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Abstract — Thermal bridges typically occur at the junction of
different building components where it is difficult to achieve
continuity in the thermal insulation layer. In this paper thermal
bridges are investigated in the first one-family lav-energy house
in Latvia. The proportion of the overall heat loss die to thermal
bridging is determined based on the results from awumerical
calculation method described in the standard LVS EN$0O 10211
and from the simplified calculation method given inthe standard
LVS EN ISO 14683. In this paper the software tool THERMis
used for two-dimensional thermal bridge model simwdtions. The
results suggest that 7.7 % of the total heat transission losses
occur due to thermal bridges.

Keywords —detailed thermal bridge calculation method, linea
thermal transmittance, low-energy house.

|. INTRODUCTION
Climate change is one of the most critical challEng

knowledge about transmission heat losses throughmtl
bridges in different kinds of construction solutson

The aim of this paper is to investigate thermadgeis in
the first one-family low-energy building in Latvia order
to determine the proportion of the transmissionthesses
due to thermal bridging in low-energy buildingsganeral.
This is done using results from the numerical claliton
method. The numerical calculation method is desdin
the standard LVS EN ISO 10211 [2] and it is used in
determining the thermal performance of buildingadlstin
a precise way. This method requires a software fool
two-dimensional thermal bridge model simulationgnc®
there is an established practice to create thetmnage
atlases [3, 4] using the software tool THERM [5Hahis
valid to use THERM according to the LVS EN ISO 1021
standard, this software was chosen.

On the contrary, the simplified calculation methgiden

facing humanity today. The process of climate ckangn standard LVS EN ISO 14683 [6] was used for

unleashed by the rapid rise of atmospheric greesd@as
emissions, historically and today, has the capadiy
completely change our every day life.

To minimize the adverse impacts of climate change w

can start with our homes by building them so wiiat they
consume no or just a little energy like it is inM@nergy
houses. Energy production is a mayor cause of giherec
greenhouse gas emissions, however energy is sifogly
through the building envelope as heat. Insulatingllsv
represents one of the simplest solutions for desingathe

calculating transmission losses due to thermal da$din
the same low-energy building.

Il. METHODOLOGY

According to the Latvian Building Code LBN 002-01
[7], the linear thermal bridge heat transfer vasi®uld be
calculated using the methods described in stande& EN
ISO 10211 [2]. This method is known as the detailed
calculation method, since it uses computer softwane
requires specific knowledge. The Building Code also

building’s heat losses. Low-energy houses use thigkermits the use of the calculation method describred

insulation layers, but it this not necessarily dfisient
solution to reduce heat losses, since at someipnecit is
difficult to achieve continuity in the thermal ifation
layer. At these junctions thermal bridges typicadigcur,
therefore they have to be addressed specifically
otherwise the increase in the amount of insulatérthe
building will just heighten the weight of thermalidiges in
the overall heat-energy consumption [1].

Generally the term low-energy houses refers todingls

standard LVS EN ISO 14683 [6] which is known as the
simplified method. This method utilizes thermal dg&
catalogues. The catalogue is not specifically aegisor
the typical construction solutions used in LatvBoth

@h&lculation methods were used to estimate thermagb

impact on heat loss through the envelope of th&t fow-
energy one-family house in Latvia.

The low-energy house “Lielkalni” is situated in the
village Gipka which is within the Rojas municipality. It &

that consume 20-30 kWhfmthermal energy for space two-storey house with a living space of 196. fihe house
heating per year and they are expected to becoree tRas built in 2009, but it is inhabited since Mar2d10.

dominant type of one-family house in the near fatur
therefore by learning the lessons of the past jaissible to
build buildings with predictable energy consumptidthis
means that thermal bridges have to be included
calculations already at the design stage. This wab
common in previous practice and there is still @ gd
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First estimates suggest, that this house will neg@i2-27
kWh/m? thermal energy/annum. The low-energy house is

illustrated in Figure 1.
in
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The thermal coupling coefficient was calculatedngisthe
software THERM, according to the criteria specifisdLVS EN
ISO 10211. The heat loss from each of the 1-D hers subtracted
from the heat loss as calculated by the 2-D mddes provides

the linear thermal transmittance of the thermalderi

THERM is a software program that utilises the dirgtement
method to model steady-state, two-dimensional theasfer
problems. The program is developed at the Lawr&erkeley
National Laboratory and is free of charge [9]. THERIlows one

to model two-dimensional heat-transfer effects inilding
Fig. 1. The first low-energy house in Latvia - “léalni”. components where thermal bridges are an issubed#stransfer
analysis allows one to evaluate a building elersesthergy

It is important to stress the properties of materthat the efficiency and local temperature patterns, whicly retate directly
building’s envelope consists of, since they hagaigmpact on the to issues of condensation, moisture damage araiusailintegrity
thermal transmittance of building elements andefoee on the [5]. This software has been widely used in manyliegons, for
linear thermal transmittance obtained accordir{@)t¢s, 1]. instance to create thermal bridge catalogues [4/n3prder to
classify this calculation method as a high prenisimethod
(1) (accuracy +5%), a software validation test accordm standard

w =1%° _leuih LVS EN ISO 10211 was conducted [2]. The resultftbe test
i1 reference cases proved that THERM is appropriatééodetailed
where: calculation method.
v - linear thermal transmittance (WK, The thermal transmittances of building elements and
L2D - thermal coupling coefficient from two-dimeosal (2- corresponding materials are given in Table [|. Tiaérm
D) calculation (W/rrK); transmittances are calculated according to thedatdn VS EN
U, - thermal transmittance of the one-dimensionaD)1- ISO 6946 [10]. The thermal conductivities of matisriare already
component separating two environments (W/K); given with correction coefficients taken from thettian Building
l; - length within the two-dimensional geometricaldabover Code LBN 002-01 [7]. Window frame thermal transarittes were
which the Yapplies (m). also obtained by constructing a window frame maddIHERM
according to drawings provided by the window mactufers.
TABLE |
A LIST OF BUILDING ELEMENTS AND MATERIALS USED IN LOWENERGY BUILDING EVELOPE
Building element Thickness, mm| Thermal conductivity W/(m-K) | Thermal transmittance, W/(m*K)
Outer wall 0.080
expanded clay blocks 250 0.220
mineral wool 500 0.040
wind barrier 25 0.065
Roof on slopes 0.067
wood wool cement board 75 0.071
OSB sheathing board 22 0.180
mineral wool 600 0.040
wind barrier 25 0.065
Roof on top 0.051
wood wool cement board 100 0.071
OSB sheathing board 22 0.180
mineral wool 836 0.040
wind barrier 25 0.065
Slab 0.100
wooden floor 30 0.130
plasterboard 25 0.250
expanded clay 150 0.210
reinforced concrete 260 2.500
foam glass 700 0.080
Frame of windows and doors, the first floor fagade | 145 0.760
Roof windows 135 1.150
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A, - area over which Ui applies @n
yk - linear thermal transmittance of building junctid

In Table | material layers are arranged startinidp whe ones
closest to the cold surface of the building elemeBbundary
conditions used in thermal bridge models were amdsem (W/m-K);
the standard LVS EN ISO 6946. This means that thidaor Ik - length over whichy, applies (m).
air temperature is°C, while the indoor air temperature is set When calculating the proportion of heat loss thioug
to +20°C. thermal bridges in total transmission heat losbesugh the

For all parts of the building construction externabuilding envelope (%), only the heat losses throtlggrmal
dimensions were used. THERM allows controlling peeters bridges that cause extra heat loss through thedibgil
of mesh. For all calculations Quad Tree mesh paiemweas envelope were considered. According to the stanaanyg the

set as 6, but Error Estimator was allowed to maksimum
of 25 iterations.

The detailed calculation method
consuming, since each type of thermal bridge reguia
separate 2-D model and the linear thermal tranang#
coefficient has to be calculated manually when gisioftware
like THERM. Thus it is tempting to use thermal lyéd
atlases. However, the main problem with these edlas that
in many countries they have not been created basethe
typical constructions used in those countries. Sthere is no
thermal bridge atlas in Latvia, according to thetvian
Building Code one should use the atlas that is rgiwve the

thermal bridges with a linear heat transfer cogdfity>0,01
W/(m-K) should be used when calculating J& o, that is used

is precise but timm (3) [2].

3
HT,u/ZO,Ol . 100
T

where:

HT,y>0,01 - transmission heat transfer coefficient’srrited
bridges component;

HT - overall transmission heat transfer coefficiaft the

standard LVS EN ISO 14683 and expect a linear taermPuilding envelope calculated according to (2).

transmittance calculation accuracy of +50% [6].omer to
see how misleading results can get when an inapiptetlas
is chosen, the simplified thermal bridge calculatimethod
was used for the same low-energy building.

The location of the insulation layer was the mogpartant
criteria when selecting default values from theastl The
thermal bridge atlas does not present any examipfeanroof
on slopes, so the default value of a flat roof witmtinuous
outer insulation was chosen. None of the thermadger
examples
insulation is connected with the insulation behetie slab,
which is typical of low-energy and passive houpgsl1i].
More default values should be added to the atiasessome
thermal bridges cannot be assessed, for instaricpoiats
where ventilation ducts or crossbeams cross thédibgi
envelope. The default values chosen and their impadhe
overall transmission heat transfer coefficient koé Huilding

1. RESULTS

In this study thermal bridges were found at 12 edéht
junctions of building elements in the low-energyilthng.
Each of thermal bridge is characterized by lindagrmal
transmittance ) and length (). By multiplying these two
properties, we determined what this thermal briddes to the
overall transmission heat transfer coefficientraf bbow-energy
building (Hy). The main results of this survey are given in

represent construction where the outerl wdlable Il. Results from the simplified calculatioretiod are

given in comparison with the results obtained ughey more
accurate detailed calculation method. The res@taanstrate
the necessity of applying the detailed thermal dwid
calculation for low-energy buildings in general. Bk
buildings all have building envelopes with a thicisulation
layer leading to much lower thermal transmittantéwlding
elements than those used to create the thermagebradas

envelope (H) are presented in Table Il along with the resultpresented in the standard LVS EN ISO 14683 [6].

from the detailed calculation method.

The results suggest that the simplified calculatiogthod

Thermal bridge impact on heat loss of building andan lead to an error well over 50% if applied tdlwesulated

therefore heat energy requirement is defined agitbportion
of heat loss through the linear thermal bridgesregahe total
transmission heat losses through the building epes[12].
The overall transmission heat transfer coefficigrit the
building envelope consists of two components.

component is the transmission heat losses thrdwghbuilding
elements (1-D heat flow), but the second compoierihe
transmission heat losses through the thermal bsid@® heat
flow). All linear thermal transmittances (even nigma ones)
were taken into account when calculatingdd¢cording to (2).

| K 2)
Hy =Zui ) +Z‘//k I

where:
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buildings, such as low-energy buildings. The gretate
differences were found with regard to the thermades that
did not have an appropriate thermal bridge exanipl¢he
atlas. If the insulation layer position in the tmat bridge atlas

Onwas essentially different from its position in theilding’s

envelope, the mistake was well over the limits ofumacy
given in the standard LVS EN ISO 14683 [6]. As daddore,
this problem was found with thermal bridge at thection of
wall and slab on ground. The linear thermal bridgermal
transmittance was much lower at the junctions efwiall and
window frame. As this type of thermal bridge isitglly one
of the longest in the building, the atlas shouldupdated with
examples where jambs are inclined. The simplifiegthod
also fails to describe thermal bridges that areseduby
penetrations of various services such as ventiladiocts and
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chimneys. These type of thermal bridges are mavki#d “-”

symbol in Table Il. Results show that in conditioofs no
alternative calculation methods, it would be mopprapriate
to simply ignore thermal bridges than to try toireate them
using the simplified calculation method given i tstandard

LVS EN ISO 14683. Data in Table Il is arranged tatgrwith
thermal bridges that have the greatest impact tna &eat loss
through the building envelope.

TABLE Il
THERMAL BRIDGES IN LOW-ENERGY BUILDING — RESULTS FROM BOTH SIMPLIFIED AND DETAILDED CALCULATIONMETHODS
Thermal ) Linear thermal transmittance | Transmission heat transfer
_ bridge Length of linear |, w/(m-K) coefficient, Hr.,,, W/K

Thermal bridge denotation thermal bridge,

according to I, m Simplified Detailed Simplified Detailed

ISO 14683 ISO 14683 ISO 10211 ISO 14683 ISO 10211
Window frame/ fagade outer wall w18 99.37 0.200 0.037 19.874 3.677
Roof window frame/ roof on slopes | W4 36.93 0.150 0.090 5.540 3.324
Ventilation duct/ roof on top - 4.32 - 0.057 - 0.248
Intermediate floor/ outer wall IF1 46.4 0.000 0.005 0.000 0.232
Interior corner C5 5.02 0.050 0.027 0.251 0.136
Ventilation duct/ outer wall - 2.26 - 0.045 - 0.102
Chimney/ roof on top - 1.31 - 0.057 - 0.075
Crossheam/ outer wall B1 2.4 0.950 0.074 0.380 0.017
Slab on ground/ outer wall GF1 56.05 0.650 -0.026 36.435 -1.457
Roof on slopes/ end wall R9 17.64 -0.050 -0.084 -0.882 -1.482
Exterior corner C1 20.25 -0.050 -0.074 -1.013 -1.499
Roof on slopes/ fagcade outer wall R9 39.16 -0.050 -0.043 -1.958 -1.684
TOTAL 331.11 58.627 1.686

The greatest extra heat loss due to thermal bridgesrs at
the junction of the wall and window frames whenist
calculated according to the detailed calculatiorihme given
in the standard LVS EN ISO 10211 [2]. The consiouct
solution at this junction should be improved by maging
insulation material over the window frame, althougis is
hard to achieve with roof windows. The length oérthal
bridges is another important factor in the casevofdows,
since almost the entire south fagade of the bigliéncovered
by windows, and there is a row of windows on tbatk side
of the roof. The thermal bridge 2-D model of thegtion
between the roof window and the roof itself is sthated in
Figure 2.

Ventilated air is a layer with thickness of 60 mhastrated
in Figure 2. Since air is moving, it actually tréers heat very
well, and thus the thermal conductivity was assumed
240W/(mK). The dimensions illustrated together with the
thermal bridge model in Fig. 2 are related to thatemals
given in Table I, except the width (not thicknee$}the roof
window frame is shown in Fig. 2.

It must be taken into account that thermal briddesnot
always mean extra heat loss. When external dimessiwe  The overall transmission heat transfer coefficiehtthe
used, the linear thermal transmittance is negdtiveahermal building envelope was calculated according to (2)one
bridges occurring at the junctions between the adl slab or |ooks at the overall transmission heat transferffimient as
roof. the sum of two components, then the sum of heateks

Continuous thermal insulation is achieved at thes_ﬁrough the building elements and heat losses tffirdlermal
junctions. bridges is:

6 =0°C
b =250 Wimt K

N

L=200c
By =10 Wim K

Fig. 2. Thermal bridge at the junction of the re@ofidow frame and the roof
itself in 2-D model with dimensions of material éag in mm and boundary
conditions.

Hy=Hr,,+Hy ;=1.69+99.97=101.65, W/K. (4)
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The proportion of heat loss through thermal bridigetotal
transmission heat losses through the building epesiwas
calculated according to (3). In order to calculate
transmission heat transfer coefficient's thermaliddps
component  (Hys001) only thermal bridges with
yv>0.01W/mK from Table Il were used,

its envelope. The results suggest that even mdsntimn
should be paid to the quality of construction <Solus,
especially at the junctions between window framed the
outer wall.

It is now clear that the simplified method descdibe the

therefore standard LVS EN I1SO 14683 cannot be used for loargn

Hr,y>00=7.807 W/K. This information allowed determiningbuildings. Construction solutions applied to thdmeldings

that 7.7% of the total transmission heat lossesiodoe to
thermal bridges, as it is illustrated in Figure 3.

Thermal

bridges;
Slab on 7.7%
ground;

11,0%

and doors;
55,4%

Outer wall; -
17,0%

Fig. 3. Transmission heat losses in low-energydingi.

Although construction solutions differ from buildinto
building, the results obtained in this study cancbenpared
with results from buildings with similar construmti solutions.
Linear thermal transmittances given in Table Ilgho wider
range than in common practice in Passive Housatutest
partner countries (frony=-0.03 toy=0.030 W/(mK)) [11].
This is attributed to the higher quality of constian
solutions used in passive houses. It is probablgt rdificult
to construct a model displaying thermal bridgehat junction
of the wall and slab, however results from the rirerbridge
atlas created for the AECB’s CarbonLite program#diegnd
from real houses in Great Britain that were renesatsing
this programme [13].

The linear thermal transmittances from Table |l elose to

those achieved in the low-energy detached housdr wit

construction solutions typical for Switzerland. HRling
elements in this detached house all have similarnial
transmittances as given in Table I. However, thggést
differences between the results in Table Il and3¥vess house
were found at the junctions of the window frame avall
(y=0.010 W/(mK) versusy=0.037 W/(mK) from Table lII),
as well as at the junction of the wall and slab gsound
(y=0.050 W/(mK) versusy=-0.026 W/(mK) from Table II).
For comparison, 6.75% of the total transmissiort lesses in
the Swiss low-energy house occur due to thermebbs [12].

IV. CONCLUSION

In conclusion, the proportion of the overall hezd due to
thermal bridging in the first one-family low-energuilding in
Latvia is slightly higher than is common practic&hmMow-
energy buildings. In the investigated building,rthal bridges
are responsible for 7.7 % of heat transmissione®sbrough
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differ too much from the constructions solutionswuased to
create the thermal bridge atlas.

The knowledge acquired through this study will help
stakeholders involved in constructing low-energjldings to
make more educated decisions about constructioigrdés
order to avoid excess heat losses due to therrugibg.
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Marti nS PelSs, Andra Blumberga, Agris Kamenders. Termiskdiltu ietekme uz siltumenergijas pateri nu apkurei zema-pagri pa davojamaja eka
Termiskais tilts visbiedk veidojas divu vai vadiku at&irigu ekas hivelementu savienojuma vist piengram, starp logaami unarsienu. Savienojuma vietfr
noverojama paaugstita siltuma pisma satizinajuma ar siltuma pismu caur bvelementu virsrim. Termiskie tilti palielina siltuma zudumus catku
norobezojosam konstrukcigm, palielinot siltumenegjijas patrinu tags, ki af atsgj negalvu ietekmi uz iekStelpu klimatu un samazigi@s norobezojoso
konstrukciju niizu.

Si darba rarkis bija nowrtet termisko tiltu ietekmi uz zema @aina davojamés ekas enetijas pagrinu. Latvijas livnormatva LBN 002-01 ir no&ditas divas
termisko tiltu apgkina metodes — vierakSo& un detalizta (saskaa ar standartiem LVS EN ISO 14683 un LVS EN ISO 1Dattiedgi). Abas aptkina metodes
ir izmantotas un iagie rezulfiti ir savstarpji salidzinati zema patrinpa eékas termisko tiltu agkinam. Detaliztas apgkina metodes pamair divdimensiju
termisko tiltu datormode kuri, balsoties uzkas ragjumiem, tika konstréti, izmantojot datorprogrammu THERM.

Detalizta apekina metodes d& iegitie rezultti liecina, ka zema patina eka siltuma zudumi caur termiskajiem tiltiem @kt 7,7% no kofjiem siltuma
zudumiem caurkas norobeZojoSo konstrukciju. Likb ddu no Siem papildu zudumiem veido termiskie tiltigdoramju savienojuma viét ar arsienu.
VienkarSo& apikina metode, kas aprakst standait LVS EN ISO 14683, nevar tikt izmantota zemagpat ekas termisko tiltu agkinam, jo termisko tiltu
katalogs neapmierinoSi apraksta konstrukcijas zpataina eka. Ja nav iesfjams veikt detaliztaku apgkinu, tad daudz prezak ir piepemt, kagka termisko
tiltu vienkarsi nav, nek izmantot standaatLVS EN ISO 14683 apralkish metodi termisko tiltu ietekmes noteikSanai zgragrinaekai.

Maprussmn Iemm, Anapa Baymoepra, Arpuc Kamenaepe. Bansinue TensioBbIX MOCTOB Ha NOTPeG/I€HHE Y HEPTUH B YHEProcoeperaeM jome
TemnoBble MOCTBI, KaK IPaBIJIO, HPOSIBIAIOTCS HAa CTHIKAX PA3IMYHBIX DJIEMEHTOB 3[aHMS, HAPHMEP, MKy PaMOi OKHA U HapyXXHOH CTEHOH, IZe TPYAHO
JIOOUTBCST HENPEPBIBHOCTU TEIUIOM3ONISIHOHHOTO cJios. Ha CThIKax MPOMCXOAWT MOBBINICHUE TEIUIOBOTO IOTOKA 110 CPABHEHHIO C TCIIOBBIM IIOTOKOM uepe3
CTPOUTEIBHBIC BJIEMEHTHI TOBEPXHOCTH CTEH. TEIIOBbIC MOCTHI YBEIHYMBAIOT IOTEPH TEILIA Yepe3 000JIOUKY 371aHUs, yBEINYMBAs HOTPEOICHUE SHEPTHH B HUX.
Jlannas paboTa HampaBieHa Ha OIEHKY BO3ICHCTBHS TEIUIOBBIX MOCTOB B JKHJIBIX 3/IaHUSX HU3KOTO NMOTpeOieHus dHeprun. B cTpourtensHoM HOopMmatuBe LBN
002-01ykazaHo ABa METOAA pacyera TEIUIOBBIX MOCTOB - YIIPOIICHHBIN M ACTalIM3UPOBaHHBIA (B cooTBeTcTBHM cO cranmapramu ISO 14683u 1ISO 10211
COOTBETCTBEHHO). O6a pacueTHBIX METO/a MCIIOIb30BaHbI M MPUBEICHBI B CPABHUTEIBHON XapaKTEPHCTUKE IS PACUCTOB TEIIOBBIX MOCTOB B CTPOUTENLCTBE
3[aHUI HU3KOTO MOTPeOIeHHs dHepru. B ocHOBe MeTosa JeTanbHEIX PacdéTOB HAXOIATCS ABYMEPHBIC KOMIIBIOTCPHBIC MOJEIH TEIUIOBEIX MOCTOB, KOTOPHIE
KOHCTPYHPYIOTCSI Ha OCHOBE CTPOUTEIBHBIX YepTexkKell, HCIOIb3ysl KOMIBIOTepHYyIo Iporpammy THERM.

Pe3ynbTaThl, MoMydeHHbIE MyTEM METOJA JCTANBHBIX PACYETOB, NMOKA3BIBAIOT, YTO B JOME C HU3KHM NOTPEOJICHHEM SHEPTHHU TEILIONOTEPH 4epe3 TCIIOBBIC
MOCTBI COCTABIIAIOT 7,7%0T OOIIMX TEIUIONOTEPh YePe3 OrPaXKAAIONIYI0 KOHCTPYKIHIO 31aHus. BoJbIIyIo YacTh 3THX JAOHMOIHHTENBHBIX MOTEPh CO3AIOT MECTa
COCHHEHHS TEIUIOBBIX MOCTOB OKOHHBIX PaM C HapYKHBIMH CTGHAMH. YIPOIIEHHEIH METOJ PacuéToB, KOTOpEIH omucaH B ctangapre LVS EN ISO 14683pe
MOXET OBITh HCHOJB30BaH [UIs pacyéra TEIUIOBBIX MOCTOB B JOMax C HU3KMM OBHEPromoTpeOJIeHHEM, TaK KaK KaTalor TEPMHUYECKHX MOCTOB
HEY/IOBJICTBOPUTEIIEHO OMHCHIBACT KOHCTPYKIIMY TaKUX JOMOB. Eciu jienath JeTanbHbIA pacuéT HEBO3MOXKHO, TO HAaHOOJIEe TOYHO OY/ET IPUHATH, YTO B JIOME
TEIJIOBBIX MOCTOB IIPOCTO HET, Hexenu ucnonb3oBate B LVS EN ISO 14683 tanaapre OMMCAaHHBIA METOA ONPECICHUS BIUSHUS TEIUIOBBIX MOCTOB Ha JOM C
HH3KHUM DHEPronoTpeOIeHueM.
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