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Nonlinear analyses for the couple problem of temperature,
seepage and stress fields in cold region tunnels
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Abstract In this paper, a mathematical mechanical model and the governing differential equation of the coupled problem of temperature, seepape
and stress fields with phase change are first derived from the theory of heat transfer, the theory of seepage and frozen soil mechanics. Then the fi-
nite element formulae of this problem are obtained from Galerkin' s method. Finally, an illustrative example of the temperature field and stress field
in a cold regions tunnel, considering the seepage and frost-heaving force influence, is provided. The example shows that the influence of frost
heaving forces on the stresses of the tunnel lining is very large and, thus, the effect of this factor on the tunnel lining should be taken into account
in the engineering design.
Key words tunnel in cold regions, temperature field, seepage field, stress field, coupled problem
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Table 1 The themnal physical parameteres of the surrounding rocks
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Table 2 The material parameteres of the lining and surrounding rocks
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Table 3 The maximum stresses and displacements of the

lining when the tunnel is just constructed
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Fig.2 The maximum frozen circles in the surrounding rock

when the tunnel has been constructed for 5 years
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Table 4 The maximum stresses and displacements of the

lining when the tunnel has been used for 5 years

fr # 0,/ MPa O,in/ MPa 1 ¥/ mm
(T —1) —~1.195 - 12.60 - 13.51
(1 —11) - 2.498 - 15.88 - 4.38
ok 11— 11D 0.231 - 22.68 24.61
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