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ABSTRACT:

In Poland, the construction of single-family houses based on brick technology is dominant. The investor,
faced with the choice between traditional and frame technology, should carry out, inter alia, an analysis of
the needs, the expected way of using the building and meeting the requirements regarding the physics of the
building. The paper compares the thermal and humidity parameters of the thermal bridge of the wall corner
made in both technologies. Computer simulations based on the finite element method were used to perform
the calculations.
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1. Introduction

In Poland, the construction of single-family houses based on brick technology is dominant.
Nevertheless, there is a growing interest in frame technology, in particular based on a wooden
structure. When faced with the choice between brick and frame technology, the investor should
analyze the needs, the expected way of using the building and meet the requirements for the
building physics. The article focuses on the comparison of the hygrothermal parameters of the
external wall corner rope bridge made in the brick and wooden skeleton technology. The occur-
rence of thermal bridges causes increased heat transfer, and hence increases in heat loss from
the building, which in turn generates an increase in operating costs. Additionally, from the
inside of the wall, there may be a risk of the formation of water vapor condensation, which if
maintained for a longer period of time may lead to destructive processes of the partition.

2. Characteristics of analyzed thermal bridges

The aim of the study was to determine and compare the thermal protection characteristics of
the outer wall corner as well as to check the occurrence of water vapor condensation and mold
development on the inner surface of the partition through a wall made of concrete blocks and
wooden skeleton technology.

The scope of the work included the performance of a hygrothermal analysis with the use
of numerical calculations of the corner of a vertical partition based on a brick structure
and a wooden structure (Fig. 1). The considered partitions are characterized by a similar heat
transfer coefficient U [W/(m?2-K)].
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Fig. 1. Calculation models of the corners of a vertical wall made in the technology of: a) brick made of cellular
concrete, b) wooden skeleton; 1 - thin-layer plaster, 2 - mineral wool, 3 - OSB board,
4 - vapor-permeable foil, 5 - mineral wool, 6 - vapor barrier foil, 7 - wooden profile 140,
8 - 0SB board, 9 - plasterboard, 10 - concrete blocks cellular, 11 - gypsum plaster

Table 1 presents the thermal conductivity coefficients A [W/(m - K)] of the materials forming
the walls of the analyzed corner solutions. Due to the negligible influence in the calculations,
the data on the vapor-permeable and vapor-barrier foil were omitted.

Table 1

Material data of the analyzed thermal bridges

Thickness
Type of material Thermal conductivity coefficient
d [m] A[W/(m-K)]
Thin-layer plaster 0.0045 0.7
Mineral wool 0.121, 0,142 0,203 0.035
0SB 0.012 0.18
Breathable film - -
Wooden post 0.14 0.16
Vapor barrier foil - -
0SB 0.012 0.18
Plasterboard 0.0125 0.25
Aerated concrete blocks 0.3 0.21
Gypsum plaster 0.015 0.4

3) brick

Structure insulation thickness: ) wooden - external insulation, 2 wooden - internal insulation,

According to the course of action presented below, the heat transfer coefficients U [W/(m?-K)]
were calculated using FEM calculations for the adopted solutions of external partitions [1, 2].
Numerical analysis, assuming homogeneity and isotropy of the materials from which the
individual layers are made, was performed using the ANSYS program based on the finite element

method [2-4].
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The values of the average horizontal component of the heat flux density, read out by means
of numerical analysis, for the parts of the qi1 and q2 joints, respectively [W/m2], were used
to calculate the heat transfer coefficients of the individual joints of the external partition

(Fig. 1):

U= s 5] (1)
U = s [ @)

where:
q1, q2 - heat flux density [W/m?],
ti te - internal and external temperature [°C].

The design’s internal and external temperatures were assumed to be ti=+20°C and
te = -20°C, respectively, according to [5, 6]. In the numerical calculations, the heat transfer
coefficients were additionally declared for the horizontal flow on the inner side hi = 7.69 W/(m?-K)
and on the outer side he=25W/(m2-K), which are the inverse of the resistance Rsi, Rse
[(m2-K)/W] [7, 8]. The boundary conditions according to [9], were Rsi = 0.25 (m2-K)/W.

3. Results of analytical-numerical analysis

When calculating the linear heat transfer coefficient ¥ [W/(m-K)], a corner height of one
meter was assumed. The value of the heat flux ® [W] flowing through the joint for the considered
variants was obtained using numerical methods and was, respectively, 15.23 W and 14.19 W

for the brick technology [W] for the frame technology. Then, by means of analytical calculations,
the remaining thermal and humidity parameters were determined (Table 2). The conducted anal-
ysis showed that both the corner joint of the wooden skeleton structure and the brick technology
meet the conditions relating to thermal and humidity parameters. Thanks to numerical calcula-
tions, the minimum values of the temperature tmin [°C] (Fig. 2) on the inner surface of the thermal
bridge partition were obtained, which allowed for the calculation of the temperature coefficient
frsi, obl based on the equation:
tsimin — t

frg,obl = % (3)
where:
tsi, min — minimum temperature on the inner surface of the thermal bridge [°C],
te - outside air temperature [°C],
ti - internal air temperature [°C].

The value of the temperature factor for the analyzed structures is summarized in Table 2.
According to [7] the critical value of the temperature coefficient frsi, critical. is 0.72. Thanks to
the numerical analysis from the inside, the minimum temperature was read at the corners of
the analyzed partitions. In a brick partition, tmin is 17.649°C, while in a wooden partition, it is
17.897°C. The determined values of the temperature coefficient fg_ o, are greater than the criti-
cal value of fg , critical. This means that in the analyzed partitions there is no risk of condensation
on the inner surface of the wall.
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Table 2
Thermal parameters of the analyzed thermal bridges

Thermal parameters of the analyzed corners of the outer wall

Brick technology Uy Uy 0,137
The heat transfer coefficient U [W / (m2 - K)] of]
the individual parts of the joint
Wireframe technology | U,; U, 0,141
Brick technology L2P 0,381
Linear thermal coupling coefficient L%°
W/(m: ww__ @
W/l L I-(ti—te) Wireframe technology L%P 0,308
Brick technology Y, -0,030
Linear heat transfer coefficient (on external
dimensions) ¥, [W/(m*K)] .
W, = 120 (1, Uy + Loy - Uy) Wireframe technology Y. -0,049
T t fficient frgi
emperature CoeTHcIent Trsi.ool Brick technology 0,941
ts,min — te
fRsvob\ = ‘tT
e Wireframe technology 0,947

Where: ¢ - heat flux flowing through the junction; t;, t. - internal and external temperature [°C]; ley, le, -
external dimensions [M]; t min - Min. temperature for the corner [°C].

Figure 2 shows the temperature distribution of the considered wall corner variants obtained
by computer simulation. The performed numerical analysis allows, at the design stage, to evalu-
ate technological and design solutions that are extremely important at the operational stage.

a) b)

Type: Temperature
Uni: 2
18,379 Max
15.004
Loy

10,997 Min

Fig. 2. Temperature distribution for the corner made in: a) brick technology, b) frame technology

4. Conclusion

In places where thermal bridges occur, one should try to limit their negative impact on heat
loss and the risk of condensation. Particular attention should be paid to appropriately shaped
material systems in a given joint and to prevent the formation of gaps between the thermal
insulation and structural elements. The performed thermal and moisture analysis of the corners
made in the brick and wooden technology showed that in both cases the conditions regarding
the parameters of the building physics are met. Despite this, there is still a barrier to investors
choosing structures based on a wooden skeleton. The reason for this may be the reluctance of
investors to adopt alternative methods.
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Parametry cieplno-wilgotno$ciowe mostka termicznego
przegrod zewnetrznych wykonanych w technologii tradycyjnej
i szkieletowej

STRESZCZENIE:

W Polsce dominuje budowa doméw jednorodzinnych opartych na technologii murowanej. Inwestor, stajac
przed wyborem pomiedzy technologig tradycyjng a szkieletowa, powinien przeprowadzi¢ miedzy innymi
analize potrzeb, przewidywanego sposobu eksploatacji budynku oraz speinieniu wymagan odno$nie do
fizyki budowli. W pracy podjeto sie poréwnania parametréw cieplno-wilgotno$ciowych mostka cieplnego
naroza $ciany wykonanej w obu technologiach. Do przeprowadzenia obliczenn wykorzystano symulacje
komputerowa opartg na metodzie elementéw skonczonych.
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