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INTERNATIONAL STANDARD

ISO 6946/2-1986 (E)

Thermal insulation — Calculation methods —
Part 2: Thermal bridges of rectangular sections in plane

structures

0 Introduction

The presence of a thermal bridge in a plane building structure,
in winter and under steady state conditions, causes two
phenomena which are linked to one another:

a) the temperature of the internal surface at the location of
the thermal bridge is lower than the internal surface
temperature at other locations;

b) the areal density of the heat transfer rate at the location
of the thermal bridge is higher than that at other locations.

To judge the practical consequences of these two phenomena
(risks of condensation and extra heat losses), a quantitative
analysis is necessary. This can be done by analytical or
numerical methods with the aid of a computer. However, in the
early “’sketching” stages of structural design, this method has
the disadvantage that, in many cases, the designer has neither
the time nor the skill to use computer programs.

This part of ISO 6946 presents simple, basic formulae which
can be used to determine in the sketching stage whether or not
the performance of a given building structure will meet given
requirements. In these formuiae, quantities are introduced that
are characteristic of the thermal bridge concerned. For the
numerical determination of these quantities, different methods
are possible.

A simple, approximate method of calculation is given in
annex A. This method is based on the results of numerous
computer calculations.

Some numerical examples are given in annex B.

1 Scope and field of application

This part of ISO 6946 gives basic formulae for the calculation of

a) _ the zone of influence of a thermal bridge, i.e. the areain
which the heat flow has a noticeable component paraliel to
the‘surfaces of the structure;

b) the lowest internal surface temperature at the location
of a thermal bridge under steady state winter conditions and
under given internal and external ambient temperatures;

c) the value of the areal thermal transmittance of a
building structure containing a thermal bridge.

It is applicable only to thermal bridges with rectangular sections
in plane structures.

2 Reference

ISO 7345, Thermal insulation — Physical quantities and defini-
tions.

3 Definitions and symbols

For the purposes of this part of ISO 6946, the definitions and
symbols given in ISO 7345, together with the following, apply.

thermal bridge (in a plane building structure) {part of a
building envelope): Location at which the composition differs
from that of the adjacent surroundings and at which, in winter
and under steady state conditions, the internal surface
temperature is lower than that on the adjacent surfaces.
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Figure 1 — Cross-sections of basic types of thermal bridge?

4 Types of thermal bridge

With the limitations mentioned in clause 1, six basic types of
thermal bridge are distinguished, as shown in figure 1.

The geometrical parameters of thermal bridges are shown in
figure 2,

where
! is the length of the structure and of the thermal bridge;
b is the width of the thermal bridge;
d is the thickness of the structure;

B is the width of the structure.

Figure 2 — Geometrical parameters {view)

The total area A is equal to BI, while the area of the thermal
bridge (A+g) is equal to bl.

5 Calculation method

5.1 Auxiliary quantities

In‘the formulae-given in-5.3 and 5.4, the auxiliary quantities Lj,
Uqrg and,U are used. These are defined by formulae (1), (2) and
(3) ‘respectively.

5.1.10 Auxiliary quantity U [W/(m2.K)]
Uy = [(ER)O +,Ri + Re] -1 A1)
where
(XR)g.is the sum of the thermal resistances, in square
metre kelvins per watt, from surface to surface, of the
subsequent layers at locations other than the thermai

bridge;

R, is the surface thermal resistance, in square metre kelvins
per watt, at the interior surface;

R, is the surface thermal resistance, in square metre kelvins
per watt, at the exterior surface.

5.1.2 Auxiliary quantity Urg [W/(m2.K)]
Urg = [(XR)rg + R + R,] 1 .(2)
whére
(XR)g is the sum of the thermal resistances, in square
metre kelvins per watt, from surface to surface, of the

subsequent layers at the location of the thermal bridge;

R, and R, are as defined in 5.1.1.

1) In this part of 1SO 6946, when cross-sections of structures that are part of the building envelope are illusirated, the outdoor climate is always
presumed to be on the top (or the left-hand side) and the indoor climate on the bottom {or the right-hand side).




5.1.3 Auxiliary quantity U [W/{m2.K)]

— A-A A B-b b
U=_____TI_§ T}EUTB: B U0+_UTB ...{3)

Uo + B

where
A is the total area, in square metres, of the structure;
Anrp is the area, is square metres, of the thermal bridge;
B is the width, in metres, of the structure;

b is the width, in metres, of the thermal bridge.

5.2 Zone of influence of the thermal bridge

The width of the zone of influence on each side of the thermal
bridge, a, is defined as the larger of the two values obtained
from formulae (4a) and (4b) (see also figure 3}:

ai =2 Ri di lli (48)
Ay =2+/R, dy A ...(4b)
where

d; is the thickness of the layer (either building envelope or
insulation) adjacent to the interior environment at'locations
other than the thermal bridge;

A; is the thermal conductivity, in watts per metre kelvin, of
the material of that layer;

d, is the thickness of the layer (either building envelope or
insulation) adjacent to the exterior environment at locations
other than the thermal bridge;

Ag is the thermal conductivity, in watts per metre kelvin, of
the material of that layer;

R; and R, are as defined in 5.1.1.

For homogeneous constructions, d;and d, are equal to haif the
thickness of the construction.

In the example shown in figure 3, a equals a;.

In the case where the width of the structure, B, (or the distance
between the axes of symmetry) does not cover the total zone of
influence on both sides of the thermal bridge (i.e. in the case
where B < 2a + b), there is no simple approximate method of
calculating either the lowest internal surface temperature or the
thermal transmittance.

5.3 Lowest internal surface temperature
The lowest internal surface temperature at the location of the
thermal bridge (Yyp) under steady state winter conditions is

calculated from formula (5):

g =0 = {5 — V) ...(5)
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Figure 3 — Geometrical parameters
{cross-section)

where
Y; is the internal ambient temperature, in degrees Celsius;
Y, is the external ambient temperature, in degrees Celsius;

and the temperature difference ratio, {, explicitly expressed as

_Yi— Vg
§ = m ...(53)
is given by formula (6):
{=Ri[Uy + nlUrg - L] ...(6)

where
Uy and R; are as defined in 5.1.1;
Uy is as defined in 5.1.2;
n is a factor characteristic of the thermat bridge concerned.

In the case where B < 2a + b, the value of 5 changes with the
value of B.
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5.4 Thermal transmittance

The thermal transmittance {U) of a building structure contain-
ing a thermal bridge shall be calculated from either formula (7)
or (9):

(A = A1) Up + 1V A7)
U =
A
where
A is the total area, in square metres, of the structure;
Aqg is the area, in square metres, of the thermal bridge;
Up is the auxiliary factor defined in 5.1.1;

! is the length, in metres, of the structure and the thermal
bridge;

U, is the linear thermal transmittance, in watts per metre
kelvin, of the thermal bridge.

U, can be expressed as:

U|=bUTB+éU' .(8)

where

b is the width, in metres, of the thermal bridge;

U’ = 1W/(imK);

¢ is a factor characteristic of the thermal bridge concerned.
Substitution of relation (8) aswellas 4 = /- Band Ayg =/ b
(see clause 4) in relation (7) and taking into account formula (3)
leads to relation (9):

J— U’
== + ot . e

U=U+¢ B (9)
where

U is the auxiliary quantity defined in 5.1.3;

U’ = 1W/(imK);

B is the width, in metres, of the structure;

& is a factor characteristic of the thermal bridge concerned.

In the case where B < 2a + b, the value of £ changes with the
value of B.
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Annex A

Approximate method to calculate the values of factors n and ¢

(This annex does not form part of the Standard.)

A1 Symbols

In addition to the quantities defined in clauses 4, 5.1 and 5.2,
the following symbols are used in this annex:

din: thickness, in metres, of the insulation layer
d: 1m

Aing: thermal conductivity, in watts per metre kelvin, of
the insulating material

A.: thermal conductivity, in watts per metre kelvin, of
the material constituting the building envelope

Atg: thermal conductivity, in watfs per metre kelvin, of
the material constituting the thermal bridge

A 1 W/(m.K)

A.2 Formulae

Approximate formulae are given in the table for the calculation
values of 7 and ¢ for each type of thermal bridge.

These formulae are based on the results of numerous computer
calculations on each type of thermal bridge described “in
clause 4.

For the parameters b, d, di A¢, Arg and A, each combina-
tion of the following matrix was considered:

b: 0,05m —0,10m — 0,15 m — 0,20 m — 0,25 m
d: 0,50m — 0,20 m — 0,30 m — 0,40 m

dins: 0,2d — 0,6d

At 0,2W/(m.K) — 1,1 W/(m.K} — 2,0 W/{m.K)
Arg: 1,0 W/(m.K) — 2,0 W/(m.K)

At > A

Ains: 0,02 W/(m.K) — 0,07 W/(m.K)

Furthermore, the following assumptions were made:

B=1m R;=013m2K/W R, = 0,04 m2K/W

The formulae given in the table may also be used when other
surface thermal resistances have to be taken into account, pro-
vided that they do not differ by more than 0,01 m2.K/W from
the values of R; and R, given above.

The assumption B=1 m has the consequence that the appli-
cation of the formuiae in the table is restricted to those cases in
which 2a + b < 1 m, the quantity a being the width of the
zone of influence of the thermal bridge as defined in 5.2,

As far as thermal bridges of type d are concerned, the relevant
formulae from the table may be used only if each of the follow-
ing three|conditions is fulfilled {see also figure 3):

al d;»0,02m

bl d, > 0,02m

c) 2>ﬂ>0,5

e

A.3 Accuracy

Values of the temperature difference ratio ({), calculated using
the approximate formulae for # given in this annex, normally
differ by less than 5 % from values obtained from computer
calculations.

Values of the thermal transmittance (U), calculated using the
approximate formulae for £ given in this annex, usually differ by
no more than 5 % from values obtained from computer
calculations.
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Table — Approximate formulae to calculate values of 17 and ¢

Cross-section

Calculation of n

Calculation of é

Top = exterior
Bottom = interior

Auxiliary quantities

g o ld-bd [ 05
! d'b Arg

Basic type
Y e -0,75 05
Z, = ld'-bld X d x }‘c ’x ATB \ X )‘ins Y
ab ting | XN N X
-1
a n=|:1+o,2921] E=0
J .
2 » p=01¢g= 038 ¢= 065
b ~ n= [1 + 0,5921] = 03 u= 034
© = -033 v =-02
%]
c 1| =t
c S ;7=1+2,4[z,+z1 E=0
; p=01g= 039 = .071
d n=[1+03 z]" r= 037 u= 042
s=-029 v=-024
p=004 g= 015 = 034
e n=1+012 2, r= 01 wu= 0,18
g s=-021 v=-014
©
-1
f " n=[1+o,e7z1:] E=0
<
w
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Annex B

Numerical examples

(This annex does not form part of the Standard.)

B.0 Introduction

In the examples given in this annex, U-values are expressed to
three decimal places and U-values to two decimal places. In
reality, the third decimal place in a U-value and the second
decimal place in a ¢¥-value have no significance.

B.1 Example 1

B.1.1 Description of structure (see also figure 4)

Wall structure consisting of columns of dense concrete at
distances of 4 m. Width of each column: 0,2 m. Thickness:
0,26 m. Between the columns, elements of lightweight con-
crete with a thickness of 200 mm and a thermal conductivity of
0,2 W/{m.K). Insulation layer with a thickness of 60 mm on the
outside of the lightweight concrete!Thermal /conductivity
of the insulation: 0,04 W/{m.K). On the external surface
of the structure, there is a 4 mm thick rendeting,of plaster
[A = 1,0W/(mK)].

4 mm rendering

60 mm insulation

200 mm lightweight
concrete

260 mm x 200 mm
dense concrete

-10 °C 20°C

Figure 4 — Structure for example 1

The rendering is such that there is negligible lateral heat flux
within it, so that the structure may be regarded as type b. The
parameters involved can be summarized as follows:

B=4m d=02m dy=006m
Ae = 02W/(m.K)  Ayg = 2 W/(m-K)
Ains = 0,08 W/(m.K) d;=02m 1 = 02W/(mK)
=006m i, = 0,04 W/(m.K)

=4lm?2 A =02/m2

b=02m

> &

Furthermore, it is assumed that R;and Ryare 0,13 m2K/W and

0,4 m2.K/W respectively and that the environmental tempera-
tures are ¥, = 20 °Cand J, = —10 °C.

B.1.2 Calculation of auxiliary quantities

02 006 0,004

(ZR)y = =+ 1= + —— = 2504 m&K/W
0,2 0,04 1,0
Up = (2,504 + 0,17)-1 = 0,374 W/(m2.K)
(ER)yp = 0.26 , 0004 _ 0,134 m2.K/W
2,0 1,0
U = (0,134 + 0,17)~1 = 3,289 W/(m2.K)
g 40020 0,374 + 0.2 3,289 = 0,520 W/(m2.K)

4,0/ 4,0/

B.1.3 Zone of influence of the thermal bridge

a = 240,13 x.0,2 x 0,2 = 0,14 m

a, = 2+/0,04 x 0,04 x 0,06 = 0,02m

a=a=014m; 2a + b = 0,48 m < 1 m (therefore, the
formulae given in the table may be used)

B.1.4 Approximate calculation of »

B ' 0,5
z, = 10 -02x02% (02 o0
1,0 x 0,2 2

[1+ 0,59 x 0,329] - = 0,838

=
[l
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