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Summary

The ground underlying below a cold storage at Shibaura, Tokyo, has been frozen since
40 years ago. The structure of the floor board is composed of concrete at the depths of
0-10 cm, carbonized cork at the depths of 10-30 cm and concrete at the depths of 30-70 cm.
As the subsoil touches the bottom of the lower concrete, it naturally began to freeze in one
year or so after cooling (—20°C) was started. As a result the floor surface also began to rise,
which now amounts to 66 cm in the central part of the building 11 m apart from the road
side.

Cooling was stopped on March 1976 because of rebuilding of the storage. Core boring
was conducted three months later at three points (A, B and C in Fig. 1) at the space where
the storage used to occupy. Their locations were 2.2, 6.8 and 11.2 m distant from the roadside.
Respectively at A, B and C, the depths of the upper part of subsoil which had already melted
were 60, 50 and 40 cm, the freezing depths which had been reached were 2.1, 4.6 and 5.9 m,
while the heave amounts were 40, 59 and 66 cm. The average heave ratio (heave amount
to frost penetration depth) amounted to 14%.

The cores of frozen soil (11 cm in diameter) which were transported to the cold room of
the Institute of Low Temperature Science, were cut to pieces every 10 cm in height and then
sliced vertically into halves. Layer structures of the frozen subsoil were observed on their cut
surfaces. Measurements were made for density, water content, and size distribution of soil
particles. Using several samples uniaxial compression tests were made in a frozen state (Com-
pressed soil speciemns were shown in Fig. 7), while frost heave tests were made in a melted
state.

The subsoil is mainly composed of sand and partly includes clay layers, small clay blocks,
shells, pebbles and ice lenses. The layer structures are very complicated as illustrated in Fig. 2.

The frost heaving of the floor was caused by the segregation of ice lenses in the subsoil.
These ice lenses show various forms in their connections to the soil matrix. The characteristics
are the following:

(1) Sand (Fig- 3a: A 201-212cm b.{f.s., that is below the floor surface)
It has no clear ice lens. Sand has no frost heave ability.
(2) Clay (Fig. 3b: C 481-489 cm b.f.s.)

It abounds in ice lenses. Clay has a strong frost heave ability.

(3) Thin layer of clay included in sand (Fig. 3¢ : B 185~197 cm b.f.s.; Fig. 3d:

B 374-384cm b.{.s.)

The frozen soil of Fig. 3¢ has a thin horizontal layer of clay in the lower part (2 mm
in thickness), while a thin horizontal layer of ice (1 mm in thickness) is found on top of the
clay layer from which the ice segregates.

The frozen soil of Fig. 3d has a clay layer of 4 cm in thickness in the upper part. The
ice is found above and inside the clay in the form of horizontal layers, and also inside the
clay in the form of vertical wedges. These vertical wedges are supposed to come out in
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a such way that in the segregation of the upper ice layer the clay became dry because of
upward suction and cracks appeared vertically inside the clay to be filled with ground water,
which froze later.

(4) Small clay blocks included in sand (Fig. 4a: C 145-155c¢m b.f.s.; Fig. 4b:

A 139-149 cm b.f.s.: Fig. 4c: B 163-174cm b.{.s.)

Some portion of the subsoil contains small clay blocks (1-4 cm insize) which have shapes
of dumplings. The frozen soils of Figs. 4a, b and ¢ were taken from these portions at boring
points C, A and B. Thin ice of 1-2 mm in thickness touches the upper periphery of each
block. These ice bodies segregated from the clay base. No ice exists below the lower periph-
ery.

(5) Pebbles included in sand (Fig. 4d. B 409-420 cm b.f.s.)

The frozen soil of Fig. 4d contains a round pebble in the right-upper corner of the
photograph. Thin ice touches below the lower periphery of the pebble. The pebble is more
thermal conductive than the adjacent sand. The frost line progressed through the pebble
faster than in the adjacent sand. Therefore, the heat flow at the lower periphery was larger
than at the adjacent sand and produced a favorable heat condition for ice segregation. The
ice segregated from the underlying sand base. The sand has usually no frost heave ability.
This sand is supposed to have a small quantity of silt.

(6) Thick ice layer (Figs. 5a and b: C 440-447 cm b.f.s.; Fig. 5¢ and d:

B 400-409 cm b.{.s.)

In the lower parts of the frozen layers at boring points A, B and C there were several
ice layers as thick as 3-6cm. The thin sections of these ice layers are shown in Fig. 5
(a and c: horizontal sections; b and d: vertical sections). The photographs were taken by
polarized light. The black spots indicate clay soils. The crystal structure of the ice is poly-
crystalline ; the crystal size is 0.5-2 cm.

(7) Oblique ice layer (Fig. 6a: A 171-18lcm b.f.s.; Fig. 6b: A 181-191cm b.{.s.)

The freezing front in the subsoil had progressed obliquely near the road side because of
a heat supply from the open air. Oblique thick ice layers were generated, because ice lenses
were segregated along the freezing front. A thick ice layer is shown in Fig. 6a and a thin
ice layer in Fig. 6.



