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Effect of pore-water salinity on freezing rate in application of rapid artificial
ground freezing to deep subsea tunnel: concentration of laboratory freezing
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ABSTRACT: It is extremely difficult to apply conventional grouting methods to subsea tunnelling construction in the high
water pressure condition. In such a condition, the rapid artificial freezing method can be an alternative to grouting to form
a watertight zone around freezing pipes. For a proper design of the artificial freezing method, the influence of salinity on
the freezing process has to be considered. However, there are few domestic tunnel construction that adopted the artificial
freezing method, and influential factors on the freezing of the soil are not clearly identified. In this paper, a series of
laboratory experiments were performed to identify the physical characteristics of frozen soil. Thermal conductivity of the
frozen and unfrozen soil samples was measured through the thermal sensor adopting transient hot-wire method.
Moreover, a lab-scale freezing chamber was devised to simulate freezing process of silica sand with consideration of the
salinity of pore-water. The temperature in the silica sand sample was measured during the freezing process to evaluate the
effect of pore-water salinity on the frozen rate that is one of the key parameters in designing the artificial freezing method
in subsea tunnelling. In case of unfrozen soil, the soil samples saturated with fresh water (salinity of 0%) and brine water
(salinity of 3.5%) showed a similar value of thermal conductivity. However, the frozen soil sample saturated with brine
water led to the thermal conductivity notably higher than that of fresh water, which corresponds to the fact that the
freezing rate of brine water was greater than that of fresh water in the freezing chamber test.

Keywords: Rapid artificial ground freezing, Subsea tunnel, Frozen chamber, Heat transfer, Thermal conductivity, Freezing
rate, Salinity
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Fig. 1. Assembly of QTM-500 system

Table 1. Specifications of QTM-500 system

Item System Specifications

Measurement method Transient hot-wire method

Measurement range 874300 C-cm/W

Accuracy + 5% for standard sample

Repeatability + 3% for standard sample

Hot wire/Thermal sensor |Constantan wire/K-type thermocouple

Py [0 o]
o o o

Percent Finer (%)

N
o

0.1
Grain size (mm)

0.01

Fig. 2. Particle-size distribution curve of silica sand No. 6

Table 3. Physical properties of silica sand No. 6

Specific Void ratio Grain size analysis (%) il
gravity |e . le . |No.10|No.30 |No.100|No.200| “| ©
2.64 [1.069|0.655| 100 | 88.4 | 1.02 045 |1.57(2.05

Accuracy of applied

. +0.05% for standard value
current of wire

Measurement time 60 sec

Electric energy

. 60 W
consumption

Table 2. Precision of QTM-500 system for standard specimen

Reference Thermal conductivity (W/m-K)

Materials

Error

Reference Value Measurement

Silicon

rubber 0.235

0.238 1.3%
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Fig. 3. Acrylic mold for measurement of thermal conductivity
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Table 4. Thermal conductivity of unfrozen and frozen soil sample in case of fresh pore-water
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Soil sample Thermal conductivity (W/m-K) Ave. value (W/m-K)
Unfrozen 2.16 221 2.22 2.16 2.33 2.22
Frozen 3.54 3.83 3.78 3.96 3.85 3.79

Table 5. Thermal conductivity of unfrozen and frozen soil sample in case of brine pore-water

Soil sample Thermal conductivity (W/m-K) Ave. value (W/m-K)
Unfrozen 2.06 2.10 2.11 2.11 2.15 2.11
Frozen 4.50 4.32 4.59 4.59 441 4.48
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