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20,
a1 SRk 50 (3-1)
dt Lp.a

(x 13 THXICIE)
3z, di/de mROEEEE,
e TAERE ORGSR
k, @ R oOBUREE
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Archimedes#

(3-3-5) =R
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(3-3-2) »

(3-3-3) n

(3-+3-4) n
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Studies on the Growth of Frost Pillars

Tatsutaro KONKO

Summary

The origin and growth of the frost pillars are thought to be determined by both meteorological
and soil conditions. This study is divided into three parts: first part analyzes the conditions under
which water in the soil is turned into frost pillars; second part studies the conditions under which
water is supplied to the base of the frost pill'ars. Furthermore, the writer hypothesized parameters
—meteorological and others— by which the frost pillars are created and formulated an equation that
accounts for its growth. In this study, the writer sought to identify the actual conditions under
which frost pillars originate and develop. v

1) It is generally considered that there must be microscopic particles in soil particles for soil
water to be converted into a column of ice. In order to determine the maximum diameter of
microscopic particles required for the creation of frost pillars, the writer used samples of Kanto
loam containing various sizes of soil particles and several samples, in which each of the samples
represented a sample from which particles of a given size had been removed successively—from the
largest down to the smallest. These samples were saturated with water and then refrigerated in
order to observe the conditions under which frost pillars develop. The result indicated that the
soil had to contain soil particles with diameters in the range of 3-5 microns in order to get frost
pillars to generate.

2) The physical parameters of the soil was studied in order to learn the conditions under which
soil particles supply water to the base of the frost pillars. For this purpose, nine samples of micro-
scopic particles (quartz and sand)—each sample differing in size of diameters, ranging from smallest

to largest—and a sample of the Kanto loam, containing microscopic particles of varying diameters,
were prepared. ‘

These samples were each saturated with a varying amount of water, respectively. And then
quartz powder with particle sizes in the range of 1-4 microns were lightly scattered over them.
These samples were observed under refrigeration in order to ascertain the conditions under which
frost pillars develop.

The result indicates that frost pillars are generated when the soil is fully saturated with water
and when the soil’s pF = 1. The minimum amount of soil water required for generating the frost
pillars is that amount when the soil-water diffusivity is 0.003 cm?/sec.

3) Traditionally there have been two types of equations for representing frost pillars: one type
is based on considering heat conduction through the column, while the other is based on con-
sidering the effect of long-wave radiation at the surface of the frost pillars. However, the former
is inappropriate for describing short columns of frost, while the latter’s shortcoming is inadequate
description of the long frost pillars.

The writer attempts to unify these two equations and derive one that would apply to both
long and short frost pillars. The heat-conduction type of equation considers only the balance of
heat at the base of the column, while the long-wave radiation type considers only the heat balance
at the surface of the column. In this study, the writer has taken into consideratipn the heat
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balances that occur at both the column’s surface and base, and from the viewpoint of unifying
both, has derived the following equation:

di_Asl tAs
dt Az 1 +k;
where
A1=—0, (h+4e, 0T +Lh,a) A =T, (Lﬁ:a +4,)
1 Ruot Lihot p,, A=Ko (¢8,~Cp,) —o
a as Loa
A;=h+ 4 ¢ ?:" +4e,0 T8+ Lhod ki=ak;+ (1—a)k,
A3=Ah, d +4A,
where
d1/dt : Growing velocity of frost pillars
6..T, : Air temperature (°C), CK)
h : Heat-transfer coefficient
& :  Emissivity of long wave radiation from surface of frost pillars
o ;- Stefan-Bolzmann constant
L; : Latent heat of ice sublimation
h, : Transfer coefficient of water vapor
a : de/dT
R., : Net radiation of Black body at 0°C
¢ : (1=¢) = relative humidity of air
O as : Density of saturated water vapor at a given temperature
T, : 0°C(°K)
Ry i ke,
o, : Density of ice
Qso : Heat flux from ground
L : Latent heat of water freezing
k; : Heat conductivity of ice
ki, : - Heat conductivity of air between columns of frost

The existing two equations can be obtained as approximations by simplifying given conditions
of the writer’s equation.

The calculated values obtained by the writer’s equation correspond in general with actually
measured values of both short and long columns of frost.



