TengeHwii Ta NepCNeKTUBY PO3BUTKY HAYKH i OCBITH B yMOBax rJjodaJizauii

MHUHapeTa K BBICOTE 3TOM 4acTH, paBHO NMPHOIM3UTENBHO 1:5. DTO 00CTOATENBCTBO MOATBEPKIAAET
BBIBOJ O TOM, YTO OTHOUICHME IIMPHHBI OCHOBAHMA K BBICOTE paBHOE 1:5, cumranoce, mo-
BUJMMOMY, NPEEIbHBIM Ul CBOOOIHO CTOSAIIMX COOPYKEHUH.

W3 nepeunciaeHHbIX COOOpPaKEHUN PACUETHYIO CXEMY MHUHApETOB, BO3BEACHHBIX B YyIjax
Mezpece, IPUHUMAeM B BHJIE TMOKOIO COOPYXEHMs C JKEeCTKOM HMKHeHM vacThro. LleHT Tsxkectn
ITHX COOPYKECHMM JICKUT , KaK IIPABUIIO, 3a NIpEAeIaMH InaMeTpa MUHApPETa.

IIpu onpeneneHnn TMHAMHYECKUX XapaKTEPUCTUK MUHAPETOB C KECTKOM HM)KHEW 4acThlo, B
HacTodulel paboTe MoJIb3yeTCsl METOA IPOOHBIX IIOCTAHOBOK.

IIpu nccnenoBanus ceCMOCTOMKOCTH COOPYXEHHUH CO COBUIOBBIM XapakTepoM JedopMarus
OyieM MpPUHUMATh PACYETHYIO CXEMY B BHUAEC KOHCOJBHOTO CTEPXKHS C COCPEIOTOYCHHBIMU
MaccaMH.
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REDUCTION OF THERMAL TRANSMITTANCE THROUGH LIGHT STEEL
FRAME WALLS

Metal stud wall systems for residential buildings are gaining in popularity. However, very
strong thermal bridges caused by highly conductive metal studs worsen the thermal performance of
such walls. So, various wall configurations have been developed to improve their thermal
performance. In this paper the comparison of thermal performance of conventional steel framed
wall (so called “cold construction”) and the construction with thermal breaks installed between
stud flanges and exterior sheathing has been made. The results of computer modeling indicate that
installing thermal breaking systems is an effective way to improve the thermal performance of metal
stud walls.

Key words: steel framed wall, thermal break, linear thermal transmittance, transmission heat
losses.

Cucmemu cmin i3 Memanesum KapKkacom ONs HCUMI0BUX OYOUHKIE Oedani Habyearomv
nonynsapuocmi. Ilpome 3HauHuli 6nIUE MICMKIE X000y, BUKIUKAHUU BUCOKOMENLIONPOSIOHUMU
eleMeHmamy Memane8o20 KapKacy, 3HUNCYE Menniosy egekmusHicmv maxux cmin. Yepes ye
PpisHOMaHImMHI KoH@hicypayii 0ns makux cmin Oyau po3podOneHi O NiOBUUWEHHS X Menioeoi
ehekmusnocmi. YV 0aniti pooomi 06y10 3p06IEHO NOPIGHAHHA MENTOBUX XAPAKMEPUCMUK 36UYAUHOT
CMIHU 31 CIaieguM Memaneeum Kapkacom (max 36anoi "xono0Hoi koncmpykyii") ma koHcmpykyii' 3
MepMOBKIAOUULAMU, BCTNAHOBNIEHUMU Y MICMI KOHMAKMY Memaneeux KOHCMPYKYill Kapkacy ma
306HIUHBLOI0 00WUBKOI0. Pe3ynemamu Komn'tomepHo2o Mo00enios8anHs 6KA3yIOms Ha me, WO
8CMAHOGNEHHSI CUCEM MEPMIYHUX PO3DPUBIE € epeKMUBHUM CNocoOOM NIOBUWJEHHSA MEeNn080i
eexmueHocmi CmiH i3 MemanesuMu KapKacamu.

Knrwowuosi cnoea: cmina iz memanesum KapKacom, menyiosuil po3pus, JIHIUHUL Koepiyicnm
menionepeoayi, Bmpamu meniomu.
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1. Introduction

The building sector is characterized by its high impact on energy consumption.

To promote energy efficiency and sustainability in this sector, it is fundamental to reduce the
energy consumption of buildings, especially in their operational stage, since this represents 80%-—
85% [1] of total energy consumed during their life cycle. For this large percentage, the main
contributions come from cooling and heating, 55% to 74%, depending on the climatic region [2]
and hot water production. Therefore, it is imperative to develop and/or optimize constructive
solutions and methods that offer clear advantages in reducing the energy costs of buildings during
this stage of their life cycle.

Over the last few years, alternatives to the traditional constructive methods have emerged and
proliferated. Given the advantages of metallic structures along the entire life cycle of buildings, the
use of steel as a structural and non-structural construction element has intensely increased in the
construction sector. 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 LSF as a structural element in buildings has increased in recent years. Its various
advantages [3, 4, 5] include high mechanical strength and lightweight, easy and rapid prefabrication
and high potential for recycling and reuse.

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 for building walls.
Given this, in the recent years, efforts and methodologies have been gathered to evaluate and to
improve this type of structures thermal behavior, attenuating the effect of thermal bridging in the
exterior envelope.

In this paper the comparison of thermal performance of conventional steel framed wall and the
construction with thermal breaks installed between stud flanges and exterior sheathing has been
made.

2. Materials and methods

2.1. Description of simulated walls

Two configuration of steel framed walls are considered in this study: without and with thermal
breaks separated steel stud flanges from exterior sheathing.

The model of the first case (without thermal breaks) is represented in Figure 1. The wall
comprises a steel structure containing galvanized cold-formed steel studs with a “U” cross-sectional
shape (150 mmx43 mm, 2 mm thick). The spacing between studs is 600 mm.

Exterior .
Interior

Figure 1. The scheme of a fragment of the steel framed wall without thermal breaks.
Materials: 1 — exterior plaster; 2 — oriented strand board (OSB); 3 — thermal insulation;
4 — interior plaster board; 5 — steel stud.
The thermal characteristics of the fagade wall materials are listed in Table 1.
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Table 1. Thermal properties of wall materials

No Wall material Thickness, Thermal conductivity,
mm W/(m-K)

1 interior plaster board 10 0.25

2 0SB 15 (exterior), 0.12
10 (interior)

3 thermal insulation 150 0.035

4 steel stud 2 50

5 exterior plaster 5 0.45

To mitigate the influence of thermal bridges on thermal performance of the above wall
construction it is proposed to use thermal insulation strips attached to the flanges of studs from the
colder side. These strips (1 cm thick) separate metal studs from the exterior sheathing. The thermal
conductivity of such strips is 0.015 W/(m K). It was assumed in computer modeling that air spacers
were eliminated, as loose-filled insulation filled all cavities created by metal studs and thermal
insulation strips. In this case the dimension of galvanized cold-formed steel studs with a “U” cross-
sectional shape are 140 mmx43 mm, 2 mm thick.

The model of steel framed wall with thermal insulation strips is presented in Figure 2.

[

Exterior Interior

Figure 2. The scheme of a fragment of the steel framed wall with thermal breaks. Materials: 1

— exterior plaster; 2 — oriented strand board (OSB); 3 — thermal insulation; 4 — interior plaster board;
5 — steel stud; 6 — thermal insulation strip

2.2. Boundary Conditions

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 hj=7.69
W/(mz-K). These convective surface heat transfer coefficients were established according to EN
ISO 6946 [6] 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 every two studs, standard 1SO EN 10211 [7] suggest taking advantage of its
symmetry to position the adiabatic plans (zero heat flow). Therefore, a cross-section of the wall
measuring 600 mm, with a steel stud in the core, was considered as a geometric model.
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2.3. Two-dimensional (2D) steady-state finite element heat-transfer simulation program

Thermal performance of steel framed walls was analyzed with heat-transfer simulation program
THERM 7.6 [8].

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.

3. Results and discussion

Temperature distribution maps obtained during computer modeling were used to estimate
average surface heat flux for considered walls. A knowledge of heat flux values allowed U-value
calculations.

Figure 3 shows temperature distribution through a steel framed wall without thermal breaks. It
is seen that the lowest inner surface temperature reaches about 16 °C. Such low temperature may
cause the phenomenon of surface condensation. The computed overall U-value of the construction
is 0.416 (W/m*K).

Color Legend
= 2° 146° 17.0° 19.4°
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Figure 3. Temperature distribution through steel framed wall without thermal breaks
The results of computer modeling for the wall with insulation strips located between flanges of
steel studs and exterior sheathing is presented in Figure 4. It can be seen that the lowest inner
surface temperature reaches about 17,5 °C. So, the risk of surface condensation is prevented. The
computed overall U-value of the construction is 0.316 (W/m?-K).

02°  26° 50° 74° 98 122° 14|.6= 17.1° 19.5%

Figure 4. Temperature distribution through steel framed wall with insulation strips
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Conclusions

In this study, the thermal performance of two steel framed walls (with and without thermal
breaks) have been analyzed using computer modeling.

Simulation results show that the steel studs create a significant thermal bridges effect unless
being mitigated.

Thus, the lowest inner surface temperature for the wall without thermal breaks is only 16 °C,
and that may cause the phenomena of surface condensation. The overall U-value of the construction
is 0.416 (W/m*K).

In the case of installation of insulation strips between flanges of steel studs and exterior
sheathing the lowest inner surface temperature increases to 17,5 °C. The overall U-value of the
construction is lowed to 0.316 (W/m?*K). This indicates that installing a thermal breaking system is
an effective way to improve the thermal performance of metal stud walls.

REFERENCES

1. Sharma, A., Saxena, A., Sethi, M., & Shree, V. (2011). Life cycle assessment of buildings: a
review. Renewable and Sustainable Energy Reviews, 15(1), 871-875.

2. Santos, P., Gervasio, H., da Silva, L. S., & Lopes, A. G. (2011). Influence of climate change
on the energy efficiency of light-weight steel residential buildings. Civil Engineering and
Environmental Systems, 28(4), 325-352.

3. Murtinho V, Ferreira H, Correia A, et al. (2010) Affordable houses: architectural concept of
light steel residential house. In: ICSA2010 — International conference on structures and architecture,
pp. 1291-1297.

4. Santos, P., da Silva, L. S., & Ungureanu, V. Energy Efficiency of Light-weight Steel-framed
Buildings, European Convention for Constructional Steelwork (ECCS), Technical Committee 14—
Sustainability and Eco-Efficiency of Steel Construction, N. 129, 2012. ISBN 978-92-9147-105-8.

5. Santos, P., Simoes da Silva, L., Gervasio, H., & Gameiro Lopes, A. (2011). Parametric
analysis of the thermal performance of light steel residential buildings in Csb climatic
regions. Journal of Building Physics, 35(1), 7-53.

6. EN ISO 6946:2008. Building Components and Elements—Thermal Resistance and Thermal
Transmittance — Calculation Method; International Organization for Standardization: Geneva,
Switzerland, 2008.

7. EN ISO 10211: Thermal bridges in building construction — Heat flows and surface
temperatures — detailed calculations (ISO 10211:2007), CEN, 2007.

8. URL.: https://windows.Ibl.gov/software/therm

YK 624.04+01
3yxpa Illaomanosa
(Tawikenm, Y30exkucman)

METOAUKA U PE3YJIbTATBI HIOCJIEJOBATEJ/IbHBIX HATYPHBIX
HABJIOJAEHUN 1 OHEHKA OCAJOK 1 KPEHA KOHCTPYKIIMH TBOPLIA
OKCAPOU BBICOKOTOYHBIMU I'EOJAE3UYECKUMHU METOJAMMU

B Oannoii cmamwve npueedenvl OCHOSHbIE pe3Vibmamvl 00CIe008AHUN  MEXHUYECKO20
cocmosnus ucmopuueckozo 0gopya Okcapoti 6 2opooe [llaxpucads. B konye cmamvu npusedeHsl u
NPOAHAIUBUPOBAHLL  OUHAMUYECKUE XAPAKMEPUCMUKY 00 U NOCAe YCUNeHUs A8APULIHO20
B0CMOYHO20 NUIOHA —UCMOpuyecko2o osopya OKcapol Ha O0CHO8e  UHCMPYMEHMATbHbIX
uccneoo8anuil.

Knwuesvle cnoea. aprxa, nopman, nuloH, KblpOGblil PACMEOpP, 2AHYEBbLL PACMEOp,
Ooehopmamuenocms, ycuieHue, KoHncepeayus, TUAPOHUBEIHP, MHUKPOHUBEIHUD, celucmozpaq,
BOI'UK, ocyunnoepag.
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