer and four-layer) on tensile
strength was also studied. With the increase in the
number of compaction layers, there is increase in ten-
sile strength. Hence it is suggested to prepare the un-
saturated compacted specimen by 3 to 4 layers of
compaction.

5. Effect of tensile pulling rate on tensile strength was
studied and it was found that with the increase in ten-
sile pulling rate, there is increment in tensile strength
of 0.3 kPa and 0.003 kPa per one cycle of logarithm
of pulling rate for clay ~ sand-4 and clay ~ sand-5 for
the range of 0.01 to 1.0 mm/min, showing larger in-
crement for soil having lower amount of finer parti-
cles that having larger amount.
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Prediction of Slope Failure Using Highly Accurate Tilt Sensors

Yasuo TOYOSAWA™!, Kazuya ITOH"!, Surendra B. TAMRAKAR *2 Toshiyuki MITACHI *2
Takashi KUNIMI"3, Atsushi NISHIJYOH*3 and Satomi OHKUBO *3

This paper presents the application of tilt sensors to measure the movements of a slope surface and slope

crest just before failure during excavation of the lower parts of the slope. The tilt sensors used here consisted of

highly sensitive and accurate accelerometers, which could measure tilt angles along the XY directions. Full-scale

model slopes were prepared using river sand in the laboratory; the slopes were excavated from the lower parts (toe

excavations) until slope failure occurred. A gradual increment in tilt angle during the excavation and rapid

increment just before slope failure were observed by the tilt sensors, verifying the applicability and efficiency of

using tilt sensors to predict slope movement in actual excavation sites.
Key Words: slope failure, tilt sensor, failure prediction, labor accident, physical modeling

*1 Construction Safety Research Group, National Institute of Occupational Safety and Health, Japan

*2 Faculty of Engineering, Hokkaido Uriiversity
*2 Akebono Brake Industry Co., Ltd
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