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A Study of Cold Room Experiments for Strength
Properties of Frozen Soil
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ABSTRACT: Recently many countries have become interested in the development of cold or arctic regions. The construction of engineered
structures in those regions demands an understanding of the deformation characteristics of frozen soil. However, an understanding of frozen soil
behavior poses difficult problems owing to the complex interaction between the soil particles and the ice matrix. In this research, a series of
laboratory tests was performed to investigate the wvariations in the unconfined compression strength and split tensile strength of weathered
granite soil and mixed soil (standard sand and kaolinite) in 15 degrees below zero environments. In the frozen soil tests, specimens were
prepared with various water and clay contents, and then the interrelationships between four factors (water content, clay content, unconfined
compression strength, split tensile strength) were analyzed. The test results were summarized as follows; as the water content was increased, the
unconfined compressive and split tensile strengths also increased in frozen soil. However as the clay content was increased, the unconfined
compressive and split tensile strengths were lowered. In the case of frozen soil that contained litfle clay content, the strength decreased rapidly
in mixed soil (standard sand and kaolinite) when the frozen specimen was broken. On the other hand, in the cases of mixed soil that contained
a high clay content and weathered granite soil, the strength decreased relatively slowly.
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Table 1 Properties of weathered granite soil

Type of soail Clay soil
Initial water content (%) 28.34
Particle size distribution #4 92.3
fost #10 72.6
> #40 23.4
(Percent passing %) #9200 5.6
LL (%) 434
PL (%) 29.78

Liquid, Plastic et pghicity index (PI) 1362

, 3 1.44
Proctor compaction test Vdmar (/1)
W (%) 27
Uniformity coefficient (C,) 10.71
Coefficient of gradation ((}) 1.71

Table 2 Properties of mixed standard sand and clay

Clay content(Kaolinite)
10% 20% 30%
#4 100 100 100
#10 100 100 100
#40 12.9 17.3 21.6

Properties of soil

Particle size
distribution test
(Percent passing %)

&9 @77t Basit 2R 22 P2
B A7dMe $2EY dF5UESAE 2 QFAE A broctor compaction 1w 18 208

9L BN BAES oY BN 542 vepsn, ¥4 - (t/m0)

H]9} HEFak Wty ZAE9 ¢gEAEel QAT Wy (%) 132 12.0 10.8

Exlo] oj®A| Walsh=x] Yolr g,

4.17 8.25 1.40
x1072 x107% x1073
2. A&l 2| Uniformity coefficient (C)) 1.76 1.88 1.98

Coefficient of gradation((’) 1.22 1.24 1.23

Permeability  (k, cm/sec)
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Fig. 2 Particle size distribution curve of weathered granite
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Fig. 3 Unconfined compression strength test of frozen
specimen

Fig. 4 Split tensile strength test of frozen specimen

Fig. 5 Failure shape of unconfined compression strength

test

Fig. 6 Failure shape of split tensile strength test
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Fig. 7 Stress-strain curves of frozen soil result in type of
soil and density (Takashi et al., 1980)
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Table 3 Compression and tensile strength of frozen soil

Water Temperat Compression  Tensile

Type of soil  content ure strength strength
w, %) (C) (MPa) (MPa)
Sand + 7 -15 4.9 0.78
Kaolinite 15 -15 9.86 2.00
(10%) 20 15 12.21 2.80
Sand + 7 -15 5.69 1.02
Kaolinite 15 -15 10.16 253
(20%) 20 15 10.98 2.77
Sand + 7 -15 3.66 0.64
Kaolinite 15 -15 9.25 2.37
(30%) 20 15 10.08 253
20 -15 0.45 0.14
25 -15 222 0.53
Clay soil 30 -15 4.07 1.35
35 -15 5.38 1.74
40 -15 5.36 1.96
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Compression Stress(MPa) Compression Stress(MPa)

Compression Stress(MPa)

Fig. 8 Stress-strain curves of mixing a frozen soil result in Fig. 9
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Fig. 13 Comparison of mixing frozen soil strength of water
content determined by split tensile strength test
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