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Purpose. To determine metal stud wall systems with improved thermal insulation performance.

Methodology. Thermal transmittance of steel framed walls was analyzed using heat-transfer
simulation program THERM 7.6.

Findings. Thermal insulation performance of various configurations of metal stud walls has been
evaluated.

Scientific novelty. Approaches to enhance thermal insulation performance of steel framed walls
were determined.

Practical value. The work results can be used in designing new energy efficient building.
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Introduction. Commercial and residential buildings consume about one-third of world’s
energy [1]. To enhance energy efficiency and sustainability in the building sector, it is important to
reduce the energy consumption of buildings, especially in their operational stage, since this
represents 80%-85% [2] of total energy consumed during their life cycle. Therefore, it is
fundamental to develop constructive solutions and methods that offer advantages in reducing
buildings energy consumption during operational stage of their life cycle.

Over the last few years, alternatives to the traditional constructive methods have been
developed. The lightweight steel framing (LSF) system, characterized by using cold-formed steel
profiles and pre-fabricated non-structural panels, is an example of this new and growing trend.

The use of LSF system as a structural element in buildings has increased in recent years. Its
various advantages [3] include high mechanical strength and lightweight, easy and rapid
prefabrication and high potential for recycling and reuse.

However, LSF also presents some drawbacks [4]. Unfortunately, because the metal
components in the walls can create significant thermal bridges, such walls, if not suitably designed,
could lead to excessive heat transfer through building walls. Given this, in the recent years
significant efforts to assess and improve the thermal behavior of constructive solutions with steel
structures were undertaken. Kosny and Christian [5] showed that the use of continuous exterior
thermal insulation is an effective way to reduce thermal bridges and enhance thermal performance
of metal framed walls. Hoglund and Burstrandb [6] studied an efficient way to reduce heat flow by
reducing the area of the steel profile, with the insertion of slots in the web studs.

Objectives. The task of the work consisted in evaluation and comparison of thermal
insulation performance of various types of metal stud walls. For that purpose three common types
of metal stud walls were simulated, and three levels of insulation were included in the models for
each type of wall. The comparison of thermal insulation performance of the simulated metal framed
walls was done. The approaches to enhance the thermal insulation performance of such walls were
outlined.

Research results. The wall model to be simulated is represented in Figure 1. The wall
comprises a steel structure containing galvanized cold-formed steel studs with a “U” cross-sectional
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shape (8.9 cm depth and 4.1 cm flange (8.9x4.1 cm) or 10.2 depth and 4.1 cm flange (10.2x4.1 cm),

1.2 mm thick). The spacing between studs is 400 mm or 600 mm.

Exterior Interior

Fig. 1. The scheme of a fragment of the steel framed wall.
Materials: 1- external plaster; 2 - sheathing insulation (optional); 3 - oriented strand board
(OSB); 4 - mineral wool; 5 — steel stud; 6 - plasterboard

Three common types of metal stud walls were simulated, and three levels of insulation were
included in the models for each type of wall. The total number of simulated walls reached 9.
Configurations of these walls are described in Table 1.

The thermal properties of the materials were assumed to be uniform for all simulated walls
to aid the evaluation analysis. They are presented in Table 2.

Table 1.

Configuration and characteristics of simulated steel framed walls

Wall Size of steel Insulation Optional sheathing
symbol studs; studs of wall Exterior/interior surface finish | insulation between OSB
spacing cavity and external plaster
Al 8.9x4.1cm, 1.2 | Mineral Interior — 1.25 cm no
A2 mm thickness, wool plasterboard; 1.2 cm of expanded
spacing 40 cm exterior — 2 cm external polystyrene
A3 0.C. plaster; 2.5 cm of expanded
sheathing insulation - optional | polystyrene
Bl 8.9x4.1cm, 1.2 | Mineral Interior — 1.25 cm no
B2 mm thickness, wool plasterboard; 1.2 cm of expanded
spacing 60 cm exterior — 2 cm external polystyrene
B3 o0.C. plaster; 25 cm of expanded
sheathing insulation - optional | polystyrene
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Table 1.
C1 10.2x4.1 cm, 1.2 | Mineral Interior — 1.25 cm no
C2 mm thickness, wool plasterboard; 1.2 cm of expanded
spacing 60 cm exterior — 2 cm external polystyrene
C3 0.C. plaster; 25 cm of expanded
sheathing insulation — optional | polystyrene
Table 2
Thermal properties of wall materials
No Wall material Thermal conductivity, A,
W/(m-K)
1 Plasterboard 0,21
2 Mineral wool 0,04
3 Oriented strand board 0,13
4 Expanded polystyrene 0,038
5 Steel 50

The following boundary conditions were set for external and internal environment: an
external temperature equal to 0 °C and a convective surface heat transfer coefficient he=25
W/(m?-K); the internal temperature was defined at 20 °C and a convective surface heat transfer
coefficient hi=7.69 W/(m?-K). These convective surface heat transfer coefficients were established
according to EN ISO 6946 [7] for a horizontal heat flow.

In order to calculate the U-value of the LSF facade walls, first it is necessary to identify a
representative wall section to model. For a wall with a single layer of vertical steel studs and a
frequency of 600 mm (or 400 mm) every two studs, standard ISO EN 10211 [8] suggest taking
advantage of its symmetry to position the adiabatic plans (zero heat flow). Therefore, a cross-
section of the wall measuring 600 mm (or 400 mm), with a steel stud in the core, was considered as
a geometric model.

Thermal insulation performance of steel framed walls was analyzed with heat-transfer
simulation program THERM 7.6 [9].

THERM is a state-of-the-art computer program developed at Lawrence Berkeley National
Laboratory (LBNL) for use by building component manufacturers, engineers, educators, students,
architects, and others interested in heat transfer.

THERM's two-dimensional conduction heat-transfer analysis is based on the finite-element
method, which can model the complicated geometries of building products.

Temperature distribution maps obtained during computer modeling are represented in Figure
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Fig. 2. Temperature profiles
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These temperature maps were used to estimate average surface heat flux for all considered
walls. A knowledge of heat flux values allowed U-value calculations. Table 3 represents all U-
values calculated as a result of THERM 7.6 modeling. For three types of walls, three levels of
exterior insulation were considered. In these cases (walls A, B, and C, without exterior EPS
sheathing), U-values between 0.55 and 0.69 W/ m*K were obtained as a result of computer
modeling. It can be observed from these models that 2.5 cm of EPS layer may lower U-value of the
metal stud wall from 32 to 36 %.

Table 3
U-values of metal stud framed walls simulated
Wall symbol U-value, W/(m?*-K)
Al 0,69
A2 0,53
A3 0,44
Bl 0,59
B2 0,47
B3 0,39
C1 0,55
C2 0,43
C3 0,37

Changing stud spacing from 40 in. to 60 cm o.c. (walls A and B) decreased wall U-value.
The highest improvement was observed at 15% for a wall without exterior EPS sheathing. The
efficiency of this change decreases for the walls with additional exterior insulation. The decrease in
U-value caused by the increased spacing was about 11% for walls with 1.2 cm of EPS and about
9.5% with 2.5 cm of EPS.

It can also be observed that additional layers of EPS sheathing of the same thickness may
result in different decreases in wall U-values for various wall configurations.

Calculations for metal frame walls show that the simulated wall U-value can be considerably
higher than the "ideal" U-value calculated, excluding the effects of thermal bridges caused by metal
studs. However, those comparisons do not clearly show how effectively the wall materials are used.
The data in Table 4 depict a comparison between U-values simulated by THERM 7.6 and “ideal”
U-values calculated only for layers of the used materials (excluding the metal studs). The increase
of wall U-value due to the metal studs is called the framing effect, (f). It can be described by the
following formula:

= (1 _L) 100%
Us

imulated

where Usimulated - Simulated U-value and Uigeq — “ideal’” U-value calculated only for layers
of the used materials (excluding the metal studs).
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Table 4

The magnitude of framing effect f

Wall symbol Framing effect, %
Al 44,2
A2 35,2
A3 30,0
Bl 34,8
B2 26,9
B3 22,6
Cl 37,9
C2 29,3
C3 25,1

For the wall with 8.9 cm metal studs, 1.2 mm thick, installed with 40 cm o.c., without
sheathing insulation the increase in U-value compared with “ideal” U-value (excluding the metal
studs) reaches 44.2 %. The framing effect is lowered with the increase in sheathing insulation
thickness as well as spacing between studs. For wall B3 the framing effect is only 22.6 %.
However, comparing walls B and C, it can be seen, that walls C have higher values of framing
effect than walls B with the same amount of sheathing insulation. This phenomenon can be
explained by higher depth (10.2 cm versus 8.9 cm) of metal studs installed in walls C.

Conclusions. In this study, thermal properties of 9 metal framed walls with various
configurations of insulation and various metal stud sizes and spacing were examined analytically.
The results obtained led to the following conclusions.

« Installing additional exterior sheathing insulation is an effective way to improve the
thermal insulation performance of the metal framed walls.

* Changing stud spacing from 40 cm o.c. to 60 cm o.c. decreased wall U-value by nearly 15
% for a wall without exterior EPS sheathing. The efficiency of this change decreases for walls with
additional exterior insulation sheathing. The decrease in U-value caused by the increased spacing
was about 11 % with 1.2 cm of EPS and about 9.5 % with 2.5 cm of EPS.

* Changing the distance between metal studs from 40 to 60 cm o.c. reduced the value of the
framing effect (caused by metal studs) by about 9.4 %. However, the framing effect can also be
lowered by the addition of EPS sheathing - about 14 % for walls with 2.5 cm thick layer of EPS.
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TEIIVIO3AXUCHA E®OEKTUBHICTD CTIH I3 METAJIEBUM KAPKACOM
ITAHACIOK 1. B., KY3HELIOBA O. O.

Kuiscoxuil nayionanvruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. Busnauumu Kougicypayii MemanokapkacHux CcmiH i3 NiOGUUEHON MENI03AXUCHOIO

eghexmuenicmio.

Memoouka. Ilpusedeni roegiyicumu menionepedaui cmin 3i cmaresumu Kapxacamu Oyau
BU3HAYEHI 3a 0ONOMO2010 NPUKIAOHOT KOMN TomepHOoi npocpamu 0s1 modenodants menionepedayi THERM

7.6.

Pezynvmamu. byno oyineno menio3axucHi Xapakxmepucmuxy pisHOMaHimuux Kongieypayii cmiu i3

memajesum KapKkacom.
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Hayxoséa  noseusna.  Busnaueno — winsaxu — niOGUWeHHs — MENI03AXUCHOL  eheKmusHocmi
MEMANOKAPKACHUX CHIIH.

Ilpakmuuna 3nayumicms. Pesynomamu pobomu modcyms Oymu 6UKOPUCMANT NPU NPOEKMYBAHHI
HOBUX eHepzoeghekmusHux oOydieenb ma cnopyo.

Knrouoei cnosa: cmina i3 memanesum Kaprkacom, Koe@iyicnm menionepeoayi, menioga izonayisi,
MEeNI03aXUCHA eQeKmUBHICMb.

TEIVIO3AIIUTHASA 9PPEKTUBHOCTD CTEH C METAJINIMYECKUM KAPKACOM
ITAHACIOK WU. B., KY3HEIHOBA E. A.

Kueeckuil Hayuonanvuwliii yrusepcumem mexHoao2utl U OU3auHa

I]ens. Onpedenumv ~ KoHQueypayuu  MemauiloKAPKACHbLIX — CmMeH ¢ YIVHULEHHbIMU
MenI0meni03auUMHbIMU XaPAKMEPUCTHUKAMU.

Memoouxa. Kosppuyuenmor menionepedanu MemarioKapKkacHblx CmeH Obliu onpeoenenvl ¢
NOMOWbI0 NPUKIIAOHOU KOMNBIOMEPHOL NPOSPAMMbL 07151 Modenuposarnus menonepedavu THERM 7.6.

Pe3ynvmamu. Bvinu oyenenvl menio3auumHule Xapaxmepucmuky pasiuunslx KoHgueypayui cmen
€ MEMANTUYECKUM KAPKACOM.

Hayunaa noeusna. Onpeodenenvt nooxoobl 05 NOGbIUEHUS MENI03AWUMHOU P dexmusHocmu
MEMALIOKAPKACHBIX CIEH.

Ilpakmuueckaa uennocmes. Pesyromamovl  pabomvl  mozym  Oblmb  UCHOAb308AHbI  NPU
NPOEKMUPOBAHUL HOBbIX IHEP20IPHEKMUSHBIX 30aHUL U COOPYICEHUIL.

Knwouesvie cnosa: cmena ¢ Memaniuveckum Kapkacom, Kodg@uyuenm menionepeoadu,
MENTOUONAYUS, MENTOZAUUMHAS EPHEKMUBHOCTD.
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