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ROCK FAILURE OF A CUT SLOPE IN THE KYUSYU
SHIMANTO GEOLOGIC BELT, JAPAN

By Hiroshi Suwa, Masashige Hirano and Kazuo OKUNISHI

Synopsis

A mountainous rock cliff collapsed on to the National heighway of Route 327 in
Miyazaki Prefecture, Japan, on 31 May 1990. Fortunately no human life was lost
owing to the previous holding up of traffic. While the creep of the slope continued
to be monitored, whole process of the failure was visually recorded. The dip of
stratum is opposite to the slope, whose rock is schalstein of Paleogene Miocene.
Covering the slope with mortar was going on after cutting the slope as improve-

ment work of the highway.

The relationship between the rupture time and the strain rate which was
obtained both from extensometers and from the visual records showed that the
creep process of the rock slope to the failure can be explained with Saito’s theory
(1968) on the tertiary creep, in which as time goes on, strain rate increases along
the curve of the Saito’s formula (1966) on secondary creep. Though the motion of
the final stage for 20 seconds just before the climax of the failure has taken a
similar process in general as the law in the Saito’s tertiary creep theory, this final
creep seemed to have slightly changed its mechanism. The creep accelerated almost
continuously, but rock fall occurred intermittently, alternating active and inactive
periods of rock fall. Its frequency had increased since early time, but the main
portion of volumetric accumulation of fallen debris had focused on the climax time
of the failure. After the climax, secondary failures of rather smaller scale continued

to occur intermittently for several hours.
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Photo 1. The slope before and aftor the failure at Yamasubaru in Miyazaki
prefecture. A : on May 8, B: on June 6. By courtesy ol Kyusyu Electric
Co. Litd. and Raito Kogw Co. Litd.
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Fig.1. A plan of the site of the rock slide.
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Photo 2. Northern part of the cut
slope. A remarkable fault
crosses the slope at the
middle point of a pipe for
an extensometer.
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Photo 3. Leading process of the rock slope to the failure. By courtesy of Raito
Kogyo Co. Litd. 1: in the afternoon May 30, 2: in the morning May
31, 3~10: a series of photos taken in about 30 seconds from 15 hrs
14 min 53 sec on May 31, 1990.
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Fig. 2. Cross sections of the cut slope along the lines No. 200 and 201 in Fig. 1.
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Photo4. A full view of the slope of the rock slide (taken on 24 July 1990)

Photo 5. The talus cone on Lh(\ foot of Lhc slope of the rock S 1dc (taken on 24

July 1990). The height of the steel construction for rock-fall protection

1s 2.26 meters.
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Fig.3. Creep displacement recorded by extensometer S-3 (see Fig.1) versus
time, and the predicted time of the failure by the graphical method of
Saito’s tertiary creep theory versus the displacement.
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Fig.4. Relationship between the observed strain rate and rupture time. Secondary
creep curve of Saito and Uezawa (1966) is drawn with a solid line and
its 95% confidence width with broken lines. A group of plots in the left-
upward area is from the extensometer S-3 and the right-downward one
is from the analysis of the visual records.
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Fig.5. Change in the reciprocal of the surface velocity of creep from the records
of the extensometer for one month. The time span T corresponds to the
time range of Fig. 6.
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Fig.6. Change in the reciprocal of the creep velocity from the records of the
extensometer for about 63 hours.
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Tablel. Comparison of the predicted time of the failure

Time before with the method with the method
the failure by Saito (1968) by Fukuzono (1985)
75 minutes 9 hours & 15 minutes after 110 minutes after
3 hours 17 hours after 3 hours & 25 minutes after
12 hours 29 hours after 16 hours & 40 minutes after
24 hours 43 hours after 26 hours & 10 minutes after
7 days 7 days & 35 hours after 7 days & 38 hours after
y %Fﬁ‘t\fg &E ‘,9 %ﬁﬁg(ff, %%O)ﬁ&&ﬁ Yamasubaru Time: from Oh.MAy 29, 1950
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Fig.7. Change in the reciprocal of
3. BkBER L LTOEBORE BT the surface velocity from the

visual record of video cam-
eras for about 20 seconds.
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Fig.8. Frequency of rock fall of the magnitude above the rank 2 (volume
larger than 0.3nf) in every 10 minutes.
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Fig.9. Change in the cumulative volume of fallen debris deciphered from the
visual records.
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Table2. Change in the volume and the rate of volumetric increase of rock fall before

the climax of the failure

Period Time Bulk Volume(m) Rate(nf/min)

from 28 April to 5 on 31 May abot 33 days
from 5 to 10 on 31 May Shours
from 10 to 15 on 31 May 5 hours

200

991

from 15 hours 00 min to 14 min 14 minutes 1872
from 14 min 00 sec to 19 sec 19 seconds 1200

0.0042

0.186

3.3
133

3789
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