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ABSTRACT: 
 
This paper presents a study on using the steady-state three-dimensional heat transfer software HEAT3 for evaluating the heat flow of 
heat transfer through different elements of the building envelope in order to establish the linear thermal transmittance of the linear 
thermal bridge. The linear thermal transmittance is obtained according to the one-dimensional steady- state heat transfer calculation 
formula for the plane walls using the heat flow values obtained through the method specified above. The results presented in this 
paper are part of a wider study on evaluating the heat transfer through building’s envelope elements by evaluating as accurate as 
possible the thermal bridges effect of the most common building structures. As a case study, it was considered the steady-state heat 
transfer through an opaque outer wall of a building considering the thermal bridges for the following elements: outer walls 
intersection, inner and outer wall intersection and outer wall with intermediate floor intersection. 
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1. INTRODUCTION 

In 2003 came out the 2002/91/EC Directive on the energy 
performance of buildings (EPBD) which was transposed, in 
Romania, into Law 372/2005 (Law 372, 2005; Mc001, 2006). 
Among other measures, an important outcome of the Law 
372/2005 implementation is creating a legal framework for 
existing building stock assessment. The Romanian methodology 
Mc001/2006 (Mc001,2006), for determining the energy 
performance of buildings was developed in compliance with the 
Law 372/2005 and is based on the European standard package 
specific to this field.  
 
The Romanian methodology Mc001/ 2006 (Mc001, 2006) for 
determining the energy performance of buildings provides 
stipulations to design energy efficient buildings but also 
provides solutions and methods for assessing the condition of 
existing buildings and their energy consumption. Currently, 
increasing the energy efficiency in the building sector is 
heading largely on the rehabilitation of existing buildings stock. 
In this context, research is focused on finding solutions to 
determine the existing building’s performance as accurate as 
possible (Pescari, 2013).  

Typically, the energy consumption evaluation and the 
transmission heat losses evaluation are based on using the 
corrected thermal resistances of each envelope element. 
Corrected thermal resistances are the thermal resistance 
determined in the current field of the envelope elements, 
namely the sum of all layers thermal resistances, considering 
the thermal bridges influence reductions (Pescari, 2015). These 
reductions are evaluated according to Mc001/2006 and 
Buildings Thermal Bridges Catalogue based on approximations 
and similarities between different examples and real situations. 
Often these approximations do not lead to accurate results. 
 
This paper is part of a wider study that is intended to evaluate 
the heat transfer through the elements of the building envelope 
using three-dimensional steady-state heat transfer software such 
as HEAT3 in order to accurately assess the effect of the thermal 
bridges. 
 

2. MATHEMATICAL MODELS 

2.1 Steady-state one- and three-dimensional heat transfer 

The differential equation of thermal conduction in three 
dimensions is given, in generally, by the following relationship: 
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where: zyx λλλ  , ,  = the thermal conductivities of the material in     

three dimensions, in W/ (mK); 
           ρ = the density of the material, in kg/m3; 
            c = the mass heat capacity, in J/ (kg K); 
           vq = the contribution of the internal sources of 

 heat, in W/m3. 
 
Usually, the thermal conductivity λ   is considered constant 
after the three directions and the internal sources of heat, zero. 
Thus the relationship (1) becomes:  
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In steady-state heat transfer, the thermal conduction differential 
equation is given by the following relationship: 
 

                     02

2

2

2

2

2
=

∂

∂
+

∂

∂
+

∂

∂

z
t

y
t

x
t      (3) 

 
Differential equation solving can be achieved by applying the 
finite difference method or the finite element method. The 
boundary conditions are:  
- Boundary conditions of Fourier type, expressing that heat flow 
that is passed by the heat conduction in solid and reached solid-
liquid separation surface is taken up entirely by convection and 
radiation. 
 
Heat transmission by the solid-liquid separation surface is given 
by Newton's law: 
 
                                     ( )fs tthq −=      (4) 
where: h = the surface heat transfer coefficient, in W/(m2K), 
and contains both a convective and a radiant component: 
 

                               radconv hhh +=      (5) 
It results:  

                          ( )fs
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- Contact boundary conditions, stating that the surface of 
separation between two solids does not change heat flow value, 
thus expresses a conservation law of conductive heat flow: 
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2.2 HEAT3 software 

HEAT3 is a program used for three dimensional transient and 
steady-state heat transfer. The program can be used for 
assessing the heat transfer through different building envelope 
configuration and also for thermal bridges evaluation. An 
important restriction of the program is that any configurations 
must be described in a parallelepipedical mesh meaning that all 
internal and external boundaries are parallel with of the x, y, z 

directions. Thus, a network of cells is proposed to describe the 
geometry of the three dimensional studied building element 
(Blomberg, 2012; Brata, 2016). 
 
The heat equation is replaced by a discrete approximation. The 
temperature field is approximated by values at discrete points 
(Blomberg, 2012; Brata, 2016). An energy balance is made for 
each described cell. The steady-state method is based on the 
successive over-relaxation method. The temperatures are 
calculated in the same way as with explicit forward difference, 
but new temperatures are used in the formulas as they arise. A 
significant fact is that the heat capacities of the cells do not 
matter in this case (Blomberg, 2012; Brata, 2016). In order to 
highlight the effects of thermal bridges using HEAT3 or any 
other software in fact, modelling the entire building is 
challenging or even impossible; therefore the building is 
divided into several elements using sectioning plans. This 
division is carried out so as to avoid any difference in the 
calculation results for the building as a whole and the building 
divided into several elements. The building’s components 
modelling is made in accordance with the requirements of EN 
ISO 10211- 2008. In the following cases, for accurate 
calculations, the sectioning plans were chosen to cover a 
distance d = 1.20 m from the central element (recommended 
1.00 m or 3 times the thickness of the lateral element, being 
chosen the highest value). 
 
2.3 Linear thermal transmittance evaluation 

According to Romanian methodology Mc001/2006 the heat 
flow is calculated using the steady state transmittance (Pescari, 
2015). 
                                         θΔ×=Φ JL       (8) 
 

where: JL  = the steady state transmittance, 
          θΔ = the difference between interior and exterior 
temperature. 
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where: JA  = envelope elements areas calculated  considering 
the interior dimensions of the envelope elements, 
          '

j R = corrected thermal resistance (uni-dimensional 
calculation). 
                                          RrR ×='                   (10) 
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3. STUDY CASE 

The study was conducted for three types of thermal bridges 
zones characteristic for the building’s envelope, in two cases, 
thermal insulated and thermal un-insulated outer wall: 
 
- Outer walls intersection  
- Inner and outer wall intersection  
- Outer wall with intermediate floor intersection 
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The component materials in the structure of the envelope 
elements are characterized by the following parameters 
presented in table 1. 
 

Layer 

Thickness 
d 
 

cm 

Thermal 
conductivity 

λ 
W/(mK) 

Volumetric 
thermal 
capacity 

cvol 
MJ/(m3K) 

Interior plaster 2 0.96 1.512 
Vertical hollow 

masonry 25 0.33 1.262 

Thermal 
insulation 10 0.062 0.075 

Outer plaster 3 0.9 1.428 
Floor 5 1.03 1.344 

Reinforced 
concrete slab 13 1.74 2.016 

 

Table 1. Materials parameter of the envelope elements 
 

The considered boundary conditions are: 
- Interior air: t = 20oC, interior superficial thermal resistance, 
Rsi = 0.125 (m2K)/W; 
- Exterior air, t = -15oC, exterior superficial thermal resistance, 
Rse = 0.042 (m2K)/W; 
- Adiabatic boundary in the plane of the walls and floors, 
outside of the considered surfaces. The surfaces are similar to 
those used in (Buildings Thermal Bridges Catalogue, 2012). 
 
Further on are presented the results obtained with the software 
HEAT3 for the thermal bridge of outer walls intersection.  
 

 
 

Figure 1a. Outer walls intersection (MATERIALS) 
 

 
 

Figure 1b. Thermal insulated outer walls intersection 
(MATERIALS) 

 

In figures 1a and 1b are presented the geometric features and 
materials used in the composition of the envelope elements. The 
figures 2a, 2b and 3a, 3b show the two- and three-dimensional 
temperature fields, respectively, the figures 4a, 4b, 5a and 5b, 
the density of heat flow distributions. 

 
 

Figure 2a. Outer walls intersection (TWO DIMENSIONAL 
TEMPERATURE DISTRIBUTION) 

 

 
 

Figure 2b. Outer walls intersection (THREE DIMENSIONAL 
TEMPERATURE DISTRIBUTION) 

 

 
 

Figure 3a. Thermal insulated outer walls intersection          
(TWO- DIMENSIONAL TEMPERATURE DISTRIBUTION) 
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Figure 3b. Thermal insulated outer walls intersection  
(THREE DIMENSIONAL TEMPERATURE 

DISTRIBUTION) 
 

 
 

Figure 4a. Outer walls intersection (TWO DIMENSIONAL 
DENSITY OF HEAT FLOW DISTRIBUTION) 

 

 
 

Figure 4b. Outer walls intersection (THREE DIMENSIONAL 
DENSITY OF HEAT FLOW DISTRIBUTION) 

 
 

Figure 5a. Thermal insulated outer walls intersection  
(TWO DIMENSIONAL DENSITY OF HEAT FLOW 

DISTRIBUTION) 
 

 
  

Figure 5b. Thermal insulated outer walls intersection  
(THREE DIMENSIONAL DENSITY OF HEAT FLOW 

DISTRIBUTION) 
 
 
The results are summarized in Table 2, 3 and 4, and show the 
following parameters: 
 
-Specific thermal resistance in current field of building element, 
R, in (m2K)/W, 
-Number of computational cells in HEAT3, 
-Heat flow of three-dimensional steady state heat transfer using 
HEAT3, in W, 
-Linear thermal transmittance,Ψ, in W/(mK). 
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Intersection of outer walls 

 

Case/ 
parameters 

Without 
thermal 

insulation 

With thermal 
insulation 

Number of computational cells 
(HEAT3) 

3420; 
Nx = 9, 
Ny = 20, 
Nz =19. 

3420; 
Nx = 9, 
Ny = 20, 
Nz =19. 

Heat flow, Φ, HEAT3   [W] 133.94 43.19 
Specific thermal resistance in 
field, R [(m2K)/W] 

0.982 3.255 

Linear thermal transmittance,Ψ 
[W/(mK)] 

0.1554 0.0751 

 

Table 2. Outer walls intersection parameters  
 

Inner and outer wall intersection 

 

Case/ 
parameters 

Without thermal 
insulation 

With thermal 
insulation 

Number of computational 
cells (HEAT3) 

291593 
Nx = 79 
Ny =129 
Nz =103 

358028 
Nx = 84 
Ny =129 
Nz =103 

Heat flow, Φ, HEAT3, [W] 180.25 49.94 
Specific thermal resistance in 
field, R [(m2K)/W] 0.982 3.255 

Linear thermal 
transmittance,Ψ [W/(mK)] 0.1384 0.0084 

 
Table 3. Inner and outer wall intersection parameters  

 
Outer wall and intermediate floor 

intersection 

 

Case/ 
parameters 

Without thermal 
insulation 

With thermal 
insulation 

Number of computational 
cells (HEAT3) 

583424; 
Nx = 95, 
Ny = 128, 
Nz =126. 

726400; 
Nx = 103, 
Ny = 128, 
Nz =126. 

Heat flow, Φ, HEAT3, [W] 85.24 19.09 
Specific thermal resistance, 
R (m2K)/W] 0.982 3.255 

Linear thermal 
transmittance,Ψ [W/(mK)] 0.5292 0.0140 

 

Table 4. Outer wall and intermediate floor intersection 
parameters  

4. CONCLUSIONS 

The determination of heat flows, respectively, transmission heat 
losses through the building envelope, through thermal bridges 
zones of construction elements are needed to assess the energy 
performance of buildings in the context of designing energy 
efficient buildings  and thermal rehabilitating the existing 
building stock, as an implementation of EU Directives on 
energy performance of buildings. 
 
The heat transfer evaluation using programs for three-
dimensional heat transfer is a key for a more accurate 
evaluation of the thermal bridges effect required to be precisely 
known and reduced as much as possible for an energy efficient 
building. 
 
Moreover, modelling specific details of the most common types 
of building structures using three-dimensional heat transfer 
simulation programs such as HEAT3, it can be created a 
database encompassing the effect of thermal bridges through 
linear thermal transmittance to help designers evaluate and 
avoid several thermal bridges at the design phase of a new 
building and also to indicate the appropriate thermal insulation 
solution of an existing building. 
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