Estimation of snow damage in an urban area with heavy
snowfall
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SUMMARY

In cities bordering the Sea of Japan where snowfall is
heavy, residents cannot maintain their urban life without
snow damage reduction or snow disaster prevention
systems. In planning those systems an economic estim-
ation is necessary, which requires quantification of the
amount of snow damage occurring in a given place.

We have defined amounts of snow damage per day
expressed in terms of money, considering it intrinsic to
place and existing materials; its value is estimated for a
20 block section in Nagaoka City described in a previous
paper (Uemura and others, 1992), for 24 January 1983.
Here we give a convenient way to calculate an annual
amount of snow damage, as follows.

The daily amount of snow damage, h (Yend™, or
Yenm?d™), has been expressed as

h=ke+e¢" (1)

where k represents the seasonal drop in utilization, e
expense in non-snowy times and e” the expense only in
snowy times. The annual amount of snow damage can be
expressed as an accumulation of the daily amount of snow
damage shown in Equation (1):

H=xh,
E=3%e
and E" = Beé,

where ¥ means accumulation of daily amounts for 365
days. If we take annual mean seasonal drop factor as k =
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Fig. 1. Areal annual amount of snow damage for 6
SDAF: abundance (1985-86), average (1982—83) and
scarcity (1988-89).
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Table 1. Calculated annual amounts of snow damage for
the urban area of Nagaoka City in ¥a™' x 10°

Abundance Average Scarcity
1985-86 1982-83 1988-89

_H 15056 10378 7504
kE/H,% 70.3 69.8 72.6

(Zke)/Ze, then the annual amount of snow damage, H, is
shown as follows,

H=FkE+E'" (2)

Usually E is known from past data and the daily amount
is expressed as e = E/365 on average, so it follows that
k = (Tk)/365. Now we use the following approximation:
if any measures are taken to a part of a snow damage
appraisal factor (SDAF), the value of k is expressed as the
value of unity minus the ratio of the area of the part. If
the area does not change during snow-cover days, by
using the number of snow-cover days, D, k becomes
F=as 3
365
because k is constant during snow-cover days and zero on
other days.

Using this method, we calculate an annual amount of
snow damage to the SDAF existing in the place to be
assessed, and show the amounts in every district in
Nagaoka City for representative amounts of snow.

It has been made clear, by calculation of areal mean
amounts of snow damage to SDAF (shown in Fig. 1), that
snow damage is already considerably reduced by snow-
removing machines and snow-melting pipe systems in
roads and parking lots, but remains quite high in
sidewalks and public and private areas left without any
measures.

Annual amounts of snow have an approximately
linear effect on the amount of snow damage, through the
amount of snowfall, maximum snow depth or snow-cover
days. No catastrophic effects have been observed as far as
the present calculation is concerned.
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Economic estimation of construction of snow-remov-
ing ditches using the amount of snow damage has been
made in an urban area of 20.45km”. Construction is
economical in the commercial district and neighborhood
in a year of snow scarcity, and also in years of snow
abundance in residential districts.
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SUMMARY

In recent years many attempts have been made to utilize
snow in the snowy areas of Japan. .Among basic
technologies for snow utilization, compaction and shap-
ing of snow are important in order to use storage space
effectively and to delay snow melt.

A snow compactor with a “screw-feed” system was
developed: collected natural snow is compressed by a
screw into a solid cylindrical snow column. Extrusion
speed of the compressed column is about 60 cm min~' and
the productivity of this snow compressor is over 0.5 th™.
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Fig. 1. Compressive fracture strength (samples tested
immediately afier extrusion).
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Fig. 2. Tensile fracture strength.

The wet density of the compacted columns is over
790kgm™>. Pressure at the screw blades is 15-
SOkgf‘cm'Q during continuous production of snow
columns.

The cross-section of a compacted-snow column is
circular or rectangular. The center part of the column,
where coarse ice grains are observed, is mechanically
weak and thought to be less compacted. The outer shell of
the column is more transparent with many small air
bubbles.

Wet density of the resultant snow column was
measured as 790-940 kg m>, which is two to four times
greater than the original snow density. Water content was
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