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5. Stability of Shotcreted Slope During the Maintenance.
by Kazuya ITOH** Yasuo TOYOSAWA** Masafumi SUZUKI*** and Naoaki SUEMASA***

Abstract; The maintenance of slope stabilization constructed during the rapid economic growth period
of Japan (1955-1973) is increasing in recent years. In that period, most of the slope stabilizations were
done by shotcrete, which can protect the slopes from water intrusion and erosion. Every year, some
accidents take place during the maintenance of such shotcreted slopes. Hence, it could be said that
such type of labor accident might increase from now onward.

In this research, at first, statistical analyses of labor accidents occurred due to the slope failure
during construction work within 14 years period from 1989 to 2002 were carried out to explore the
basic statistical characteristics of damage consequences during maintenance repairing. And some of
labor accidents caused by slope failure, which is covered with shotcrete and which is occurred at the
construction sites during the removal of old shotcrete, are examined to find the cause of failure.

Secondly, the results of geotechnical centrifuge model tests which simulated the failure are
mentioned. Especially, this paper focuses on the influences of weathered soils which exist behind the
shotcrete and the process of the removal of old shotcrete on the stability of slope by conducting a
series of centrifugal model tests. In the case of the process for smashing shotcrete from the top of the
slope to the downward direction, Slip failure of the weathered soils under separated mortar-shooting
is initiated from the top area, leading to unstable behavior of the separated mortar-shooting and the
whole slope failure occurred. On the other hands, in the case of the process for smashing shotcrete
from the toe of the slope to the upward direction, sliding of the smashed shotcrete occurred all of
sudden and smashed shotcrete and the weathered soils behind that also slid down. It is important to
consider the thickness of weathered soils behind the shotcrete for the stability of shotcrete. Finally, the
results of numerical models using the distinct element method (DEM) which simulated the centrifuge
model tests are mentioned to arching effects of particle sizes with weathered soil thickness on the
slope failure.
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Fig. 1 Annual change in newly and repair works.
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Table 1 Case history of slope failure due to shotcrete repairing.
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NIIS Mark-Il Centrifuge.
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Table 2 Main Specification of NIIS Mark-II
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Photo 3 Slope failure control system.

FEBIRIDFIRE

[N
—» {IlDZEE
/NEID 1R

JEARZE R
(6.5MPa)

LK IOVIRAT T TH

Fig. 3 System device.
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Fig. 5 Change in earth pressure sensors to the process for repairing shotcrete under 40G.
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Fig. 6 Change in settlement of slope crest to the process for repairing shotcrete under 40G.
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Fig. 7 Analytical model.
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Table 5 Used parameters for analysis.
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Fig. 8 Analytical results simulated by centrifuge model test.
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Fig. 9 Numerical simulation using small balls (4mm diameter).
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Fig. 10 Numerical simulation using small balls (2mm diameter) .
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