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Abstract: Thermal bridges are a very relevant issue for lightweight steel-framed (LSF) construction
systems given the high thermal conductivity of steel, which can negatively compromise their thermal
behaviour, reduce their durability, and decrease the building energy efficiency. Several thermal
bridge mitigation strategies exist, including the attachment of thermal break strips (TBS) to the steel
studs’ flanges as one of the most widely employed techniques. In this research, the relevance of
TBS to the thermal performance improvement of load-bearing LSF partition walls was assessed by
performing a parametric study, making use of a validated 2D numerical model. A sensitivity analysis
was performed for five different key parameters, and their importance was evaluated. The assessed
parameters included the number of TBS and their thickness, width, and thermal conductivity, as
well as the vertical steel stud spacing. We found that these parameters were all relevant. Moreover,
regardless of the TBS thermal conductivity, it is always worth increasing their thickness. However, the
increase in the TBS width does not always lead to increased thermal resistance; a thermal performance
reduction was noted when increasing the width of the TBS at higher thermal conductivities. Therefore,
it was concluded that it is more efficient to increase TBS thickness than their width.

Keywords: thermal performance; lightweight steel framed; partition walls; thermal break strips;
parametric study; cross-section dimensions; thermal conductivity; stud spacing; number

1. Introduction

One of the activity sectors with higher energy consumption is the building sector,
which is responsible for 40% of consumption and 36% of the emissions of greenhouse gases
in the European Union (EU) [1]. Globally, the values for this industry are 36% and 37% [2],
respectively. In the last 2 years, there was a decline in both of these values due to the
COVID-19 pandemic [2]. The energy consumed in the EU for space heating and cooling
corresponds to 50% of the total, of which 80% is used in buildings [3]. Therefore, the EU
promotes the use of renewable energy for heating and cooling [4], as well as renovation
of building stock, prioritizing energy efficiency to achieve the EU’s energy and climate
goals [3]. In the EU, 75% of the building stock is not energy efficient; thus, the renovation
of existing buildings could reduce total energy consumption by 5–6% [1], corresponding to
a reduction in gas imports of 13–15.6% [3].

The construction sector has been adapting and changing to further industrialized
and lightweight substitutes. The light steel-framed (LSF) system is one of these alter-
natives, which has been proliferating given its remarkable advantages relative to tradi-
tional heavyweight brick masonry and reinforced concrete systems. These advantages
include [5–7]: easier handling and transportation, given the very reduced weight; high
mechanical strength; suitability for prefabrication, ensuring improved quality-control of
building elements; adequacy for modular construction; time savings resulting from a faster
construction process onsite; high potential for reuse and recyclability (greater than 95%),
representing more sustainable construction; excellent stability of dimensions and shape in
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contact with moisture; decrease in waste; water consumption reduction (dry construction);
and reduced need for an intensive workforce and heavy machinery.

However, the LSF system, when not well designed, given the high thermal conduc-
tivity of the steel structure, is disposed to forming thermal bridges, which may lead to a
thermally inefficient building envelope with condensation problems and thermal discom-
fort of the occupants [8].

Thermal bridges in buildings can be caused by materials with high thermal conductiv-
ity (e.g., steel studs) trespassing layers with high thermal resistance (e.g., batt insulation)
within the assemblies [9], or due to junctions, such as connections between the wall and
wall, wall and roof, or wall and floor [10]. Thermal bridges decrease the energy efficiency of
buildings, impacting the heating and cooling energy needs by up to 30% [11] and 20% [10],
respectively. Several studies have been undertaken on reinforced concrete and brick ma-
sonry walls. Al-Sanea and Zedan [12] verified that mortar joints, corresponding to 9.1% of
the total wall area, reduce the R-value by 51% and increase the transmission load by 103%.
The energy consumption increase due to existing thermal bridges of representative wall
configurations used in Greece was shown to be up to 35% more than estimated during the
design stage, as shown by Theodosiou and Papadopoulos [13]. Hua Ge and Baba [10] veri-
fied that thermal bridges would increase the annual heating load by 30% and 18% for hot
climates and cold climates, respectively. The effect of thermal bridges on buildings was also
studied by Jedidi and Benjeddou [14], who concluded that to minimize the problems from
thermal bridges, insulation placement on the outside was the preferable option, decreasing
the risk of condensation, mould growth, and heat loss.

Due to steel’s high thermal conductivity, the importance of thermal bridges in LSF struc-
tures can be even greater [15], making this issue an important topic for many researchers
in diverse fields, such as parametric studies [8,16,17]; development of measurement meth-
ods [18,19]; analytical assessment methodology [20]; experimental methods [21–23]; and nu-
merical simulations [23,24].

Some thermal bridge mitigation strategies have been studied for LSF buildings, such
as the use of external thermal insulation composite systems (ETICS) [8,16,25,26]; the use of
TBS [16,17,21–23]; the use of steel stud flanges’ indentation [17]; and the use of slotted steel
studs [16,27]. However, regarding the use of TBS, a systematic study of relevant related
parameters (e.g., TBS cross-section dimensions and material thermal conductivities) to
enhance the thermal performance of load-bearing partition LSF walls was absent within
the existing literature.

Each thermal bridge mitigation strategy has its intrinsic advantages and/or drawbacks.
The use of ETICS is very common, with their main advantage being reduced LSF wall
thickness, as the extra ETICS thickness can be located outside the floor area and does
not compromise the net floor area [26]. The use of TBS has the main advantage of very
cost-effective material use, as these strips are placed in a very localized way (along the
studs’ flanges) and the small amount of material is located where it is most needed, i.e.,
along the steel frame [21]. One possible drawback is the reduced mechanical resistance
to shear actions due to lateral loading [28], because the sheathing panels are now further
way from the steel frame. The use of steel stud flanges with an indentation to decrease
the contact area between the steel and the sheeting panels has the main advantage of not
increasing the LSF thickness, and it is also possible to fill the original flange gap with
insulation material [17]. The main drawback of the slotted steel studs is their consequent
load-bearing capacity reduction [16].

In this paper, the thermal performance enhancement achieved by the use of TBS
on load-bearing partition LSF walls was evaluated. A parametric study was performed
where two steel stud spacings were evaluated (400 and 600 mm), two TBS positions
were considered (on the exterior steel stud flange and on both flanges), and five thermal
conductivities of the TBS material (ranging from 7.5 up to 120 mW/m/K) were assessed.
Moreover, regarding the TBS cross-section geometry, five thicknesses (ranging from 5
up to 15 mm) and five widths (ranging from 30 up to 70 mm) were studied. These LSF
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wall configurations corresponded to 202 numerical models that were evaluated in this
parametric study. These numerical models were successfully validated experimentally, and
their accuracy was also verified by comparing the results with the ISO 10211 test cases, the
ISO 6946 analytical approach, and a three-dimensional finite element model.

Following this short introduction, in the next section (Materials and Methods), the
assessed load-bearing partition LSF walls are presented, starting with a description of the
reference LSF wall, followed by the parameters evaluated within this parametric study,
and characterization of the materials and the numerical simulations carried out. After
this, the results are shown and discussed for the evaluated parameters. Finally, the main
conclusions of the work are presented.

2. Materials and Methods

In this section, the LSF walls are detailed, starting with the reference. Moreover,
the parameters of this study are defined, and the geometry of the assessed TBS—namely
their thickness and width—is also presented. This is followed by the characterization of
the materials used in this research in relation to their thermal conductivities. Next, the
numerical simulations carried out in this study are explained, including the discretization
of the evaluated domain, boundary conditions, and verification of the model accuracy and
its validation.

2.1. Reference Partition LSF Wall

In this parametric study, a load-bearing LSF partition wall was assumed as a reference.
Its cross-section is displayed in Figure 1. All evaluated LSF walls were made with com-
mercial C90 × 43 × 15 × 1.5 cold-formed steel studs with the following dimensions: web
(90 mm), flange (43 mm), lip return (15 mm), and steel sheet thickness (1.5 mm). Figure 1
shows the cross-section of a typical partition, used here as a reference LSF wall. There was a
90 mm thick batt insulation made with mineral wool (MW) filling the wall cavity. A 12 mm
thick oriented strand board (OSB) structural sheathing panel was placed on both sides of
the vertical steel studs. Moreover, there was an additional inner sheathing layer made with
gypsum plasterboard (GPB), with a thickness of 12.5 mm.
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Figure 1. Reference load-bearing partition LSF wall: horizontal cross-section.

2.2. Evaluated Parameters and Values

Table 1 displays the five evaluated parameters in this sensitivity analysis, as well
as their respective values. These five parameters, which are also illustrated in Figure 2,
were the TBS thickness, width, and thermal conductivity and number, as well as the steel
studs’ spacing.
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Table 1. Parameters to be evaluated and assigned values.

Parameter “Values”

Thermal break strips:

- Thickness [mm] 5, 7.5, 10 *, 12.5, 15

- Width [mm] 30, 40, 50 *, 60, 70

- Conductivity [mW/(m·K)] 7.5, 15, 30, 60, 120

- Number Zero *, one 1, two 2

Steel stud spacing [mm] 400 *, 600

* Reference values in bold; 1 one: outer flange; 2 two: both inner and outer flanges.
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Figure 2. Evaluated parameters in the sensitivity analysis.

Regarding the TBS evaluated values:

(1) their cross-section width was fixed (50 mm) and their thickness was changed within
the interval of 5–15 mm, with an increment of 2.5 mm;

(2) their thickness was fixed (10 mm) and their width ranged within the interval of
30–70 mm, with an increment of 10 mm;

(3) for the two previous evaluated parameters, five different TBS thermal conductivities
were studied (7.5, 15, 30, 60, and 120 mW/m/K);

(4) the number of TBS was zero (without TBS), one TBS (outer flange side), and two TBS
(both inner and outer flange side).

The fifth parameter was the vertical steel stud spacing on the LSF partition walls,
which was 400 and 600 mm.

In this parametric study it was assumed that the mineral wool, given its high expansion
capacity, was able to fill the increased air cavity layer created by introducing the TBS along
the steel stud flange, as shown in Figure 2.
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2.3. Characterization of Materials

The utilized materials in the LSF walls are displayed in Table 2, with their respective
thicknesses, t, as well as their thermal conductivities, λ. Note that the thermal conductivities
and the dimensions of the evaluated TBS were previously displayed in Table 2.

Table 2. Characterization of the materials used in the partition LSF walls: thicknesses (t) and thermal
conductivities (λ).

Material t
[mm]

λ
[W/(m·K)] Ref.

Gypsum plasterboard 12.5 0.175 [29]
Oriented strand board 12.0 0.100 [30]
Mineral wool 90.0 0.035 [31]
Steel studs (C90 × 43 × 15 × 1.5) 90.0 50.000 [32]

2.4. Numerical Simulations

The LSF walls’ numerical simulations were performed using the finite element method
(FEM) software THERM (version 7.6.1, Lawrence Berkeley National Laboratory: Berkeley,
CA, USA) [33]. In the next subsections, the details of the numerical models will be explained,
starting with the domain discretization, followed by the boundary conditions and the model
accuracy verifications and validation.

2.4.1. Discretization of the Models’ Domain

Only a representative bidimensional segment of the LSF walls’ cross-sections were
modelled, as illustrated in Figure 1, for the reference LSF walls (400 mm width) in order to
decrease computation time and effort. The materials’ thermal properties were previously
presented in Tables 1 and 2. The maximum error accepted on the FEM calculations was set
to 2% for the models assessed in this work.

2.4.2. Boundary Conditions

The environment air temperatures and the surface thermal resistances were the two
sets of boundary conditions defined for each model. In this parametric study, the exterior air
temperature was set to 0 ◦C, while the interior air temperature was set to 20 ◦C. Regarding
superficial thermal resistances, we used the default values for horizontal heat flow indicated
in ISO 6946 [34], i.e., 0.04 and 0.13 m2·K/W for external (Rse) and internal resistance (Rsi),
respectively.

2.4.3. Verifications of Model Accuracy and Validation

For the accuracy verification of the 2D THERM software [33] models, 3 verifications
were performed: (1) the ISO 10211 (Annex C) [35] test cases; (2) the analytical approach
following ISO 6946 [34], assuming homogeneous layers, i.e., walls with no steel studs,
and; (3) by comparison with the results provided by 3D simulations performed in the
ANSYS FEM software [36]. For the model validation, experimental lab measurements were
performed, as detailed in the following paragraphs.

(1) ISO 10211 Test Cases Verification

The first accuracy verification was to model two distinct bidimensional test-cases
specified in Annex C of standard ISO 10211 [35]. The achieved results were within the
tolerance range and are not displayed here for the sake of conciseness. However, they can
be found in earlier scientific papers, e.g., [26,37,38] by the same author, confirming the
accuracy of this 2D FEM software algorithm and the models.

(2) ISO 6946 Analytical Approach Verification

In this second precision confirmation, simplified LSF walls were assumed by making
use of homogeneous layers (i.e., having no steel frame), for which the standard ISO 6946
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analytical values were compared. This comparison was performed for a wall similar to the
reference LSF partition. The input values, such as thermal conductivities, thicknesses of the
layers, and used materials, were previously displayed in Table 1. The adopted superficial
thermal resistances were prescribed by the standard ISO 6946 [34] for horizontal heat flow,
as presented in Section 2.4.2. The obtained results for the numerical and analytical thermal
transmittances are listed in Table 3. As expected, the numerical and analytical results
perfectly matched, confirming the accuracy of the implemented THERM models [33].

Table 3. Thermal transmittance computed for the simplified LSF walls assuming homogeneous layers.

LSF Wall Type
U-Value [W/(m2·K)]

Numerical (THERM) Analytical (ISO 6946)

Partition 0.328 0.328

(3) 3D FEM Verification

The last accuracy verification was performed by comparing the THERM 2D model
results for the LSF partitions with some 3D models implemented in the ANSYS software [36].
The thermal conductivities of the modelled materials are presented in Tables 1 and 2; the
LSF partition wall dimensions and geometry are displayed in Figure 1; and for the boundary
conditions, the values used in the models are the values presented in Section 2.4.2. Figure 3
displays the distribution of temperature and the computed conductive thermal resistances
(R-values) for the reference LSF partition wall (Figure 3a) and for an LSF partition with an
outer TBS (Figure 3a), using both 2D and 3D models. The modelled TBS was 50 mm wide,
10 mm thick, and had a thermal conductivity equal to 30 mW/(m· K). The obtained 2D and
3D models’ R-values were very similar (+0.5% and +0.3% difference), highlighting again
the excellent THERM [33] model accuracy.

(4) Lab Measurement Validation

To validate the THERM model, experimental measurements were performed under
laboratory-controlled conditions (Figure 4) using a test sample of the reference LSF partition
wall. This test-sample LSF wall was placed between two climatic chambers, as illustrated
in Figure 4a. Electrical thermal resistance was used to heat the hot chamber, while a
refrigerator was used to cool the cold chamber. The wall sample perimeter was covered
by 80 mm foam insulation made of polyurethane with a thermal conductivity equal to
0.036 W/(m·K). The objective was to mitigate the heat losses across the sample wall’s
perimeter, as shown in Figure 4a.

Two heat flux meters (model HFP01, from Hukseflux) with an accuracy of ±3% and 6
PFA insulated thermocouples (TCs), Type K (1/0.315), class 1 precision certified, were used
on each face (outer and inner) of the LSF wall test-sample (cold and hot), totalling 4 heat
flux meters (HFM) and 12 TCs.

On both sides, one HFM was placed over the middle metallic stud, and the other in the
central region of the batt insulation, as displayed in Figure 4b, to obtain the measurements
of both dissimilar thermal behaviour regions within the partition of the LSF test sample.

The TCs were placed in different locations: two were placed to measure the wall
surface temperature near the HFM, and two were placed over the HFM to monitor the air
temperature in the vicinity of the wall surface, and, as illustrated for the cold surface in
Figure 4b, the remaining two TCs were put inside the climatic chamber to measure the
environment air temperature.

The cold and hot chambers were set to preserve a temperature of 5 ◦C and 40 ◦C,
respectively. To ensure a nearly steady-state heat transfer condition and to mitigate the
surrounding heat transmission, these chambers were adequately insulated.

The temperature and heat flux data measurements were registered using two PICO
TC-08 data loggers, with an accuracy of ±0.5%; one on each surface of the LSF partition
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sample (cold and hot). The recorded data were managed by the software PicoLog® (version
6.1.10) [39].
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(b) Sensors on the cold surface.

The LSF partition thermal performance was quantified using the HFM method [40],
adjusted for two HFM sensors, one on each wall surface, to increase the measurement
accuracy and reduce the time duration of the tests, as suggested by Rasooli and Itard [41].

The lowest time duration for each experimental test was twenty-four hours. Moreover,
only the hourly average R-values with an absolute change lower than 10% in relation to
the previous recorded thermal transmittance were included in the measurements. The
“summation technique”, as defined in standard ASTM C1155-95 [42], was adopted for the
convergence criteria.

The experimental measurements’ repeatability was ensured by performing, for each
sample LSF partition, a test at three height locations: (1) bottom, (2) middle, and (3) top, as
illustrated in Figure 4b.

Table 4 displays the conductive R-values measured for the three height positions and
the corresponding average conductive thermal resistance for the reference partition LSF
wall. The conductive R-value predicted by the THERM 2D model is also displayed in
this table. The very small differences between the measured and the numerical predicted
R-values (only +0.1%) indicated the accuracy of the presented THERM models and allowed
for their validation.

Table 4. Reference LSF partition wall surface-to-surface R-values for both the experimental and
numerical approaches. Percentage deviation included.

Test N. Sensors Position R-Value
[m2·K/W]

1 Bottom 1.607
2 Middle 1.576
3 Top 1.491

Measurement Average 1.558

Computed in THERM 1.559
Percentage Deviation +0.1%

3. Results and Discussion
3.1. Reference Partition LSF Wall

A representative horizontal transversal section of the reference partition LSF wall,
with commercial cold formed studs C90 × 43 × 15 × 1.5 spaced 400 mm apart, was pre-
viously displayed in Figure 1. Their predicted conductive R-value is 1.559 m2·K/W (see
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Figure 3a). When this steel stud spacing is increased to 600 mm, their R-value is augmented
to 1.851 m2·K/W (+19%). As expected, given the reduced steel content by wall area, in-
creasing the metallic studs’ spacing improves the LSF partition’s thermal performance.

3.2. One Thermal Break Strip

In this subsection, the computed results when using a single thermal break strip,
placed in the outer steel stud flange, are presented.

3.2.1. The Influence of TBS Thickness and Conductivity

Figure 5a exhibits the conductive thermal resistances computed for the partition
LSF walls with a single TBS of variable thicknesses and 50 mm width when the steel
studs were spaced at intervals of 400 mm. Each line corresponds to a specific thermal
conductivity of the TBS material, from 7.5 up to 120 mW/m/W. Looking to the R-values
for the higher thermal conductivity (black line), even the thinner TBS (5 mm) allowed
a thermal performance increase from 1.559 m2·K/W (reference value) to 1.667 m2·K/W
(+7%). When the TBS thickness increased up to 15 mm, the R-value also increased up to
1.890 m2·K/W, with a nearly linear variation. As illustrated in the right graph of Figure 5,
this R-value variation, in relation to the reference wall, increased from +7% (5 mm thick)
up to +21% (15 mm thick).
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In terms of the other evaluated TBS thermal conductivities, the slope of the correspond-
ing R-value lines also increased with decreasing TBS conductivity. As expected, the major
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R-values were achieved for the smaller TBS thermal conductivity (7.5 mW/m/W), ranging
from 2.140 m2·K/W (5 mm thick) up to 2.625 m2·K/W (15 mm thick). In percentages, these
R-value increments corresponded to +37% up to +68%.

Figure 5b displays two similar charts, but instead of 400 mm steel stud spacing, these
R-values were obtained for 600 mm spacing. This plot shows a similar trend, but all
the obtained thermal resistance values were higher than the previous ones, including the
reference (1.851 m2·K/W), as previously mentioned. Another difference is that (Figure 5) for
the same TBS thickness, the thermal performance improvement due to the TBS conductivity
decrease was smaller in relation to the 400 mm steel stud spacing, Figure 5a. Similarly, the
relevance of the TBS thickness increase in the partition LSF wall’s thermal performance
improvement was greater for higher TBS conductivities (increased black line slope) and
smaller for lower TBS conductivities (reduced blue line slope). Obviously, due to a higher
reference R-value for the 600 mm stud spacing (Figure 5b), all percentage values became
smaller, with this reduction being greater for smaller thermal conductivities.

Regardless of the thermal conductivity of the TBS, increasing its thickness always
leads to better performance, as increasing the thickness of the TBS also increases the MW
(due to its volumetric expansion).

3.2.2. The Influence of TBS Width and Conductivity

Figure 6a illustrates the conductive thermal resistance values obtained for the partition
LSF walls with one attached TBS of 10 mm thickness and variable width, for a 400 mm steel
stud spacing, as well as the R-values variation relative to a reference wall (without TBS).
The R-values for the higher thermal conductivity (120 mW/m/W), black line, even for a
30 mm width and 10 mm thickness, showed that TBS increases thermal performance from
1.559 m2·K/W (reference value) to 1.855 m2·K/W (+19%).

Surprisingly, when the TBS width increased up to 70 mm, the R-value decreased to
1.750 m2·K/W, with a small negative variation (−0.105 m2·K/W). Analysing the grey
line (thermal conductivity equal to 30 mW/m/W), there was almost no variation of
the thermal resistance when increasing the width of the TBS, starting at 2.049 and go-
ing up to 2.073 m2·K/W. The lower thermal conductivity (7.5 mW/m/W), blue line,
presented the largest increase in relation to the reference LSF wall without TBS (1.559
up to 2.207 m2·K/W), and also with the increase in width from 30 to 70 mm, with a
+0.314 m2·K/W variation.

Figure 6b displays a similar chart, but instead of 400 mm steel stud spacing, these
R-values were obtained for 600 mm spacing. This plot has a similar trend, but all the
obtained thermal resistance values were higher than the previous ones, including the
reference (1.851 m2·K/W), as previously mentioned. The thermal resistance increase was
reduced for smaller thermal conductivities (e.g., 7.5 mW/(m·K)) and slightly increased for
larger thermal conductivities (e.g., 120 mW/(m·K)), as shown on the right-hand graphs.

Comparing Figures 5 and 6, the TBS of 30 mm width and 10 mm thickness (Figure 6)
presented higher R-values than a TBS of 50 mm width and 5 mm thickness (Figure 5).
However, increasing the TBS thickness (Figure 5) up to 15 mm is more advantageous
(higher R-values) than increasing the TBS width (Figure 6) up to 70 mm due to the increase
in the wall cavity thickness whenever the TBS thickness increases. Given the MW natu-
ral expansion, the thickness of this thermal insulation also increases, which leads to an
incremental change of the overall R-value of the LSF partition wall.

Moreover, increasing the TBS thickness always leads to an increased thermal resistance
(Figure 5), while the increase in the TBS width for higher thermal conductivity values may
lead to a decreased thermal performance (Figure 6). This happens whenever the TBS
material has a thermal conductivity that is higher than the batt insulation (in this case,
mineral wool with 35 mW/m/K). In Figure 6, the grey line, corresponding to a TBS thermal
conductivity of 30 mW/m/K, was the nearest one, where the thermal resistance was slightly
increasing. However, as expected, there was an increased R-value diminishment for the
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yellow (60 mW/m/K) and black (120 mW/m/K) lines, given their higher TBS thermal
conductivities.
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3.3. Two Thermal Break Strips

Here, the results when using two TBS are presented and compared with the previous
results (single TBS).

3.3.1. The Influence of TBS Thickness and Conductivity

Figure 7a exhibits the conductive thermal resistances obtained for the partition LSF
walls with two TBS of 50 mm width and variable thicknesses when the steel studs were
spaced 400 mm. Based on the R-values for the higher thermal conductivity (120 mW/m/W),
black line, even the thinner TBS (5 mm) allowed a thermal performance increase from
1.559 m2·K/W (reference value) to 1.769 m2·K/W (+13%). When the TBS thickness in-
creased up to 15 mm, the R-value also increased up to 2.204 m2·K/W (+41% relative to the
reference LSF wall), with a nearly linear variation.
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Looking to the other evaluated TBS thermal conductivities, the slope of the corre-
sponding R-value lines also increased with the decreasing TBS conductivity. Once again,
the major R-values were reached for the smaller TBS thermal conductivity (7.5 mW/m/W),
ranging from 2.569 m2·K/W (5 mm thick, +65%) up to 3.419 m2·K/W (15 mm thick, +119%).

Figure 7b displays a similar chart, but instead of 400 mm steel stud spacing, these R-
values were obtained for 600 mm spacing. This plot shows a similar trend, but all obtained
thermal resistance values were higher than the previous ones. Another difference is that
(Figure 7b) for the same TBS thickness, the thermal performance improvement due to the
TBS conductivity decrease was smaller in relation to the previous values for the 400 mm
steel stud spacing Figure 7a. As mentioned before, the relevance of the TBS thickness
increase to the partition LSF wall thermal performance improvement was smaller for the
600 mm spacing, with this being more visible for the smaller TBS thermal conductivities.

3.3.2. The Influence of TBS Width and Conductivity

Figure 8a exhibits the conductive thermal resistance values obtained for the partition
LSF walls with two TBS of 10 mm thickness and variable width when the steel studs were
spaced 400 mm apart. The R-values for the higher thermal conductivity (120 mW/m/W),
black line, showed that two TBS of 30 mm width and 10 mm thickness allowed a thermal
performance increase from 1.559 m2·K/W (reference value) up to 2.134 m2·K/W (+37%
relative to the reference LSF partition wall). When the TBS width increased up to 70 mm,
the R-value decreased to 1.928 m2·K/W, corresponding to +24% relative to the reference
partition (without TBS). Analysing the grey line (thermal conductivity of 30 mW/m/W),
once again we observed that there was a very reduced variation of the R-value when
increasing the width of the TBS (2.470 to 2.510 m2·K/W). The lower thermal conductivity
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(7.5 mW/m/W), as expected (blue line), presented the largest increase in relation to the
reference (1.559 to 2.727 m2·K/W, +75%), and with the increase in width from 30 to 70 mm,
presented a 0.467 m2·K/W variation.
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Figure 6b displays a similar chart, but instead of 400 mm steel stud spacing, these
R-values were obtained for 600 mm spacing. This plot shows a similar trend, but all the
obtained thermal resistance values were higher than the previous values, including the
reference (1.851 m2·K/W), as previously mentioned.

Comparing Figure 7 (TBS thickness relevance) and Figure 8 (TBS width relevance), it
can be observed, once again, that a TBS with 30 mm width and 10 mm thickness presented
higher R-values (Figure 8) than a TBS with 50 mm width and 5 mm thickness (Figure 7).
However, the increase in TBS thickness (Figure 7) was more effective at improving the
overall partition thermal performance than the increment of TBS width for all evaluated
TBS thermal conductivities. Moreover, as seen before (one TBS), an increase in TBS width
for higher thermal conductivity materials is counter-productive, i.e., will decrease their
R-value.

4. Conclusions

In this research, the relevance of TBS to the thermal performance improvement of
load-bearing LSF partitions was assessed through a parametric study. The bidimensional
numerical models used in this study were previously validated, and their accuracy and
reliability ensured. Five different key parameters were changed and their importance
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evaluated, namely the TBS thickness, width, thermal conductivity, and number, as well as
the vertical steel stud spacing.

The key conclusions of this parametric study are as follows:

• As expected, only by increasing the vertical steel stud spacing from 400 mm to 600 mm
did we achieve a relevant thermal resistance improvement (+19%).

• Regardless of the TBS thermal conductivity, it is always worth increasing the thickness
of the TBS due to the consequent increase in the wall cavity thickness and the resulting
expansion of the batt insulation (in this study, mineral wool).

• Moreover, regardless of the evaluated TBS conductivities, the thermal resistances
provided by the smaller assessed TBS width (30 mm) were always bigger than the
ones provided by the smaller evaluated TBS thickness (5 mm).

• Surprisingly, the increase in the TBS width did not always lead to increased thermal
resistance.

• In fact, for higher TBS conductivities, a thermal performance reduction occurred when
increasing the width of the TBS.

• The previous happens whenever the thermal conductivity of the TBS is greater than
the conductivity of the expansible batt insulation.

• Considering the preceding features, it was concluded that it is more effective to
increase the TBS thickness rather than the width.

• The abovementioned features are more relevant for smaller stud spacing (400 mm
instead of 600 mm) and when using two TBS instead of a single one.

Regarding the TBS thickness higher effectiveness, comparatively to increasing their
width, notice that this conclusion is also valid for other expansible thermal insulation
materials, as the TBS thickness increase will directly induce a batt insulation thickness
increase and consequent thermal performance improvement. Obviously, this LSF wall
overall thermal resistance rise will depend on the thermal conductivity of the adopted batt
insulation, and it will be higher for lower conductivities.

The two main limitations of this research were that (1) only LSF partition walls with
vertical steel studs were considered, and (2) only one batt insulation material (mineral wool)
was used. To overcome the first restriction, 3D numerical models instead of 2D models,
as previously illustrated in Figure 3, could be used. Regarding the second limitation, it
was assumed that the mineral wool batt insulation was expansible enough to fill the LSL
wall cavity.

This research allowed us to better understand, quantify, and compare the effectiveness
of TBS for the thermal performance improvement of load-bearing partition LSF walls,
which was not previously available in the literature. This knowledge could be useful for
designers when they need to decide the cross-section dimensions of the TBS, as well as the
material thermal conductivity and the number of TBS.
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