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Geotechnical engineering in permafrost areas

Unfrozen water content in frozen soil

Methods for estimating unfrozen water content in frozen soil



Permafrost
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Geotechnical Engineering in Cold Areas
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Unfrozen Water Content
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𝑤 = 𝑤𝑢 + 𝑤𝑖 =
𝑀𝑤
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Liquid limit determination

Water potential determination

Methods for Estimating Unfrozen Water 
Contents
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Unfrozen Water Content from Liquid Limit 
Determination
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Proposed by Istomin et. al. (2015, 2017)

Based on experimental correlations and thermodynamic calculations

Unfrozen Water Content from Water Potential
Determination
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Comparison of the Results
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Liquid Limit Determination Water Potential Determination

Cumbersome Easy

Time-consuming Rather effective

Dependent on operator Less dependent on operator

Experiences and Comparison of the Methods
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Liquid limit testing gave 
lower estimated unfrozen
water content wu

Water potential method
provides more accurate
estimates?

Water potential method
should to be further
tested and developed

Summary and Further Work
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