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A COUPLED HYDRO-THERMAL MODEL FOR LOW TEMPERATURE
ROCK INCLUDING PHASE CHANGE

TAN Xianjun, CHEN Weizhong, JIA Shanpo, LU Senpeng
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan, Hubei 430071, China)

Abstract: According to the basic laws of water movement and heat migration about rock mass under the freezing-
thawing cycle condition, based on the theory of continuum mechanics, thermodynamics and segregation potential ,

the coupled equations of seepage field and temperature field are established. This model can not only consider the
influence of thermal conduction, latent heat and seepage velocity on the distribution of temperature, but also
analyze the effect of water flow induced by segregation potential on the seepage velocity and seepage pressure. To
verify the reliability and rationality of the equations, the comparison is done by using the same conditions between
the model test which was done by M. Smith and the finite element analysis using this coupled mathematical model.
Then the model is applied to a cold regional tunnel, and the distribution of temperature and active ring of
permafrost are obtained. The results can give some references for design and construction of tunnel in cold
regions.
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Fig.1 Finite element analysis model
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Table 1 Main parameters for computation

I GKE BIER SHEK g C
8 wi% Km® AMWem'+KY) /MemP K"
Mkt 20 2x107"7 1.000 993
BAE@ ALY 240 1x10 ™ 3.000 850
TR 12 1x10"® 0.027 5000
Bl 380 1x107" 3.000 850
X - - 0.560 4180
K - - 2.240 2090
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Fig.3 0 °C isotherm in various times applying coupled model
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