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A Study on Teehnologles for Assessment of Earthquake-Induced Avalanche Likelihood
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In the event of a large-scale earthquake during the snowcover period, it is feared that assessment of the situation,
recovery work, and precautionary evacuation would be delayed by road closures because of complex factors in these
disasters, including avalanches triggered by the earthquake. Technologies for assessing the likelihood of avalanche
occurrence at the time of earthquake are necessary for decision-making in disaster prevention planning and for the
development of avalanche countermeasures; however, the occurrence mechanisms of earthquake-induced avalanches
have not been fully clarified.
To respond to the needs of society, the Civil Engineering Research Institute for Cold Region has been pursuing
research on assessing the likelihood of earthquake-induced avalanches.
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Seismic responses of snowpack on a slope 1in a vibration experiment
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Site of an earthquake-induced avalanche
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A vibration experiment was conducted to understand the seismic
response of the snowpack on a slope. The experiment was
conducted by accelerating the specimen in the horizontal
direction and varying the frequency in the range of 1 to 10 Hz.
The experiment clarified the following: the shorter was the

frequency and the higher was the
location in the snowpack from the
bottom, the greater was the DMF; the
DMF was greater for melt forms than
for rounded grains; and the DMF was
greater for wet snow than for dry snow.
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Operations before the vibration experiment
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Fix the weight on the specimen with fixtures.
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DMF vs. frequency (example)
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Suggested Technologies for Assessment of Earthquake-Induced Avalanche Likelihood

Relationship between the height of snowpack on the slope and the DMF (10Hz)
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Stability of the snowpack on the slope considering seismic motion S/E’
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(The avalanche occurrence likelihood 1s high when STE’<1.5.)
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Cohesive force between snow particles in the weak
layer: C

Length of snowpack on the slope: L
Unit area snow load on the weak layer: on
Slope gradient: y

Horizontal seismic coefficient at the height of the
weak layer surface (result of the vibration
experiment): a’

Internal friction coefficient of the weak layer: tan ¢

Tensile force from binding between snow particles,
which acts in the upper part of the snowpack on the
slope: 2t (tensile fracture strength)
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Safe, pleasant driving on Northern Roads
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Based on the vibration experiment results, we proposed a method for estimating the

likelihood of earthquake-induced avalanches by using the stability of snow cover.
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External force during
an earthquake
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: Horizontal seismic coefficient

" Horizontal seismic coefficient at
the height of the weak layer surface
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The horizontal seismic coefficient a:
The ratio of horizontal acceleration of seismic
motion (gal) to gravitational acceleration (gal)
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An example assuming a surface avalanche of dry rounded grains

Snow depth

é[ERI E TS A AR 22t AH

’ COLD REGION  National Research and Development Agency Public Works Research Institute Civil Engineering Research Institute for Cold Region

5 TERREX —SIe'=1.0
. :Llem High likelihood SIE'=1.5
- —SIe'=2.0
30 ® TR i =
! o EIRILMIROERE
2+ \ Value reproducing the Earthquake in
Northern Nagano Prefecture
TERRE/I N
Low likelihood
0 | | | |
0 0.5 1 1.5 2
KFEEEA

The horizontal seismic coefficient a
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The result of a trial calculation by using
the snow depth Hs and the horizontal
seismic coefficient a
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Conditions

- Slope length L: 10 m

- Earthquake frequency: 10 Hz
- Slope gradient y: 40°

- Thickness of the snow layer
above the weak layer D: 0.6 m

- Weak layer: faceted crystals



