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ABSTRACT: 
 
The paper presents the results of numerical analysis on the effects of thermal bridges at wood frame buildings with or without 
thermal insulation placed on the exterior surface of the wall. The heat flow crossing the wooden thermal bridges, respectively the 
linear heat transfer coefficients ψ and the temperature factors fRsi, can be established based on the plane temperature field in 
stationary thermal regime. The "PSIPLAN" computer program used to determine the temperature field, derived from the original 
program "CIMPLAN" with its first version developed in 1980. The program allows graphic description of the plane section of a 
thermal bridge and discretizes automatically the section on both axes in accordance with the stipulations of the EN ISO 10211-
1:1995 standard and EN ISO 10211:2007 standard. The computer program generates automatically the system of equations that is 
solved using iterative methods until the heat flows on the two surfaces of the section are balanced. The calculation results are 
presented with numerical values and in a graphical manner by isothermal surfaces. The program has various libraries that include 
several types of wood thermal bridges. 
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1. INTRODUCTION 

Thermal bridges of building envelope components are 
areas where the heat flow increases in comparison 
with the current field area of the component. They 
arise due to a change of material or a change in the 
building geometry, because of the penetration of the 
building envelope components by materials with 
different conductivity or due to the contact between 
two types of elements. This often leads to higher heat 
losses and to formation of risk points that can lead to 
surface condensation appearance and mold growth. To 
limit as much as possible these phenomena, 
appropriate constructive measures should be applied 
starting from the initial design stage (Moga, 2009). 
 
Heat losses caused by existing thermal bridges in the 
building envelope are calculated using specific heat 

transfer coefficients. The loss of heat caused by linear 
thermal bridges is expressed by the linear heat transfer 
coefficient denoted by ψ. The ψ value is defined as the 
additional heat loss due to thermal disturbance, on a 
minimum length of one meter when a temperature 
difference of 1 K exists between indoor and outdoor air. 
Unit of measurement for the linear thermal transfer 
coefficient is W/(m•K). The numerical value of ψ 
obtained through calculations is influenced by several 
characteristics: quality of construction detail, the 
method of choosing the sizes, the junction between two 
elements and the value of the thermal transmittance in 
the adjacent field of the elements (the current field of 
the element), the fairness in choosing thermal 
conductivities and contour conditions. If the chosen 
value for the interior superficial thermal resistance is 
chosen Rsi=0.25 (m2.K)/W, than the fRsi factor is used at 
establishing the minimum temperature on the surface of 
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the element in order to avoid the phenomena of mold 
growth (Ascione, 2013; Cappelletti, 2011; Asdrubali 
2012).  
 

2. CALCULATION OF THE LINEAR HEAT 
TRANSFER COEFFICIENT Ψ AND 

TEMPERATURE FACTOR FRSI 

2.1. Generalities 

The linear heat transfer coefficient and the 
temperature factor are established using specific 
programs for thermal bridges calculation. The linear 
heat transfer coefficient is given by: 

 ∑
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where: 
 Ψ is the linear thermal transmittance of the 
linear thermal bridge separating the two environments 
being considered;  
 L2D is the thermal coupling coefficient obtained 
from a 2D calculation of the component separating the 
two environments being considered; 
 Uj is the thermal transmittance of the 1D „j” 
component separating the two environments being 
considered  
 lj is the length within the 2D geometrical 
model  over which the value Uj applies; 
 N is the number of 1D components 
 
The fRsi value is obtain applying the following::  
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where: 
 fRsi (x,y) is the temperature factor for the 
interior surface in the point defined by coordinates 
(x,y); 
 θsi (x,y) is the temperature on the interior 
surface of the element, in the point defined by 
coordinates (x,y); 
 θi is the temperature of the interior air; 
 θe is the temperature of the exterior air. 
 
The calculation of the interior surface temperature in 
point defined by coordinates (x,y) can be calculated 
with the following equation:   
 
 θsi (x,y) = fRsi (x,y)·(θi - θe )+ θe         (3) 
 
The temperature differences ratio or the temperature 
factor must be calculated with an error smaller than 
0.005.  
 
The thermal transmittance U’ (W/m2K) and the 
thermal resistance R’ will be calculated using the 
equations given below. The point thermal 

transmittance χ is neglected due to its negligible value 
obtained in calculations. 
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where: 
            R is the thermal resistance from the current field 
of the element (m2K/W): 
 
             R’= r.R               (5) 

from where it results that: 
R
Rr '

=  [-] 

where:  
              r is the reduction coefficient for the 
unidirectional thermal resistance.  
 
2.2. The algorithm of the program 

To determine the two-dimensional thermal coupling 
coefficients L2D used to calculate the thermal 
transmittance, the ψ coefficient and the fRsi factor it is 
necessary to solve the plan temperature field in 
stationary thermal regime given by the equation:   
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where:  
 θ is the temperature in the node defined by 
coordinates (x,y); 
 λ (x,y) has constant value for the materials 
defining the section. 
 
For numerical solving of the differential equation with 
partial derivatives of second order (see 6), the 
geometrical model between the vertical cutting plans 
was divided using sectioning axes, parallel to the axes 
of the plane cartesian system. The discretisation steps 
Δx and Δy generated the orthogonal calculations 
network (mesh) of the plane temperature field. The 
meshing steps were defined by distances between 1 and 
10 mm in all directions. The temperature field 
calculation was performed considering that the lateral 
cutting planes are adiabatic surfaces. 
 
Due to a high volume of calculations required for 
solving the plane heat transmission equation in 
stationary thermal regime, imposed the development of 
a calculation program called „PSIPLAN” (PSIP). This 
program uses the high precision numerical method of 
heat balance in the nodes of the computing network 
(mesh) in accordance with EN ISO 10211:2007, Annex 
A, section A.2  (EN ISO 10211, 1995, 2007). 
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Energy balance equations of the obtained system, 
written automatically by the program, include a large 
number of nodes, more than 10,000 nodes, and is 
solved by iterative calculation method. The conditions 
for convergence of the obtained results are the 
following: 
• energy balance of the heat flows in each „j” node 

of the calculation mesh located inside the element 
or on its surface, must be ΣΦj=0; 

 
• energy balance of the heat flows from the interior 

surface with the ones from the exterior surface of 
the element must be equal Φsi=Φse. 

  
The number of discretisation steps of the network and 
number of contour conditions, is unlimited. 
Geometrical model of thermal bridges, complies with 
the modeling rules foreseen in Section 4 of EN ISO 
10211-2:2001 (EN ISO 10211, 2001) regarding linear 
thermal bridges. Discretisation of the plane 
geometrical model is performed automatically by the 
calculation program, thus result the 2D discretisation 
network. Error estimator generates the need of 
extending the degree of network computing 
subdivision. This is done automatically by the 
program until both conditions are satisfied: 
 
• between the flows on the inner and outer surface 

of the whole section exists a difference of 
0.0001W,  

• in each node of the 2D computing network exists a 
difference of 0.000001 W, condition superior than 
the one from EN ISO 10211:2007, Annex A, point 
A.2 (EN ISO 10211, 2007). 

 
The „PSIPLAN” program uses the calculation method 
for determining the linear heat transfer coefficient 
according to point 10.3 and the temperature factor 
according to section 11.2 of (EN ISO 10211-2: 2001). 
 
 

3. CASE STUDY 

3.1. Thermal bridges description 

From the multitude of analyzed solutions are 
presented the results for a timber wall, in uninsulated 
and thermally insulated variant. The first analyzed 
solution (figure 1) is the case of an uninsulated wall 
having mineral wool as internal thermal insulation. 
Four case scenarios were considered for the thickness 
of the mineral wool layer dv (10 cm, 12 cm, 14 cm, 16 
cm) and three case scenarios for the stud dm (38 mm, 
50 mm, 80 mm).  
 
An OSB interior sheathing of 10 mm on which a 12.5 
mm gypsum board is placed on the interior surface. 
OSB sheathing is also placed on the exterior surface 

of the wall. The thermally insulated variant is similar 
from the dimensional point of view to the uninsulated 
variant mentioned before.  
 
The thickness of the exterior thermal insulation was 
considered for two case scenarios, respectively 5 cm 
and 10 cm. 
 
• Calculation hypothesis: geometry and thermal 

conductivity of materials (CSTB catalogue). 
 
Plate of plaster cardboard d=12,5 mm, λ=0,25 W/(m.K) 
Wood-based panel (OSB or CTBH) d=10 mm,  λ=0,13 
W/(m.K) 
Pine wood (spruce) λ=0,18 W/(m.K) 
Mineral wool insulation λ=0,04 W/(m.K) 
Wood-based panel (OSB or CTBH) d=12 mm,  λ=0,13 
W/(m.K) 
Expanded polystyrene insulation λ=0,040 W/(m.K) 
Decorative render d=8 mm,  λ=0,70 W/(m.K) 
 
• Boundary conditions (C107, 2005):  
Interior: Ti = +20oC 
   Rsi = 0,13 (m2.K)/W for ψ calculation 
   Rsi = 0,25 (m2.K)/W for fRsi  calculation 
Exterior: Te = 0oC 
    Rse = 0,04 (m2.K)/W vertical or horizontal value 
 

 
Figure 1. Horizontal section exterior wall - uninsulated 

 

 
Figure 2. Horizontal section exterior wall – thermally 

insulated 
 
3.2. Thermal performance evaluation of a panel 

The thermal performance of a wood panel of 3000 x 
2700 mm was studied, for the uninsulated and thermal 
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insulated case. The constructive detail is the one 
presented at 3.1. 
 

 Figure 3. Wall panel – 3000 x 2700 m 
 
 

4. THERMAL BRIDGES RESULTS 

4.1. Numerical results 

The ψ and fRsi values were determined for a central 
stud and a marginal stud of a wall panel. 

 
Table 1. Uninsulated exterior wall 

 
 
 
 
 
 
 
 
 
 
 

 
Table 2. Thermally insulated (5 cm) exterior wall  

 
 

 
Table 3. Thermally insulated (10 cm) exterior wall  
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Figure 4. Isothermal surfaces for central stud (a) 

uninsulated wall, (b) thermally insulated wall, and for 
marginal stud (c) uninsulated wall, (d) thermally 

insulated wall 
 
 

5. WALL PANEL RESULTS 

In order to establish the thermal performance of a 
timber wall panel (figure 4) the detail included all 
types of thermal bridges mentioned before. The 
calculations were made for all case scenarios. 
 
5.1. Numerical results 
 

 
 
 
 

 
* Value of  R=Rcâmp is given in tables 1, 2, 3. 
 
5.2. Graphical results 
 

 
Figure 5. Isothermal surfaces for wall panel (a) 

uninsulated wall, (b) thermally insulated wall with 10 
cm of EPS 
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6. RESULTS ANALYSIS 

The results obtained for Ψ and fRsi are very useful in 
the design stage when the thermal performance of the 
building envelope must be established (Evola, 2011; 
Berggren, 2013). Our research staff is on the point of 
publishing a thermal bridges catalogue for thermal 
bridges met in current practice at wood frame 
constructions. 
 
Analyzing the obtained results from point 5.2 the 
negative influence of the thermal bridges area can be 
noticed. The thermal performance of the wall panel 
(i.e. the thermal resistance in the current field Rcâmp 
and the medium adjusted thermal resistance R’) 
increases with increasing thickness of the internal 
mineral wool layer dv. For each thickness of mineral 
wool the R’ decreases with increasing thickness of the 
stud dm. 
 
Thermal bridges effect given by the r ratio indicates 
that the thermal performance for same mineral wool 
thickness decreases with increasing thickness of the 
stud dm. R’ decreases compared to Rcâmp with 
increasing thickness of the panel. The negative effect 
is reduced when the exterior thermal insulation layer 
placed on the exterior surface of the wall, increases. 
 
The stud and OSB sheathing thicknesses are 
established based on mechanical resistance conditions. 
After establishing the dimensions based on structural 
conditions, is chosen the best variant from the thermal 
point of view in accordance to the minimum required 
thermal resistance for exterior walls mentioned in 
C107 modified in 2010 (2513 Order, 1010). 
 
In order to obtain the best energy performance of the 
building, the constructive solutions having the highest 
adjusted thermal resistance R’ must be chosen. 

 
 

 
 

7. CONCLUSIONS 

If for the case of traditional structures thermal bridges 
are usually represented by the structural elements of 
reinforced concrete, for wood structure buildings the 
wood studs represent a thermal bridge for the thermal 
protection layer, because its thermal conductivity is 4 to 
6 times higher than the one of the thermal insulating 
layer. The computing program "PSIPLAN" accurately 
reflects the complex heat transfer phenomena that occur 
through thermal bridges in buildings with wood 
structure. 
 
The research was imposed due to lack of information on 
thermal bridges at wood structure buildings. Lately, the 
number of these types of buildings is increasing 
although that a considerable lack of research still exist 
on optimizing these types of structures. 
 
The working method and the computer program are 
useful in correct energy design of new buildings with 
wood structure. The program can also be used in the 
rehabilitation process of existing wooden buildings in 
order to ensure optimal thermal efficiency. A good 
knowledge of the building envelope behavior will help 
in establishing the accurate dimensions of building 
services and thus reducing the CO2 emissions from 
building exploitation and the negative impact on the 
exterior environment. 
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