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REDUCTION OF BALCONY SLAB JUNCTION THERMAL BRIDGE EFFECTS
IN OLD BUILDINGS

Renovation of old residential buildings is a way to enhance thermal efficiency of building stock.
Along with thermal insulation of external walls, roofs etc., thermal bridges, essential components of
the transmission heat losses of a building, have to be properly treated as well. In the article
different strategies to minimize thermal bridges due to balcony slab junctions in an old residential
building were analyzed. As a result of the thermal modeling the most favorable approach was
proposed.
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1. Introduction

The 1970s energy crises forced the building community to investigate and implement strategies
to minimize the buildings’ energy losses. Now a lot of energy efficient buildings are erected and old
buildings are renovated. Old buildings can offer huge potential for the energy savings that are
achievable by a complex refurbishment [1]. To enhance the energy performance of old buildings
undergoing renovation a lot of traditional methods are used (installation of additional insulation,
replacement of windows etc.). At the same time attention should be paid to the appropriate
treatment of thermal bridges.

Thermal bridges are localized areas of low thermal resistance. Thermal bridges can occur at
various locations of the building envelope and can result in increased heat flow, which causes
additional transmission losses, lower inner surface temperatures and possible moisture and mould
problems. The additional transmission losses lead to a higher heating energy need and use and are
becoming especially important in the case of so-called low energy or high performance buildings.

The international standard EN ISO 10211 [2] is dealing with thermal bridges, but there are
national standards available in nearly every European Member State that cover calculation,
requirements and good practice solutions.

Although new buildings present high insulation levels, thermal bridges affect heating needs for
about 30% of the overall value [3]. In case of existing buildings, thermal bridges contribute to 23%
of the total transmission heat loss of a building envelope. After renovation, thermal bridges account
for only 10% if windows are re-located into additional external thermal insulation and balconies are
rebuilt as best practice. Inversely, if the thermal bridges are not treated correctly during building
renovation the impact of the thermal bridges might be up to 34%, depending on the wall insulation
thickness [4]. This impact may reach up to 67% for a building with a hollow brick cavity wall [5].
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At the same time, thermal bridge correction could determine an important reduction of the
winter primary energy demand (25% for terraced houses, 17.5% for semi-detached house) with an
overall annual energy savings about 8.5% [6].

Balcony is one of the critical elements in building envelope that leads to undesired heat loss.
Concrete balcony slabs create a discontinuity in building envelope insulation, offer a less resistant
path for heat flow, and result in thermal bridging. Next to windows and doors, exposed concrete
balcony slabs are the second-largest source of thermal bridging in building envelope [7].

The aim of the present paper is to investigate the impact of thermal bridges due balcony to slab
junction on the energy performance of a typical old residential building located in Kyiv, Ukraine,
and explore effective solutions to improve the building’s energy performance and address the
thermal bridge effects.

2. Materials and methods

2.1. Description of the simulated balcony slab junctions

The balconies of a typical 5-story building (Figure 1) known as “khrushchovka” (seria 1-464)
built in 1960™ were taken for thermal analysis. Such buildings are known for their pure thermal
performance. The external walls are made from light weight concrete and their width varies from
0.25 to 0.35 m. The balcony slabs as well as ceiling slabs are made from reinforced concrete.

Figure 1. A typical 5-st

big known as ‘khSthhovka”

The simplified geometrical model (reference case) of the connection of the balcony slab to the
external wall is represented in Figure 2.

The model consists of a reinforced concrete balcony slab connected to the external wall. The
balcony slab as well as the adjacent internal slab have a thickness of 10 cm. The external wall has a
thickness of 25 cm.

The thermal conductivity of the external wall is 0.49 W/m-K. The materials of the balcony slab
as well as the interior slab have a thermal conductivity of 2.1 W/m-K.
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Figure 2. The model of a reinforced concrete balcony slab. Reference case

2.2. The proposed strategies to enhance thermal performance

The selected insulating material is 5 cm of mineral wool with a thermal conductivity of A=0.04
W/(m-K).

Regarding the application of insulation such different cases were analyzed:

e no insulation (reference case)

o case 1: external wall insulation (5 cm of mineral wool with thermal conductivity of 0,4
W/m-K);

o case 2: external wall insulation (5 cm of mineral wool with thermal conductivity of 0,4
W/m-K); insulation of the upper side of the balcony slab (5 cm of mineral wool with thermal
conductivity of 0,4 W/m-K);

o case 3. external wall insulation (5 cm of mineral wool with thermal conductivity of 0,4
W/m-K); insulation of the upper side of the balcony slab (5 cm of mineral wool with thermal
conductivity of 0,4 W/m-K); insulation of the lower side of the balcony slab (5 cm of mineral wool
with thermal conductivity of 0,4 W/m-K).

2.3. Thermal bridge calculation

Thermal performance of thermal bridges due to balcony slab junction was analyzed with the
two-dimensional (2D) steady-state finite element heat-transfer simulation program Psi-Therm 2D
calibrated according to the EN 1SO 10211:2007 standard. The linear thermal transmittance of the
thermal bridges ¥, W/(m-K) was calculated by equation (1):

N;
¥=1,-> U, I, W(mK). (1)
=1

where Lop is the thermal coupling coefficient obtained from the 2D calculation of the
component separating the two environments being considered, W/(m-K); Uj is the thermal
transmittance of the 1D component j separating the two environments being considered, W/(m?-K);
lj is the length over which the value Uj applies, m; length L,p is equal to Xj.

In the calculations of linear thermal transmittance, average values of internal surface resistance
from the EN 1SO 6946:2007 (2007) [8] standard were used.

Point thermal bridges are not taken into account in this paper.
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Apart from the minimum internal temperature at the ceiling-external wall junction the so called
temperature factor frsi has been calculated. The value describes the temperature drop independent
of the actual temperature difference.

The temperature factor is used in assessing the risk of mould growth or surface condensation in
the vicinity of thermal bridges.

The temperature factor (frs) is defined as follows:

frsi= (Tsi—Te) / (Ti—Te) (2)

where: T is the minimum internal surface temperature, T, is the external temperature, and T; is
the internal temperature.

For dwellings, the value of frsi should be greater than or equal to 0.75, so as to avoid the risk of
mould growth and surface condensation.

The interior temperature is 20°C, whereas the external temperature is -5°C.

3. Results and discussion

The calculation showed that that the linear thermal transmittance of the junction “balcony slab-
external wall” in the building before retrofitting (reference case) is 0.344 W/m-K. The temperature
profile is shown in Figure 3. It is seen that the lowest temperature at the ceiling-wall junction
reaches only 13.78 °C and the temperature factor is 0.752.
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Figure 3. The results of numerical simulation. Temperature profiles for the reference case

The insulation of external walls with 5 cm of mineral wool decreases the U-value of plane
elements. But, on the other hand, the thermal transmittance of the junction ‘balcony slab-external
wall” increases. The calculation shows that in this case the thermal transmittance is even greater
than in the previous case and constitutes 0.493 W/m-K. The temperature profile is shown in Figure
4. The application of the external wall insulation allows to increase the lowest temperature ant the
temperature factor at the ceiling-wall junction up to 15.74 °C and 0.83, respectively .
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Figure 4. The results of numerical simulation. Temperature profiles for the reference case 1

The results of calculation of linear thermal transmittance in the case of insulation of the
external wall as well as the upper side of the balcony slab shows that the thermal transmittance
decreases very slightly and reaches only 0.437 W/m-K. It may be said that the case of a single sided
insulation is practically ineffective from the reduction of linear thermal transmittance point view.
The temperature profile is shown in Figure 5. The modeling results shows that the lowest inner
surface temperature at the ceiling-external wall junction is 16.05 °C, wherein the temperature factor
reaches 0.842.

Finally, the calculation of linear thermal transmittance of the joint “balcony slab-external wall”
for case 3 gives the lowest value of only 0.212 W/m-K. Werein the internal temperature and
temperature factor near the joint reach the highest values of 17.3 °C and 0.892, correspondingly.
The temperature profile within the junction is shown in Figure 5.
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Figure 5. Temperature profile for case 2
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Figure 6. Temperature profile for case 3

The most effective way to minimize the heat transmittance of structural components (balconies,
parapets, canopies) penetrating the insulation layer of an envelope is to thermally separate the
exterior structure from the interior structure with the help of thermal breaks. But such approach may
be inappropriate in retrofitting old buildings.

Conclusions

In this work, different retrofitting strategies have been analyzed by thermal modeling of
balcony slab junctions. Results show that the simultaneous insulation of the external walls as well
as upper and lower sides of balcony slabs to be a valid alternative in order to achieve energy
savings. It may be said that the case of a single sided insulation of balcony slabs is practically
ineffective.

An important outcome the modeling is that the thermal bridging effect of a balcony slab differs
depending on the external wall thermal properties. While, on the one hand, the additional insulation
of concrete external walls decreases the energy loss through plane elements, it promotes the rise of
linear thermal transmittance of adjacent thermal bridges on the other hand. So, it is important to
increase the thermal performance of plane building elements (external walls, roofs etc.) as well as
adjacent thermal bridges at the same time.
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Jlooap Pacyn-3a03
(Tawkenm, Y30exkucman)

CIHEHU®UKA OCHOBHBIX ®PAKTOPOB ®OPMUPOBAHUSA
AKNJINIIA TAIIKEHTA

B mnavane cnenyer naTh XOTS OBl KpaTKylH0 XapaKTEpUCTHKY IMPHPOIHO-KIMMATHYECKHX
YCIIOBUI ropojia-oa3uca ¢ HEMPEMEHHBIM CPaBHEHUEM C aHAJIOTUYHBIMU MOKa3aTess MU B MOCKBe.
OT0 00OCHOBBIBACT 11€J1€CO00PA3HOCTh W3MEHUTh IUIAHUPOBOUYHBIC KOMIIO3MIIMU KBapTUp He
TOJIBKO B CEKIMOHHBIX JOMax OTPOMHOIO MHOTO3Ta)XHOTO JXWioro ¢onaa TamkeHTa, HO U
BHEJPUTH >KUIIUILE HOBOTO THIIA IIPYU IPSAYIIEH PEKOHCTPYKLUU CTapbIX TOPOJCKUX TEPPUTOPUH C
MHJUBUAYAIBHON MaJIO3TAKHOM 3aCTPOMKON 1 B IEHTPAJIbHOW 30HE CTOIMIIBI Y30ekucTana. Takyro
HE0O0XOAUMOCTh MOJYEPKUBAIOT U MPUBOJUMBIE OCOOEHHOCTH MHUKPOKIMMATa H0XKHOIO JKUIMLIA.
OHU K€ CBUIETENBCTBYIOT U O MOTPEOHOCTAX O0Jiee MOJHOrO Y4eTa UX B MPEIOoJaraéMblX HaMu
IJITAHUPOBOYHBIX PELICHUSX KBAPTUP MHOTOATAKHBIX KWJIBIX 3JaHUSAX HOBOI'O TUIIA.

1. Teppuropust TamkeHTa MHUKpPOCEMCMMYECKUM pPallOHMpOBAaHUEM pa3jeieHa Ha 8 u 9-tu
OanbHBIE 30HBL. MeCTOHaXO0X/I€HHE CTOJMIBI Y30€KHCTaHa B MPEATOPHBIX paBHUHAX 3araJHoro
Tanp-11lans, rpaHano3HBIM amM@pUTEATPOM OTKPBIBAIOIIETOCS B CTOPOHY NycThiHUM Kusmin-Kywm,
ONIpeNIeNINAN €ro KIMMAaT: >KApKUM KOHTHHEHTAJbHBIM 3aCylUIMBBIA, €O CIAOBIMM BETpamu
MIPEUMYIIIECTBEHHbBIX HAIIPABJICHUI: JIETOM — CEBEPHBIX U CEBEPO-3alaHbIX, 3UMON — CEBEPHBIX U
CEBEPO-BOCTOYHBIX.

OdeHb 3HAUUTENEH MPUTOK JIYUMCTON 3HEPTUU COJIHIA: B CPEJHEM 3a IoJl KOJIMUYECTBO TeIUIa,
MIOCTYIAOLIETO0 OT COJIHLA B BUAE NpsMol paxuanuu nocturaer 100-10 Teic. kan.Ha OJUH KB. CM.
TOPU30HTAILHON TOBEPXHOCTH.

3HaAuUTENbHAs YacTh TEIUIA IOIVIOUIAETCS TOPU30HTAIBHBIMU IIOBEPXHOCTSIMH, KOTOPBIE 32
CUET O3TOro CWIbHO HarpeBatoTcsl. KOHTHMHEHTaIbHBIA KIMMAT MpOSBIsSiETcs M B Oousbliueit
aMILTUTY/le KosebaHus Temmeparyp Boszayxa. KommuectBo ocaakoB He mpesbimaer 300-400 mm B
roa. Pacnipenenstorcss oHu oueHb HepaBHOMEpHO. OCHOBHAs YacTh WX BBINAJAET BECHOW M 3UMOIA.
Jleto u oceHb MpakTHUECKu 0e3 JoxkIeH.

2. OcoOeHHOCTH JIETHETO MUKPOKJIMMATA FO’KHOTO YKIJTUINA: JTHEM TETUIOBBIC YCIOBHUS B
KOMHaTax Jy4Ille, YeM BO JIBOpE MO OTKPHITHIM HeOoM. Beuepom — Ha0060poT: Temmneparypa
BO3/lyXa B MIOMEIIEHUH MOXET B OT/ETIbHBIE Yachl MPEBLIIIATh TEMIIEPATypPy HaPYKHOTO BO3/yXa.

B 5eTHHX MOMEUIEHUSAX, SBIAIOIIUXCS CBOCOOPA3HBIMU «TEIIOBHIMH TamMOypamu» MeEXIy
BHEUIHEH cpeloil M 3aMKHYTBIMU TPOCTPAHCTBAMHM KOMHAT, CO3/al0TCSI MHUKPOKIMMATHYECKUE
YCIIOBUSI, 3aBUCSIIHME HE TOJBKO OT BPEMEHHM CYTOK, HO M OT OpPUEHTAIMil MX, a TaKk XK€ M OT
00BEMHO-TUIAHUPOBOYHBIX PEIICHUN KBapTHUP.

I'maBHBI KpUTEpUH MHUKpPOKIMMATa — HOpMajbHas TEPMOPETYJSALUS UEIOBEYECKOTO
OpraHuMs3Ma, BC€ peaklUyd KOTOPOro 3K30TEPMUYHBI: MPOUCXOAMT M3MEHEHHUE 3amaca 3HEpPTUu B
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