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Influence of water and salt contents on strength of frozen soils

CAI Zheng-yin, WU Zhi-qiang, HUANG Ying-hao, CAO Yong-yong, WEI Yan-bing
(Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China)

Abstract: In order to study the mechanical properties of frozen soils, a series of uniaxial compressive strength tests are

conducted with water content of 9.5%, 11.5%, 13.5%, 15.5%, 17.5% and saturated conditions at —10°C, and with salt content of

0.2%, 1.6%, 3.0%, 4.4%, 5.8%, 7.2% and 8.6% at —~15°C respectively. According to the test results, the stress-strain relationship,

uniaxial compressive strength and destruction type are strongly affected by the water and salt contents of the soils. The test

results show that the uniaxial compressive strength increases with the increasing water and salt contents firstly, then it decreases

rapidly after reaching its peak. The water content corresponding to the peak strength is 17.5% regardless of the salt content and

dry density of the soils. But the salt content corresponding to the peak strength varies under different water contents: under the

water content of 13.5%, the strength reaches its peak under the salt content of 4.4%; under the water content of 15.5% and

17.5%, the strength reaches its peak under the salt content of 5.8%.

Key words: frozen soil; uniaxial compressive strength; stress-strain relationship; water content; Na,SO, content
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Table 1 Basic properties of test soils
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/% /% (gem”) /%
mm 0.05 mm mm
17.9 62.1 20 29.1 15.2 1.89 13.5
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Table 2 Test scheme 1

T Py N

w/%
IC Agem®) 1% ’

02 95 115 135 155 175 21.8

10 t7 44 95 115 135 155 175 218
13 02 95 11.5 135 155 175 185
44 95 115 135 155 175 185
F3RWAR?2
Table 3 Test scheme 2
T P, w
/'C /(f;'cm“) 1% S
135 02 1.6 3.0 44 58 72 86
-15 1.7 155 02 16 3.0 44 58 72 86

175 02 1.6 3.0 44 58 72 86
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Fig. 1 Stress-strain curves of frozen soils with different water
contents (5=0.2%, p,=1.70 g/em?)
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Fig. 2 Stress-strain curves of frozen soils with different water

contents (S=4.4%, p,;=1.70 g/em®)
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Fig. 3 Compressive strength under dry density of 1.70 g/cm®
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Fig. 5 Stress-strain curves when w=15.5%
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Fig. 6 Change of compressive strength with salt content
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Fig. 7 Increase of strength with salt content
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Table 4 Regression data of @y and a; in Eq. (1)

K% (55 a, a0 R’
135 B 0.31 3.46 0.980
’ TREE -0.58 7.06 0.919
15.5 B 0.59 3.74 0.992
’ TREE -1.19 12.29 0.990
175 B 0.68 4.16 0.989
] TR -1.22 13.32 0.996
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R SRR AN 1% R 1585 FRAE 2 314 0.58,
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Fig. 9 Solubility curve of Na,SO4
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