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ON THE VOLUMETRIC EXPANSION OF SOIL DUE
TO FREEZING

By Yoshiaki FUKUO, Tetsuji KATO, and Yoshio ARIGA

Synopsis

In cold regions, the considerable uplift of ground surface is often seen as the soil is
freezing. This uplift is called as “Frost heaving”. Uneven heave of ground surface
brings the heavy damages to the floor of railway, pavement of road and foundation of
building. For the prevention of these damages, the behavior of frost heaving must be
understood exactly and fully.

On this point of view, the freezing expansion of soil was measured under various
compressive loads, using silty sand sampled in alluvial layer in Osaka and from the re-
sults of examination, it was found that

1) the moisture in soil was supercooled and the greater the cooling rate was, the hig-
her the supercooling temperature was.
2) the amount of expansion in the direction parallel to the horizontal plane was diffe-

rent from the amount in the direction perpendicular to horizontal plane,
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Table 1 Physical properties of soil samples
Sumple| Brine | " |Mols, | SRUGE | Void | Demree i, JAmonnt
Sample number | weight | temp. |weight | oneent | Of soil | ratio | yration|load pansion
of soil parti- (kg/

(g) | CCO ((g/em®| (%) cles | (%) | (B cm®) | (%)

AH 1—1 343 | —15.0] 1.75 40.56 1.13 94.7 1 4.96
1—2 339 ” 1.73 45,71 1.23 98.4 5 3.19

1—3 343 ” 1.75 40.93 1.13 95.6 10 2.48

2—1 338 | — 7.5 .72 48.59 1.29 | 100.0 0.05 6.96

2—2 339 ” 1.73 41.30 1.16 9%.0 10 2.94

2—3 335 ” 1.71 40.90 2.65 1.18 91.5 20 2.86

2—4 343 7 1.75 44.28 1.18 99.2 25 2.32

AV  2—1 333 ” 1.70 42.84 1.23 92.7 1 1.63
2—2 348 ” 1.77 34.80 1.02 90.2 1 2.05

2—3 333 ” 1.70 40.04 1.18 89.8 5 1.77

2—4 346 ” 1.76 40.03 111 95.5 10 1.20

2—5 345 ” 1.76 42.36 1.14 98.2 15 2.11

BH 1—1 333 | —15.0| 1.70 50. 58 1.35 99.3 0.05 4.55
1—-2 331 ” 1.69 46.74 1.30 95.4 1 3.57

1—3 331 ” 1.69 48.60 1.33 97.0 5 2.35

1—4 336 ” .71 49.39 1.32 99.2 20 1.71

2—1 330 | — 7.5] 1.68 53.09 1.42 99.3 0.05 5.10

2—2 328 ” 1.67 52.09 1.41 97.9 15 3.62

2—3 332 ” 1.69 52.70 1.40 | 100.0 30 3.81

2—4 326 ” 1.66 50.57 2.65 1.40 95.7 40 3.25

BV 1—1 33 | —-15.0 | 1.71 48.69 1.30 99.2 0.05 2.06
1—2 335 ” 1.71 47.43 1.29 97.7 1 3.08

1—3 323 ” 1.65 47.74 1.38 92.0 5 2.91

1—4 327 ” 1.67 50. 55 1.39 96.4 10 2.03

1-5 340 ” 1.73 46.42 1.24 99.2 15 1.48

1—6 341 ” 1.74 46. 06 1.22 | 100.0 20 2.65

1-7 332 ” 1.69 51.86 1.38 93.3 25 1.94

1—8 331 ” 1.69 51.93 1.38 | 100.0 30 2.75
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Fig. 1 Grain size accumulation curves of soil sampled at points

A and B in Osaka City
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Fig. 2 Cross sections of cylinder, piston
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Fig. 3 Schema of instrument
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Fig. 4 Variations of temperature and expansion of water
due to cooling by the brine
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Figa5 Variations of temperature and expansion of soil samples
due to cooling by the brine
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Fig. 6 Relation between cooling rate and supercooling
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