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SUMMARY

This paper describes a method to evaluate probability of slope failures
caused by earthquakes. As a typical example the method was applied to the slope
failures occurred during the Japan's Nagano-ken Seibu Earthquake of September 14,
1984 with magnitude on Richter scale of 6.9. The volume of one of the biggest
slope failures was estimated as 36 million cubic meters at the slope of Mountain
Ontake.

In the method proposed hereby, static inertia forces in terms of equivalent
seismic accelerations to apply to each solid mass assigned to square meshes, 200
by 200 meters for surface soil was assumed. The statistic variables were assumed
as; the static inertia force, the cohesive strength of soils and the internal
friction angle of soils.

Consequently, the probability of the failure strongly depends on slope angle
in this analysis. In the examples of the three sites the highest probability of
the failure reaches upto 100 percents in the residential area, the next upto 82
percents in the middle upper altitude of Mt. Ontake, and the lowest wupto 43

percents in the non-residential area of the low altitude. The actual failures
during the earthquake were observed in the most meshes with the probability of
the failure of 20 percents or more in this analysis. Naturally, the residential

area mostly reclaimed have higher risks than other in this analsis.

INTRODUCTION

An evaluation method of slope failures taking account of probability in
earthquakes was discussed in this study. Slope failures or land slides have
observed in mountaineous areas during or after heavy rain falls and strong ground
motions. These failures are understood as geometric cycles or erosion cycles for
the long history of the earth. The phenomena are frequently observed everywhere
in mountaineous areas, and rerely bring large scale disasters, especially in
Japanese islands.

In this study a probabilistic method was atempted to evaluate the slope
failure at three sites including the failure of the slope of Mt. Ontake with the
volume of the failure of its surface soil of 36 million cubic meters occurred
during the Japan's Nagano-ken Earthquake of September 14, 1984 with magnitude on
Richter scale of 6.9.
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PROBABILISTIC ANALYSES OF SLOPE FAILURES

Probability of failure can be defined as follows,

P; = P[R(x) < S(y)]

where Pf and PJ ] represent
probability of failure, R (x) is
resistantce of soil of slope, and S(y)
is acting force during earthquakes.

The resistance of soil is assumed
as statistical variables of shearing
strengths of soil which are consisted
of cohesion and internal friction with
normal distribution in probabilistic
sense. The acting force along the
surface of the slope is assumed as a
combined force of the grarity force
and eguivalent static seismic forces,
acting on only horizontal direction,
which are evaluated from an
attenuation formula with a

logarithmically normal distribution [5].

As shown in Fig. 1.
strength function, R(x),
forcing function S(y), respectively,

R(x)= C+A+g + m-g-cos@stang

S(y)= m.gs>sinf + meascosgp

where,
cohesive strength of soil,

the resistance of soil is expressed by the
and the acting force is expressed by the

internal friction angle of siol,
gravity acceleration (9.80 m/secz),
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Fig. 1 Force and Strength for
a Unit Area of Slopes
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In convenience for the calculation, Eqg.l. can be modified as follows,

Pg = P[R(X)-m.g:sinf < S(Y)-m-gesing]

(4}

e R (%) -mege Sing= —s— e x l(—E:E*)z} (5)
g V2T *0Ox P { 2 Ox )
S(Y) ~Meqs sin@= —\/.2——1_[:3_)—'1'; e X p{%(_lzlb%i‘) } (6)
where,

Og= \/(A**g'oc)2 + ( m-g:cosf - otanq;)z

Ug= A-g«C + meg:cosfetand ~ m.g-sing

v=0 1n a
A= 1ln a.mrcosg

0ot standard deviation of cohesion
Otand® standard deviation of friction

o: standard deviation of acceleration
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Assuming the variables of the forcing function are statistically independent
to the variables of the strength function, the probability of the failure is
expressed as follows,

Pg = P[R(X) < S(¥)]
=f.m {R(X)—-m~<;-sine]>fy {S(y)—-m.g-sine}dxdy (7)

-/

+ I“’{R(x)—m-g-sine}‘rm {s(y)—mag-sine}dxdy (8)
0 X

or
{R(x) -m-glsine}fw {S(y)—m-gnsine}dxdy
0

NUMERICAL EXAMPLES

30908 7
Mt. Ontake

The Japan's Nagano-ken
Seibu Earthquake occurred
in Nagano prefecture in
central part of Japan. The
epicenter is located at the
location of N 35°39.3' and
E 137°33.6', as shown in
Fig. 2. It brought much
damage such as 29 dead, 10
injury,14 houses destroyed,
73 houses partially
destroyed, 517 houses
partially damaged and many
slope failures including
the slope failure of 36 m
million cubic meters at the %%S@ﬁ}étki, IS\ X
slope of Mt. Ontake as . = B T
shown in Fig.3. The Legend R.A. t Residential Area
material loss was estimated Fig. 2 EPiCEntEr of the Japan‘s Nagano-ken
as 24.6 billion yen. The Seibe Earthquake and the Severe Area
geograhical and geological . -
conditions of the site, 8
km in North-South and 11 km
in East~West, are shown in
Fig. 2. and Fig. 4.
respectively.

Q- Skm ¢
1.5k

In this analysis unit
weight of soil or rock was
adopted as shown in Table
1., and the mean value and
standexrd deviation of the
cohesive strength and
internal friction anagle
were adopted as shown in
Table 2.

The probability of Eq.

4. was calculated Dby Legend B slope failure observed
employing mesh data for slope failure suspected

each 2DO.meters of square O o slope failure observed
meshes with the depth of Fig. 3 Scattering Map of the Slope failure
surface soil of 5, 15 and in the Severe Area
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50 meters depending on the
site conditionms.

Consequantly, the
distribution of the
probability for each meshes
was evaluted as shown in
Fig. 5, and the
relationship between the
probability and the slope
angle is shown in Fig. 6.

CONCLUSIONS

In comparison between
the result of this analysis
in Fig. 5, and the actual
phenomenon in Fig. 3.,
there 1is apparently some
defferences, especially the
specific zone which is
indicated as "slope failure
suspected" in Fig. 3. The
actual failure corresponds
to the area with the
probability of 20 percents
or more in this analysis
excepct the specific zone
where  would be another
reason of the slope failure
perceived.

In this anaysis the
probability of the failure
strongly depends on the
slope angle as shown in
Fig. 6. In this example of
the three sites, the
highest probability of the
failurle reaches upto 100
percents in the residential
area, the next upto 82
percents in the middle
upper altitude of Mt.
Ontake, and the lowest upto
43 percents in the non-
residential area of the low
altitude. The actual
failures during the
earthquake were ohserved in
almost all of the meshes
with the probability of the
failure of 20 percents or
more in this analysis.
Naturally, the residential
areas reclained have higher
risks than other in this
analysis.

note. Numerical fifurcs correspond to

the identification numbers for

geology in Table 1.

Fig. 4 Geological Conditions in the Severe Area
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(= 0.505 pe <1.00

Fig. 5 Probability of the Slope failure
in the Severe Area
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Table 1 Unit Weight of Soil and Rock [1]

Identification Unit weight,yt (tf/m3)
1 Palaeozoic formation 2.6
2 Nohi rhyolites 2.7
3 Older andesite 2.6
4 younger rhyotiles 2.2
5 Takigoshi formation 2.0
6 younger andesite 2.6
7 recent sediment 2.0

Table 2 Mean Values and standard Deviations of Surface Soil [2], [3], [4]

Region Cohesion,C friction angle, tang Area shared
o s.d. ¢ s.d.

tf/m? xC X %
Mountaineous 20,000 0.400 0.577 0.300 90.75
Area
River Side 1,480 0.487 0.239 0.460 8.64
Residential 5,304 0.295 0.342 0.082 0.61
Area
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APPENDIX

Attenuation Formula in
ference 5, proposed by K.

0.308M -1.201
a=227.3-10 » (A+30)

M: earthquake magnitude
on Richter scale
A: epcental distance,
in km

a: peak ground
acceleration, in gal

Distribution of the
ak ground acceteration in

Symbol gal

0 1.5km N 3005 a <350
P 3505 a <400
l 4008 a <450

4505 a <500
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