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Numerical simulation method for thermal-stress coupling in
artificial freezing process
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Abstract: With the development of underground engineering, the artificial freezing method has become the common techniques
of underground construction. The law of the development of artificial frozen temperature field and the influence on the
surrounding environment because of frost heave in the freezing process need to be further studied. The law of variation of the
thermal physical parameters along with the temperature field is obtained through laboratory tests, then a numerical method
considering thermal stress coupling in the process of artificial freezing is proposed and established based on an artificial frozen
soil project of a connecting passage of Tianjin subway. The development law of temperature fields and the amount of frost
heaving of soil during freezing process are calculated by using this method. The proposed method is proved to be feasible by
comparing the calculated results with the actual data. Consequently, the proposed method can provide guidance and reference
for the design and construction of artificial freezing projects.
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Fig. 1 Relation between thermal physical parameters and
temperature
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Fig. 2 Section of connected aisle in longitudinal direction
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Fig. 3 Layout of freezing tubes
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Table 1 Physical and mechanical parameters of soils
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/C /(kg'm”~) /MPa /(m'K")
-10 1840 190 0.25 -0.039
-2 1889 105 0.28 -0.021
-1 1920 20 0.32 -0.002
10 1964 3.92 0.34 0
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Fig.4 Schematic diagram of computational model
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Fig. 5 Schematic diagram of comparison points
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Fig. 6 Change curves of temperatures at three points along with

freezing time
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Fig. 7 Change curves of average temperatures of frozen wall along

with freezing time
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Fig. 8 Shapes and temperature fields of frozen wall
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Fig. 9 Freezing temperature fields along with time
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Fig. 10 Initial temperature fields
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Fig. 11 Final temperature fields
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Fig. 12 Frost heave of soil
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Fig. 13 Displacement contours in soil
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