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Abstract 

This paper provides a numerical solution for simultaneous heat, air 

and moisture transfer within soil surrounding building foundations. 

The accuracy of the proposed model is assessed through comparison 

with numerical and experimental results of a series of laboratory 

controlled tests found in the literature. An application is then 

performed to simulate the heat and mass transfer as a result of heat 

dissipation of a foundation.     

1 Introduction  

The global consequences of increasing energy consumption on the environment including 

damage to the ozone layer, global temperature increase and the detrimental effects of high 

levels of CO2 are now clear. A significant component of total global energy demand is related 

to energy used to heat and to cool buildings. In Western Europe, it is reported that 52% of 

energy delivered is consumed to maintain acceptable environmental conditions within 

buildings [Thomas and Rees 1999]. To date, most efforts have been concentrated primarily on 

the above grade envelope of buildings such as walls and roofs, since they initially posed the 

largest potential. However, it is also recognised that significant heat losses may occur due to 

flow of heat from the inside of a building through the ground floor slab and into the 

foundation soils. At present, foundation heat losses can no longer be considered a less 

important part in the total building heat loss [Hagentoft 1988]. According to Natural 

Resources Canada, foundation heat losses can account for 20 to 35 percent of a home's heat 

losses. 

The influence of temperature changes generated by the building heat loss via the ground in 

two-phase or multi-phase surrounding soil is of a great importance in geotechnical and geo-

environmental engineering. This phenomenon is complicated by many unknowns, such as the 

soil’s physical properties and complex physical processes. For example, heat is transferred by 

thermal conduction and moisture transfer; the thermal properties of soil are strongly 

dependent on the moisture content; and moisture phase change includes latent heat effects 

which can lead to changes in both the thermal and isothermal properties of the soil. 

Despite the relative complexity of these phenomena, a considerable amount of research on 

foundation heat loss has been performed [Janssen 2002; Deru 2003; Chuangchid et al. (2004), 

dos Santos & Mendes (2006), and Ma et al. (2009)]. In all these works, the coupled heat and 

moisture transfer in the soil around foundations is modeled without considering the influence 

of air transport. 

This work aims at studying the simultaneous fully coupled heat, moisture and air transfer 

within the soil surrounding building foundations by means of numerical simulations.  

To that aim, at first, a set of fully coupled governing differential equations for a non-

deformable unsaturated porous medium influenced by heat effects is derived. This model 
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considers diffusion and advection mechanisms and consists of mass conservation and transfer 

equations for moisture, mass conservation and transfer equations for air and energy 

conservation and transfer equations for heat [Maghoul et al. 2010]. The formulation is 

accomplished using the capillary potential, air pressure and temperature as independent 

variables. 

The numerical method used to solve the system of partial differential equations is based on a 

Galerkin finite element method with adaptive mesh refinement and dynamic time step control.  

This fully coupled model is verified by comparing with the numerical and experimental 

results of a series of laboratory controlled tests found in the literature. This is performed for a 

series of stages of work, in increasing order of complexity. For the sake of brevity, two 

examples are explored here; a main subset of the complete model: coupled heat/moisture 

transfer at constant pressure and the overall model as presented in Thomas and Sansom 

(1995) for coupled transport of moisture, heat and air in an unsaturated soil. 

Finally, as an example of the application of the model a straightforward study on heat and 

mass transfer as a result of heat dissipation of a foundation is performed. 

2 Theoretical basis 

An unsaturated porous medium can be represented as a three-phase (gas, liquid, and solid), or 

three-component (water, dry air, and solid) system in which two phases can be classified as 

fluids (i.e., water and air) [Fig. 1]. In a three-phase system, the liquid phase is considered to 

be pure water containing dissolved air and the gas phase is assumed to be a binary mixture of 

water vapor and “dry” air, while in a three-component system the water component is a 

mixture of liquid water and water vapor.  

 
Figure 1. Unsaturated soil: a multiphase porous medium 

As the term ‘moisture transfer’ will be used in the following work, a question of terminology 

may arise. Here, the term ‘moisture’ will be used in place of the ‘water component’ which 

consists of vapor and liquid. The term “liquid transfer” will be used for the transfer which 

occurs exclusively in liquid phase, and all transfer in excess of the liquid transfer is named 

“vapour transfer” as they are used by Philip and de Vries (1957). It can be concluded that in 

the absence of liquid continuity, at low moisture content, all transfer is the vapour transfer and 

with increasing moisture content, the liquid phase transfer becomes dominant. 

The ‘air component’ is associated with all of the air dissolved in water and dry air. 

For a non-deformable unsaturated material influenced by heat effects, the governing partial 

differential equations consists of three main groups: mass conservation and transfer equations 

for moisture, mass conservation and transfer equations for air and energy conservation and 

transfer equations for heat [Maghoul et al. 2010]. The mass conservation equation for dry air 
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includes both the bulk flow of dry air and the air dissolved in liquid. All conduction, 

convection and latent heat of vaporization are represented in the energy balance equation. 

Generalized Darcy’s law is used for motion of water and dry air. Fourier’s law is considered 

for conductive heat flow. The energy transfer by all phases, and phase changes between liquid 

and gas are considered. The formulation is accomplished using the capillary potential ���, air 

pressure ���� and temperature ��� as independent variables. 

Mass conservation and transfer equations for moisture 

In this part, one tries to obtain the transfer of moisture (liquid and vapour) within an 

unsaturated medium due to non-isothermal conditions, as well as the mass conservation for 

this constituent as follows: 

− Liquid phase transfer 

Non-isothermal liquid flow in unsaturated soils is governed by generalising Darcy’s law for 

saturated soils as follows: 

 ��	
 = ��
� = −�� 1�� ∇�� − ��∇� (1) 

where ��	
 = velocity of liquid flow ��. ����; �� = vector of liquid flux ���.�������; � = 

density of liquid water ���.����; �� = unsaturated hydraulic conductivity ��. ����; �� = 

pore-water pressure ���.���. ����; � = vertical space coordinate, positive upward ���; and 

�� = specific weight of water �= ���. 
For non-isothermal problems, the unsaturated hydraulic conductivity depends not only on the 

liquid water content, but also on the temperature of the soil. The latter must be accommodated 

in the formulation by making use of the relationship between �� and the dynamic viscosity of 

water,  �: 
 ���!� , �� =  ���#�

 ���� ��#�!�� (2) 

where � = temperature �°��; !� = volumetric liquid content �−�; subscript % is associated 

with reference temperature ��# = 20°(�; and ��# = unsaturated hydraulic conductivity at 

reference temperature which depends only on the !� and can be obtained experimentally for 

each soil (Van Genutchen 1980; Gardner 1960; Gatmiri 1997) ��. ����. 
By defining the capillary potential ψ “as the difference in partial specific free energy between 

soil water and standard water” (Hillel 1998) via: 

 ψ = ��� − ���/�� (3) 

the non-isothermal liquid flow can be written as follows: 

 ��	
 = ��
� = −��∇ +ψ + ��

��- − ��∇� (4) 

The term ���/��� is the atmospheric pressure expressed as the height of a water column.   

In non-isothermal problems, the capillary potential ψ varies with both liquid content and 

temperature. The variation of capillary potential according to the temperature is considered by 

the introduction of the surface energy .��� (Ewen & Thomas 1989): 

 ψ�!� , �� = .���
.��#� ψ#�!�� (5) 
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− Vapour transfer 

Water vapour flow is assumed to be induced in two ways: firstly by diffusive transfer, driven 

by the water vapour pressure gradient; secondly by advective transfer, as part of the bulk flow 

of air. 

According to the simple theory of Philip and de Vries (1957) and by assuming that water 

vapour obeys the perfect gas law, the vapour flux due to the diffusion of water vapour in soils 

is written as: 

 �/�01	22 = −3�4567!�∇/�0 (6) 

in which 3�45 = molecular diffusivity of water vapour in air ���. ����; 6 = mass flow factor 

which is clearly quite close to 1 at normal soil temperatures �−�; 7 = a tortuosity factor 

allowing for the extra path length �−�; !� = volumetric air content of the medium �−�; and 

/�0 = /8�4ℎ = density of water vapour in which /8�4 = density of saturated water vapour 

and ℎ = relative humidity.     

The relative humidity ℎ is given by the psychrometric law as follows: 

 ℎ = :;<�ψ�/=/�� (7) 

where =/ = specific gas constant of water vapour �>. ����. ����; and � = acceleration due to 

gravity ��. ����. 
By considering the modifications made by Philip and de Vries (1957) and Ewen and Thomas 

(1989) to take into account the interaction between vapour and liquid phases, and the 

difference between average temperature gradient in the air-filled pores and in the soil as a 

whole, the velocity of vapour flow due to the diffusion, �/�0, is given by: 

 
�/�0 =

�/�01	22

� = −+3�456?
�

/8�4�ℎ
=/� 	-∇ψ

− 3�456?�∇���
��∇�� +ℎ A/8�4A� − /8�4ψ�ℎ

=/�� - ∇� 

(8) 

where ? = porosity of the soil �−�; and �∇���/�∇�� = ratio of microscopic temperature 

gradient in the pore space to the macroscopic temperature gradient �−�.  
Adopting Preece’s approach [Preece 1975] which was related to the work of de Vries [de 

Vries 1966] the ratio of pore temperature gradients may be calculated from the expression 

[Thomas and King 1992]: 

 
�∇���
�∇�� = 1

3 +
2

1 + CD + 1
1 + C�1 − 2D�	- (9) 

where 

C = ��� + �/�/�� − 1 

D = E 0.3333 − 0.325�? − !��/? 0.09 < !� < ?
0.0033 + 11.11�0.33 − 0.325�? − 0.09�/?�!� 0 < !� < 0.09 

�/ = 3�456ℎI A/8�4A�  

in which �� = pore air thermal conductivity �J.���. ����; �� = liquid water thermal 

conductivity �J.���. ����; and �/ = vapour thermal conductivity �J.���. ����.    
− Total moisture flux 

The total moisture movement in unsaturated soil due to temperature gradient and its resulting 

moisture content gradient is equal to the sum of the flows which take place in phases, vapour 

and liquid, as well as what induced by advective transfer as part of the bulk flow of air. Thus: 
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 �5 = �� + �/�01	22 + �/�0�1/ = ���	
 + ��/�0 + /�0�� (10) 

in which �/�0�1/ = advective flux ���.�������; and �� = air velocity ��. ����.  
− Conservation of moisture mass 

The governing differential equation of moisture mass conservation in a control volume of an 

unsaturated porous media can be given as: 

 
A5
AK = −�∇ ∙ ��	
 − �∇ ∙ �/�0 − ∇ ∙ M/�0��N (11)

where 5 = effective soil water density including both liquid and vapour: 

 5 = �!� + �? − !��/�0 (12)

Mass conservation and transfer equations for dry air 

− Dry air transfer 

Dry air transport in unsaturated soil is assumed to occur due to two effects: firstly as bulk 

flow of dry air, and secondly within the liquid as dissolved air. Quantification of the volume 

of dissolved air contained within the liquid is achieved via the use of Henry's law (Weast 

1976): 

 �� = 1��� + 1�OP��	
 (13) 

where �� = vector of dry air flux ���.�������;  1� = density of dry air; OP = Henry’s 

constant �−�.  
The dry air velocity is assumed here to be given by the application of the generalized form of 

Darcy's law for multiphase flow (Barden 1965). Therefore, ignoring gravitational effects, the 

velocity is given by: 

 �� = −���#�
 � ∇�� (14)

where �� = intrinsic permeability of the air phase ����; �#� = relative permeability of the air 

phase which is a function of water content and temperature �−�; and  � = viscosity of the air 

�Q. �.����.   
− Conservation of dry air mass 

The dry air mass conservation may be written as (Thomas and Sansom 1995):  

 
A
AK M?1��R� + OPR��N = −∇ ∙ �� (15)

where R� = !�/? = degree of saturation of soil; R� = 1 − R� = degree of air saturation in soil. 

By considering that dry air and water vapour are ideal gases: 

 1� = �1�
=1��	, �/�0 = /�0=/� (16)

and by applying Dalton’s law of partial pressures, one has: 

 �� = �1� + �/�0 (17)

in which �1� = dry air pressure; and =1� = specific gas constant for dry air. 

http://esim.ca Page 575 of 614 May 1-4, Halifax Nova Scotia 

Proceedings of eSim 2012: The Canadian Conference on Building Simulation 



Consequently, the dry air density may be written as: 

 1� = ��
=1�� − /�0=/

=1�  (18)

Energy Conservation and Heat Flow Equations 

− Heat transfer 

The heat flux per unit area, �S, consists of three modes of heat transfer: thermal conduction, 

convective heat transfer and latent heat of vaporization. The conductive heat transfer obeying 

Fourier’s law contains the contribution from liquids, solids and gas. Conduction is the main 

mechanism for heat transfer in soil and contributes to the energy conservation in solids, 

liquids and air. Convective heat in soil is referred to the sum of advective transfer (liquid flux 

and air flux) and diffusive transfer (water vapor flux). Consequently, one has: 

 

�S = −TU�!��∇�
+ MV5����	
 + V5/��/�0 + V5//�0�� + V51�1���N��
− �#� + IM��/�0 + /�0��N 

(19)

in which TU�!�� = coefficient of thermal conductivity of the unsaturated soil �J.���. ����; 
V5�, V5/ , V51� = water, vapour and dry air specific heat capacities per unit mass 

�>. ����. ����; and I = latent heat of vaporization of soil water �>. �����. 
− Conservation of energy 

The energy conservation equation in a porous medium can be expressed by:   

 
AW
AK + ∇ ∙ �S = 0 (20)

in which W = volumetric bulk heat content of medium which can be defined by: 

 W = (U�� − �#� + �? − !��/�0I (21)

where (U = specific heat capacity of unsaturated mixture: 

 (U = �1 − ?�8V58 + !��V5� + �? − !��/�0V5/ + �? − !��1�V51� (22)

 

This system of governing partial differential equations (PDEs) is solved by using the finite 

element method (FEM). A Galerkin weighted-residual approach is employed to minimize the 

resulting residuals. Also, an adaptive mesh refinement and dynamic time step control are 

implemented. Temporal solution of the governing PDEs is accomplished by means of a 

second-order implicit Backward Difference Formula (Gear method). In order to measure 

temporal error, an additional time step of values previous to the three points of the quadratic 

solution is stored, and a cubic in time to the sequence at each node is fitted.  The size of the 

cubic term implies the error in the quadratic solution, and is used to either increase or 

decrease the time step in order to keep the temporal error within the specified tolerance. 

3 Model verification 

In order to assess the validity of this fully coupled model and verify the numerical results 

obtained, extensive checks were carried out. Comparisons with known numerical and 

experimental results of a series of laboratory controlled tests found in the literature for subsets 
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of the model were done. For the sake of brevity of the text, two benchmarks are presented 

here. The calculated solutions are compared with two known numerical solutions; 1) a subset 

of the complete model as presented in Thomas and King (1991) for simultaneous transport of 

moisture (liquid and vapour) and heat under constant atmospheric pressure, 2) the overall 

model as presented in Thomas and Sansom (1995) for coupled transport of moisture, heat and 

air in an unsaturated soil. 

− Case 1: simultaneous transport of moisture (liquid and vapour) and heat under 

constant atmospheric pressure  

The first verification of the model to be undertaken is to compare the numerical outputs with 

published numerical solutions for a simultaneous transport of moisture (liquid and vapour) 

and heat under constant atmospheric pressure as reported in Thomas and King (1991). The 

example consisted of a column of sand, 10	V� in length, subjected to an imposed temperature 

gradient. In order to perform a 2D analysis of this problem, the width of column was 

considered small enough, compared to its depth, to represent properly the soil column. This 

problem is solved here by neglecting the air effect, in order to be consistent with Thomas and 

King’s solution. The following boundary and initial conditions are considered: 

ψ = −0.2842	�; 		� = 20°( K = 0 −10	V� ≤ � ≤ 0
��	
 = 0, �/�0 = 0; 			� = 60°( K > 0 � = −10	V�
��	
 = 0, �/�0 = 0; 			� = 20°( K > 0 � = 0	V�

 

The forms of the capillary potential/volumetric liquid content, the unsaturated hydraulic 

conductivities/volumetric liquid content and the thermal conductivity/ volumetric liquid 

content relationships were obtained based on the direct laboratory experimentation work on a 

medium sand as follows: 

 ψ# = M−2.41 − 0.002!���.^_N/� (23) 

 �� =  ���#�
 ���� 1.5 × 10��a:;<�28.061�!�/?� − 12.235�!�/?��� (24) 

 TU = 0.256 + 2.548M1 − :;<�−22.94!��N (25) 

The results for this case-study are graphically presented in figures 2 and 3 in which the results 

of 1D and 2D simulations are shown respectively by solid line and filled circles. As well, the 

numerical results obtained by Thomas and King (1991) are presented in these figures by 

dashed line. Figure 2 details the volumetric liquid content changes at specific nodal points 

within the specimen with time. It can be seen that at the heated surface � = −10	V� the rapid 

drying occurs immediately and the subsequent migration toward the cooler end results in 

temporary increases in liquid content at depths of −8	V� and −6	V�. However, this liquid is 

forced to move upward, toward the cooler end, as these areas progressively get hotter. Also, 

the temperature variations with time, plotted at the same nodal points as those in Figure 2 are 

shown in Figure 3. At first, a rapid temperature increase happens. Then, moisture 

redistribution and the associated changes in the thermal characteristics of the soil cause the 

temperatures to gradually decrease toward their equilibrium values.  

As it can be seen, there is a very good agreement between the data points and the simulation 

results for both 1D and 2D cases.  

− Case 2: coupled transport of moisture, heat and air 

The second verification of the model to be undertaken is a comparison with Thomas and 

Sansom (1995)’s solution for simultaneous coupled transport of moisture, heat and air in an 
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unsaturated soil used in a nuclear-waste repository. The considered example consisted of a 

sand column, � = 10	V� in length. As the previous case-study, for 2D analysis the width of 

column was considered small enough, compared to its depth, to represent properly the soil 

column. The following boundary and initial conditions are considered:  

 

Figure 2. Volumetric liquid content variation with time 
 

Figure 3. Temperature variation with time 

ψ = −0.5	�; 		� = 20°(;	�� = 100	��b K = 0 −10	V� ≤ � ≤ 0
��	
 = 0, �/�0 = 0;		�� = 0; 			� = 50°( K > 0 � = −10	V�
ψ = M�97000 − ���/��N	�;		�S = 0;		�� = 0 K > 0 � = 0	V�

 

                   	ψ = −0.5	�;		�S = 0;		�� = 102	��b																		K > KP 			� = 0	V� 

where KP = time when the air pressure at the upper boundary equals 102	��b. In fact, in this 

case liquid was allowed to infiltrate the upper surface boundary in a controlled manner, 

subject to the application of a constant absolute “negative” pore-water pressure of 97	��b. 

This is equivalent to a relative pore-water pressure of 3	��b when air pressure is atmospheric 

but will decrease as air pressure increases. This will yield a value of ψ = −0.3	� at � = 0	V� 

while �� is still at a value of 100	��b. From the moment the value of ψ will decrease back to 

ψ = −0.5	� at � = 0	V� at a value of K > KP. 

The form of the capillary potential/volumetric liquid content is expressed as follows: 

 
ψ# = M−2.41 − 0.002!���.^_N/� 0 ≤ !� ≤ 0.2

ψ# = −MR̅�? − !��Nef 0.2 ≤ !� ≤ ? (26) 

in which R̅ = 1.101416 × 10��g and hf = 0.0226249.    

 
Figure 4. Temperature variation with depth 

 
Figure 5. Capillary potential variation with depth 
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The results for this case-study are graphically presented in figures 4 and 5 in which the results 

of 1D and 2D simulations are shown respectively by solid line and filled circles. As well, the 

numerical results obtained by Thomas and Sansom (1995) are presented in these figures by 

dashed line. Figure 4 details the variations of temperature through the sample at various times 

during the simulations. As can be seen, a predictable increase in values throughout the soil 

due to the influence of the elevated temperature imposed at the base of the sample is 

observed. The steady-state conditions are attained after 5ℎ%. Also, the capillary potential 

profiles through the sample at various times are given in figures 5. Good agreement between 

the data points and the transient results for both 1D and 2D cases is observed.   

4 Application 

The application which is presented is related to problems of coupled heat and moisture 

movement in unsaturated soil surrounding a foundation of a building. Computations are 

performed using the two-dimensional finite element heat and moisture transfer model 

described previously. Within this context, a non-insulated basement with an external depth 

and width of 1.5	� by 8	� is studied. As supposed by Hagentoft (1988), the process of heat 

transfer through the basement structure can be assumed stationary. This leads to use a thermal 

transmittance for the foundation structure without modelling it explicitly. Symmetry is 

considered for all calculations and only half of the foundation is modelled (Figure 6).  

The foundation is further assumed impermeable. As well, the vertical boundary planes of the 

soil domain are considered adiabatic, impermeable and at atmospheric air pressure. The water 

table is supposed 8.5� beneath the basement. Then, at the bottom of the soil the capillary 

pressure is maintained at ψ = −5.0� and an atmospheric air pressure is applied. Presuming 

an infinite ground water flow, a constant temperature (� = 6°() is assumed for the lower 

boundary. The air temperature above the floor is fixed at ��5i = 20°( with the convective 

heat transfer coefficient for the floor and the basement wall equal to j2 = 6.0	J/��°(: 

 kPlm/ = j2���5i − �8� (27)

At the soil upper surface, the boundary values specified are a temperature of 4°(, an 

atmospheric air pressure and a capillary pressure of ψ = −10.0�. Sophocleous’s (1979) 

work on the recorded diurnal variation of temperatures in the field, showed that over a 24 

hour period, the soil temperature at a depth of 5	V� varied little, despite changes of 16°( in 

ambient air temperature. It is therefore considered appropriate, as a first approximation, to 

model the boundary temperature value as fixed over the period of time under consideration. 

As initial conditions, a temperature of �	 = 6°( have been employed, together with a 

capillary pressure which varies from ψ	m	4 = −10.0� at the surface, where � = 5� depth, to 

a value of ψ	m	4 = −5.0� at the base of the medium at � = 0� depth. Also, air pressure is 

supposed at an atmospheric value of 100	��b throughout the domain.   

The material employed in this analysis is a natural sand. The relationships between volumetric 

liquid content, the capillary potential, the unsaturated hydraulic conductivity, and the thermal 

conductivity used here are those presented, respectively, in Equations (23), (24) and (25). The 

values of the remaining soil properties are defined in Table 1.    

At first, to better understand the effect of heat dissipation of the basement on the soil 

temperature field two columns of soil are considered: 1) beneath the center of the floor 
�; = 0�� and 2) below the ground surface at 5� from the basement wall �; = 9��. The 

temperature variations with time at different height of column 1 and 2 are shown in Figures 7 

and 8, respectively. 
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Figure 6. Dimensions and boundary conditions of the calculation domain 

As can be seen in Figure 7, by dissipating the heat from the foundation into the soil, an 

increase in temperature takes place from the top to bottom of the column just beneath the 

center of the floor. This trend continues gradually until equilibrium.   

The variation of temperature at 5� from the basement wall (Figure 8) shows that this distance 

is far enough that the thermal regime would not be affected by the heat dissipated from the 

foundation. In this part, temperature drop at the surface causes the decrease of temperature 

from its initial value ��	 = 6°(�.   
Figure 9 shows contour plot of temperature of soil surrounding the non-insulated basement 

taken at different time. It may be seen that the overall domain has increased in temperature. 

At the top portion of the basement wall within 20 − 30V� of the soil surface, the temperature 

varies precipitously from 4.0°( to 13.0°(. A high rate of heat transfer between the ground 

and the upper portion of the basement wall would be the cause of this sudden change in 

temperature.  

 
    

Table 1. Soil properties 

Property/relationship Value/equation 

specific heat capacity of dry air �V51�� 1000	J/kgK 

specific heat capacity of soil water �V5�� 4180	J/kgK 

specific heat capacity of soil solids  �V58� 800	J/kgK 

specific heat capacity of soil vapor �V5/� 1870	J/kgK 

acceleration due to gravity ���  9.8	m/s� 

Henry’s constant  �OP� 0.02 

intrinsic permeability of the air phase ���� 5 × 10���	m� 

relative permeability of the air phase ��#�� ��? − !��/?� 
latent heat of vaporization of soil water �I� 2.4 × 10g	J/kg 

specific gas constant for dry air  �=1�� 287.1	J/kgK 

specific gas constant of water vapour  �=/� 461.5	J/kgK 

Porosity �?� 0.389 

dynamic viscosity of water � �� �661.2�� − 229���._g� × 10�� ± 0.5%�Ns
/m� 

viscosity of the air � �� 1.846 × 10�_	Ns/m� 

density of liquid water ��� 998	kg/m� 

density of soil particles �8� 2700	kg/m� 

surface energy of soil water �.� �0.1171 − 0.0001516�	�J/m� 
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Figure 7. Temperature variation with time in column 1 

  
Figure 8. Temperature variation with time in column 2 

 

  

  
Figure 9. Ground isotherms around a non-insulated basement for different times. 

 

After 15 days, one can recognize the existence of a double point on the water table surface 

about 9� from the basement center ({ � |). This double point characterizes the meeting of 

the soil isotherm of 6°( and the water table surface (kept at the temperature } � 6°~). To the 

right side of the double point, the water table loses heat to the soil surface; while to the left 

side, the water table receives heat from the basement envelope.   

Figure 10 shows the soil volumetric water content field around a non-insulated basement 

taken at different times. The contour representing the maximum values indicates that moisture 

has been cumulated at the bottom of the domain due to the gravity and cooler temperature 

with respect to the basement.  
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Figure 10. Soil liquid water content isopleths around a non-insulated basement for different times. 

 

Figure 11 illustrates contour plot of corresponding water vapor content �θ� � ρ��n − θ��/ρ��. 
As can be seen, water in the vapor form diffuses from warm to cold driven by the thermal 

gradient. In this case study, considering the small values of water vapor in pores with respect 

to liquid water, this constituent could be properly ignored in the next simulations. 

5 Conclusions  

A two-dimensional numerical model of coupled heat, moisture and air transfer in unsaturated 

soil has been presented. The soil properties are expressed as functions of volumetric water 

content and temperature. This fully coupled model was verified by comparing with the 

numerical and experimental results of a series of laboratory controlled tests found in the 

literature. Example problem of coupled heat and moisture movement in unsaturated soil 

surrounding a foundation of a building as a result of its heat dissipation was analysed. It is 

observed that the overall domain has increased in temperature and the temperature increases 

from the top to bottom of the column just beneath the center of the floor due to the heat 

dissipation from the foundation into the soil. Also, it is demonstrated that at 5� from the 

basement wall the thermal regime is not affected by the heat dissipated from the foundation. 

At the top portion of the basement wall within 20 − 30V� of the soil surface, a high rate of 

heat transfer between the ground and the upper portion of the basement wall would cause an 

abrupt variation in temperature. After 15 days, on the water table surface about 9� from the 

basement center (; � 0), a double point exists. To the left side of the double point, the water 

table receives heat from the basement envelope; while to the right side, the water table loses 

heat to the soil surface. The moisture cumulates at the bottom of the domain due to the gravity 

Time = 0 15 days

30 days 60 days
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and cooler temperature with respect to the basement. Also, it is observed that in this case 

study the water vapor constituent could be properly ignored in the next simulations.  
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Figure 11. Soil water vapor content isopleths around a non-insulated basement for different times. 
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