Assessing the effects of thermal
bridging at junctions and
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This paper gives guidance on assessing the effects of thermal bridging at
junctions and around openings in the external elements of buildings and
how to assess their effect on the overall heat loss (or heat gain). It enables
a satisfactory estimate of these heat transfers to be made for the purposes
of carrying out building regulations compliance calculations. It supports
the building regulations for the conservation of fuel and power in all three
jurisdictions within the UK. The guidance is primarily intended for junction
and opening details that are not as recommended in Accredited
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construction details or MCRMA/EPIC guidance.

Itis assumed that the reader has an understanding of the principles,

-

and familiarity with the calculation, of the fabric heat loss through the

plane external elements of buildings.

This paper is a revision of IP17/01 which is now withdrawn.

1 Introduction

In general, thermal bridges can occur at any
junction between building elementsor wherethe
building structure changes. Reduced internal
surfacetemperature and increased heat | 0ss,
compared with that of the unbridged structure, are
thetwo primary effectsassociated with athermal
bridgewhereabuilding isbeing heated.
Consequently thereisanincreased risk of
condensation and mould growth at thethermal
bridge and asignificant additional heat |oss
through thethermal bridge.

Thermal bridgesfall into two categories:

(8) Repeating thermal bridges (such astimber
joists, mortar joints, and mullionsin curtain
walling). Theadditional heat flow dueto the
presence of thistypeof thermal bridgeis
included in the determination of the U-value
of the particular building el ement which
containsthese bridges (for further details see
BR4431)

(b) Non-repeating thermal bridges (such as
junctionsof floor and roof with the external
wall, and detail saround window and door
openings) wherethe additional heat flow due
tothe presence of thistypeof thermal bridgeis
determined separately

Thispaper dealsonly withtype (b). It gives
guidance onlimiting therisk of surface
condensation and mould growth at thesethermal
bridges. It describeshow to assesstheir thermal
performance and how to incorporate the additional
heat |ossthrough such thermal bridgesin
calculations of the performance of the building
fabricasawhole.

Note

The heat loss through the frame of the door or window in
an opening is accounted for in the U-value of the door or
window.
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2 Building Regulations!?34

Building regulationsfor the conservation of fuel
and power indicate that provision should be made
tolimit thermal bridging at junctionsand around
openingsin order to avoid excessive heat | osses
(or gains) and the possibility of local condensation
problemsin heated buildings. Oneway of
demonstrating that such provision hasbeen made
istousethedetailsin Accredited construction
detail§™ or MCRMA /EPIC guidance®.

In other casesthermal bridgesshould be
assessed by numerical modelling.

3 Numerical modelling

BSEN IS0 102111 setsoutscriteriafor carrying
out numerical calculations, covering both three-
and two-dimensional numerical modelling of
building details. It provides specifications of the
geometrical model and boundary conditions
together with accuracy criteriafor the solution
technique adopted. It givesmethodsfor the
calculation of heat flowsand surfacetemperatures
and includesthe method for deriving linear
thermal transmittance values. Guidanceon
appropriate modelling techniquesisin
preparation®.

3.1 Calculating the temperature factor

For aspecific detail, three-dimensional modelling
can be used to calculatethe temperature factor fq
of thelocation(s) of thelowest internal surface
temperature (see section 4). Simpler two-
dimensional modelling of thebuilding detail can,
inmany cases, be used whereany three-
dimensional effectsarise solely fromthe
intersection of two or moretwo-dimensional
models, iewheretheintersectionitself doesnot
contain aconstructional ‘point’ thermal bridge.
Oneexception, however, isthe corner of aground
floor, wherethe modelling to determinethe
temperatures must bethree-dimensional.

3.2 Calculating linear thermal transmittance
(v)*

Thelinear thermal transmittance of junctions (see
section 5) isobtained from the total cal culated heat
flow through atwo-dimensional model by
subtracting the one-dimensional heat flow through
theplane building elements. It therefore
representsthe additional heat flow associated with
thejunction, over and abovethat obtained from

* Notethat point thermal transmittances (-values), arising
from theintersection of two or moretwo-dimensional
junctions, areignored, unless (in addition to the geometrical
point thermal bridge) thereisan important constructional
thermal bridge (eg penetration of insulation by ametal

the U-valuesand areas of the planeelements. Itis
important thereforeto use the correct dimensions
(withinthe numerical model) over whichthe
U-vaueof the plane elementsisconsideredto
apply, in order to subtract the correct one-
dimensional heat flow when calculating ¥. From
BSEN IS0 102111, thelinear thermal
transmittanceiscalculated from:

y=1P-Y Ul

where L = thetotal heat flow through thetwo-
dimensional numerical model
U; = theU-valueof theplanebuilding
dement |
I ;= thelength (in thetwo-dimensional
model) over which U, applies

Useof the correct dimensionfor | isillustratedin
Examples 1 and 2 by way of two similar junctions,
for which the cal culated W-valuesfor thetwo
casesaredistinctly different. Example lillustrates
inplanthejunction of an external wall with an
internal partition, and Example2illustratesin plan
thejunction of an external wall with aparty wall
(ieawall separating different premises).

Thetwo different lengthsfor |, arisefromthe
different areasover which the U-valueisapplied.
IntheBuilding Regulationsthe U-value applies
‘ between finished internal faces of the external
elementsof thebuilding’, ieignoring partition
wallsand intermediate floors of the same
premises, but not the separating wallsor floors
between different premises. Thusthe W-value
depends not only on the specific construction of
thejunction, but also ontheareaover whichthe
relevant U-valuesare being applied.

Example 1 Junction of external wall with an

internal partition wall

| External wall - U, |

< .
- y

Example 2 Junction of external wall with an
internal party wall

a b c
| External wall - U, |
< |————>

|, =a+c[notincluding b]
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3.3 Numerical modelling of details around
openings

When determining thelinear thermal
transmittance (¥) of adetail around an opening,
the boundary inthe model, where theframeof the
window or door connectswith the opening, is
takento be adiabatic, that isthe heat flow across
thisboundary isconsidered to be zero. Therefore,
theW-valuefor an openingisindependent of the
properties of thewindow frame, and depends only
onthelocation of theframein the opening and its
dimension (whereit connectsto the opening
detail). However, when determining internal
surfacetemperatures (and hence thetemperature
factor), strictly, the opening detail s should be
re-modelled with thewindow or door and its
framein place. Thiscan be donewherethe
window or door construction to be used isknown.
Often, however, the performance of such details
needsto be determined when thewindow or door
to be used isunknown (or might vary). For the
purposes of Building Regulations, the assessment
of internal surfacetemperatures, and hence
temperaturefactor, may be determined using the
same adiabatic connection asused when
determining thelinear thermal transmittance, ¥'.

11f, however, amore refined assessment of thetemperature
factor isrequired, and the window or door to be used (including
theframe) isknown, then thewindow or door and itsframe
should beincluded in the re-modelling, from which the more

4 Limiting the risk of surface
condensation or mould growth

To assesstherisk of surface condensation or
mould growth for aspecific detail, the minimum
internal surfacetemperature (for specifiedinternal
and external environments) isrequired. Under
steady-state conditionsthe temperaturefactor fg
isdefined by:

Tsi - Te

where Ty = minimuminternal surface
temperature

internal temperature
external temperature

—
I

Thetemperaturefactor is, therefore, aproperty of
the construction. To limit therisk of surface
condensation or mould growth, f. should be
greater than or equal to acritical value(fg). This
critical value dependsupontheinternal and
external environmentsand appliesgenerally tothe
wholeof theinternal surface. However, for three-
dimensional cornersof ground floors, even with
good designs, theinternal surfacetemperature
(because of the geometry of thethree-dimensional
corner) dipssteeply. Thereforetheareaover which
theinternal surfacetemperatureislessthanthe
critical temperatureisusually small. Itis
appropriatein such casesto havearelaxation (g)
of thecritical temperaturefactor f . tof ',
coupled with arelaxation in distancefromthe
coldest point. So:

fr

CRsi

=g x fepg
and the condition to avoid surface condensation or
mould growth becomes:

!
frs = flrg

for al pointsthat are adistance of d mm or more
fromthe point(s) with the lowest f.;. For three-
dimensional cornersof ground floorsonly,
d=10mmand g=0.93. For all other detailsthese
relaxations do not apply.
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