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Abstract. This publication focuses on the assessment of the impact of 
structural solutions of single-family buildings with an increased energy 
standard on their air-tightness level. The first part presents the threats 
resulting from the low tightness of the building. To formulate the 
conclusions, quantitative and qualitative casing tightness tests of existing 
single-family energy-efficient buildings were carried out. Construction and 
material solutions used in buildings were also analysed. The obtained 
results indicate that there is no impact of the building structure on its level 
of air tightness. 

1 Introduction 
The implementation of the principles of increasing the energy efficiency of buildings 
promoted in the world results in the need to minimize energy losses in buildings. Negative 
examples leading to the increase of the actual energy demand in relation to the design 
assumptions can be considered as too low level of air tightness of the building [1, 2]. This 
dependence was presented, among others in the article [3], in which the authors prove that 
improving the tightness, in an energy efficiency building, may cause a 25% decrease in the 
demand for energy for heating and ventilation. The level of air infiltration is influenced by 
the number and size of critical places in the building envelope, construction materials used 
and combinations of components of different construction. 

2 The essence of determining the air tightness level of buildings 
The building's air tightness is defined as the number of air exchanges inside the building 
and flowing in an uncontrolled way through the gaps in the building envelope (n50). 
Determination of air infiltration level is carried out at artificially induced pressure 
difference of 50 Pa [4]. The most frequently used measuring method is the "Blower Door 
test”. 
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The low tightness of the building results in several risks both for its technical condition 
and the quality of the internal environment. It may lead to [5]: the appearance of inter-layer 
condensation of water vapor in the baffles; mold growth at the place of condensation; 
lowering the comfort of people staying indoors and increasing heating costs [6]; reducing 
the acoustic comfort of the rooms and the need to redesign the heating system together with 
increasing the power of heating devices. 

There are many possibilities of creating sources of air infiltration, which result from the 
specificity of the construction of a given component or are caused by improper design of 
connections of individual elements constituting the building envelope. Uncontrolled air 
flow takes place through the building envelope in the place of leakage, such as: cracks, gaps 
and other unintentional holes [4]. 

To detect the locations of infiltration, one of three methods are most commonly used, 
including the following: hand surface (under pressure) [7]; smoke devices [8] or thermal 
imaging cameras (under pressure) [9, 10]. The most accurate of them, however, is the 
method of thermal imaging that allows not only to detect the place of uncontrolled air flow, 
but also to determine the approximate size of the leak. 

In the case of a 2-storey, single-family residential building, the share of losses related to 
infiltration can reach up to 30% of the total energy demand. [11]. In another study [12], the 
maximum share of losses related to infiltration in total losses was estimated at 40%. 

The influence of uncontrolled air flow on the demand for heating power was confirmed 
by the author of the study [13], indicating that in the case of tightness at the level  
n50 = 1.5 h-1, the installed power increases by 2.9 kW. If the level n50 = 0.75 h-1, the increase 
in power is 1.9 kW, and when n50 = 0.50 h-1 - by 1.0 kW. However, the author of the study 
does not provide information about which building the above-mentioned quantities refer to 
and what the reference level is. 

3 Conducted Research 
Striving to achieve an increasingly high energy efficiency standard in construction, in the 
context of air-tightness of newly designed buildings, has contributed to the formulation of a 
research task. It was aimed at finding the relationship between construction and material 
solutions of buildings and their level of air tightness in as many buildings erected in Poland 
as possible in 1997 - 2015. The research was conducted on a total of 24 residential  
and single-family buildings. They concerned only facilities for which owners, investors 
or developers assumed at the design stage that they would be erected in an energy-saving 
or passive standard. 

At the initial stage, before the research was carried out, the methodology for selecting 
buildings in terms of their location, type, construction, number of storeys, type of 
ventilation and the year of putting into use was elaborated. Objects analysed had to meet 
certain minimum requirements. These should be buildings: 
• single-family houses. The type of building was selected since according to statistical 

surveys carried out by the Central Statistical Office [14], they constitute most of 
residential buildings in Poland; 

• equipped with mechanical ventilation with heat recovery (recuperate), since to a 
significant extent, its use reduces heat loss for heating ventilation air; 

• located in possibly different places in Poland. This allows you to reduce the likelihood 
of building and finishing objects by the same construction brigades. 
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Table 1. Summary of basic information about the tested buildings 

no. city building indication number of 
storeys 

A/V 
factor 
[m-1] 

n50 
[h-1] 

1 Czestochowa C-1 2 0,83 3,29 
2 

Gdansk 
G-1 1 0,87 3,04 

3 G-2 3 0,62 0,83 
4 Kluczbork K-1 2 0,69 0,17 
5 Kolo K-2 2 0,78 0,77 
6 

Lublin 

L-1 1 0,94 2,53 
7 L-2 1 0,98 1,95 
8 L-3 1 0,84 0,64 
9 L-4 1 0,89 3,58 
10 L-5 2 0,71 0,56 
11 

Olsztyn 
O-1 3 0,66 1,58 

12 O-2 1 0,97 2,24 
13 Pila P-1 2 0,72 0,45 
14 

Poznan 
P-2 2 0,71 0,55 

15 P-3 1 0,75 1,78 
16 Katowice S-1 1 0,86 1,5 
17 

Tarnowskie Gory 
T-1 2 0,75 4,02 

18 T-2 2 0,75 3,62 
19 

Warszawa 

W-1 2 0,70 5,33 
20 W-2 1 1,02 4,74 
21 W-3 1 0,87 0,86 
22 W-4 2 0,82 3,55 
23 W-5 1 0,94 0,63 
24 Wroclaw W-6 1 0,75 3,46 

 
The shape ratio of the analysed buildings (ratio A - area of the building envelope to V -

 gross volume of the heated part) varied (table 1) and ranged from 0.62 m-1 for the building, 
the most compact (G-2) to 1,02 m-1 (W-2). The average A/V value was  
0.81 m-1. 

The study includes buildings that differ in terms of the construction of external 
partitions (table 2). The largest group were buildings with a masonry construction of 
external walls  
(13 buildings). There were fewer objects with skeletal structure (6 buildings) and 
technology of lost formwork (5 buildings). 
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Table 2. Information about the construction, materials and technologies used on tested buildings. 

no. building 
indication 

attic 
type 

construction 
of external 

walls 

roof/ceiling/ 
flat roof 

construction 

foundation 
construction 

1 C-1 Cz, NN Sz, WM Sz, WM BLF 
2 G-1 Br BS Sz, WM ZPF 
3 G-2 OU BS Sz, WM ZPF 
4 K-1 OU BS Sz, WM ZPF 
5 K-2 Cz, NN Sz, PP Sz, PP BLF 
6 L-1 NN P Sz, WM BLF 
7 L-2 NN BK Sz, WM ZPF 
8 L-3 NN ST BG ZPF 
9 L-4 NN ST BG ZPF 
10 L-5 NN ST BG ZPF 
11 O-1 Cz, NN BK Sz, WC BLF 
12 O-2 NN Sz, WC Sz, WC ZPF 
13 P-1 OU Sz, WC Sz, WC BLF 
14 P-2 Cz, NN BS Sz, WM ZPF 
15 P-3 Br BS Str ZPF 
16 S-1 Br P Sz, WM BLF 
17 T-1 Cz, NN ST Sz, WM ZPF 
18 T-2 Cz, NN ST Sz, WM ZPF 
19 W-1 Br BS BG BLF 
20 W-2 Br BK Sz, WM BLF 
21 W-3 NN BK Sz, WM BLF 
22 W-4 Br Sz, WM Sz, WM BLF 
23 W-5 Br Sz, WM Sz, WM BLF 
24 W-6 Cz, NN BK Sz, WM BLF 
Signs: 
• attic type: Br - no attic in the building; Cz - attic over the building; NN 

- attic unheated and unheated; OU - attic and heated attic; 
• construction of external walls: BK - brick structure made of cellular 

concrete blocks; BS - brick construction made of silicate blocks; P - 
brick construction of Porotherm ceramic airbricks; ST - partition in the 
lost formwork technology (formwork made of a styrofoam insulating 
material with a supporting core made of reinforced concrete); Sz - 
frame construction; PP - thermal insulation from polyurethane foam; 
WC - thermal insulation of cellulose wool; WM - thermal insulation 
from mineral wool; 

• construction of the roof/flat roof/ceiling of the top storey: BG - 
concrete ribbed ceiling; Str - strop concrete ceiling; Sz - frame structure 
of the partition; PP - thermal insulation from polyurethane foam; WC - 
thermal insulation of cellulose wool; WM - thermal insulation from 
mineral wool; 

• foundation construction: BLF - strip foundation; ZPF - slab foundation; 
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4 Finding the relationship between tightness and building 
properties 
Leak tests of buildings have been carried out in accordance with the applicable  
PN-EN 13829:2002 standard [15]. On their basis, it was found that the value of n50 
coefficient varied widely and amounted from 0.17 h-1 for building K-1 to 5,33 h-1 for 
building W-1 (Table 1, Figure 1). Requirements set by NFOSiGW regarding the level of air 
tightness  
of energy-efficient buildings NF40 (n50 ≤1.0 h-1) [16] have been met by 9 buildings (Q-1,  
P-1, P-2, L-5, W-5, L -3, K-2, G-2 and W-3), while for passive objects NF15 (n50 ≤ 0.6 h-1) 
[16], they were met by 4 buildings (Q-1, P-1, P -2 and L-5). 

 
Fig. 1. List of n50 values obtained for the examined buildings. 

During tests, the thermal imaging camera was used to identify the locations of 
uncontrolled air flow through the building envelope (with artificially created under 
pressure). The locations of air infiltration are shown in blue on thermographic images 
(examples of such places are shown in Figure 2 and Figure 3). 

 

 
Fig. 2. Traditional and thermographic photo 
of leaks at the connection of the ceiling with 
the external wall [17]. 

 

 
Fig. 3. Traditional and thermographic picture 
of leaks at the combination of silicate blocks 
in the external wall [17]. 

The carried-out analysis of building designs and studies using the Blower Door test with 
the simultaneous use of a thermal imaging camera made it possible to compile a list of the 
tightness of the building against the construction and material solutions of the building. 
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There is no visible dependence at the comparison of the building envelope with the type 
of attic (Figure 4). The n50 values in the scope of a given solution are varied. By 
comparison the highest air tightness with the lowest tightness of buildings within the given 
attic type, the sizes n50 differ from 5 (for attics and heated attic) to over 8 times (in the 
absence of an attic). 

 
Fig. 4. Air-tightness depending on the attic type. 

The second set (Figure 5) concerned wall construction materials. In this case, there is 
also no visible dependency. The values of the n50 coefficient for a given constructional 
solution are varied and range from about 2 (for external walls from ceramic hollow bricks) 
to more than 31 times (for silicate blocks). 

 
Fig. 5. Air tightness of the building depending on the design of external walls. 

At the combination of various types of roof/ceiling/flat roof structure (Figure 6) with  
the air tightness level of the building, there is no visible dependence. In the case of the most 
common structural solution (Sz, WM - skeleton structure with mineral wool filling) n50 
values are different (they range from 0.17 h-1 to 4.74 h-1). 

 
Fig. 6. Air tightness of the building depending on the roof/ceiling structure. BG- concrete, coarse-
grained, Str - prestressed concrete, Sz - skeleton structure (WC-cellulose wool, PP-polyurethane 
foam, WM-mineral wool). 
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There is also no visible relationship between the tightness of the building and 
the construction of its foundation (Figure 7). For each of the solutions, the n50 values 
determined for the building are very diverse. From 0.45 h-1 to 5.33 h-1 for strip foundation 
and from 0.17 h-1 to 4.02 h-1 for reinforced slab foundation. 

 
Fig. 7. Air tightness of the building depending on the foundation construction. 

An analysis of the length of the horizontal edges of the partitions (connection of 
the external wall with the roof/flat roof and walls with the foundation slab/strip) with the 
building's tightness was also carried out, it did not indicate any relationship between these 
two variables (Figure 8). Only the corners were considered for the analysis in case of 
a combination of 2 different technologies (e.g. connection of a lightweight framework with 
a brick or monolithic structure). Interestingly, the highest n50 value was obtained for the 
building, in which there is the largest connection length of partitions with different 
construction. 

 
Fig. 8. Air tightness of the building depending on the length of the external horizontal corners in the 
building 

Based on the presented tables, there are other reasons that increase the n50 value. It is 
most likely that the human factor, the insufficient knowledge of many designers and 
building contractors, as well as the inaccuracy of air-tight coatings have a negative effect on 
the air tightness. 

5 Summary and conclusions 
The analysed buildings had various constructions and building materials. Based on 
the results of the tests and analyses carried out, the relationship between the air tightness of 
the building and the construction and material solutions cannot be found. There are also no 
direct correlations between the tightness and the length of the connections of the external 
partitions. It can be stated that in practice, air tightness is a function of many, not one, 
variable related to the geometry and size of the building. However, certain values assumed 
at the design stage of the object as well as geometrical parameters do not have to translate 
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directly into the resulting air tightness. However, the important factor is the design of 
components and the way they are assembled. This is confirmed by the results obtained from 
the leak proof list depending on the average heat transfer coefficient of the external 
partitions Usr.waz. [18, 19]. 

The building's tightness should be approached comprehensively. The process of 
achieving a certain building integrity begins at the stage of building design, during which 
appropriate materials ensuring high air tightness of the building should be adopted. It 
should be checked that the design and material assumptions have been implemented during 
the construction of the building. Without proper design of the air-tight layer and control 
during the construction of the building, it is not possible to achieve high tightness of the 
building. 
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