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Abstract: Light gauge steel stud walls have been widely used in buildings as
load-bearing members. But if used as non-load-bearing walls, more rows of
perforations can be placed on stud webs and then the thermal bridge effect can
be reduced. Experiments on six non-load-bearing light gauge slotted steel stud
walls were conducted using a calibrated hot box. The temperatures of the steel
studs and gypsum plasterboard were monitored for subsequent analysis of
thermal bridging. The effects of parameters (number of rows of perforations,
stud web height, and the ratio of window area to wall area) on the insulating
capacity of the wall were identified and analyzed. Thermal transmittance
decreases by 18.5% and 29.6% for specimens with 3 and 7 rows of
perforations in comparison with the specimen without perforations, while it
decreases by 29.8% and 42.7% respectively for 150 mm and 200 mm thick
walls compared with that of the 100 mm thick wall. However, thermal
transmittance increases obviously for the wall with a window opening relative
to the wall without a window opening, reaching 14.7% in this test since more
studs are placed around the window opening. A three-dimensional finite
element (FE) model of the wall was developed and validated against
experimental results, and then was used for parametric studies. A general
method of calculating the thermal transmittance of the light gauge slotted steel
stud wall was suggested based on the experiment and the FE model results,
which can consider influences of wall thickness, web perforations, window
openings, and thermal properties of materials.

Keywords: Non-load-bearing light gauge slotted steel stud wall; thermal
bridging effect; thermal insulation; design method; thermal transmittance

1 Introduction

The light gauge steel stud wall is fabricated using cold-formed steel studs, gypsum plasterboard,
and insulating material [1] (Fig. 1) and has been widely used in buildings as a load-bearing member. It
offers the benefits of rapid construction and energy saving. However, the cold-formed steel studs have
much higher thermal conductivity than the interior insulation material, which creates thermal bridges
and results in increased energy consumption, particularly in cold regions. Light gauge steel studs with
slotted webs were proposed for external walls by researchers in Canada to reduce the effects of thermal
bridging, which can greatly improve the thermal resistance of the wall. This kind of wall has been
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certified as suitable for cold climates and has been widely used in Sweden, Finland, Canada, and the
United States.

gypsum boards

stud ¥<insulation

Fig. 1. Schematic view of the light gauge steel stud wall.

The light gauge steel stud wall has been extensively studied, and much is known about how it
responds to axial compression [2-8], flexural [9-11], fire [12-24], and seismic activity [25-28]. For
buildings in cold climates, the thickness of the wall may be determined by its thermal insulation
properties. H&ylund and Burstrand [29] calculated U-values (thermal transmittance) of light gauge
slotted steel stud walls with different external insulation materials (brick fagade, cavity insulation, and
EPS board). Salonvaara and Nieminen [30] investigated the thermal performance of light gauge slotted
steel stud walls by modelling, laboratory testing, and field measurement. They found that web
perforations can reduce heat conduction along the web by 70%-80%. Elhajj [31] tested the thermal
properties of light gauge slotted steel stud walls and calculated R-values (reciprocals of the U-values)
for walls with solid or slit web studs and solid, slit, angle, or wood tracks. Lipt&-V&adi [32] developed
an equivalent thermal conductivity value for the slotted web of light gauge slotted steel stud walls.
Moore et al. [33] determined the effect of thermal bridging on R-values for highly-insulated light gauge
steel stud walls with vacuum insulation panels. Martins et al. [34] discussed several thermal bridge
mitigation strategies and optimizations of wall insulation layers to improve the thermal performance of
light gauge steel stud walls. Yang et al. [35] studied the influence of the slotted web on the thermal
performance of a lightweight steel stud composite wall experimentally and numerically and
recommended the dimensions of the slots (Iength, rows, transverse distance et) for practical applications.

Most previous studies recommended particular U-values or R-values for a light gauge slotted steel
stud wall. However, these values are only applicable to a specific arrangement of studs. If the studs are
arranged differently, the U-values and R-values would change obviously [29]. The ASHRAE modified
zone method [35] can be used for calculating the thermal transmittance of steel stud walls. However,
this method cannot consider the effect of the perforation on stud webs and thus is not applicable for the
slotted steel stud wall in this paper.

If the light gauge steel stud wall with web perforations is used as a non-load-bearing wall instead
of a load-bearing wall, more rows of perforations can be placed and the thermal insulation capacity can
be improved. This non-load-bearing wall can be used in high-rise buildings, especially prefabricated
structures because of its rapid construction. The subject of this study is the thermal insulation
performance of non-load-bearing light gauge slotted steel stud walls. For walls with openings (e.g.,
windows opening), additional studs need to be arranged around the openings of the wall, which would
reduce the thermal insulation performance of the wall. A concept of stud percentage was introduced,
which is the ratio of the stud flange area to the wall area, to investigate the influence of window openings
on the insulation performance. Experiments and numerical analysis were performed to investigate the
thermal insulation performance of the non-load-bearing light gauge slotted steel stud walls. Parameters
were studied to quantify their influences on the thermal insulation of the wall, including the number of
rows of perforations, web height, stud percentage, and thermal conductivity coefficients of wall
fabrication materials. A general method was recommended to calculate the thermal transmittance of the
stud walls, which considers the number of rows of perforations, window openings, wall thickness, and
the thermal properties of constituent wall materials.

2 Experimental study

2.1 Test specimens

Six light gauge slotted steel stud walls were prepared for the experiments. Each specimen was
referred to by a triplet consisting of web height (mm), the number of rows of perforations and the
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opening factor (ratio of window area to wall area). To illustrate, specimen 150-3-0.45 was a specimen
with 150 mm web height, three rows of perforations and an opening factor of 0.45. Specimens were
varied in web height (100, 150 or 200 mm), the number of rows of perforations (0, 3 or 7) and opening
factor (0 or 0.45), as shown in Tab. 1. For specimens 150-7-0.45, 100-4-0.45 and 200-9-0.45, the rows
of perforations were increased as the wall thickness to maintain a constant value of the ratio of the heat
transfer path length to web height, which is named as heat transfer path coefficient hereafter. Due to the
dimensional constraints of the hot box, the specimens were designed to be 2400 mm>2400 mm. For the
light gauge steel stud wall, the stud spacing is generally between 400 mm and 600 mm [37]. The thermal
bridging effect is more obvious when the stud spacing is smaller [38], which is also the main concern
of this study. Thus the stud spacing of 400 mm was adopted in the test to observe the thermal bridging
effect. However, in the follow-up finite element parametric studies, the spacing was 600 mm
considering that the partition wall has low requirements for the load-bearing capacity. The layouts of
the walls, with or without window openings, are shown in Fig. 2. The dimensions of the perforations
were 70 mm <3 mm, with a vertical spacing of 20 mm and horizontal spacing of 9 mm, as shown in
Fig. 3.

Table 1. Details of specimens

Height of

Specimen Rows of Opening factor (window-to- Heat transfer path
NO. web H . . .
no. (mm) perforations n wall area ratio) a coefficient
1 150-0-0 150 0 0 1.00
2 150-3-0 150 3 0 1.93
3 150-7-0 150 7 0 2.78
4 100-4-0.45 100 4 0.45 2.75
5  150-7-0.45 150 7 0.45 2.78
6  200-9-0.45 200 9 0.45 2.75
— % o
[ 1] S
o
o o | o
3 g §
[T 11 18]
- <
4001400/400/400/400/400 400,400,400,400 400,400
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2400 | 2400
(a) Wall without window openings (b) Wall with window openings
Fig. 2. Elevation of the wall (mm).
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(a) Elevation view (b) Section 1-1 (c) A schematic view of the stud

Fig. 3. The layout of slots on the web (mm).

The thickness of the gypsum board was 12 mm. Mineral wool with a density of 80 kg/m® was used
as wall interior insulation. The window opening was filled with extruded polystyrene (XPS) board with
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the same thickness as the wall. Thermal conductivity and the area of the XPS board were measured
before the experiments.

Groups of type T thermocouples were placed on the surface of the gypsum plasterboard for the
identification of areas affected by thermal bridging (Fig. 4 (a) and (b)). Thermocouples were also
mounted on the stud webs to measure temperatures at different wall locations for investigation of the
effects of perforations on the thermal conductivity of the stud, as shown in Fig. 4 (c)-(e). Thermocouples
in group X-1 were positioned to measure temperatures in a region affected by the thermal bridge. The
distances between measurement points and the stud web were 0 mm, 50 mm, 100 mm, and 200 mm.
Thermocouples in group X-2 were positioned close to the edge of the wall, where temperatures may be
different from those detected in group X-1. Thermocouples in group X-3 measured temperatures at the
stud joints to identify the influence of steel stud joints. Thermocouples in group X-4 measured the
temperature distribution of the XPS board.

Thermal conductivities of the gypsum plasterboard, the mineral wool insulation, and the XPS were

0.21W/(m K), 0.037W/(m K) and 0.035W/(m K) respectively, which were measured following 1SO
8302 [39], 1SO 8990 [40] and Chinese code GB/T5480-2008 [41].

(TTmmmm T ' e bbbt L "eese "~ ——1
X-3 ' : ® essen @ : : 2o @ ‘ : 8
A [t ! X2k 1 X3 e
""" o I 5 ‘ 5
:unxoz E:omunomuno: 9', I o ogeenn e o § 8
LX2 0 X-1| 4 o ro XL X-4 =
77777777777777777777777 —N%
o
o
4 [ [ ] g
400 L4oo L400 LAOO L4oo L4oo 400 400 400 400 | 400 | 400
11 A A S
2400 2400
. Thermocouple « Thermocouple
(a) The thermocouple on the gypsum board (without (b) The thermocouple on the gypsum board (with
window opening) window opening)
g : 8 : 2
« Thermocouple » Thermocouple « Thermocouple

(c) Studs in specimen 150-0-0  (d) Thermocouples on studs (150-3-0) (e) Thermocouples on studs (150-7-0)
Fig. 4. Positions of thermocouple (mm).

2.2 Experimental setup

A statically calibrated hot box system was used to investigate the thermal insulation properties of
the light gauge slotted steel stud walls in accordance with 1ISO 8990 [40], as shown in Fig. 5. The test
equipment consists of a hot box, a cold box, a test track, air circulation and measurement systems and
an automatic temperature control system. The maximum size of the specimen that could be tested was
2400 mm in length, 2400 mm in height and 400 mm in depth.

The hot box was designed on the assumption of steady-state heat transfer. The specimens were
placed between the cold box and the hot box for the experiments. The cold box simulated outdoor winter
weather conditions, and the hot box simulated indoor conditions. Measurements of the electrical power
consumed by the hot box when the wall was in a state of steady heat transfer were used to calculate the
heat transfer coefficient of each specimen.

The temperatures of the cold box and the hot box for all specimens were set as -10 € and 18.0 €,
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respectively. The indoor temperature should be no lower than 18.0 € for houses with heating systems
in winter as suggested in Chinese code GB50176-2016 [42]. For different climatic regions, the
minimum temperature in winter is different. Considering the condition of the test setup, the outdoor
temperature was set to -10 €. When the steady state was reached, the standard deviations of power,
temperature and R-value (or U-value) were less than 1% within 3 hours. And when these values did not
change monotonically, these experiments were stopped.

Cold box

Fig. 5. A calibrated hot box system.

2.3 Experimental results

Fig. 6 shows the temperature distribution of specimens 150-0-0 (no perforations), 150-3-0 (three
rows of perforations) and 150-7-0 (seven rows of perforations). It can be seen that the gradient of the
temperature in the steel studs increases significantly as the number of rows of perforations increases
(Fig. 6 (a)), where y is the position of measurement points along with the wall thickness. The maximum
temperature difference of the steel stud is 5.4 € for specimens without perforations. When the number
of rows of perforations increases to three or seven, the maximum temperature differences of steel studs
are 12.9 € and 18.2 <€ respectively, as shown in Fig. 6 (a). Figs. 6 (b)- (e) show the temperatures of
the hot (inside) and cold (outside) gypsum plasterboard surfaces, where x indicates the position of the
measurement relative to the most left point (x = 0), and z indicates the position of the measurement
relative to the most top point (z = 0). The surface temperature of the wall is non-uniform due to the
thermal bridge effect of the steel studs. Take temperatures in group X-1 for example (Fig. 6 (b)), the
temperature of the cold surface close to the steel stud maximally increases by 4.55 €, 2.13 € and 1.77
<€ relative to normal surface temperatures, respectively for the three specimens 150-0-0, 150-3-0 and
150-7-0. And the temperature of the hot surface of the wall decreases correspondingly by 1.19 €, 1.15
€ and 0.91 <€ respectively. These results indicate that the thermal bridge effect decreases significantly
as the number of rows of perforations increases. Because the cold bridging of horizontal and vertical
steel studs is superimposed at the stud joints, the thermal bridge effect at the joint is more obvious, as
shown in Fig. 6 (d) and (e). Take the temperatures in the vertical direction for example (Fig. 6 (e)), the
temperature of the hot surface near the stud joint maximally decreases by 2.31 €,2.93 € and 1.19 €
relative to the temperature that far away from the joint (z=0.2m), respectively for the three specimens
150-0-0, 150-3-0 and 150-7-0. The specimen 150-0-0 should have worse performance than the
specimen 150-3-0, however, the trend is odd in Fig. 6 (d), which may be caused by test errors, deviations
of thermocouple positions, etc.

Fig. 7 shows the temperatures for specimens 100-4-0.45, 150-7-0.45 and 200-9-0.45. As expected,
the temperature of the hot side is higher and the temperature of the cold side is lower for the wall with
a thickness of 200 mm compared with that of the wall with a thickness of 100 mm and 150 mm. The
insulation of specimen 150-7-0.45 should be better than that of 100-4-0.45, but there is an odd trend in
Fig. 7, which may be caused by test errors because temperature differences of these two specimens are
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thickness, which can be concluded more obviously from the thermal transmittance (Tab. 2).

The typical comparisons between temperatures in groups X-1 and X-2 are presented in Fig. 8 (a).
Conceptually, the cold bridging effect should be similar at X-1 and XX-2, however, the measured cold
bridging effect is more prominent at X-2, which may be caused by test errors. For the temperatures in
group X-3, the hot side temperature declines from location X-3-a to X-3-c, while the corresponding

cold side temperature increases, which may be caused by the edge of the wall.
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Fig. 6. Measured temperatures of specimens 150-0-0, 150-3-0 and 150-7-0.
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Fig. 7. Comparisons of temperatures of specimens 100-4-0.45, 150-7-0.45 and 200-9-0.45 (X-1).
Table 2. Test results of thermal transmittance of the wall
Specimen no. 150-0-0 150-3-0 150-7-0 150-7-0.45 100-4-0.45 200-9-0.45
Air temperature in hot box (°C) 17.80 17.76 17.78 17.78 17.75 17.76
Air temperature in cold box (°C)  -9.90 -9.92 -10.09 -9.86 -9.98 -9.94
Air temperature difference (°C) 27.70 27.68 27.87 27.64 27.63 27.70
Transferred heat (W) 86.7 69.7 61.17 52.3 74.03 42
Transferred heat via XPS (W) -- -- -- 13.84 19.19 10.84
Thermal transmittance of wall
(WI(m2 K)) 0.54 0.44 0.38 0.435 0.62 0.355
FE results (W/( m? K)) 0.59 0.464 0.356 0.42 0.578 0.325
Deviation (%) 8.5 5.2 -6.7 -3.6 -7.3 -8.3

Temperature / °C

Temperature / °C
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x/m
(a) X-1and X-2
Fig. 8. Typical temperature comparisons (150-7-0.45).
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The heat transfer coefficient can be obtained by calibrating the heat balance in the hot box. The

3 Numerical analysis

000042-7

measured thermal transmittances of these specimens are shown in Tab. 2. Thermal transmittance of
these walls significantly decreases as the number of rows of perforations increases. Thermal
transmittance decreases by 18.5% and 29.6% for specimens 150-3-0 and 150-7-0 in comparison with
specimen 150-0-0. Thermal transmittance also decreases as wall thickness increases, which reaches
29.8% and 42.7% for specimens 150-7-0.45 and 200-9-0.45 in comparison with specimen 100-4-0.45.
The wall with a window opening (specimen 150-7-0.45) has a greater thermal transmittance than the
wall without an opening (specimen 150-7-0) because more steel studs were used in the wall with the
opening.
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3.1 Finite element numerical analysis model

A refined finite element (FE) model of the slotted steel stud wall was developed using ABAQUS
software (Fig. 9). The thermal properties of materials, including mineral wool, gypsum plasterboard
and steel were defined according to Chinese code GB50176-2016 [42], as shown in Tab. 3. The mineral
wool and gypsum plasterboard were modelled using thermal analysis solid elements DC3D8, and steel
studs were modelled using thermal analysis shell elements DS4. The heat transfer coefficient
considering both convection and radiation was 8.7 W/(m? K) for the hot side of the wall and 23.0
W/(m? K) for the cold side [43]. All side surfaces were assumed to be adiabatic.

Mineral wool

Gypsum board

(a) Studs of the wall (b) details of the stud (c) Mineral wool and gypsum board
Fig. 9. Finite element model of the light gauge slotted steel stud wall.

Table 3. Thermophysical properties of materials [42]
Material Thermal conductivity (W/ (m? K)) Density (kg/m?) Specific heat (J/(kg K))

Steel stud 58.2 7850 480
Gypsum board 0.33 1050 1050
Mineral wool 0.05 70 840

3.2 Verification of the numerical model

For simulations of these specimens, the thermal properties of mineral wool and gypsum board were
defined according to test results, and measured air temperatures in the cold box and hot box were used
(Tab. 4). The FE model results and the experimental results are shown in Figs. 10 - 11 for comparison.
It can be seen that the FE model results agree well with the measured experimental temperatures. All
experimental measurements and model temperature predictions are shown for comparison in Fig. 12, in
which the standard deviation is within 5%. Similar results for thermal transmittance are shown in Fig.
13 and Tab. 2. Both sets of results confirm that there is good agreement between experimental results
and model predictions.

Table 4. Measured air temperatures of cold box and hot box
Specimen no.  150-0-0 150-3-0 150-7-0 150-7-0.45 100-4-0.45 200-9-0.45

Cold box (°C)  -9.92 -9.92 -10.09 -9.88 -9.86 -9.94
Hot box (°C) 17.78 17.76 17.78 17.75 17.78 17.76
20 | | | | | | | | | 20
16 ; i 16 |
12| 12|
LT 1 O
It N I —=— Test >
=7 IR 1 I O O FE =
g : 2
£ 0f £
et e

P Aot O et el S i P R T R et el

0.0 I 0.1 I 0.2 I 0.3 I 0.4 I 05 I 0.6 I 0.7 I 0.8 -0.05 0.00 0.05 010 015 0.20 I 0.25
x/m x/m
(a) 150-0-0 (X-1) (b) 150-0-0 (X-2)
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3.3 Thermal bridging

A FE model of a single light gauge steel stud was developed to analyze thermal bridging. The web
height of the stud was 200 mm, and there were zero or seven rows of perforations. Heat flux for the
steel stud without perforations was uniform, but heat flux was rather irregular when there were
perforations in the web, as shown in Fig. 14. Heat is transferred mainly by thermal conduction via the
steel between perforations, and thus heat flux around perforations is greater than in other parts of the
stud. The perforations greatly increase the path length of heat transfer, and the thermal resistance of the
stud increases correspondingly.

(a) Heat flow in the web of steel studs without (b) Heat flow in the web of steel studs with
perforations perforations
Fig. 14. Heat flow of light gauge steel stud with and without perforations.

A FE model of a light gauge slotted steel stud wall was also developed. The web height of the steel
stud was 200 mm, gypsum board thickness was 12 mm, and mineral wool filler was incorporated as
shown in Fig. 1. Seven rows of perforations were made in the web of the stud in this wall. Predicted
temperatures for this wall are shown in Fig. 15, in which y is the position of points in the wall thickness
direction. The cold side and hot side temperatures were set to be —31 °C and 18 °C following Chinese
code GB50176-2016, corresponding to the outdoor and indoor design temperatures of Harbin, a typical
city in the severe cold region of China. For the wall fabricated with steel studs without perforations, the
temperature of the studs is much lower than the temperature of the hot side of the mineral wool but
much higher than the temperature of the cold side of the mineral wool. This clearly shows the effect of
thermal bridging and can be explained by the thermal conductivity of the steel stud is greater than that
of the mineral wool. When the stud web was perforated, the temperature changed abruptly at the
position of the perforations, thus increasing the temperature gradient. Temperature differences between
the hot sides and cold sides of steel studs without perforations, steel studs with perforations, and mineral
wool were 22.5 €, 34.6 € and 41.7 <€ respectively. The temperature difference between the hot side
and cold side for the steel stud with seven rows of perforations was 53.8% greater than that for studs
without perforations. This observation provides an evidence that thermal bridging can be reduced by
incorporating perforations in the steel stud web.

30
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20
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Fig. 15. Temperatures of steel stud and mineral wool.
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3.4 Parametric studies

After validating the FE model, parametric studies were conducted to extend the ranges of key
parameters (number of rows of perforations, web height, stud percentage, and thermal conductivity
coefficients). Fig. 16 (a) shows the relationship between thermal transmittance (U-value) and the
number of rows of perforations. Thermal transmittance decreases as the number of rows of perforations
increases, because the corresponding heat transfer path becomes longer. It can be found that the desired
thermal transmittance can be achieved by placing perforations, which would be more economical than
increasing wall thickness. For example, with a wall thickness of 100mm, when the web of the stud is
configured with 4 rows of perforations, its thermal transmittance is equivalent to that of a wall with a
thickness of 150mm without perforations in the stud's web. Compared to increasing the wall thickness
to reduce the heat transfer coefficient, the method of perforating the stud's web reduces the consumption
of wall materials and increases the usable indoor area, thus making perforation a more economical
approach.

To better quantify the influence of perforations, the perforation ratio was defined as h/H, where h
is the total height of the perforation zone and H is the web height (Fig. 3). A higher perforation ratio
indicates more rows of perforations, and thus the thermal transmittance declines correspondingly (Fig.
16 (b)). However, the efficiency becomes less with the increasing perforation ratio, as shown in Fig. 16
(b). The thermal insulation is enhanced with the increasing rows of perforations, but the flexural
capacity of the wall would decrease correspondingly. Therefore the maximum perforation ratio is
recommended to be 0.5, taking into account both thermal insulation and flexural capacity.

0.8 : : ‘ ‘ 0.8
I ; ; —=—H=100 mm
0.7 SR A —e—H=150 mm |~ 0.7
I | —— H=200 mm
0.6 0.6
2 2
S 04 S 04
0.3 0.3
ol I IR R AR AU R A A I
0 2 4 6 8 10 00 01 02 03 04 05 06 07 08
Rows of perforations Perforation ratio
(a) Rows of perforations (b) Perforation ratio

Fig. 16. Effect of the number of rows of perforations and perforation ratio on the thermal transmittance.

Fig. 17 shows the relationship between web height and thermal transmittance. An increase in web
height increases the thickness of insulation materials and wall thickness. Thermal transmittance
gradually reduces as web height increases, which means that the insulation gradually becomes more
effective. When web height increases from 100 mm to 200 mm, thermal transmittance decreases by
43.6%. It can be seen that increasing web height significantly improves the performance of the
insulation. However, the construction cost increases with the increase of web height, which may be
explained by: i) the material consumption increases with the increasing web height, including both
insulation material and steel stud, ii) the wall weight also increases and thus increasing the force
transferred to the foundation, resulting in increased construction cost of the foundation. Therefore the
wall thickness should be determined according to regional energy-saving design standards.

The relationship between thermal transmittance and the size of the window opening is not
monotonic (Fig. 18 (a)). The general stud spacing of the light gauge slotted steel stud wall was defined
as 600 mm in the numerical simulation. However, extra studs may need to be placed around the window
opening (e.g., Fig. 2 (b)), which results in an abrupt change in thermal transmittance. Even for the same
opening factor, the variation in window width and height has different influences on thermal
transmittance, as shown in Fig.18 (a). Thus a key issue is how to quantify the influence of the opening
factor. Thermal bridging in this kind of wall is concentrated at the steel stud flanges because of the high
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thermal conductivity of steel. We devised the concept of stud percentage (defined as the ratio of the
area of the stud flange to the wall area) to quantify the effect of the opening dimension on thermal
transmittance. The relationship between thermal transmittance and stud percentage is shown in Fig. 18
(b). Thermal transmittance increases significantly as the stud percentage increases: when the stud
percentage increases from 0.14 to 0.24, thermal transmittance increases by 26.4%. Thus stud percentage
should be strictly controlled during the design of this kind of wall. It should be noted that the thermal
transmittance of walls in this study is calculated without considering the thermal conductivity of
windows, which means that the window openings are assumed to be adiabatic. The window opening
size was varied to identify the influence of steel studs around the opening (Fig. 9 (a)). The linear thermal
transmittance method can be used to calculate the thermal transmittance of walls with windows
following the BC Standard [44,45]. A simpler method is specified in Chinese code JGJ 26-2010 [43],
in which the thermal transmittance of the whole wall can be obtained by multiplying a factor greater
than 1.0 to consider the effects of windows.
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Fig. 17. Effect of web height on thermal transmittance of a wall.
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Fig. 18. Effect of opening factor and stud percentage on the thermal transmittance.

Properties of the construction materials (mineral wool, gypsum board) may also affect thermal
transmittance in this kind of wall. Fig. 19 (a) shows the relationship between the thermal transmittance
of the wall and the thermal conductivity of the mineral wool insulation. As the main insulation material
of the wall, the mineral wool’s thermal conductivity has a significant influence on the thermal
transmittance of the wall. The gypsum plasterboard is the first barrier to thermal bridging and blocks
heat transfer. However, the thermal conductivity of the gypsum board has limited influence on the
thermal transmittance of the wall (Fig. 19 (b)), which may be explained by the relatively small thickness
of the gypsum board compared with the thickness of the whole wall. In general, the thermal
transmittance of the wall tends to increase linearly with the increased thermal conductivities of mineral

wool and gypsum board.
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Fig. 19. Effect of thermal conductivities of materials on the thermal transmittance.

4 Design method

Tables for U-values or R-values [32,46] and simplified methods for calculating U-values and R-
values [47,48] for light gauge steel stud walls that implicitly take account of thermal bridging have been
developed in previous studies and codes. However, these tables are limited to specific wall thicknesses,
specific numbers of rows of perforations, and specific window opening dimensions. Following the
parallel path method specified in [48], we proposed a general method for calculating U-values for light
gauge slotted steel stud walls that takes account of the effects of wall thickness, perforations, window
openings, and the thermal properties of construction materials.

Thermal transmittance U of the wall can be predicted by:

U-< )

where R is the thermal resistance of the wall.

If the wall consists of two or more homogeneous materials, the thermal resistance can be calculated
from the thermal resistance of the different constituent materials:

D.
R=DR =2 2

where R; is the thermal resistance of the material at layer i, Dj is the thickness of the material at
layer i, and A; is the thermal conductivity of the material at layer i.

The effects of perforations and multi-layered materials on thermal resistance cannot be directly
calculated because of thermal bridging. Parametric studies show that web height, stud percentage and
thermal conductivity are the main factors affecting the thermal insulation of this kind of wall. We
devised a two-part equation that combined the thermal resistance of the insulation material with the
thermal resistance of the sheathing board, consistent with the design method for light gauge steel frame
walls specified in Thermal Design and Code Compliance for Cold-formed Steel Walls [48]. The thermal
bridging of steel studs is accounted for by correcting the thermal resistance of the insulation material.
The equation was proposed based on the FE model results of 216 walls, given as follows:

H H,
— _9 3
YT + 2 3)
k =0.9—(0.16 + »)(1.44 — B) (4)

where H is the web height, An is the thermal conductivity of the insulation material, k is a correction
factor representing the effect of steel studs on thermal resistance, Hy is the thickness of the sheathing
board, /g4 is the thermal conductivity of the sheathing board, y is the stud percentage, and £ is the
perforation ratio.
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Limits to the applicability of this method are: H = 100 - 250 mm, A, = 0.03 - 0.05 W/(m K), 44 =
0.15-0.33 W/(m « K), y=0.1 - 0.25, #=0.2 - 0.6, and rows of perforations= 2. The method applies
to non-load-bearing light gauge slotted steel stud walls fabricated with C-runner profiles. Comparisons
of results from the design method and the numerical simulation are shown in Fig. 20 (a). The mean of
the ratio of thermal transmittance predicted by the design method to that predicted by the FE model is
1.003 and the standard deviation is 0.037. These values confirm that the predictions of the design
method agree well with the results of the FE model. Comparisons of the predicted results of the design
method and the experimental results are shown in Fig. 20 (b). The mean of the ratio of thermal
transmittance predicted by the design method to that observed in experiments is 0.964 and the standard
deviation is 0.074. The proposed equation (which takes account of wall thickness, web perforations,
window openings, and thermal properties of construction materials) has high prediction accuracy and a
clear physical meaning.
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Fig. 20. Comparisons of predicated thermal transmittance.

5 Conclusions

Experiments on six non-load-bearing light gauge slotted steel stud wall specimens were conducted
using a hot box, in which the number of rows of perforations, stud web height, and the ratio of window
area to wall area were considered. Temperatures of the steel studs and gypsum plasterboard were
measured and thermal transmittances were obtained. Then a finite element model was developed using
ABAQUS software to further investigate the thermal performance of this kind of wall. The following
conclusions can be drawn from this work:

(1) The thermal transmittance declines significantly as the increases in web height and the number
of rows of perforations. The thermal transmittance reduces by 25.0%-36.8% for the wall with a stud
web height of 100 mm -200 mm and a perforation ratio of 0.5, while the thermal transmittance reduces
by 43.6% when the stud web height increases from 100 mm to 200 mm. Compared with increasing web
height (wall thickness), placing perforations in stud webs is a more economical method to improve the
insulation of the wall.

(2) An opening in the wall (such as a window) has a significant effect on thermal insulation because
additional steel studs would be placed around window openings. However, it is difficult to precisely
guantify the relationship between opening and thermal transmittance because the size of the opening
affects the stud configuration. A concept of stud percentage was proposed to quantify the effect of an
opening on the thermal transmittance of this kind of wall and its feasibility was verified. The stud
percentage increases from 14.6% to 24.2% leading to a 26.4% increase in thermal transmittance for the
typical wall with a stud height of 100 mm.

(3) A general design method was proposed for calculating the thermal transmittance of non-load-
bearing light gauge slotted steel stud walls, considering the influences of web height, stud perforations,
window opening dimensions, and thermal conductivities of fabricated materials.
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