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Abstract Keywords:

The paper analyses the effect of steel framing used to secure drywall Light steel framing;

panels on thermal and humidity properties of outer walls. In the Thermal and humidity parameter;
practice of building a light structure, the most popular components are Linear bridge;

steel and wood studs. They are used to obtain framing for building a Finite element method.

wall (an outer wall in this study). Analysis presented in this study
concerned the corner of the outer wall build using the technology of
light steel framing. Computer simulation was used to perform thermal
and humidity analysis for the joint of the outer wall.

1 Introduction

Fixation of drywall panels to framing studs is more labour-consuming compared to gluing. In the
case of framing, gluing panels is impossible. Therefore, they can be only secured directly to the load-
carrying partition wall or a framing. The building technology of framing construction has been
described in [1]. The space between the studs can be filled with mineral wool which additionally
improves thermal insulation of the interior and can serve as a soundproofing layer. It should be noted
that linear thermal bridges can be formed near the locations of steel sections of the framing [2, 3].

Presence of thermal bridges is connected with accelerated heat transfer to the outside, leading
to higher heat loss in the building, which consequently generates increased functional costs.
Furthermore, there is a risk of vapour condensation on the internal part of the wall, leading to various
destructive processes [4, 5].

2 Characterization of the walls adopted for the thermal analysis

The aim of the study was to determine and compare the profile of thermal insulation properties
in a corner of the framing of an outer wall at the interior side finished with drywall fixed to the framing
studs. The likelihood of water vapour condensation and mildew growth on the internal side of the wall
was also evaluated.
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Fig. 1: The computational model for the analysed walls: a) type of material and thermal transfer
coefficients, b) steel framing, c) wood framing.

The scope of the study included the analysis using the FEM method for the vertical wall made of
thin-wall sections at the internal side, with drywall panels fixed to:

- steel sections,

- wood studs.

The material characterization for the analysed solutions of the corners of the external wall is
presented in Fig. 1. Due to the insignificant effect, the data concerning vapour-permeable membrane
and vapour-barrier membrane were neglected.

3 Computational assumptions

Using the algorithm below through computer simulation, the thermal transmittance U [\/V/(mz-K)]
was evaluated for the analysed solutions of the corners [6]:

- calculation of the value of the mean horizontal component of heat flux density for the part of
joint o and g, [W/m?,

- calculation of the thermal transmittance based on:

U = au/(ti — &) [W/(m?K)], 1)
U, = g/ (t — ) [WHm*K)], )
where:

1. O - heat flux density, [W/m?],
ti t= - internal and external temperature.

Based on [7], the internal temperature was adopted as t; = +20 °C whereas according to [8], the
design external temperature was t. = -20 °C. Thermal transfer coefficients on the internal side used in
the FEM analysis were adopted for the horizontal flow as h; = 7.69 W/(m*K) on the internal side and
h. = 25 W/(mZ-K) on the external side, representing the reversed value of the resistances Ry, Rse
[9, 10]. The boundary conditions for calculations of minimal temperature on the internal side of the wall
tmin [°C] and the temperature factor frsi [-] are used according to [11]. They amount to R = 0.25
(Mm*K)/W.

Numerical analysis was made using the ANSYS software based on the finite elements method
[12 - 16]. The analysis was performed for the assumption of homogeneity and isotropy of materials of
individual layers.
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4 Analytical and numerical results

During calculation of the linear transmittance coefficient ¥ [W/(m-K)], the height of the corner
was adopted as |; = 1 m. Therefore, after calculation of the value of linear thermal transmittance
coefficient, its value can be multiplied by the thermal bridge length.

Heat flux & [W] for the heat flowing through the joint was calculated using numerical methods,
see Table 1. Next, analytical calculations were used to determine other thermal and humidity
parameters, see Table 1.

The branch linear thermal transmittance coefficient for the joint surface ¥, [W/(m*K)] was
obtained from (3) for the external dimensions | [m].

W= 120 (lay - Us - lep - Up) W/(M>K)], 3)

where:

L?P - linear coefficient of thermal coupling of the joint [W/(m-K)],

U,, U, - thermal transmittance coefficients for individual parts of the joint [W/(m?-K)],
le1, le2 - length of the linear bridge at the external side, (le;=1.543 m, lgo=1.415 m).

Linear coefficient of the coupling L2P [W/(m-K)] between the two environments was calculated
from the relationship:

12D — — 2 wimK)). 4
o Wik @

Apart from thermal parameter, the humidity profile was determined for the analysed thermal
bridges according to [11]. Numerical calculations were made to obtain minimal temperatures tyj, on
the internal surface of the thermal bridge partition. Minimal temperature is t,= 16.81 °C for the wall
with the wood framing and ty, = 17.09 °C for the steel framing. Next, temperature conditions of fgs;
were obtained based on:

fsimin—te
frsioml ==, (5)
fi—ta

where:

tsimin - Minimal temperature on the internal surface of the thermal bridge partition [°C],
t. - ambient air temperature [°C],

ti - internal air temperature [°C].

The temperature factor was frsiop= 0.92 for the wood framing and fgrsj o= 0.93 for the steel
framing. According to [7], required critical value of the temperature factor fgsjkytis 0.72. As can be
noticed, the values of fgsi opifor the analysed joints are greater than the critical value frsjy:. Therefore,
there is no risk of condensation on the internal surface of the wall.

Table 1: Heat parameters of the analyzed external partitions.

Characteristic thermal parameters of the corner of the outer wall Values
1 | Total heatfl flowing through the joint Wood framing 11.073
otal heat flux ¢ [W] flowing through the join Steel framing 11.768
2 Thermal transmittance coefficients U [W/(m*K)] Wood framing 0.126
for individual parts of the joint Steel framing 0.124
Wood framin 0.277
3 Linear coefficient of thermal coupling L*° [W/(m-K)] - g
Steel framing 0.294
Linear thermal transmittance coefficient (for the Wood framing -0.096
4 . . -
external dimensions) ¥ [W/(m-K)] Steel framing -0.073
5 Temperature factor f, Wood framing 0.92
P Rsiobl Steel framing 0.93
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Figs. 2 + 5 illustrate distribution of temperature and heat flux density. For the partition with steel
framing, substantial disturbances can be observed in the locations of their fixation concerning both
distribution of temperature and heat flux density (Figs. 4 and 5). This is attributable mainly to a high
thermal transmittance coefficient A [W/(m-K)] of the sections. A spot decline in temperature can be
observed in the corner of this structure, with temperature of 14.091 °C, see Fig. 4a. This can be
caused by the contact of both sections in this place.

a) b)
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Fig. 2: Distribution of temperature for wood framing: a) 3D view, b) distribution in the framing cross-
section.

b)

Type: Total Heat Flux
Unit: Wifm?
3656,4 Max
32501
2343,9
24376
2031,3
1625,1
12183
812,54
06,25
0,016219 Min

Fig. 3: Distribution of heat flux density for wood framing: a) 3D view, b) distribution in the framing
cross-section.
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Fig. 4: Distribution of temperature for steel framing: a) 3D view, b) distribution in the framing cross-

section.
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Fig. 5: Distribution of heat flux density for steel framing: a) 3D view, b) distribution in the framing cross-
section.

5 Conclusions

The analysis demonstrated differences in thermal and humidity parameters of the framing
components used for securing drywall panels. Better parameters were found for the structure made of
wood studs. For example, the difference in the linear thermal bridge is 23 %, with higher values
obtained for wood framing. In the case of the temperature factor frsion the requirements made by [7]
for both sections are met at insignificant difference between each other.

Despite better thermal and humidity parameters of wood framing, steel framing is much more
popular. This is caused, among other things, by poor availability of high-quality and well-processed
wood and the fact that building warehouses offer a greater choice of steel sections.

In the areas of thermal bridges, designers should strive for limitation of their negative impact on
heat loss and risk of condensation. The particular focus should be paid to proper design of the
material systems in the joint and preventing from the gaps formed between thermal insulation and
structural components [1].

There are many methods for determining the thermal and humidity parameters of materials and
buildings [17, 18]. The analysis presented in this study confirms the usefulness of numerical
computational software based on the FEM methodology. For example, they can be used to analyse
technological and constructional solutions at the design stage which are especially important for the
functional properties of the building.
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