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The Effect of Rock Joints and Ground Water on the
Thermal Flow through Rock Mass

Yeon-Jun Park, Kwang-Ho You, Hee-Soon Shin and Joong-Ho Synn

Abstract. Thermal flow through jointed rock mass was analyzed by numerical methods. The effect of a single
set of joints on the heat conduction was analyzed by one-dimensional model and compared with the analytical
solution. When a joint is completely dry, the joint behaves as a thermal break inducing jumps in temperature
distribution even at steady state. Therefore when joints are completely dry, individual joint has to be taken into
consideration to get a good result. When joints are partially or fully saturated, the thermal conductivity of the joints
increases drastically and the jumps in temperature distribution become less severe. Therefore the effect of joint
in heat conduction can be well absorbed by continuum anisotropic model whose thermal properties represent overall
thermal properties of the intact part and the discontinuities. Since the effect of joints becomes less important as
the degree of the saturation increases, the overall thermal response of the rock mass also becomes close to isotropic.
Therefore it can be concluded that a great effort has to be made to obtain a precise in-situ thermal properties in
order to get a good prediction of the thermal response of a jointed rock mass.
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Table 1. Thermal properties and boundary condition employed in the analyses.

Property or Condition

Corresponding values or condition

100C

temperature of surrounding rock 12T

temperature of cavern interior

cavern depth

thermal conductivity of intact rock
specific heat of intact rock
thermal conductivity of ground water
specific heat of ground water
thermal conductivity of air
specific heat of air

average joint aperture

average joint spacing

ground water flow

number of joint set

dips of joint sets #1:0°

deep enough to neglect the effect of surface temperature variation
3.1 W/mC(granite)

800 J/kgC(granite)

0.569 W/m<T(plain water)

4,185 J/kgC(plain water)

0.024 W/mT

1,005 JkgC

0.5 mm and 1 mm

02 m, 0. m
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Table 2. Equivalent thermal conductivities of a jointed rock mass in various conditions.

Joint Condition Air 100% Water 100% Air 50% Water 50%
Contact 0% Contact 0% Contact 50% Contact 50%
Thermal
Conductivity Case I Case I Case III Case IV
ko (WimT) 1.359 2.968 1.889 3.033
k,,(W/mT) 2348 3.066 2,672 3.083
Z—’“ 0.579 0.968 0.707 0.984
w
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Fig.1. One dimensional model with regularly spaced joints.

Temperature Distribution(dry)
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Fig. 2. Temperature distribution when regularly spaced

continuous joints are filled with air(dry).
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Temperature distribution when regularly spaced
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Fig. 4.

Temperature Distribution (half)
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Temperature distribution when regularly spaced
discontinuous joints are filled with air(dry).
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