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The heat loss at ground contact structures is taken into consideration in building heat loss calculations.
However, it implies uncertainties due to the physical properties of the soil as well as the building structure. In this
paper, new methods are introduced for calculating the heat loss at ground contact structures. Firstly, it examines
the presently used and general calculation methods and their shortcomings. Then a simple-to-use method based
on thousands of results of parametrized transient finite element thermal models is shown. In this research, the
calculations take the middle-eastern European climate conditions, geothermal gradient and soil properties as well
as the relevant harmonized EU standards into account. The equivalent linear heat transfer coefficients, which in
this method also contain the effects of thermal bridges, occurring in various conditions are summarized in a table
and can be calculated by new formulae also shown in the paper using condition-dependent constants, the ground
floor’s heat transfer coefficient and the length between the floor and ground level.
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1. Introduction

During heat transfer calculations the first law of ther-
modynamics, i.e. the law of conservation of energy, is
applied to describe heat transport processes. In build-
ing physical modeling the starting equation is usually
the differential equation of heat conduction. In model-
ing some components can be simplified according to real
situations. In some cases, steady-state calculations de-
crease the accuracy significantly. In case of structures
that contact with materials having considerable heat ca-
pacity, the greater heat capacity and thermal conductiv-
ity of solids influences the thermal behavior significantly.
This phenomenon is neglected by a steady-state solution.
For a building envelope, where the air at both sides has
low heat capacity, and if the structure does not have sig-
nificant thermal storage capability as well, the heat con-
duction differential equation for the whole heating sea-
son can be approximated by a stationary model indeed;
results do not differ significantly, the heat losses are al-
most symmetrical at the heating period from Oct. 15th
to Apr. 15th (see Fig. 1, external wall and plinth and
basement wall). However, in case of ground contact
structures, e.g. ground floor or basement walls, the heat
stored in the soil and the geothermal gradient of the
Earth have a significant effect on heat losses in heat-
ing seasons. At a floor structure the effects depending
on the external temperature will delay, therefore heat
losses cannot be approached by steady-state calculations
in heating seasons (see Fig. 1, floor heat loss). These
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phenomena can be investigated; it is possible to analyze
a transient process by using numerical methods.

Fig. 1. Heat losses of heated basement’s structures
from transient simulation.

2. Differential equation
of transient heat conduction to solve

In this paper the thermal simulations are limited to
transient calculations of certain details of isotropic solids.
The system of equations to solve is the following:

∇ (λ∇T ) +Q = Cpρ
∂T

∂t
, (1)

where ∇ is vectorial differential operator, λ is thermal
conductivity, T is absolute temperature, Q is internal
heat generation, Cp is specific heat capacity at constant
pressure, ρ is density, t is time. To solve the differen-
tial equations for ground contact structures, the following
procedures are available in international literature.

2.1. Numerical solutions

One of the first simulations for ground contact struc-
tures was based on explicit finite difference method, dur-
ing which heat and moisture transport processes were
studied in experimental underground shelters [1], and
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years later, results of multi-dimensional computer sim-
ulations were checked and verified by large model exper-
iments [2]. In Hungary, FDM transient simulations are
used in most cases [3]; however, it has number of con-
straints. The European Organization for Standardization
has issued a standard in 1998, in which the heat flows and
surface temperatures are regulated; the current version of
this standard, being in force, is the EN ISO 10211: 2007.

2.2. Analytical solutions

In analytical solutions transient heat conduction equa-
tions are solved by simplified equations, after detailed
studies and analyses. The first simplification is usually
that the dynamic nature of the problem is neglected.
One of these solutions was published in Canada at the
end of the sixties [4]. The analytical methods provided

solutions for two-dimensional cases with periodically
changing boundary conditions, or even for heat losses
of 3D, rectangular floor structures in steady-state by the
eighties [5]. The current standard, the EN ISO
13370: 2007 containing methods for calculating heat
transfer processes in soils also applies analytical cal-
culation procedures, that are based on publications of
Swedish researchers in nineties [6].

2.3. Semi-analytical solutions

The semi-analytical solutions are a mix of analytical
methods discussed above and the results of numerical cal-
culations. An example of such procedures is a method [7],
wherein the boundary value problem is described by a
dynamic three-dimensional heat conduction equation ap-
plying the Green function.

Fig. 2. Parameters and steps of FEA of transient heat conduction in ground contact structures.

3. New calculation methods
for ground contact structures

During the research, a finite element software was
applied, in which the calculations could be parameter-
ized [8]. During the numerous simulation, the thickness
of the thermal insulation of the floor (h) varied as a
function of heat transfer coefficients (Ufloor), that was
investigated between 4 W/(m2 K) and 0.1 W/(m2 K).
The position of the floor structure (z) varied from −3 m
to +3 m from the ground level. 3D model was cre-
ated, therefore the geometrical effects could be studied.
The length of the floor structure was 4 m uniformly, the
footing was 0.5 m above ground level. The exterior wall
was 1.5 m high from the footing. Basement walls, if ap-
plicable geometrically (negative z), were modeled from

the bottom plane of the ground floor to the top plane of
the soil. Each building material property as well as the
boundary conditions were applied according to the cur-
rent ISO standards. The outside temperature was ap-
proached by cosine-based function that was set to the
daily average temperature of Hungary (Te), while inside
the building constant, required temperature (Ti) was as-
sumed. The wind speed was approached as average 3 m/s
according to Hungarian meteorological services. The soil
was considered down to −15 m underground, where 9 de-
grees constant temperature (Tground) was assumed, that
is typical in Central Europe. The transient finite element
simulation parameters are presented in Fig. 2.
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4. Results

After simulations of 3 consecutive years, the results of
the last year were investigated in a table form. Table
contains the equivalent linear thermal transmittances of
a ground floor structure as a function of Ufloor and z, that
can be determined by the following equation on the basis
of the results obtained from the simulation:

ψt =

∑
(L3D,i [W ]10)

1m(Ti− Te)
AwallUwallAbwallUbwall, (2)

where L3D,i is the daily average heat loss at the inte-
rior side of the structures considered at the standard-
ized heating period. (It is multiplied by 10, because
the 3D model was simulated with 10 cm thickness for
better computing performance.) Ti − Te is the aver-
age temperature difference, Uwall and Ubwall are the
1D calculated thermal transmittances of the wall and
the plinth/basement walls, which was 0.24 W/(m2 K)
and 0.3 W/(m2 K), respectively, according to Hungarian
Regulation.

TABLE

Equivalent linear thermal transmittance [W/(mK)] of
ground contact floor structures.

Ufloor 4 2 1 0.75 0.5 0.4 0.3 0.25 0.2 0.15 0.1
z [m]↓ [W/m2K]
–3 0.92 0.82 0.64 0.57 0.47 0.41 0.34 0.30 0.25 0.20 0.13
–2 1.03 0.91 0.70 0.63 0.52 0.46 0.38 0.34 0.29 0.23 0.16
–1.5 1.10 0.96 0.75 0.67 0.55 0.49 0.41 0.36 0.31 0.25 0.18
–1 1.20 1.06 0.80 0.72 0.59 0.52 0.44 0.39 0.33 0.27 0.20

–0.75 1.25 1.10 0.84 0.75 0.61 0.54 0.46 0.41 0.35 0.28 0.21
–0.5 1.32 1.16 0.88 0.78 0.64 0.57 0.48 0.43 0.37 0.30 0.22
–0.25 1.40 1.22 0.93 0.82 0.67 0.60 0.50 0.45 0.38 0.31 0.24
0 1.51 1.31 0.98 0.87 0.71 0.63 0.53 0.47 0.40 0.33 0.25

0.25 1.65 1.42 1.05 0.93 0.77 0.68 0.55 0.49 0.42 0.35 0.26
0.5 1.51 1.31 1.00 0.89 0.74 0.65 0.55 0.50 0.43 0.36 0.27
0.75 1.41 1.23 0.96 0.85 0.72 0.64 0.53 0.47 0.42 0.34 0.26
1 1.34 1.18 0.92 0.82 0.68 0.61 0.52 0.46 0.40 0.33 0.26
1.5 1.23 1.09 0.87 0.78 0.65 0.58 0.50 0.44 0.39 0.32 0.25
2 1.15 1.02 0.82 0.74 0.62 0.56 0.48 0.43 0.37 0.31 0.24
3 1.04 0.92 0.76 0.68 0.58 0.52 0.45 0.41 0.36 0.30 0.23

Based on the results reported in Table, linear thermal
transmittances of floor structures can also be calculated
by the following equations:
for z < 0.25 m

ψt = (0.0168z2 + 0.0947z + 0.3626) ln(Ufloor)

+(0.0362z2 + 0.2294z + 0.997), (3)
for z ≥ 0.25 m

ψt = 0.3027z−0.216 ln(Ufloor) + 0.899z−0.151. (4)
Those equations shows natural logarithmic correlation
with second level polynomial or exponential coefficients,
depending on the depth from the external ground level.

5. Conclusion

The research introduced a new simple-to-use tabu-
lated and semi-analytical method to calculate the equiva-
lent linear thermal transmittance of ground contact floor
structures. The research and the new calculating meth-
ods may help architects and engineers in energy conscious
design.
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