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ABSTRACT

The migration of salts in soils has a significant effect on the strength and the permeability of frozen saline soils. To
better understand the influence of the freezing direction on the salinity migration, a series of small scale freezing tests
was carried out in the laboratory. One-dimensional freezing was applied in upward, downward and horizontal freezing
modes on saline sand. The results of these freezing tests show that the salinity rejection is a function of the applied
cooling rate and freezing direction. The results presented help in ground freezing applications to better understand and
predict more reliable strengths of frozen saline sand.

RESUME

La migration des sels dans les sols a un effet significatif sur la rigidité et la perméabilité des sols salins congelés. Pour
comprendre mieux l'influence de la congélation sur la migration des sels, une série d'essais laboratoire de gélivité a
échelle réduite a été effectuée dans le laboratoire. Des modes de gel unidimentionnels on été appliqués sur du sable
salin: un mode horitontal et deux modes verticaux soit vers le haut et vers le bas. Les résultats de ces tests de gel
montrent le rejet de salinité comme variable du taux de refroidissement appliqué et gelant la direction. Les résultats
présentés peuvent étre employés pour des applications des sol gelée et pour prédire la rigidité plus fiable du sable salin

congelé.

1 INTRODUCTION

Natural ground freezing occurred in many northern
regions around the world and artificial ground freezing
has been applied worldwide for permanent and temporary
soil improvement. For example, it has been used to
construct frozen core dams, for excavation support, for
foundation improvement, and to cut off groundwater
temporarily. In saline environments, freezing itself can
induce salts to migrate from the freezing front (Kadlec,
R.H. et al.,, 1988). The salt rejection phenomenon may
improve the frozen soil strength by reducing the salinity
because the higher the salinity the lower the strength
(e.g. Hivon and Sego, 1995).

A series of laboratory tests were carried out to investigate
a salt rejection during freezing of a saline sand. The result
of this testing program enables an engineer to predict
more reliable the pore water salinity within a frozen sand
caused by directional freezing under various cooling rates
as the soil freezes. Knowing the salinity more reliable,
one can then better predict the strength of the frozen
sand. Solute partitioning of a clayey silt was studied by
Konrad and McCammon (1990). Correlation between the
cooling rate and the solute rejection as well as a
threshold cooling rate was presented. Baker and
Osterkamp (1989) also conducted freezing tests for silica
sand saturated with NaCl solution of 35 g/L and found
that salt rejection only occurred during downward
freezing. The effect of freezing direction on solute
rejection has not been studied thoroughly, and
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correlations between the cooling rate and the solute
rejection for sandy soils also have not been investigated
extensively to date. The purpose of this research is to fill
those gaps.

2 TEST SETING
2.1 Material and Instrumentation

Play sand (SP) was saturated with a NaCl solution having
concentration of 15 g/L at an average volumetric water
content of 38 %. The sand samples were placed in HDPE
cylinder cells with one end attached to a cooling plate that
was cooled to a sub freezing temperature using ethylene
glycol circulated through a cooling bath. (Fig. 1)

The other end of the cylinder was simply capped with a
PVC plate. Four thermistors were placed within the
cylindrical cells to record the temperatures within the
sample during the test. A total of three cells were used for
three freezing direction modes: upward, downward and
horizontal. Readings from thermistors were logged by two
data loggers during the whole testing period. The test
equipment was placed in cold room set to an ambient
temperature of 2.2 °C (Figure 1). A test schematics is
shown in Figure 2. Seven slices were cut to measure salt
concentration within each sample after completion of the
freezing tests.


















