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 ABSTRACT 

Nowadays, very strict thermal and technical requirements for thermal insulation of passive building envelopes 
are imposed and thus, individual structures need to fulfil severe technical criteria. In order to comply with the 
passive energy standard in the Czech Republic, heat flow losses in buildings need to be minimized and the air 
tightness of their envelopes has to be kept between n50 < 0.6/hour. This can be achieved by using thermal 
insulation materials of considerable thickness and complete airtight sealing of structures, both on the surface 
and in critical details. However, meeting these requirements might cause problems in the summer months when 
interiors tend to overheat, reducing users´ general thermal comfort as well as thermal stability of the building. 
This may be solved by using natural or forced ventilation which is, nevertheless, very often rather inconvenient 
to operate and generally requires a lot of space. Thus, the best way to improve thermal stability is to improve 
the properties of the structure itself, especially of the roofing which is frequently a source of problems. 
Therefore, it is advisable to focus on increasing the specific heat capacity and choosing a construction material 
with the highest possible weight. This will delay the rise in temperature over time by increasing thermal 
damping time and finally lead to increased interior temperature stability. However, the increase in energy 
which is needed to increase the temperature of the shell is closely connected with the risk of accumulation of 
heat gains. This is considered to be a potentially undesirable effect which may significantly reduce users´ 
thermal comfort. This paper aims to address this particular issue, focusing especially on the incorrect 
application of used systems and inappropriate conception of internal operation. The paper introduces an 
idealized experimental model computed by the CTF method (Conduction Transfer Functions) which was used 
to compare material shells and traditional structures as well as to assess the influence of orientation of material 
shells to the cardinal points on accumulation of temperature gains in the structure. 

INTRODUCTION 

Nowadays, there is a growing demand for energy savings in the usage of both family houses and civic 
amenities. This requirement can be found not only in ever more stringent national standards, but also, for 
example in a Directive of the European Parliament [1]. Values of the heat transfer coefficient which are 
recommended for flat and sloping roofs of passive building show a 37-48% increase in requirements compared 
to the required values [2]. When designing passive houses, the project must therefore impose great technical 
requirements on all aspects of the building. The solution is the use of thermal insulation systems characterized 
in particular by high thicknesses associated with increased technical requirements. The trend of nowadays 
architecture is an increasing share of glazed areas, which have major influence on the thermal stability of rooms 
not only in winter, but especially in summer. The problem of passive buildings is the formation of the interior 
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(1) 

overheating due to the lack of understanding of the internal operation, which is enhanced by high-quality heat-
exchange structures and the airtightness of the envelope (n50 < 0.6/h). 
The easiest principle of decreasing the temperature is to increase the frequency of air exchange in the room. 
However, this method is often inappropriate and inadequate for passive buildings, where it would be necessary 
to keep the windows and other openings open for almost the entire evening (22:00-6:00).  This method is 
therefore very unsuitable for the users. Another way is to install an HVAC unit, but this measure increases the 
energy performance of the building. Therefore, the most suitable way to improve thermal stability is to improve 
the properties of the roof cladding itself, especially the specific heat capacity (1). 
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Where c – specific heat capacity, Q – heat needed to heat the body [J], m – mass of the body [kg], Δt – 
temperature calculated from the equation Δt = t2 – t1 [C°], t2 – final body temp., t1 – initial body temp. 
In particular, the construction of pitched roofs and roofs in general is a decisive factor in dealing with this 
issue, given the almost constant exposure to solar gains. It’s therefore apparent that to increase this capacity 
it’s advisable to select the construction material with the weight as high as possible. Thanks to this option, it’s 
necessary to supply more energy to the structure and thus delay the temperature increase over time by 
increasing the thermal decay time, which according to physical laws will result in an increase of the indoor 
environment temperature stability in winter and summer. The main advantage of the heavy-structure roofs is 
therefore the increase of this capacity and also the elimination of the problems associated with airtightness of 
the building envelope in the roof structure. They seem to be an ideal element for passive building, or for solving 
problems with interior overheating. However, the increase in energy required to raise temperature of the roof 
structure is associated not only with the risk of higher moisture storage in the material than, for example, wood 
elements usually used on sloping roofs, but also with the potential problem of heat gain accumulation. These 
are potentially undesirable effects associated with the possibility of failure, thermal bridges and possible 
deterioration of the user’s thermal comfort. 

OBJECTIVES 

The aim of the present study is to describe the problems that arise from misunderstanding of used systems and 
poor conception of internal operation. Using an idealized computational experimental model, a comparison of 
heavy-structure sheaths with commonly used structures was carried out, as well as the effect of orientation 
towards the cardinal points in terms of the accumulation of temperature gains in the structure. 

CALCULATION MODEL AND SIMULATION 

For the simulation a real object located near Brno was used (see Figure 1). The building is made of aerated 
concrete and has a sloping roof of material character. For calculation itself the living room with the roof in 
question was chosen with parameters, see Table.1. 
 

Table 1. Area and material specifications 
 Floor Int. walls Ext.walls Int. doors Roof window Window Roof cladding 

A [m2] 85.73 85.1445 82.3875 7.625 5.12 15.6125 82.3 
U W/(m2K)] 0.158 0.65 0.156 2.7 1.68 0.781 See comp. A/B 
Volume of the room in question (1.08+1.03) 400.564 m3, window G-value g=0.54 

 
Geometry and Specifications. In order to express the influence of the material cladding, a comparison was 
made with the traditional composition of the cladding, which is commonly used in the Czech Republic, see 
Table 2.  

Table 2. Specification of roof composition 
Subject composition U [W/(m2.K)] C [J/(kgK)] s[kg/m2] 

A – Aerated concrete blocks 0.112 585.73 170.84 
B – Wooden roof truss + rafters insulation 0.165 284.27 43.60 

 
Boundary Conditions. Interior conditions based on average values for indoor temperature, relative humidity, 
heating method, ventilation intensity, indoor humidity sources, pressure surcharge and temperature gradient 
typical for living rooms of family houses were used for the calculation. The exterior is Brno, temperature 
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area 2 with altitude = 262.000 m a.s.l. The parameters of the external environment were obtained from the 
monitoring system ASHRAE/IWEC – Brno Tuřany (see Figure 2.).  

 
Figure 1. Ground Plan of 1st Floor and Section of object A-A´ of family house [3] 

 

 
Figure 2. ASHRAE/IWEC data for Brno – Tuřany 2018 [4]  

 
Model and Idealization. All rooms related to the operation of the building were included in the calculation. 
Given the complexity of the calculation, idealizations were made in sense of not including structures directly 
related to the potential exchange of heat flow (see Figure 3.). The internal operation is considered according 
to the model situation typical for family houses.  

 
Figure 3. Idealized Computational and Assessment Zone – constructed in Design Builder [5] 

 
Calculation Model. The state of thermal stability of the indoor environment is simulated and modelled by a 
dynamic method for thermal stability, thus a method taking into account all influences on the resulting state of 
the examined space over time. The method includes the influence of climatic conditions, changes of material 
characteristics, heat accumulation etc. in the calculation. The program Design Builder was used to build the 
numerical model. The simulation is performed by a set of interconnected differential equations of the CTF 
(Conduction Transfer Functions [6]) method and the NSGA-II algorithm that converges and evaluates the 
solution suitably and quickly. The CTF method is given by equation (2). 
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Where qko density of humidity flow [kg/(m2s)], To exterior thermodynamic temperature [K], Ti interior 
thermodynamic temperature [K], t used time step, XY response factors, coefficient of method CTF, j# 
coefficient of CTF flow. 
Simulation. To determine the influence of the material envelope in the impact of the internal environment 
state, a calculation was performed for two situations with two variants of the roof composition (A and B). In 
the first situation, the object is turned unfavourably towards the sunlit sides with a 40° offset from the North 
(real state). In the second situation, the object was rotated sharply towards the sunlit sides to maximize solar 
gains with a 220° offset from the North. In both cases, the same operation, the ventilation intensity and the 
same usage of the interior are considered.  

INTERNAL ENVIROMENT RESULT 

For simulation, Air (Air [°C]) Radiant (Rad. [°C]) and Operative temperature (Ope. [°C]) was observed. 
Low Solar Gains (LSG). This simulation represents the actual state of the building in which the roof 
composition A is currently used. In real and traditional/comparative composition, it’s possible to observe 
almost identical temperatures (Table 3.) in both winter and summer months, when there are differences 
especially in the rate of rise and fall of temperatures. However, this doesn’t have a significant effect on the 
overall condition of interior see Figure 4.  
 

Table 3. Rotation 40° from North – Results 
Composition  Average Values per 1/10 Year 

Composition 

A 

Air [°C] 14.88 17.80 19.42 30.60 32.89 28.82 28.40 22.15 17.71 15.87 
Rad. [°C] 14.47 18.34 20.22 31.55 34.32 30.69 30.03 22.83 17.93 15.50 
Ope. [°C] 14.67 18.07 19.82 30.80 33.61 29.75 29.22 22.49 17.82 15.69 

Composition 

B 

Air [°C] 14.84 17.79 19.35 30.17 33.11 28.51 28.12 22.04 17.61 15.79 
Rad. [°C] 14.27 18.32 20.13 31.72 34.62 30.39 29.73 22.72 17.79 15.41 
Ope. [°C] 14.55 18.05 19.74 30.95 33.86 29.45 28.93 22.38 17.70 15.60 

Mech. vent+Nat. Vent + 

Inf. [ac/h] 
0.77 0.72 0.73 1.54 1.53 1.54 1.15 0.72 0.72 0.73 

 

 
Figure 4. Results of Different roof compositions with Low solar gains  

 

High Solar Gains (HSG). This simulation represents maximizing the effects of solar radiation, thus 
maximizing potential solar gains. For individual compositions it’s possible to observe different temperatures 
in both winter and summer months (Table 4.). Differences occur not only in the rate of increase and decrease 
in temperatures, but especially in the time and intensity, which the massive roof emits energy to the 
surrounding see Figure 5. 
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Table 4. Rotation 220° from North – Results 
Composition  Average Values per 1/10 Year 

Composition 

A 

Air [°C] 15.31 20.91 21.09 32.79 34.49 30.41 30.74 22.95 18.70 15.89 
Rad. [°C] 15.40 21.98 22.14 34.54 36.02 32.42 32.64 23.75 19.26 15.53 
Ope. [°C] 15.35 21.45 21.61 33.67 35.25 31.42 31.69 23.35 18.98 15.71 

Composition 

B 

Air [°C] 15.59 19.66 19.79 30.29 32.23 28.22 28.28 21.83 18.00 15.99 
Rad. [°C] 15.12 20.43 20.64 32.00 33.66 30.04 29.97 22.55 18.24 15.52 
Ope. [°C] 15.35 20.04 20.22 31.14 32.94 29.13 29.13 22.19 18.12 15.75 

Mech. vent+Nat. Vent + 

Inf. [ac/h] 
0.77 0.72 0.73 1.54 1.53 1.54 1.15 0.72 0.72 0.73 

 

 
Figure 5. Results of Different roof compositions with High solar gains 

RESULTS AND DISCUSSION 

Within simulation evaluation, a comparison of compositions A and B was performed with the same LSG and 
HSG. Further, the individual compositions in question were compared with different LSG and HSG. For the 
comparison, Air (Air [°C]) Radiant (Rad. [°C]) and Operative temperature (Ope. [°C]) was used. 
Comparison between Roof Compositions in LSG and HSG. As can be seen in Table 5., it’s possible to find 
obvious differences between the tracks at the same solar gains. While in LSG the differences between the 
compositions are almost the same with slight deviations, HSG is fully beginning to exhibit a different specific 
heat capacity parameter.  
 

Table 5. Comparison between Roof Compositions in LSG and HSG  
Composition  Average Average deviation Min. Max. 

Composition A-B (Low Gains) 

Air [°C] 0.121 0.1195 -0.22 0.43 
Rad. [°C] 0.078 0.1244 -0.3 0.3 
Ope.[°C] 0.073 0.1089 -0.25 0.3 

Composition A-B (High Gains) 

Air [°C] 1.340 0.7364 -0.28 2,5 
Rad. [°C] 1.551 0.6811 0.01 2.67 
Ope. [°C] 1.447 0.7095 -0.04 2.56 

 

Comparison between LSG and HSG.  In Table 6., It’s possible to compare the effect of the intensity of solar 
radiation and the resulting profits in individual compositions. Traditional wooden composition B copes with 
the increase of solar gains relatively well and the average increase over the year is not significant. The emission 
values of the structure into the space are considerable in terms the limit values, but overall the composition 
shows lower temperature values with lover deviation. However, when the heavy-structure of composition A is 
exposed to a same boundary conditions in term of same heat accumulation within the structure, a significant 
increase in temperature over time due to the higher specific heat capacity occurs. The composition in terms of 
the limit values exhibits far greater extremes than traditional wooden compositions. This difference appears 
despite the considerable idealization of the calculation model. It’s highly probable, that given the ever-
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increasing average annual temperatures, the real values that could be measured on a real building are higher 
that the idealized simulated values resulting from the calculation.   

Table 6. Comparison between LSG and HSG  
Composition  Average Average deviation Min. Max. 

Composition A (H. Gains-

L.Gains) 

Air [°C] 1.474 0.6647 0.02 3.11 
Rad. [°C] 1.780 0.7346 0.03 3.64 
Ope. [°C] 1.654 0.7109 0.02 3.38 

Composition B (H. Gains-

L.Gains) 

Air [°C] 0.255 0.4418 -0.88 1.87 
Rad. [°C] 0.307 0.4895 -0.96 2.11 
Ope. [°C] 0.280 0.4673 -0.92 1.99 

CONCLUSION 

This simulation confirmed the initial assumption, which is based on fundamental properties of heavy-structure 
materials, therefore a higher specific heat capacity. The problem, which especially in the summer months is 
shown, is caused not only by this material property and is further exacerbated by the often-poor concept of 
internal operation caused by lack of knowledge of users, but also by the orientation of heat exchange structures 
on strictly sunny sides, which resulting in increase of solar gains. These solar gains, which pass through the 
roof composition for longer periods of time due to the thermal inertia of the structure are leading in conjunction 
with a high-quality insulation and the inability of the structure to cool itself naturally during night time to much 
higher indoor temperatures. However, it’s important to mention that heavy-structure materials which are used 
in roof compositions are found mainly in passive buildings, where their advantages are exploited by artificial 
treatment of the internal environment by HVAC. Considering the extent of idealization and simplification of 
calculation model, further research should: 

 Develop a concept of indoor operation for roofs with a heavy-structure material, based mainly on the 
ventilation intensity. 

 To carry out a long-term measurements and subsequent analysis of the assumptions presented in this 
study for real objects in the Czech Republic. 

 To design the ideal orientation of roofs with a heavy-structure material against the sunlit sides. 
It’s likely that this issue will increasingly emerge in the coming years, and it’s expected that there will also be 
an increase in interest in the heavy-structure roof compositions in question. This interest is directly linked to 
an increasing number of warm summer days and an effort to stabilize the indoor environment without 
additional energy costs. It’s important to understand the diversity of these technologies and to instruct not only 
the professional, but especially the general public about a different concept of use so that future buildings can 
be used without undesirable countermeasures, price increases and energy intakes in order to create an ideal 
indoor environment. 
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