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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10211 was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use in the
built environment, Subcommittee SC 2, Calculation methods.

This first edition of 1ISO 10211 cancels and replaces 1SO 10211-1:1995 and ISO 10211-2:2001, which have
been technically revised.

The principal changes are as follows:

— this first edition of ISO 10211 merges the title and general contents of 1SO 10211-1:1995 and
ISO 10211-2:2001 into a single document;

— Clause 3 indicates that 1ISO 10211 now uses only temperature factor, and not temperature difference
ratio;

— 5.2.2 specifies that cut-off planes are to be located at the larger of 1 m and three times the thickness of
the flanking element;

— 5.2.4 contains a revised version of Table 1 to correct error for three-dimensional calculations and to clarify
intentions;

— 5.2.7 specifies that acceptable criterion is either on heat flow or on surface temperature; the heat flow
criterion has been changed from 2 % to 1 %;

— 6.3 specifies that surface resistance values are to be obtained from 1SO 6946 for heat flow calculations
and from [SO 13788 for condensation calculations; the contents of AnnexesE and G of
ISO 10211-1:1995 have been deleted in favour of references to ISO 13788;

— 6.6 specifies that data for air cavities is obtained from 1ISO 6946, EN 673 or ISO 10077-2; the contents of
Annex B of ISO 10211-1:1995 have been deleted in favour of these references;

— 10.4 contains text formerly in 1ISO 13370, revised to specify that linear thermal transmittance values for
wall/floor junctions are the difference between the numerical result and the result from using ISO 13370
(a more consistent definition);

— Annex A contains corrections to results for case 3; the conformity criterion for case 3 has been changed
from 2 % of heat flow to 1 %; a new case 4 has been added;

— Annex C contains a corrected procedure;

— all remaining annexes from ISO 10211-1:1995 and ISO 10211-2:2001 have been deleted.

© 1SO 2007 — All rights reserved \"
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Introduction

Thermal bridges, which in general occur at any junction between building components or where the building
structure changes composition, have two consequences compared with those of the unbridged structure:

a) achange in heat flow rate, and
b) a change in internal surface temperature.

Although similar calculation procedures are used, the procedures are not identical for the calculation of heat
flows and of surface temperatures.

A thermal bridge usually gives rise to three-dimensional or two-dimensional heat flows, which can be precisely
determined using detailed numerical calculation methods as described in this International Standard.

In many applications, numerical calculations based on a two-dimensional representation of the heat flows
provide results of adequate accuracy, especially when the constructional element is uniform in one direction.

A discussion of other methods for assessing the effect of thermal bridges is provided in ISO 14683.

ISO 10211 was originally published in two parts, dealing with three-dimensional and two-dimensional
calculations separately.

Vi © IS0 2007 — Al rights reserved



INTERNATIONAL STANDARD ISO 10211:2007(E)

Thermal bridges in building construction — Heat flows and
surface temperatures — Detailed calculations

1 Scope

This International Standard sets out the specifications for a three-dimensional and a two-dimensional
geometrical model of a thermal bridge for the numerical calculation of:

— heat flows, in order to assess the overall heat loss from a building or part of it;
— minimum surface temperatures, in order to assess the risk of surface condensation.

These specifications include the geometrical boundaries and subdivisions of the model, the thermal boundary
conditions, and the thermal values and relationships to be used.

This International Standard is based upon the following assumptions:
— all physical properties are independent of temperature;
— there are no heat sources within the building element.

This International Standard can also be used for the derivation of linear and point thermal transmittances and
of surface temperature factors.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6946, Building components and building elements — Thermal resistance and thermal transmittance —
Calculation method

ISO 7345, Thermal insulation — Physical quantities and definitions
ISO 13370:2007, Thermal performance of buildings — Heat transfer via the ground — Calculation methods

ISO 13788, Hygrothermal performance of building components and building elements — Internal surface
temperature to avoid critical surface humidity and interstitial condensation — Calculation methods

© 1SO 2007 — Al rights reserved 1
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3 Terms, definitions, symbols, units and subscripts

3.1 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 7345 and the following apply.

3141

thermal bridge

part of the building envelope where the otherwise uniform thermal resistance is significantly changed by full or
partial penetration of the building envelope by materials with a different thermal conductivity, and/or a change
in thickness of the fabric, and/or a difference between internal and external areas, such as occur at
wall/floor/ceiling junctions

31.2
linear thermal bridge
thermal bridge with a uniform cross-section along one of the three orthogonal axes

313
point thermal bridge
localized thermal bridge whose influence can be represented by a point thermal transmittance

314

three-dimensional geometrical model

3-D geometrical model

geometrical model, deduced from building plans, such that for each of the orthogonal axes the cross-section
perpendicular to that axis changes within the boundary of the model

See Figure 1.

3.1.5

three-dimensional flanking element

3-D flanking element

part of a 3-D geometrical model which, when considered in isolation, can be represented by a 2-D geometrical
model

See Figures 1 and 2.

3.1.6

three-dimensional central element

3-D central element

part of a 3-D geometrical model which is not a 3-D flanking element

See Figure 1.
NOTE A central element is represented by a 3-D geometrical model.
31.7

two-dimensional geometrical model

2-D geometrical model

geometrical model, deduced from building plans, such that for one of the orthogonal axes the cross-section
perpendicular to that axis does not change within the boundaries of the model

See Figure 2.
NOTE A 2-D geometrical model is used for two-dimensional calculations.
3.1.8

two-dimensional flanking element
2-D flanking element
part of a 2-D geometrical model which, when considered in isolation, consists of plane, parallel material layers

2 © 1SO 2007 — Al rights reserved
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3.1.9

two-dimensional central element

2-D central element

part of a 2-D geometrical model which is not a 2-D flanking element

3.1.10

construction planes

planes in the 3-D or 2-D geometrical model which separate different materials, and/or the geometrical model
from the remainder of the construction, and/or the flanking elements from the central element

See Figure 3.

3.1.11

cut-off planes

construction planes that are boundaries to the 3-D or 2-D geometrical model by separating the model from the
remainder of the construction

See Figure 3.

3.1.12
auxiliary planes
planes which, in addition to the construction planes, divide the geometrical model into a number of cells

3.1.13

quasi-homogeneous layer

layer which consists of two or more materials with different thermal conductivities, but which can be
considered as a homogeneous layer with an effective thermal conductivity

See Figure 4.

3.1.14

temperature factor at the internal surface

difference between internal surface temperature and external temperature, divided by the difference between
internal temperature and external temperature, calculated with a surface resistance Rg; at the internal surface

3.1.15

temperature weighting factor

weighting factor which states the respective influence of the temperatures of the different thermal
environments upon the surface temperature at the point under consideration

3.1.16

external boundary temperature

external air temperature, assuming that the air temperature and the radiant temperature seen by the surface
are equal

3.1.17

internal boundary temperature

operative temperature, taken for the purposes of this International Standard as the arithmetic mean value of
internal air temperature and mean radiant temperature of all surfaces surrounding the internal environment

3.1.18

thermal coupling coefficient

heat flow rate per temperature difference between two environments which are thermally connected by the
construction under consideration

© 1SO 2007 — Al rights reserved 3
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3.1.19

linear thermal transmittance

heat flow rate in the steady state divided by length and by the temperature difference between the
environments on either side of a thermal bridge

NOTE The linear thermal transmittance is a quantity describing the influence of a linear thermal bridge on the total
heat flow.

3.1.20

point thermal transmittance

heat flow rate in the steady state divided by the temperature difference between the environments on either
side of a thermal bridge

NOTE The point thermal transmittance is a quantity describing the influence of a point thermal bridge on the total
heat flow.
F2
7
//C\\
N
/]
/
\\
NG
N
Y/
V/
~{ N

F1
F3 F5
Key
F1, F2, F3, F4, F5 3-D flanking elements C 3-D central element
NOTE 3-D Flanking elements have constant cross-sections perpendicular to at least one axis; the 3-D central

element is the remaining part.

Figure 1 — 3-D geometrical model with five 3-D flanking elements and one 3-D central element
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F2 F4 F3 F5
Key
F2, F3, F4, F5 3-D flanking elements C 3-D central element

NOTE F2 to F5 refer to Figure 1.

Figure 2 — Cross-sections of the 3-D flanking elements in a 3-D geometrical model
treated as 2-D geometrical models

7 y
Key
C, construction planes perpendicular to the x-axis
Cy construction planes perpendicular to the y-axis
C, construction planes perpendicular to the z-axis
NOTE Cut-off planes are indicated with enlarged arrows; planes that separate flanking elements from central element
are encircled.

Figure 3 — Example of a 3-D geometrical model showing construction planes
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Figure 4 — Example of a minor point thermal bridge giving rise to three-dimensional heat flow,
incorporated into a quasi-homogeneous layer

3.2 Symbols and units

Symbol Quantity Unit

A area m?

B’ characteristic dimension of floor m

b width m

d thickness m
JRsi temperature factor at the internal surface _

g temperature weighting factor _

h height m
Lop thermal coupling coefficient from two-dimensional calculation W/(m-K)
L3p thermal coupling coefficient from three-dimensional calculation W/K

l length m

q density of heat flow rate W/m?2

R thermal resistance m2-K/W

se external surface resistance m2-K/W
Ry internal surface resistance m2-K/W

T thermodynamic temperature K

U thermal transmittance W/(m?2-K)

14 volume m3

w wall thickness m

(0] heat flow rate w

A thermal conductivity W/(m-K)

0 Celsius temperature °C
AO temperature difference K

V4 point thermal transmittance W/K

¥ linear thermal transmittance W/(m-K)

6 © 1SO 2007 — Al rights reserved
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3.3 Subscripts

Subscript Definition
e external
i internal
min minimum
S surface

4 Principles

The temperature distribution within, and the heat flow through, a construction can be calculated if the
boundary conditions and constructional details are known. For this purpose, the geometrical model is divided
into a number of adjacent material cells, each with a homogeneous thermal conductivity. The criteria which
shall be met when constructing the model are given in Clause 5.

In Clause 6, instructions are given for the determination of the values of thermal conductivity and boundary
conditions.

The temperature distribution is determined either by means of an iterative calculation or by a direct solution
technique, after which the temperature distribution within the material cells is determined by interpolation. The
calculation rules and the method of determining the temperature distribution are described in Clause 7.

The results of the calculations can be used to determine linear thermal transmittances, point thermal
transmittances and internal surface temperatures. The equations for doing so are provided in Clauses 9, 10
and 11.

Specific procedures for window frames are given in ISO 10077-2.

5 Modelling of the construction

5.1 Dimension systems

Lengths may be measured using internal dimensions, overall internal dimensions or external dimensions,
provided that the same system is used consistently for all parts of a building.

NOTE For further information on dimension systems, see ISO 13789.
5.2 Rules for modelling

5.21 General

It is not usually feasible to model a complete building using a single geometrical model. In most cases, the
building may be partitioned into several parts (including the subsoil, where appropriate) by using cut-off
planes. This partitioning shall be performed in such a way that all differences are avoided in the results of
calculation between the partitioned building and the building when treated as a whole. This partitioning into
several geometrical models is achieved by choosing suitable cut-off planes.

© 1SO 2007 — Al rights reserved 7
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5.2.2 Cut-off planes for a 3-D geometrical model for calculation of total heat flow and/or surface
temperatures

The geometrical model includes the central element(s), the flanking elements and, where appropriate, the

subsoil. The geometrical model is delimited by cut-off planes.

Cut-off planes shall be positioned as follows:

— ata symmetry plane if this is less than d,,,;, from the central element (see Figure 5);

where d.

at least d,;,,

in the ground, in accordance with 5.2.4,

min

from the central element if there is no nearer symmetry plane (see Figure 6);

is the greater of 1 m and three times the thickness of the flanking element concerned.

A geometrical model can contain more than one thermal bridge. In such cases, cut-off planes need to be

situated at least d

a

min

from each thermal bridge, or need to be at a symmetry plane (see Figure 6).

Dimensions in millimetres

<1 000

<1 000

Arrows indicate the symmetry planes.

>

>

%

Figure 5 — Symmetry planes which can be used as cut-off planes

© 1SO 2007 — All rights reserved
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Dimensions in millimetres

\/_%

IO\

a) b)

Key

1 1 000 mm or at a symmetry plane

A thermal bridge at the corner of the internal room

B  thermal bridge around the window in the external wall

NOTE Thermal bridge B does not fulfil the condition of being at least dp,i, (= 1 m) from a cut-off plane [Figure 6 a)].
This is corrected by extending the model in two directions [Figure 6 b)].

Figure 6 — 3-D geometrical model containing two thermal bridges

5.2.3 Cut-off planes for a 2-D geometrical model

The same rules as given in 5.2.2 apply to a 2-D geometrical model. Examples are shown in Figures 7 and 8.
In Figure 8, the left-hand drawing may be used if the thermal bridge is symmetrical.

© 1SO 2007 — Al rights reserved 9
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dein

2dmin

 J

dein

Key
d

min Minimum thickness

Figure 7 — Location of cut-off planes at least d,;;, from the central element in a 2-D geometrical model

> <d min - < <d i |

/2 lw

A
 J

Key

din, Minimum thickness

ly fixed distance

Figure 8 — Example of a construction with linear thermal bridges at fixed distances, /,,,, showing
symmetry planes which can be used as cut-off planes

5.2.4 Cut-off planes in the ground

Where the calculation involves heat transfer via the ground (foundations, ground floors, basements), the cut-
off planes in the ground shall be positioned as indicated in Table 1.

10 © 1SO 2007 — Al rights reserved



ISO 10211:2007(E)

Table 1 — Location of cut-off planes in the ground

Distance to central element

Direction Purpose of the calculation

Heat flow and surface

Surface temperatures only temperatures @

Horizontal distance to vertical plane, inside the building at least three times wall thickness |0,5 x floor dimension ?
Horizontal distance to vertical plane, outside the building | at least three times wall thickness |2,5 x floor width ¢ d
Vertical distance to horizontal plane below ground level atleast 3 m 2,5 x floor width ¢

Vertical distance to horizontal plane below floor level
(applies only if the level of the floor under consideration is| at least 1 m 2,5 x floor width ©
more than 2 m below the ground level)

@  See Figures 9 and 10.

b Ina3D geometrical model, the floor dimensions (length and width) inside the building are to be considered separately in each
direction (see Figure 9).

¢ In a 3-D geometrical model, the distance outside the building and below ground is to be based on the smaller dimension (width) of
the floor (see Figure 9).

d  |f vertical symmetry planes are known, for example as a result of adjacent buildings, they can be used as cut-off planes.

For two-dimensional calculations, there is a vertical symmetry plane in the middle of the floor (so that one half
of the building is modelled). For three-dimensional calculations on a rectangular building, vertical adiabatic
boundaries are taken in the ground mid-way across the floor in each direction (so that one quarter of the
building is modelled). For non-rectangular buildings, it is necessary either to model the complete building
(together with the ground on all sides), or to convert the problem to a two-dimensional one using a building of
infinite length and of width equal to the characteristic dimension of the floor, B’ (see ISO 13370).

EXAMPLE For the floor illustrated in Figure 9, B'= bc/(b + c).

All cut-off planes shall be adiabatic boundaries.

5.2.5 Periodic heat flows via the ground

Similar criteria to those in 5.2.4 apply to time-dependent numerical calculations for the determination of
periodic heat transfer coefficients (as defined in ISO 13370), except that adiabatic cut-off planes may be taken
at positions equal to twice the periodic penetration depth measured from the edge of the floor in any direction
(if these dimensions are less than those specified in 5.2.4). For further details, see 10.5.

5.2.6 Adjustments to dimensions
Adjustments to the dimensions of the geometrical model with respect to the actual geometry are allowed if

they have no significant influence on the result of the calculation; this can be assumed if the conditions in
5.3.2 are satisfied.

© 1SO 2007 — Al rights reserved 11
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AV
_— C =)
A N
/ ) — —
e /C/
- 0,5( - 2,5b
V4
/
\V
r\f?\o QV
-0
Q
[¥a]
0,56 + 2,5b ~
/
/
/
/
/
/
/
/
05¢ + 25b
Key
b, ¢ dimensions of floor
NOTE The floor dimensions are b x ¢, with ¢ > b
Figure 9 — lllustration of cut-off planes for 3-D geometrical model which includes the ground
_—1 b -
PN
// \\
2,5b 0,56
A
Q
[¥a]
1
A J
Key
b width of floor
Figure 10 — lllustration of cut-off planes for 2-D geometrical model which includes the ground
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5.2.7 Auxiliary planes
The number of auxiliary planes in the model shall be such that at least one of the following criteria is met:

— doubling the number of subdivisions does not change the calculated heat flow through by more than 1 %,
or

— doubling the number of subdivisions does not change the temperature factor at the inside surface, fg;, by
more than 0,005.

NOTE 1 Requirements for validation of calculation methods are given in A.2.

NOTE 2 A satisfactory sub-division of the geometrical model will usually be obtained by arranging for the sub-divisions
to be smallest within any central element, and gradually increasing in size to larger sub-divisions near cut-off planes.

5.2.8 AQuasi-homogeneous layers and materials

In a geometrical model, materials with different thermal conductivities may be replaced by a material with a
single thermal conductivity if the conditions in 5.3.3 are satisfied.

NOTE Examples are joints in masonry, wall-ties in thermally insulated cavities, screws in wooden laths, roof tiles and
the associated air cavity and tile battens.

5.3 Conditions for simplifying the geometrical model

5.3.1 General

Calculation results obtained from a geometrical model with no simplifications shall have precedence over
those obtained from a geometrical model with simplifications.

NOTE This is important when the results of a calculation are close to any required value.

The adjustments described in 5.3.2 can be made.

5.3.2 Conditions for adjusting dimensions to simplify the geometrical model

Adjustment to the dimensions may be made only to materials with thermal conductivity less than 3 W/(m-K),
as described below.

a) Change in the location of the surface of a block of material adjacent to the internal or external surface of
the geometrical model (see Figure 11): for the location of surfaces which are not flat, the local adjustment
perpendicular to the mean location of the internal or external surface, d, shall not exceed

de=Rg A (1)
where
R, is equal to 0,03 m2-K/W;

A is the thermal conductivity of the material in question.

EXAMPLE Inclined surfaces, rounded edges and profiled surfaces such as roof tiles.

© 1SO 2007 — Al rights reserved 13
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[\ [\ /]

dec _;' de L
S N

N

Key
1 wall socket
d. local adjustment perpendicular to the mean location of the internal or external surface

Figure 11 — Change in the location of the internal or external surface

b) Change in the interface of two regions of different material:
— the relocation of the interface shall take place in a direction perpendicular to the internal surface;

— the relocation of the interface shall be such that the material with the lower thermal conductivity is
replaced by the material with the higher thermal conductivity (see Figure 12).

EXAMPLE Recesses for sealing strips, kit joints, adjusting blocks, wall sockets, inclined surfaces and other
connecting details.

N1 N2 N N

0 N\ N\
N N NN

-

_& SA _Q\: / /

a b c d
Combination Simplifications
Material block Thermal conductivity a b c d
1 A A1> Ao A1> A3 A <23 A1 < Ay
2 Ao
3 A3 A3 > Ao A3 > Ay Az < Ap

Figure 12 — Four possibilities for relocating the interface between three material blocks,
depending on the ratio of their thermal conductivities, 1
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c) Neglecting thin layers:
— non-metallic layers with a thickness of not more than 1 mm may be ignored;

— thin metallic layers may be ignored if it is established that they have an negligible effect on the heat
transfer.

EXAMPLE Thin membranes which resist the passage of moisture, water vapour or wind-driven air.

d) Neglecting appendages attached to the outside surface: components of the building which have been
attached to the outside surface (i.e. attached at discrete points) may be neglected.

EXAMPLE Rainwater gutters and discharge pipes.
5.3.3 Conditions for using quasi-homogeneous material layers to simplify the geometrical model

5.3.3.1 All calculations

The following conditions for incorporating minor linear and point thermal bridges into a quasi-homogeneous
layer apply in all cases:

— the layers of material in question are located in a part of the construction which, after simplification,
becomes a flanking element;

— the thermal conductivity of the quasi-homogeneous layer after simplification is not more than 1,5 times
the lowest thermal conductivity of the materials present in the layer before simplification.

5.3.3.2  Calculations performed to obtain the thermal coupling coefficient L;5 or L,y

The effective thermal conductivity of the quasi-homogeneous layer, 1, shall be calculated in accordance with
Equation (2) or (3):

d
= - )
Ri—Ree— Y —-
D si se ZAJ_
= d d (3)
tb J
O _R.—_R.. - L
0 Si se le

where
d s the thickness of the thermally inhomogeneous layer;
A is the area of the building component;
ly, is the length of a linear thermal bridge;
Lsp is the thermal coupling coefficient of the building component determined by a 3-D calculation;

Lop is the thermal coupling coefficient of the building component determined by a 2-D calculation;

dj is the thickness of any homogeneous layer which is part of the building element;
4;  are the thermal conductivities of these homogeneous layers.
NOTE The use of Equation (2) or (3) is appropriate if a number of identical minor thermal bridges are present

(wall-ties, joints in masonry, hollow blocks, etc.). The calculation of the thermal coupling coefficient can be restricted to a
basic area that is representative of the inhomogeneous layer. For instance, a cavity wall with four wall-ties per square
metre can be represented by a basic area of 0,25 m? with one wall-tie.
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5.3.3.3  Calculations performed to obtain the internal surface temperature or the linear thermal
transmittance, ¥, or the point thermal transmittance, y

See Clause 9 for calculations using linear and point thermal transmittances from 3-D calculations.

The effective thermal conductivity of the quasi-homogeneous layer, A, may be taken as

A+ o+ 4,2
ﬂ’_( 1M n n) (4)
(g + .o+ 4,)
where
Ay vee A, are the thermal conductivities of the constituent materials;

Aq ... 4, are the areas of the constituent materials measured in the plane of the layer,

provided that

— the thermal bridges in the layer under consideration are at, or nearly at, right angles to the internal or
external surface of the building element and penetrate the layer over its entire thickness;

— the thermal resistance (surface to surface) of the building element after simplification is at least
1,5 (M2-K)/W;

— the conditions of at least one of the groups stated in Table 2 are met (see Figure 13).

Table 2 — Specific conditions for incorporating linear or point thermal bridges
into a quasi-homogeneous layer

At P A © Ry ® Ryif 49 d; "
Group 2 '
W/(m-K) m? m2-K/W mZKW | W/m-K) m
1 <15 < 0,05 x Iy, 9 <05 — — —
2 >3 <30x10°6 <05 — — —
3 >3 <30x10°6 >0,5 >0,5 — —
4 >3 <30x10© >0,5 <0,5 >0,5 >0/
NOTE 1 Group 1 includes linear thermal bridges. Examples are joints in masonry, wooden battens in air cavities or in insulated
cavities of minor thickness.
NOTE 2 Group 2 includes such items as wall-ties, insofar as they are fitted in masonry or concrete or are located in an air cavity, as

well as nails and screws in layers of material or strips with the indicated maximum thermal resistance.

NOTE 3 Groups 3 and 4 include such items as cavity ties, insofar as they penetrate an insulation layer which has a higher thermal
resistance than that indicated for group 2. The inner leaf therefore needs to have thermal properties that limit the influence of the
thermal bridge on the internal surface temperature, e.g. if the inner leaf has a sufficient thermal resistance (group 3) or the thermal
conductivity of the inner leaf is such that the heat flow through the cavity ties is adequately distributed over the internal surface; most
masonry or concrete inner leaves are examples of group 4.

2@  See Figure 13.

b i is the thermal conductivity of the thermal bridge to be incorporated into the quasi-homogeneous layer.

C A4y is the area of the cross-section of the thermal bridge.

d Iy, is the length of a linear thermal bridge.

€ R, is the thermal resistance of the layer without the presence of the point thermal bridge.

f Ry is the total thermal resistance of the layers between the quasi-homogeneous layer considered and the internal surface.

9 } is the thermal conductivity of the material layer between the quasi-homogeneous layer considered and the internal surface with
the highest value of 4;-d;.

h d; is the thickness of the same layer.
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a) Group 1 b) Group 2

@R0>0'5 @R0>0,5

e 6; Be y A, g;
> ‘.
R1i<0,5
A= ()| R1o20.5 Aty > i
B d1,i;‘ dZ,i;
c) Group 3 d) Group 4

For key of symbols, see Table 2.

Figure 13 — Specific conditions for incorporating linear and point thermal bridges in
a quasi-homogeneous layer for the groups given in Table 2

6 Input data

6.1 General
Use values as described in this clause unless non-standard values are justified for a particular situation.

NOTE Non-standard values can be justified by local conditions (e.g. established temperature distributions in the
ground) or by specific material properties (e.g. the effect of a low emissivity coating on the surface resistance).
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6.2 Thermal conductivities of materials

The design values of thermal conductivities of building materials and products should either be calculated in
accordance with ISO 10456, or taken from tabulated values such as in ISO 10456.

The thermal conductivity of soil can be taken as 2,0 W/(m-K).

NOTE Other values for the thermal conductivity of the soil can be used if information on the local soil condition is
available (see ISO 13370).

6.3 Surface resistances

For the calculation of heat flow rates, surface resistances shall be in accordance with ISO 6946, depending on
the direction of heat flow. However, the value of R; corresponding to horizontal heat flow may be used for all
surfaces when

a) the direction of heat flow is uncertain or is liable to vary, or

b) a whole building is being modelled in a single calculation.

For the calculation of internal surface temperatures for the purposes of evaluating condensation risk, surface
resistances shall be in accordance with ISO 13788.

6.4 Boundary temperatures

Table 3 gives the boundary temperatures which shall be used.

Table 3 — Boundary temperatures

Location Boundary temperature
Internal Internal boundary temperature
Internal in unheated rooms See 6.7
External External boundary temperature

At the distance below ground level
Soil (horizontal cut-off plane) given in Table 1: adiabatic boundary
condition

6.5 Thermal conductivity of quasi-homogeneous layers

The thermal conductivity of quasi-homogeneous layers shall be calculated in accordance with Equations (2),
(3) and (4).

6.6 Equivalent thermal conductivity of air cavities
An air cavity shall be considered as a homogeneous conductive material with a thermal conductivity /19.

If the thermal resistance of an air layer or cavity is known, its equivalent thermal conductivity, /Ig, is obtained
from

dg = -9 (5)
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where

d

9 is the thickness of the air layer;

Rg is the thermal resistance in the main direction of heat flow.

Thermal resistances of air layers and cavities bounded by opaque materials shall be obtained by the
procedure in 1ISO 6946.

For the thermal resistance of air layers in multiple glazing, see EN 673. Information about the treatment of
cavities in window frames is given in ISO 10077-2.

Air cavities with dimensions of more than 0,5 m along each one of the orthogonal axis shall be treated as
rooms (see 6.7).

6.7 Determining the temperature in an adjacent unheated room

If sufficient information is available, the temperature in an adjacent unheated room may be calculated in
accordance with ISO 13789.

If the temperature in an adjacent unheated room is unknown and cannot be calculated in accordance with
ISO 13789 because the necessary information is not available, the heat flows and internal surface
temperatures cannot be calculated. However, all required coupling coefficients and temperature weighting
factors can be calculated and presented in accordance with Annex C.

7 Calculation method

7.1 Solution technique

The geometrical model is divided into a number of cells, each with a characteristic point (called a node). By
applying the laws of energy conservation (div ¢ = 0) and Fourier (4 =— 4 grad 6) and taking into account the
boundary conditions, a system of equations is obtained which is a function of the temperatures at the nodes.
The solution of this system, either by a direct solution technique or by an iterative method, provides the node
temperatures from which the temperature field can be determined. From the temperature distribution, the heat
flows can be calculated by applying Fourier’s law.

Calculation methods shall be verified in accordance with the requirements of Annex A.
7.2 Calculation rules

7.21 Heat flows between material cells and adjacent environment

The density of heat flow rate, ¢, perpendicular to the interface between a material cell and the adjacent
environment shall satisfy

(6)

where
6 is the internal or external reference temperature;
6, is the temperature at the internal or external surface;

Ry s the internal or external surface resistance.
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7.2.2 Heat flows at cut-off planes

The cut-off planes shall be adiabatic (i.e. zero heat flow).

7.2.3 Solution of the equations

The equations shall be solved in accordance with the requirements given in A.2.

7.2.4 Calculation of the temperature distribution

The temperature distribution within each material cell shall be calculated by interpolation between the node
temperatures.

NOTE Linear interpolation suffices.

8 Determination of thermal coupling coefficients and heat flow rate from 3-D
calculations

8.1 Two boundary temperatures, unpartitioned model

If there are only two environments with two different temperatures (e.g. one internal and one external
temperature), and if the total room or building is calculated three-dimensionally from a single model, then the
total thermal coupling coefficient, Lsp 15, can be obtained from the total heat flow rate, @, of the room or
building, as follows:

@ =Lp,1,2(01—02) 7

8.2 Two boundary temperatures, partitioned model

If the room or building has been partitioned (see Figure 14), the total Lap; ; value is calculated from
Equation (8):

Nk Nm Nn
Lapi; = 2 Uiy Ak + D Loy Im + 2, Labati.j) (8)
k=1 m=1 n=1
where

L3p,(,j) s the thermal coupling coefficient obtained from a 3-D calculation for part n of the room or

building;
Lop (i, jy is the thermal coupling coefficient obtained from a 2-D calculation for part m of the room or
building;
. is the length over which the value Lyp ,,(; ;) applies;
Uk(i,j) is the thermal transmittance obtained from a 1-D calculation for part k of the room or building;
Ay is the area over which the value U, applies;
- is the total number of 3-D parts;
' is the total number of 2-D parts;
Ny is the total number of 1-D parts.
NOTE In Equation (8), = 4, is less than the total surface area of the envelope because some of the surface area is

included in the 2-D and 3-D terms.
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Figure 14 — Building envelope partitioned into 3-D, 2-D and 1-D geometrical models

8.3 More than two boundary temperatures

The heat flow rate, @;

i from environment i to a thermally connected environment j is given by

D; i =Lap,; (6':' - 9]) (9)

The total heat flow rate from a room or building can be calculated using the principles as stated in Clause 4.
The heat flow rate to/from a room at temperature 6; can be calculated from

P = Z[L3D,i,j (6, 91)} (10)
J

where
Lap,; are the coupling coefficients between the room and adjacent rooms or external environments;
(91- are the temperatures of adjacent rooms or external environments.

The total heat flow rate to/from a building can be calculated from

@:ZZyww(@._ej)] (11)

where
0, are the temperatures of internal rooms;
Hj are the temperatures of external environments;

L3p;; are the corresponding coupling coefficients.

NOTE C.1 provides a method to calculate the thermal coupling coefficients.

9 Calculations using linear and point thermal transmittances from 3-D calculations

9.1 Calculation of thermal coupling coefficient

The relationship between L3p, ; and thermal transmittances is given by

Nk Nm Nn
Lap,j = 2 Ukiiy Ak + 2, Wiy bm + D Xn(inf) (12)
k=1 m=1 n=1
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Ui,jy s the thermal transmittance of part £ of the room or building;

Ay is the area over which the value Uy, ,, applies;

¥, s the linear thermal transmittance of part m of the room or building;
L, is the length over which the value ¥, /) applies;

Znli, ) is the point thermal transmittance of part » of the room or building;
N, is the number of thermal transmittances;

is the number of linear thermal transmittances;

N, is the number of point thermal transmittances.

NOTE 1 In Equation (12), 24, is equal to the total surface area of the envelope.

NOTE2  Lgp;; is equivalent to the heat transfer coefficient, 7/, used in other standards.

9.2 Calculation of linear and point thermal transmittances

Yvalues are determined from

N

J
¥’=L2D—ZUj-lj (13)
=1

where

Lon is the thermal coupling coefficient obtained from a 2-D calculation of the component separating the
two environments being considered;

U; is the thermal transmittance of the 1-D component, j, separating the two environments being
' considered;
l; is the length over which the value U applies.

x values are determined from
N; N

x=Lap— D Ui-4; =D ¥ ;1 ()
i=1 j=1

where

Ly is the thermal coupling coefficient obtained from a 3-D calculation of the 3-D component separating
the two environments being considered;

U, is the thermal transmittance of the 1-D component i separating the two environments being
considered,;

A is the area over which the value U; applies;
¥, are linear thermal transmittances calculated using Equation (18);

lj is the length over which the value v applies;
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N; is the number of 2-D components;

N. is the number of 1-D components.

1

When determining ¥ and y values, it is necessary to state which dimensions (e.g. internal or external) are
being used, because for several types of thermal bridges, the ¥ and y values depend on this choice.

NOTE Annex B provides examples of the calculation of ¥and y values.

10 Determination of thermal coupling coefficient, heat flow rate and linear thermal
transmittance from 2-D calculations

10.1 Two boundary temperatures

The heat flow rate per metre length, @, of the linear thermal bridge from the internal environment, designated

“wry “

by the subscript “”, to the external environment, designated by the subscript “e”, is given by
@) = Lyp(6, - be) (15)

where L,p is the thermal coupling coefficient obtained from a 2-D calculation of the component separating the
two environments being considered.

10.2 More than two boundary temperatures

The heat flow rate, @;

7 from environment i to a thermally connected environment j is given by

D; :L2D,i,j(6'i‘9j) (16)

For more than two environments with different temperatures (e.g. different internal temperatures or different
external temperatures), the total heat flow rate @ to/from the room or the building can be calculated from

P = Z[Lzm,j (6 - 9/')] (17)
i<j

where Ljp; ; are the coupling coefficients between each pair of environments.

10.3 Determination of the linear thermal transmittance

The linear thermal transmittance considered of the linear thermal bridge separating the two environments
being, ¥, is given by

N
J
¥ =Lyp-Y Uil (18)
j=1
where

U. is the thermal transmittance of the 1-D component ; separating the two environments being
considered,;

[ is the length within the 2-D geometrical model over which the value U; applies;
N, is the number of 1-D components.

When determining the linear thermal transmittance, it is necessary to state which dimensions (e.g. internal or
external) are being used, because for several types of thermal bridges, the value of the linear thermal
transmittance depends on this choice.
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10.4 Determination of the linear thermal transmittance for wall/floor junctions

10.4.1 Numerical calculations using a two-dimensional geometrical model can be used to determine values
of linear thermal transmittance for wall/floor junctions.

Model the full detail, including half the floor width or 4 m (whichever is the smaller), and a section of the wall to
height 4y, and calculate L, as the heat flow rate per temperature difference and per perimeter length. Ay,
shall be the minimum distance from the junction to a cut-off plane in accordance with the criteria in 5.2.3 and
hs shall be the height of the top of the floor slab above ground level (see Figure 15). The dimensions of the
model outside the building and below ground extend to 2,5 times the floor width or 20 m (whichever is the
smaller). See also 5.2.4.

If the calculation is done using a 4 m floor width (i.e. B'=8 m), the result can be used for any floor of greater
size (B'> 8 m).

10.4.2 Option A  Then calculate the thermal transmittance of the floor, Uy, using the simplified procedure
in ISO 13370, using the same value for B’ and including any all-over insulation of the floor slab. Calculate ¥
from Equation (19) using internal dimensions, and from Equation (20) using external dimensions:

Syg =L2D—hwa—0,5XB’ Ug (19)
l[/g =L2D_(hW+hf)UW —0,5><(B'+W)Ug (20)

where U,y is the thermal transmittance of the wall above ground, as modelled in the numerical calculation.

NOTE Option A is especially suitable if the simplified procedure in ISO 13370 will be used for calculating the heat
transfer via the ground for any floor size.

T T
;10 %10

h¢

Key

1 adiabatic boundary

2 05xB'ordm

hs  height of the top of the floor slab above ground level

hyw minimum distance from junction to cut-off plane (see 5.2.3)
lw fixed distance

NOTE The dimensions of the model extend to 2,5 x B' or 20 m outside the building and below ground.

Figure 15 — Model for calculation of linear thermal transmittance of wall/floor junction
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10.4.3 Option B  Alternatively, replace all material below ground with soil (but retaining any all-over floor
insulation) and remove the wall down to outside ground level (see Figure 16). Use adiabatic boundaries where
the wall was previously in contact with the floor slab or the ground. Obtain Z,p, by a second numerical
calculation on the revised detail.

Then
¥Yq=Lop—hwUw —Lopa (21)

NOTE For an example of the treatment of suspended floors, see C.5.

|

|

| 2

1 | -
| |
|
| = o ~ S
. Doy hgel e, e
/
1

Key

1 adiabatic boundary
2 05xB'ordm

Figure 16 — Model for second numerical calculation for Option B

10.5 Determination of the external periodic heat transfer coefficient for ground floors

The geometrical model of 10.4 can be used with a time-dependent numerical calculation method to determine
both ¥, and the external periodic heat transfer coefficient, H .. The size of the time-steps should be such as
to ensure a stable calculation. Determine the mean total heat flow through the internal surfaces in W/m for
each month of the year. The calculation is continued until the heat flow through the internal surfaces for the
month of December of the last year differs by less than 1 % from the heat flow in December for the previous
year. This can normally be obtained by calculating at least 10 years.

The internal temperature is kept at a constant value, ¢;, and the external temperature, at time ¢, in °C, Oq(1), is
represented by

00 ()= B, 6, cos[Zn f;zfj (22)

where

0. is the annual average external temperature, in °C;

6, is the amplitude of variations in monthly mean external temperature, in K;

t is the time, expressed in months (¢ = 0 at the beginning of January);

T is the time, expressed in months, at which the minimum external temperature occurs.

For further information, including properties of the ground, see 1ISO 13370.
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For each month, obtain the heat flow, ¢,,, additional to that accounted for by Uy, and Uy

qm = qem —hw Uw (6_’i_6’e,m)_0753, Ug (gi_ge) (23)

where g, is the mean heat flow through the internal surfaces in month m, as obtained from the numerical
results. Then

D dm
vy = m (24)
and
Hpe = P Qma; g:lmin (25)
where
P is the exposed perimeter of the floor;

dmax is the maximum value of g,,,;
dmin 18 the minimum value of ¢,,,.

NOTE Hpe calculated using Equation (25) includes .

11 Determination of the temperature at the internal surface
11.1 Determination of the temperature at the internal surface from 3-D calculations

11.1.1 Two boundary temperatures

If there are only two environments involved and the subsoil is not a part of the geometrical model, the surface
temperatures can be expressed in a dimensionless form in accordance with Equation (26):

Srsi(¥2) = Salxz) o (26)
(6:-06)
where
Jrsi(x.»,z) is the temperature factor at the internal surface at point (x,y,z);
5(x,y,z) s the temperature at the internal surface at point (x,y,z);

0.

i is the internal temperature;

o,

e is the external temperature.

The temperature factor shall be calculated with an error of less than 0,005.
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11.1.2 More than two boundary temperatures

If there are more than two boundary temperatures, the temperature weighting factor, g, shall be used. The
temperature weighting factors provide the means to calculate the temperature at any location at the inner
surface with coordinates (x,y,z) as a linear function of any set of boundary temperatures.

NOTE 1 At least three boundary temperatures are involved if the geometrical model includes internal environments
with different temperatures.

Using the temperature weighting factors, the surface temperature at location (x,y,z) in environment ; is given
by

0;(xy2)=gj1(x02) 01+ 82 (x32) Og + ..+ g, (x0:2) 0, (27)
with

gi(xvz)rgia(xpz)+o v g, (xrz) =1 (28)
NOTE2  C.3 provides a method for calculating the weighting factors.

Calculate the internal surface temperature, ¢, at the location of interest by inserting the calculated values of
gj,iand the actual boundary temperatures, ¢, in Equation (27).

NOTE 3  The location of interest is normally the point with the lowest internal surface temperature. This location can
vary if the boundary temperatures are changed.

11.2 Determination of the temperature at the internal surface from 2-D calculations

11.2.1 Two boundary temperatures

When there are only two environments involved, the surface temperatures can be expressed in a
dimensionless form in accordance with Equation (29):

Osi(x, ) — O (29)

Srsi(%,7) = 0,0,

where
JRrsix,y) is the temperature factor for the internal surface at point (x,);
Osi(x,y) is the temperature for the internal surface at point (x,y);

0. is the internal temperature;

0, is the external temperature.

The temperature factor shall be calculated with an error of less than 0,005.

11.2.2 Three boundary temperatures

If there are three boundary temperatures involved, temperature weighting factors, g, shall be used.
Temperature weighting factors provide the means to calculate the temperature at any location of the internal
surface with coordinates (x,y) as a linear function of any set of boundary temperatures.

The surface temperatures at the location (x,y) in environment j are given by

0;(x,y)=g1(x)01+g,2(xy) 02 +g;3(x,y) 03 (30)
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with
g6 )+ g 206 0)+ g 5(xy) =1 (31)

NOTE The weighting factors at the location of interest can be calculated in accordance with Annex C. The location of
interest is normally the point with the lowest internal surface temperature. This location can vary if the boundary
temperatures are changed.

Calculate the internal surface temperature, ¢, at the location of interest by inserting the calculated values of

g;.1, &2 and g; 3 and the actual boundary temperatures, ¢, 6, and &3, in Equation (30).

12 Input and output data

12.1 Input data
The report of the calculation shall contain the following information:
a) description of structure:

— building plans including dimensions and materials;

— for a completed building, any known alterations to the construction and/or physical measurements
and details from inspection;

— other relevant remarks;
b) description of the geometrical model:
— 2-D or 3-D geometrical model with dimensions;

— input data showing the location of the construction planes and any auxiliary planes, together with the
thermal conductivities of the various materials;

— the applied boundary temperatures;

— a calculation of the boundary temperature in an adjacent area, when appropriate;

— the surface resistances and the areas to which they apply;

— any dimensional adjustments in accordance with 5.3.2;

— any quasi-homogeneous layers and the thermal conductivities calculated in accordance with 5.3.3;

— any non-standard values used with justification of the deviation from standard values (see 6.1).
12.2 Output data

12.2.1 General

The following calculation results shall be reported as values that are independent of the boundary
temperatures:

— thermal coupling coefficient Ly or L, between adjacent rooms involved in heat transfer through the
building components;

NOTE 1 An example is given in Table C.2.
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— if appropriate, the linear thermal transmittance, ¥, of the linear thermal bridge, stating whether internal or
external dimensions were used;

— temperature factor, frg;, for the points of lowest surface temperatures in each room involved (including the
location of these points); if more than two boundary temperatures are used, the temperature weighting
factors shall be reported.

NOTE 2  An example of how to report temperature weighting factors is given in Table C.4.

All output values shall be given to at least three significant figures.

12.2.2 Calculation of the heat transmission using the thermal coupling coefficient
The heat transmission from environment i to environment j is given by Equation (10) if there are more than

two boundary temperatures, by Equation (9) if there are two boundary temperatures, or by Equation (15) for a
2-D geometrical model.

12.2.3 Calculation of the surface temperatures using weighting factors

The lowest internal surface temperature exposed to room ; is given by Equation (27) for a 3-D geometrical
model or by Equation (30) for a 2-D geometrical model.

12.2.4 Additional output data
For a specific set of boundary temperatures, the following additional values shall be presented:

— heat flow rates, in watts per metre (for 2-D cases) or in watts (for 3-D cases), for each pair of rooms of
interest;

— minimum surface temperatures, in degrees Celsius, and the location of the points with minimum surface
temperature in each room of interest.

12.2.5 Estimate of error

Numerical procedures give approximate solutions which converge to analytical solutions, if one exists. In order
to evaluate the reliability of the results, the residual error should be estimated, as described below.

— In order to estimate errors due to insufficient numbers of cells, additional calculation(s) shall be made in
accordance with A.2. The difference in results for both calculations shall be stated.

— In order to estimate errors arising in the numerical solution of the equation system, the sum of heat flows
(positive and negative) over all boundaries of the building component divided by the total heat flow shall
be given.

NOTE A.2 specifies that this quotient is to be less than 0,000 1.
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Annex A
(normative)

Validation of calculation methods

A.1 Test reference cases

A.1.1 General

In order to be classified as a three-dimensional steady-state high precision method, a calculation method shall
give results corresponding to those of the test reference cases 1, 2, 3, and 4, represented respectively in
Figures A.1, A.2, A3 and A4.

In order to be classified as a two-dimensional steady-state high precision method, it shall give results
corresponding to those of the test reference cases 1 and 2, represented respectively in Figures A.1 and A.2.

A.1.2 Case 1

The heat transfer through half a square column, with known surface temperatures, can be calculated
analytically, as shown in Figure A.1. The analytical solution at 28 points of an equidistant grid is given in the
same figure. The difference between the temperatures calculated by the method being validated and the
temperatures listed shall not exceed 0,1 °C.

B 20 °C I A Analytical solution at grid nodes (°C)
|
+ o+ o+ 4 9,7 134 14,7 15,1
|
+  + 4+ -|- 53 8,6 10,3 10,8
|
+ o+ o+ 4 3.2 56 7,0 75
|
0°C + o+ o+ | 2,0 3,6 47 5,0
|
+ o+ o+ 13 2,3 3,0 3,2
|
o+ o+ 0,7 1,4 1,8 1,9
|
+ o+ o+ Jlr 0,3 0,6 0,8 0,9
C 1 D
0°C
BC=2xAB

Figure A.1 — Test reference case 1: comparison with the analytical solution

A.1.3 Case 2

A.1.3.1 Description of model for case 2

An example of two-dimensional heat transfer is given in Figure A.2 and Tables A.1 and A.2.
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Figure A.2 — Test reference case 2: two-dimensional heat transfer

Table A.1 — Description of model for case 2

Dimensions Thermal conductivity Boundary conditions
mm W/(m-K)
AB = 500 1:1,15 AB: 0 °C with Rge = 0,06 m2-K/W
AC=6 2:0,12 HI: 20 °C with Rg; = 0,11 m2-K/W
CDh=15 3:0,029
CF=5 4:230
EM =40
GJ=1,5
IM=1,5
FG-KJ=15

A.1.3.2 Numerical solution for case 2

Table A.2 — Temperature results for case 2

Temperatures °C

A7 B: 0,8
C:79 D: 6,3 E: 0,8
F: 16,4 G: 16,3

H: 16,8 1:18,3

Total heat flow rate: 9,5 W/m
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The difference between the temperatures calculated by the method being validated and the temperatures
listed shall not exceed 0,1 °C. The difference between the heat flow calculated by the method being validated
and the heat flow listed shall not exceed 0,1 W/m.

A.1.4 Case 3

A.1.4.1 Description of model for case 3

An example of three-dimensional heat transfer is given in Figure A.3 and Tables A.3, A.4 and A.5.

NOTE Y and V are three-dimensional corners.

a) Perspective view

A Y Y 8 N
B "=~ 9
C 9 D
E
F
(04
B y 5
Y Y ap g o
O y P. IIIIIIIIIIIﬂIlIIIIIIII Q
R
y ]
— R
/4 a
G HIJ K o L /
4 4 a o
R !
1) T
3 2 1
b) Horizontal section c) Vertical section

Figure A.3 — Test reference case 3: three-dimensional geometrical model
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Table A.3 — Description of the model for case 3

Dimensions Thermal conductivity Boundary conditions
mm W/(m-K)
AB = 1300 1:0,7 a: 20 °C with Rg; = 0,20 m2-K/W
BD = HI =100 2:0,04 f: 15 °C with Rgj = 0,20 m2-K/W
DE=1J=50 3:1,0 7. 0 °C with Rge = 0,05 m2-K/W
EF = JK =150 4:2,5 6. adiabatic
FL = KL =1 000 5:1,0
CG=1150
GH =600
MP = ST =1 000
QR =50
RS =150
NQ =950
OP =600

A.1.4.2 Numerical solution for case 3: surface temperature factors

Table A.4 — Temperature results for case 3

Temperature factors
Environment
gy ga gp
14 1,000 0,000 0,000
a 0,378 0,399 0,223
p 0,331 0,214 0,455

The lowest surface temperatures in the environments « and g are in the corners of both indoor environments:

emin:gy'9y+ga'ga+gﬂ'€ﬂ

Oymin =0,378x0+0,223x15+0,399x20=11,32 °C

03 min =0,331x0+0,455x15+0,214x20=11,11 °C

(A.1)
(A.2)

(A.3)

The difference between the lowest internal surface temperature of both environments calculated by the
method being validated and the temperature listed shall not exceed 0,1 °C.

A.1.4.3 Numerical solution for case 3: heat flows

Table A.5 — Thermal coupling coefficients for case 3

Thermal coupling coefficients
Environment WIK
7 a B
— 1,781 1,624
1,781 — 2,094
1,624 2,094 —
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The heat flow between pairs of environments is calculated as follows:

— for gand y:

@5, =Lg A0s, =1,624x(15-0)=24,36 W (A-4)
— for pand «

Dpo=Lg,N0p, =2,094x(20-15)=10,47 W (A-5)
— for aand y:

@y, =L, ,A0,, =1,781x(20-0)=35,62 W (A.6)

The heat flow from internal to external environment is calculated as follows:
cDﬂJ + @a,y =24,36 + 35,62 =58,98 W (A.7)
The heat flow balance for the environments S and « is calculated as follows:
cDﬁ’}, +cz>ﬁ,a =24,36+10,47 = 34,83 W (A.8)
Dy, +cz>aﬁ =35,62-10,47=2515W (A.9)

The difference between the heat flows calculated by the method being validated and the heat flows listed shall
not exceed 1 %.

A.1.5 Case 4

Case 4 is a three-dimensional thermal bridge consisting of an iron bar penetrating an insulation layer, as
shown in Figure A.4 and Tables A.6 and A.7.

The difference between the lowest internal surface temperatures calculated by the method being validated
and the temperature listed shall not exceed 0,005 °C. The difference between the heat flow calculated by the
method being validated and the heat flow listed, shall not exceed 1 %.

Table A.6 — Description of model for case 4

Dimensions Thermal conductivity Boundary conditions
mm W/(m-K)
Insulation: 1 000 x 1 000 x 200 Insulation: 0,1 W/(m-K) Internal: 1 °C with Rgj = 0,10 m2-K/W
Iron bar: 600 x 100 x 50 Iron bar: 50 W/(m-K) External: 0 °C with Rgg = 0,10 m2-K/W
Cut-off planes: adiabatic

Table A.7 — Numerical solution for case 4

Heat flow 0,540 W

Highest surface temperature on the external side 0,805 °C
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Dimensions in millimetres

1 3

\‘2

-/
|
| 4 S
A I
| -
I |
b — I
C1 T ] [
= ! A
S |
2 | \ ]
- | A
|
|
Y L 200 | L0
7
Key
1 top
2 top view
3 adiabatic cut-off planes
4  external surface
5 internal surface
6 iron bar
7 insulation

Figure A.4 — Test reference case 4: iron bar penetrating an insulation layer

A.2 General considerations and requirements for validation of calculation methods

High precision calculation methods are known as numerical methods (e.g. finite element method, finite
difference method, heat balance method). These numerical methods require a subdivision of the object
considered. The method is a set of rules to form a system of equations, the number of which is proportional to
the number of subdivisions. The system is solved using either a direct solution method or an iterative method.
The solution of the system is normally the temperatures at specific points, from which the temperatures at any
point of the object considered can be derived (by interpolation); the heat flows through specific surfaces can
also be derived.

The numerical method being validated shall meet the requirements listed below.

a) The method shall provide temperatures and heat flows.

b) The extent of subdivision of the object (i.e. the number of cells, nodes) is not “method defined” but “user
defined”, although in practice the degree of subdivision is “machine limited”. Therefore, in the test
reference cases, the method being validated shall be able to calculate temperatures and heat flows at

locations other than those listed.

¢) For an increasing number of subdivisions, the solution of the method being validated shall converge to the
analytical solution, if such a solution exists (e.g. test reference case 1).
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NOTE For an increasing number of subdivisions, the solution converges. The number of subdivisions required
to obtain good accuracy depends on the problem considered and on the solution technique. The error is expected to

take the form «/n”'®* where o and g are constants for a given problem and N is the total number of nodes in the
model.

d) The number of subdivisions shall be determined as follows: the sum of the absolute values of all the heat
flows entering the object is calculated twice, for n nodes (or cells) and for 2n nodes (or cells). The

difference between these two results shall not exceed 1 %. If not, further subdivisions shall be made until
this criterion is met.

e) If the system solution technique is iterative, the iteration shall continue until the sum of all heat flows

(positive and negative) entering the object, divided by half the sum of the absolute values of all these heat
flows, is less than 0,000 1.
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Annex B
(informative)

Examples of the determination of the linear and
point thermal transmittances

B.1 General

This annex shows two typical arrangements of building components:

— Case 1 with two separate environments;

— Case 2 with three separate environments.

For each case, the specific equations to be used in determining ¥ and y values are given.

Figures B.1 and B.2 illustrate the lengths for internal dimensions. If external dimensions are being used, the
same formulae apply with the lengths measured to the external surfaces of the components.

B.2 Case 1

A 3-D building component separating two environments, R, and R,. The equations in Figure B.1 are used to
determine ¥and y values.

B.3 Case 2

A 3-D building component separating three environments. Consider the two environments, R, and Rj. The
equations in Figure B.2 are used to determine ¥and y values.
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Dimensions in millimetres

A

Ro ’ ¥, = L2D,x,y _Ux,z lx _Uy,z ly
¢
¢
g x
2 —a
y
A
Yy = L2D,y,z - Ux,y ly - Ux,z I,
le = L2D,x,z - Ux,y ly - Uy,z lz

X = L3D - L2D,x,ylz - L2D,y,zlx - L2D,x,z ly + Ux,y Ax,y + Ux,z Ax,z + Uy,z Ay,z
NOTE For explanations of symbols, see 3.2.

Figure B.1 — Case 1: 3-D building component separating two environments

38 © 1SO 2007 — Al rights reserved



ISO 10211:2007(E)

Dimensions in millimetres

¥, = L2D,x,y _Ux,z lx Uy !

y,.Z"y

5Uy = L2D,x,z _Uy,z Iy

Yy = L2D,y,z _Ux,z Iy

X =L3p - L2D,x,ylz - L2D,y,z lx - L2D,x,zly +Uy Ay, + Ux,z Ax,z +Uyy 4

Y,Z°7Y,2 X,y Xy
NOTE For explanations of symbols, see 3.2.

Figure B.2 — Case 2: 3-D building component separating three environments
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Annex C
(informative)

Determination of values of thermal coupling coefficient and temperature
weighting factor for more than two boundary temperatures

C.1 Determination of the thermal coupling coefficients, L

For a model with » boundary temperatures, there are up to n(n—1)/2 separate coupling coefficients. The
coefficients are derived through undertaking calculations by assigning boundary temperatures to each
environment as shown in Table C.1. The total number of calculations needed is equal to the number of
environments directly connected to each other, which in practice can be less than n(n-1)/2. The result of
each calculation is a sum of L values, giving a system of simultaneous equations which are then solved to
obtain the individual thermal coupling coefficients.

NOTE Temperature differences of 1 K are shown in Table C.1 to illustrate the calculation scheme. Any suitable non-
zero value can be used for the actual calculation. It is advisable that temperature-dependent properties be evaluated with
regard to the expected internal and external temperatures in practice.

Table C.1 — Scheme for calculating L values in the case of » boundary temperatures

Calculation Boundary temperatures, °C .
ber Result of calculation
num o, o, o 0
1 1 0 0 0 2 L
k#1
2 0 1 0 0 Z Loy
k#2
i 0 0 1 0 2 Lik
k#i
n 0 0 0 1 Z Ln,k
k#n
n+1 1 1 0 0 DLyt Y Loy
k#1,2 k#1,2
n+2 1 0 1 0 ZL1,k+zLi,k
k#1,i k#1,i

C.2 Report of the thermal coupling coefficients, L

In the case of thermal bridges, only the thermal coupling coefficients, Z; ;, for each pair of environments
thermally connected to the building component under consideration are of interest. This reduces the number
of environments involved.

The thermal coupling coefficients, Z; ;, should be given in the form of Table C.2. For any two environments
that are not thermally connected to each other, L should be reported as 0.

NOTE 1 More than three environments are unusual.
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Table C.2 — Presentation scheme of L values for » boundary temperatures

Environment
1 2 i n
number
1 — Lo Lq,; Ly
2 Ly 1 — Ly, Ly,
i L4 Lo — L,
n Ln"| Ln,z Ln,i _

NOTE2  The scheme is symmetric, with Z; ; = L; ;.

The set of R; values used in the calculation of the L values should be reported, together with a sketch that
shows to which inner surface area each Rg; value applies.

C.3 Determination of the temperature weighting factors, g

For a model with » boundary temperatures, the weighting factors can be calculated by repeating (n—1) times
the calculation of the temperature at the selected point; in each successive calculation, every boundary
temperature is taken as 0 °C except one boundary temperature, which is taken as 1 °C, as shown in
Table C.3.

Table C.3 — Scheme for calculating g values in the case of » boundary temperatures

Calculation Boundary temperatures, °C L
number Weighting factors
O & 6 6,
1 0 0 0 21
2 0 1 0 0 2
! 0 0 1 0 8i
n 0 0 0 1 8n—1

After (n—1) calculations g, follows from Equation (28).

C.4 Report of the temperature weighting factors, g

The temperature weighting factors of the points of lowest temperature for a building component with n
environments involved should be given in accordance with Table C.4.

Table C.4 — Presentation scheme of g values for » boundary temperatures

Environment 1 2 ; "
number
1 21,1 81,2 81, 81
2 82,1 822 82, 82,
i 8i1 82 8i,i 8in
n 8n1 8n,2 8n,i 8n,n
NOTE In the case of three thermally different environments, the minimum surface temperature in two rooms is

normally of interest. This means that the scheme of Table C.3 is applied twice, with a total of four calculations in order to
derive the values for Table C.4.
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The set of Rg; values used in the calculation of the g values should be reported together with a sketch that
shows to which internal surface area each Rg; value applies.

C.5 Example

C.5.1 Calculation of the geometrical model

The example illustrates a 2-D calculation for a suspended floor. There are three boundary temperatures: the
internal environment, 4, the external environment, 6,, and the underfloor space, ¢, (see Figure C.1).

The temperature in the underfloor space depends on the internal and external temperatures, and also on the
thermal properties of the construction. Because of the latter, it is not known a priori.

The thermal coupling coefficients are:

— L. thermal coupling coefficient between internal and external environments;

— L;,;- thermal coupling coefficient between internal environment and underfloor space;
— L thermal coupling coefficient between underfloor space and external environment.

NOTE 1 L includes heat flow through the ground. For soil dimensions, see 5.2.4.

The underfloor space is ventilated from outside. If the ventilation is not included in the numerical model, L, is
divided into two components:
Lye = Lyec + Luey (C.1)

ue ue,c
where

Lyec is the thermal coupling coefficient for heat conduction through the walls of the underfloor space
and through the ground;

represents the heat transfer attributable to exchange of air between the underfloor and the external
environment.

ue,v

NOTE 2  Any unventilated airspaces are included within the numerical model (using an equivalent thermal conductivity).

The separate thermal coupling coefficients are obtained following the scheme in C.1. The same geometrical
model is calculated three times with different boundary conditions, as shown in Table C.5. @ is the total heat
flow. The are two possibilities, as described below.

a) Modelling calculations do not allow for air exchange. The software is run for heat conduction only, and the
ventilation is allowed for separately.

b) Modelling calculations do allow for air exchange. The software is run inclusive of the ventilation of the
underfloor space, set at a rate appropriate to the ventilation arrangements (see 1SO 13370:2007,
Annex E). In this case, there is no need to consider the transmission and ventilation components of L
separately.
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'\
hy

ue % ]

w

A
\J

Key

1 internal environment, &

2  external environment, 6,

3 underfloor space, €,

4  ground

B' characteristic dimension of floor

hw minimum distance from junction to cut-off plane

L thermal coupling coefficient between internal and external environments

Ly, thermal coupling coefficient between internal environment and underfloor space
Lye thermal coupling coefficient between underfloor space and external environment

Figure C.1 — Schematic of suspended floor

Table C.5 — Modelling conditions

. Result of calculation
Calculation 0 O¢ 0y
number °C °C oc | if modelling calculations do not take | if modelling calculations do take
account of air exchange account of air exchange
1 1 0 0 Ly=Lig + 1Ly Ly=Lig+ 1Ly
2 0 1 0 L2 = Lie + Lue,c Ly=1Lig+Lye
3 0 0 1 L3 = Liu + Lue,c Ly =Ly, +Lye

From the results of the modelling calculations, the thermal coupling coefficients of interest are obtained by
solving the simultaneous equations, leading to:

Ly =0,5%(Ly—Ly+Lg) (C.2)
Lig =0,5%(Ly+Ly—Lg) (C.3)
Lyjec= O,5><(L2 +Lg —L1) [if modelling does not include air exchange] (C.4)
L,e =0,5x% (L2 +Lg —L1) [if modelling does include air exchange] (C.5)
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C.5.2 Ventilation air exchange not included in the model

If ventilation air exchange between the underfloor space and the outside is not included in the model, the

ventilation term L, |, is calculated using Equation (C.6):

Luey = pepV (C.6)
where
p is the density of air;

¢, is the specific heat of air at constant pressure;

p
V is the volumetric flow rate per perimeter length (see ISO 13370:2007, Annex E).

L,c is then obtained using Equation (C.1).

The total heat flow inside to outside is

@ =Liy(0i-0 )+ Lig(0i— 0 ¢) (C.7)
leading to

@:[M+Lie]<gi_ge) c8)

Liy + Lye

In general

@=Ly (0i-0) (C.9)
where L,p is the thermal coupling coefficient from inside to outside, so that

tap <[ et (c.10)

Liy + Lye

The linear thermal transmittance for the wall/floor junction is obtained in accordance with 10.4:
¥q=Lyp—hyUy-05xB'U (C.11)
C.5.3 Ventilation air exchange included in model

In this case, 6, is not assigned. The numerical calculation is run once with boundary temperatures 6; and 6
giving Lyp, and ¥ is obtained from Equation (C.11).

e

NOTE This can give a slightly different result, as the underfloor space is modelled as a solid with equivalent thermal
conductivity instead of a single node.
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