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Variation in Characteristics of Elastic Waves in Frozen Soils
According to Degree of Saturation

ABSTRACT

The strength of frozen soils is one of the significant design parameters for the construction in frozen ground. The properties of frozen
soils should be investigated to understand the strength of frozen soils. The objective of this study is to figure out the characteristics of
elastic waves in frozen soils, which reflect the constituent and physical structure of frozen soils in order to provide fundamental
information of those according to the degree of saturation. Freezing cell is manufactured to freeze specimens, which are prepared with
the degree of saturation of 10%, 40%, and 100%. Piezo disk elements are used as the compressional wave transducers and Bender
elements are used as the shear wave transducers. While the temperature of specimens changes from 20°C to -10°C, the velocities,
resonant frequencies and amplitudes of the compressional and shear waves are investigated based on the elastic wave signatures.
Experimental results reveal that the elastic wave velocities increase as the degree of saturation increases. The variation of resonant
frequencies coincide with that of elastic wave velocities. A marked discrepancy in amplitudes of compressional and shear waves are
observed at the temperature of 0°C .. This study renders the basic information of elastic waves in frozen soils according the degree of
saturation.
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Fig. 1. Freezing cell with thermocouple, and shear and compres-
sional wave transducers: (a) Top view; (b) Side view along
a-a’ section; (c) Side view along b-b’ section (BE and PDE
denote bender elements and piezo disk elements,
respectively).
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Table 1. The properties of sand and sand-silt mixture

Property Sand Sand-silt mixture
Gs 2.62 2.57
Dso(mm) 0.45 -
€max 0.82 0.74
€min 0.56 0.47
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Picture Schematic drawing

Fig. 2. Elastic wave transducer: (a) Bender elements for shear
waves; (b) Piezo disk elements for compressional waves.
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Fig. 9. Poisson's ratio at small strain: (a) Poisson's ration versus
temperature according to the degree of saturation; (b)
Poisson's ration versus degree of saturation at the
temperature of -10C.
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