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Purpose. To determine metal stud wall systems with imprakiedmal insulation performance.

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

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

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

Practical value. The work results can be used in designing new greffigient building.

Key words: steel framed wall, U-value, thermal insulatiohetmal insulation performance.

Introduction. Commercial and residential buildings consume almmé-third of world’s
energy [1]. To enhance energy efficiency and soahality in the building sector, it is important to
reduce the energy consumption of buildings, espgcia their operational stage, since this
represents 80%-85% [2] of total energy consumedngutheir life cycle. Therefore, it is
fundamental to develop constructive solutions arethods that offer advantages in reducing
buildings energy consumption during operationajetaf their life cycle.

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

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

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

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

Research results.The wall model to be simulated is represented igufé 1. The wall
comprises a steel structure containing galvaniodd-ormed steel studs with a “U” cross-sectional
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shape (8.9 cm depth and 4.1 cm flange (8.9x4.1ocri).2 depth and 4.1 cm flange (10.2x4.1 cm),

1.2 mm thick). The spacing between studs is 400an600 mm.

Exterior

Interior

Fig. 1. The scheme of a fragment of the steel framed wall.

Materials: 1- external plaster; 2 - sheathing inswudtion (optional); 3 - oriented strand board
(OSB); 4 - mineral wool; 5 — steel stud; 6 - plastboard

Three common types of metal stud walls were siredlaand three levels of insulation were
included in the models for each type of wall. Tlagak number of simulated walls reached 9.
Configurations of these walls are described in &4dbl

The thermal properties of the materials were asduimée uniform for all simulated walls
to aid the evaluation analysis. They are present@@ble 2.

Table 1.

Configuration and characteristics of simulated steleframed walls

Wall Size of steel | Insulation Optional sheathing
symbol studs; studs of wall Exterior/interior surface finish insulation between OSI
spacing cavity and external plaster
Al 8.9x4.1 cm, 1.2 | Mineral Interior — 1.25 cm no
A2 mm thickness, | wool plasterboard; 1.2 cm of expande
spacing 40 cm exterior — 2 cm external polystyrene
A3 0.C. plaster; 25 cm of expande
sheathing insulation - optionalpolystyrene
Bl 8.9x4.1 cm, 1.2 | Mineral Interior — 1.25 cm no
B2 mm thickness, | wool plasterboard; 1.2 cm of expande
spacing 60 cm exterior — 2 cm external polystyrene
B3 o.c. plaster; 25 cm of expande
sheathing insulation - optionalpolystyrene
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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 o.c. plaster; 25 cm of expanded
sheathing insulation — optionabolystyrene
Table 2
Thermal properties of wall materials
Ne Wall material Thermal conductivity,
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 emé¢ and internal environment. an
external temperature equal to °C and a convective surface heat transfer coefficlen25
W/(m?K); the internal temperature was defined at°0and a convective surface heat transfer
coefficient k=7.69 W/(nf-K). These convective surface heat transfer caeffis were established
according to EN ISO 6946 [7] for a horizontal hitav.

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

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

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

THERM's two-dimensional conduction heat-transfealgsis is based on the finite-element
method, which can model the complicated geometrfiésiilding products.

Temperature distribution maps obtained during caempmodeling are represented in Figure
2.
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Fig. 2. Temperature profiles
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These temperature maps were used to estimate aveuafgice heat flux for all considered
walls. A knowledge of heat flux values allowed Uuea calculations. Table 3 represents all U-
values calculated as a result of THERM 7.6 modeligr three types of walls, three levels of
exterior insulation were considered. In these cdgesdls A, B, and C, without exterior EPS
sheathing), U-values between 0.55 and 0.69 \¥/Knwere obtained as a result of computer

modeling. It can be observed from these modelsZitatm 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/(mK)
Al 0,69
A2 0,53
A3 0,44
Bl 0,59
B2 0,47
B3 0,39
C1l 0,55
C2 0,43
C3 0,37

Changing stud spacing from 40 in. to 60 cm o.c.llspva and B) decreased wall U-value.
The highest improvement was observed at 15% forakh without exterior EPS sheathing. The
efficiency of this change decreases for the walth wdditional exterior insulation. The decrease in
U-value caused by the increased spacing was aldéatfar 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 BS ESheathing of the same thickness may
result in different decreases in wall U-valuesvarious wall configurations.

Calculations for metal frame walls show that thawdated wall U-value can be considerably
higher than the "ideal" U-value calculated, exahggihe effects of thermal bridges caused by metal
studs. However, those comparisons do not cleadydtow effectively the wall materials are used.
The data in Table 4 depict a comparison betweeralueg simulated by THERM 7.6 and "ideal”
U-values calculated only for layers of the usedemals (excluding the metal studs). The increase

of wall U-value due to the metal studs is called flaming effect(f). It can be described by the
following formula:

Uideal
_.F= (l—ﬁ)' 100%

U;:mu!argd
whereUsimuiated - Simulated U-value andigeq — “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 effectf
Wall symbol Framing effect, %

Al 44,2
A2 35,2
A3 30,0
B1 34,8
B2 26,9
B3 22,6
C1 37,9
C2 29,3
C3 25,1

For the wall with 8.9 cm metal studs, 1.2 mm thigistalled with 40 cm o.c., without
sheathing insulation the increase in U-value coexbavith “ideal” U-value (excluding the metal
studs) reaches 44.2 %. The framing effect is lod/iemgh the increase in sheathing insulation
thickness as well as spacing between studs. For B&lthe framing effect is only 22.6 %.
However, comparing walls B and C, it can be sekat walls C have higher values of framing
effect than walls B with the same amount of shegthinsulation. This phenomenon can be
explained by higher depth (10.2 cm versus 8.9 dm)aial studs installed in walls C.

Conclusions. In this study, thermal properties of 9 metal framsdlls with various
configurations of insulation and various metal ssigks and spacing were examined analytically.
The results obtained led to the following concluasio

« Installing additional exterior sheathing insubatiis an effective way to improve the
thermal insulation performance of the metal framedls.

» Changing stud spacing from 40 cm o.c. to 60 aenaecreased wall U-value by nearly 15
% for a wall without exterior EPS sheathing. Thigcefncy of this change decreases for walls with
additional exterior insulation sheathing. The daseesin U-value caused by the increased spacing
was about 11 % with 1.2 cm of EPS and about 9.5i% 25 cm of EPS.

» Changing the distance between metal studs frono 60 cm o.c. reduced the value of the
framing effect (caused by metal studs) by about%.4However, the framing effect can also be
lowered by the addition of EPS sheathing - abouliér walls with 2.5 cm thick layer of EPS.
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CTIH I3 METAJIEBUM KAPKACOM

ITAHACIOK I. B., KY3H€LIOBA O. O.

Kuiscoxuii nayionanenuil ynigepcumem mexHono2it ma OusaiHy

Mema. Busnauumu xougicypayii MemanokapkacHux cmin i3 NiOSUWEHOI MenI03aXUCHOI0

eghexkmugnicmio.

Memoouxa. Ilpugedeni koeghiyienmu mennonepedaui cmin 31 cmaniegumu Kapkacamu 0yIu

BU3HAYEHI 30 OONOMO20I0 NPUKIAOHOI KOMA' I0MepHOT
7.6.

npozpamu 0 mooemosanns menionepeoavi THERM

Pezyavmamu. byno oyineHo menio3axucHi Xapakxmepucmuxy pisHOMaHImHux Kongieypayiii cmin i3

memaile8UM KApKACOM.

15



ISSN 1813 - 6796 Mexamponni cucmemu. Enepzoepexmuenicmo ma

o pecypco3odepesriceHHA
BICHUK KHYTJL  Ned (124), 2018 Mechatronic Systems. Energy Efficiency & Resource

Saving

Haykosa  Hoguzna. Busnaueno — wwnaxu — niOSUWeHHs — MENIO3axXucHoi  eekmueHocmi
MemanoKapKacHux Cmim.

Ilpakmuuna 3uayumicms. Pe3ynomamu pooomu modcyms Oymu 6UKOPUCIAHT NPU NPOEKNTYGAHHI
HOBUX eHepzoedekmusHuUx 6y0igenb ma cnopyo.

Knwuogi cnosa. cmina iz memanesum xapxacom, Koeqhiyichm menionepeoayi, menioga i3onsyis,
Meno3axuUcCHa eQexmugHicms.

TEIIVIO3SAIIIUTHASA DOPEKTUBHOCTD CTEH C METAJIVIMYECKUM KAPKACOM
ITAHACIOK . B., KY3HEIIOBA E. A.

Kueesckuii nayuonanvuweiil ynugepcumem mexnHon02uti u Ouzaina

Ilens.  Onpeoenumv  KOHQuUeypayuu  MemAllOKAPKACHLIX — CMeH ¢ YVIVYUIeHHbIMU
Menyiomennio3auumnblMu XapaKmepucmuKamu.

Memoouka. Ko>pguyuenmer mennonepeoauu MemaiioKapKACHuIX CHeH Obliu OnpeoeieHvl ¢
ROMOUBIO NPUKIAOHOT KOMUBIOMEPHOT NPocpamMmul 0 Modenuposanus menionepedauu THERM 7.6.

Pesynomamu. boinu oyenenvt meniosauummnusle Xapakmepucmuky paziuiHulX KoHQuaypayuii cmen
¢ Memaniuyeckum KapKacom.

Hayunaa nosuzna. Onpedenenvt noOXo0vl O/l NOGbIUEHUST MENN03AWUMHOU (D pexmusHocmu
MemanioKapKaCHbIX CMeH.

Ilpakmuueckaa uennocms. Pesyromamul  pabomer  mocym — Oblmb  UCHONL306AHbL  NPU
NPOEKMUPOBAHUU HOBBIX SHEP2OIPPEKMUBHBIX 30AHUL U COOPYHCEHUI.

Knioueevie cnoea. cmena c¢ Memaniuyeckum KApKAcom, Kodgguyuenm mennonepeoaiu,
MenAoU30AYUsL, MENA03AWUMHAS EPPEKMUBHOCHTb.
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