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Summary

With the progress of food freezing techniques, more and more cold storages have
been constructed recently. Though the necessary thicknesses of thermal insulators for
a cold room to work at a given thermal efficiency are easily calculated and have long
been standardized, the protective means against damage due to frost heaving are difficult
to be standardized because of various complex factors causing the latter. An inadequate
choice of the means often leads to severe damage. Examples of such damage observed
recently by the authors are reported here. The observed cold stroage consisted of
several rooms which had been used at various constant temperatures ranging from
—4°C to —25°C for about two years. The damage of two typical rooms, Room A (11
mX16 m, used at —18°C) and Room B (16 mX 16 m, used st —25°C), was as follows: In
both rooms, the floor heaved irregularly along the wall. In general, heaving was small
along the wall facing to the open air. The difference between the maximum and mini-
mum heaves along the wall amounted to 10 cm or more. These irregular heaves caused
cracks not only on walls and pillars but on beams and ceillings so that in some places
even leaks on the roof were noticed. In Room A with no center pillar, the floor heaved
most severely in the central part, the largest heave having amounted to 24 cm (referred
to the lowest heave in the room), while, in Room B with a center pillar, there were
four points of maximum heaves, each being located near the center of each quarter, the
two points near the aisle having heaved more than the two others near the open air
did. The largest heave amounted to 32 cm. For the observation of the frozen state of
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the understructure, two pits were dug at the maximum heave points of each room, and,
for comparison, the third pit was dug in non-damaged Room C (used at —4°C) adjacent
to Room A at a point 70 cm apart from the wall facing to Room A. The floor and
the understructure consisted of, from upper downward, a 10 cm concrete floor, a 10cm
(A and C) or 20cm (B) carbonized colk layer with water-proof treatment on both sur-
faces, a 15cm concrete base, a 10 cm pebble layer, and soil. The soil itself had a layered
structure consisting of a 5cm surface soil layer, a sand layer, a layer of sandy-clay-
loam, and another sand layers. The thicknesses of the latter three varied from room to
room (See Table 1). Thick ice lenses (several to 20mm thick, 5 to 20cm long) were
observed only in the third (sandy-clay-loam) layer, the composition of which was 52%
of sand, 20% of silt, and 28% of clay. If the observed heave is assumed to be caused
only in this layer, the heaving rate amounts to 24/(76—24)=46% in Room A or to 32/
(92—32)=54% in Room B, too large values to be accounted for by the original water
content in this layer. Hence, the supply of water from beneath must have occurred.
Since the suction capability of the underlying sand was estimated 10 to 20cm, the
underground water level must have been in this range from the lower surface of the
third layer for a considerably long period of time, despite the fact that the water level
was very low when observed. The freezing depths under the three rooms were large
to an extraordinary degree due to the inferior quality of the carbonized colk. The
water contents in weight of the colk were 83%, 28%, and 10% for Rooms A, B, C,
respectively.

Table 1. Thicknesses and Water Contents of Each Soil Layer
| Thickness (cm) [Water Content (%)]

Heave Amount

Room (cm) Surface Soil Sand Sandy-Clay-Loam Sand
A 24 5[68] | 60{18~30] | 76[48~ 79]| [32~39]
B 32 5[51] | 38[30~36] | 92[51~114]| 30[42] [16]
C 0 16[16] 30(20]
Frozen Unfrozen




