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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
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Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.
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ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardizatien
ational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, |

main task of technical committees is to prepare International Standards. DraftMnternation
ed by the technical committees are circulated to the member bodies for~voting. Publi

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

0211 was prepared by Technical Committee ISO/TC 163, Thetmal performance and ener
pnvironment, Subcommittee SC 2, Calculation methods.

first edition of 1ISO 10211 cancels and replaces 1SO 10211-1:1995 and ISO 10211-2:2001
technically revised.
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fatio;

the flanking element;

%.2.4 contains a revised-version of Table 1 to correct error for three-dimensional calculations

%.2.7 specifies)that acceptable criterion is either on heat flow or on surface temperature;

rincipal changes are as follows:

is first edition of ISO 10211 merges the title and general contents of ISO 10211
0O 10211-2:2001 into a single document;
Clause 3 indicates that ISO 10211-new uses only temperature factor, and not temperatu

.2.2 specifies that cut-off planes are to be located at the larger of 1 m and three times the

ntentions;

riterion has\been changed from 2 % to 1 %;

IIS©10211-1:1995 have been deleted in favour of references to ISO 13788;

iS specifies that surface resistance values are to be obtained from 1SO 6946 for heat flow

ndA ffom 1SO 13788 for condensation calculations; the contents of Annexes E

Part 2.
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Annex B of ISO 10211-1:1995 have been deleted in favour of these references;

6.6 specifies that data for air cavities is obtained from ISO 6946, EN 673 or ISO 10077-2; the contents of

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);

from 2 % of heat flow to 1 %; a new case 4 has been added;

©1S0

Annex C contains a corrected procedure;

all remaining annexes from 1ISO 10211-1:1995 and ISO 10211-2:2001 have been deleted.
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Annex A contains corrections to results for case 3; the conformity criterion for case 3 has been changed
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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 sinfilar calculation procedures are used, the procedures are not identical for the calculation of heat
flows and of purface temperatures.

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

In many apglications, 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<s provided in ISO 14683.

ISO 10211 as originally published in two parts, dealing with *thfee-dimensional and two-dimengional
calculations $eparately.

Vi © IS0 2007 — Al rights reserved


https://standardsiso.com/api/?name=9da9e44dea061d07e54ed503b315acb8

INTERNATIONAL STANDARD

ISO 10211:2007(E)

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

1 Scope

This
geon|

— 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.

Thes|
cond

This

International Standard sets out the specifications for a three-dimensional and altwdg
etrical model of a thermal bridge for the numerical calculation of:

b specifications include the geometrical boundaries and subdivisions. of the model, the therr
tions, and the thermal values and relationships to be used.

nternational Standard is based upon the following assumptions:

Il physical properties are independent of temperature;

ere are no heat sources within the building element:

-dimensional

hal boundary

This |nternational Standard can also be used for the derivation of linear and point thermal transnittances and

of sufface temperature factors.

2

The f[ollowing referenced documents are indispensable for the application of this documen

refer
docu

ISO ¢

Calclilation method

ISO 1

ISO 1

ormative references

nces, only the edition (cited applies. For undated references, the latest edition of th
ment (including any améndments) applies.

946, Building components and building elements — Thermal resistance and thermal tran

(345, Thermal insulation — Physical quantities and definitions

3370:2007, Thermal performance of buildings — Heat transfer via the ground — Calculation

t. For dated
b referenced

smittance —

methods

ISO -

3788, Hygrothermal performance of building components and building elements — Internal surface

temperature to avoid critical surface humidity and interstitial condensation — Calculation methods

©1S0
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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/ceiljngjunctions

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

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

314
three-dimenjsional geometrical model
3-D geometvEcaI model

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

See Figure 1|

3.1.5
three-dimenisional 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-dimerfional central element
3-D central ¢lement

part of a 3-D|geometrical madelwhich is not a 3-D flanking element

See Figure 1|
NOTE A pentral.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.

311
cut-qff planes
consfruction planes that are boundaries to the 3-D or 2-D geometrical model by separating|the mpdel from the
remalnder of the construction

See Figure 3.

3.1.1p
auxiljary planes
plangs which, in addition to the construction planes, divide the geometrical model into a number df cells

3.1.1B
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 thernyal conductivity

See Figure 4.

3.141

tempjtrature factor at the internal surface
difference between internal surface tempeérature and external temperature, divided by the differgnce between
interrjal temperature and external temperature, calculated with a surface resistance Rg; at the intefnal surface

rent thermal

y the surface

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


https://standardsiso.com/api/?name=9da9e44dea061d07e54ed503b315acb8

ISO 10211:2007(E)

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_ th¢ total
heat flow.
F2
/1
//C\\
N
/]
NN
N
y/
/
\~\ \\
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

4 © 1SO 2007 — Al rights reserved
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F2 F4 F3 F5

Key

F2, F3, F4, F5 3-D flanking elements C 3-D central element

NOTH 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
y
z
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

© 1SO 2007 — Al rights reserved 5
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=
|:> \:>
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Figure J — Example of a minor point thermal bridge giving rise to three-dimensional heat flow,
incorporated into a quasi-homogeneous layer
3.2 Symbpls and units
Symbol Quantity Unit

A area m?

B’ characteristic dimension of floor m

b width m

d thickness m
/Rsi temperature factor at the internal surface _

g temperature weighting factor _

h height m
Lop thermal coupling coefficient ffom 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 intefaal surface resistance m2-K/W

T thermodynamic temperature K

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

¥ 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

4

The

bounfdary conditions and constructional details are known. For this purpose, the geometrical mo

into

shall pbe 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 g
condftions.

The

techrfique, after which the temperature distribution within thejmaterial cells is determined by inter
calculation rules and the method of determining the temperature distribution are described in Clau

The

transmittances and internal surface temperatures.. The equations for doing so are provided in (

and

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

5

5.1

Lengihs may be meaSured using internal dimensions, overall internal dimensions or external
provifled that the same system is used consistently for all parts of a building.

NOTE Fordurther information on dimension systems, see ISO 13789.

5.2

ISO 10211:2007(E)

Subscripts
Subscript Definition
e external
i internal
min minimum
s surface
rinciples

emperature distribution within, and the heat flow through, a construction .can be calqulated if the

number of adjacent material cells, each with a homogeneous thermal conductivity. The

femperature distribution is determined either by means of.ah iterative calculation or by a d

results of the calculations can be used to determine linear thermal transmittances, f

1.

Modelling of the construction

Dimension systems

Rules for modelling

Hel is divided
Criteria which

nd boundary

irect solution
polation. The
se 7.

oint thermal
lauses 9, 10

dimensions,

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 — All rights reserved
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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);

— atleast d,

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

— in the grpund, in accordance with 5.2.4,

where d;, i

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

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

situated at lepst d,,;,

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

Dimensions in millimetres

<1 000

<1 000

@  Arrows indlicate 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

\/_%

N

VA

LOO

4

>

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

NOTH Thermal bridge B does not fuffil the condition of being at least dp,i, (= 1 m) from a cut-off plang [Figure 6 a)].
This i corrected by extending the modelin 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 $ame rules’as given in 5.2.2 apply to a 2-D geometrical model. Examples are shown in Figlires 7 and 8.
In Figure8ythe 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 Minimumf thickness

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

> <d min - < <d i |

/2 lw

A
 J

Key

din, Minimum| thickness

ly fixed distance

Figure 8 h-lineartherms
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
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Table 1 — Location of cut-off planes in the ground

Distance to central element

Purpose of the calculation

Direction
Heat flow and surface
Surface temperatures only a
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

Vertical distance to horizontal plane below ground level

at least three times wall thickness

atleast3m

2,5 x floor width ¢ d
2,5 x floor width ¢

Verti

(appl
mor¢

cal distance to horizontal plane below floor level
es only if the level of the floor under consideration is
than 2 m below the ground level)

atleast 1 m 2,5 x floor w

idth ©

a
b

direc
Cc

the fl
d

d
|
1]
|

ee Figures 9 and 10.
on (see Figure 9).

or (see Figure 9).
vertical symmetry planes are known, for example as a result of adjacent buildings, they ¢an be used as cut-off pla

h a 3-D geometrical model, the floor dimensions (length and width) inside the building are to be considered sef

h a 3-D geometrical model, the distance outside the building and below ground is to be based on the smaller dime

arately in each
hsion (width) of

es.

For t
of th
boun
build

(toge)
infinite length and of width equal to the characteristic-dimension of the floor, B’ (see ISO 13370).

vo-dimensional calculations, there is a vertical symmetry plane in the middle of the floor (so
e building is modelled). For three-dimensional calculations*on a rectangular building, vert
Haries are taken in the ground mid-way across the floor in each direction (so that one g
ng is modelled). For non-rectangular buildings, itsis‘necessary either to model the comy
ther with the ground on all sides), or to convert the problem to a two-dimensional one using

that one half
cal adiabatic
uarter of the
lete building
a building of

EXAMPLE For the floor illustrated in Figure 9,.B"= bc/(b + c).
All cyt-off planes shall be adiabatic boundariés.
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 detx:mination of
periofdic heat transfer coeffiCients (as defined in ISO 13370), except that adiabatic cut-off planes ay be taken
at popitions equal to twice“the periodic penetration depth measured from the edge of the floor in fany 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
Adjugtments_to the dimensions of the geometrical model with respect to the actual geometry gre 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.

1

© 1SO 2007 — All rights reserved
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AV
_— C =)
A N\
/ ) — —
1/ /C/
- 0,5( - 2,5b
V4
% A
\V
r\f?\o QV
-0
Q
[¥a]
0,56 + 2,5b ~
A
/
/
/
/
/
/
/
/
05¢ + 25b
Key
b, ¢ dimensiops of floor
NOTE THe floor dimensions are b x ¢, with ¢ > b
Figure P — 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

12
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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, fgg;, by

more than 0,005.

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

NOTH 2 A satisfactory sub-division of the geometrical model will usually be obtained by arranging fof. thé
to be pmallest within any central element, and gradually increasing in size to larger sub-divisions nearccut-off

5.2.8/ Quasi-homogeneous layers and materials

In a

peometrical model, materials with different thermal conductivities may be replaced by a m

singlé thermal conductivity if the conditions in 5.3.3 are satisfied.

NOTH Examples are joints in masonry, wall-ties in thermally insulated cavities, screws in wooden laths
the agsociated 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 pred
thosg obtained from a geometrical model with simplifications.

NOTEH 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 thg
as dgscribed below.

a)

wher

Change in the Igcation of the surface of a block of material adjacent to the internal or exterr

perpendicular to the mean location of the internal or external surface, d, shall not exceed

b sub-divisions
planes.

aterial with a

, roof tiles and

edence over

n 3 W/(m-K),

al surface of

the geometrical'model (see Figure 11): for the location of surfaces which are not flat, the local adjustment

(1)

(O

R, is equal to 0,03 m2-K/W;

(4
A is the thermal conductivity of the material in question.

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

© 1SO 2007 — All rights reserved
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[\ [\ /]

St

 J

\

dc

Key

™

1 wall sockgt

/

I |

d. local adjystment perpendicular to the mean location of the internal or external surface

b) Change

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

n the interface of two regions of different material:

replpced by the material with the higher thermal cenductivity (see Figure 12).

EXAMPLE

connectirjg details.

N

_gg._z_ N

N\

o

N\

o

r N

-

I N\ &

the felocation 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 conducti

Recesses for sealing strips, kit joints;\adjusting blocks, wall sockets, inclined surfaces and

™o

o
\>

ity is

other

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

14
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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.

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.

EXAMPI E Rainwater gutters and discharge pipes

5.3.3] Conditions for using quasi-homogeneous material layers to simplify the geométricgl model

5.3.3|1 All calculations

The

layer|apply in all cases:

5.3.3]2 Calculations performed to obtain the thermal-coupling coefficient L;5 or L,p

ollowing conditions for incorporating minor linear and point thermal bridges.into a quasi-hpmogeneous

e layers of material in question are located in a part of the construction which, after gimplification,
ecomes a flanking element;

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

The ¢ffective thermal conductivity of the quasi-homoégeneous layer, 1, shall be calculated in acdordance with
Equation (2) or (3):
- d @)
A dj
3D RSI - Rse - ZZ
- d - (3)
t?t; Rgi = Rse = ZTj
wherg

S
=T

is the\thickness of the thermally inhomogeneous layer;

N

{ As the area of the building component;

b IS the fength of a linear thermatl 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.

© 1SO 2007 — Al rights reserved 15
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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 interpal or
external|surface of the building element and penetrate the layer over its entire thickness;

— the thermal resistance (surface to surface) of the building elemeni, 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 fj, @ <05 — — —
2 >3 <80x 106 <05 — — —
3 >3 £30x10°6 >0,5 >0,5 — —
4 >3 <30x10© >0,5 <0,5 >0,5 > 0,1
NOTE 1 Gfoup 1 includes linear.thermal bridges. Examples are joints in masonry, wooden battens in air cavities or in insplated
cavities of mingr thickness.
NOTE 2 GFoup 2 includes such’items as wall-ties, insofar as they are fitted in masonry or concrete or are located in an air cawty, 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 thar} that, ifidicated for group 2. The inner leaf therefore needs to have thermal properties that limit the influence pf 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.

16 © 1SO 2007 — Al rights reserved
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@ROSO,S @ROSO,S

An_| /) /be1.5 Atp>3
\3// A —»| | ;‘
a) Group 1 b) \Group 2

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

Ge ei Be y A, Bi
R1i<0.5
A= ()| R1o20.5 Aty > i
B d1,i;‘ dZ,i;
c) Group 3 d) Group 4

For key ofisymbols, see Table 2.

Figure 173 — 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 calcylation 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 diregtion of heat flow is uncertain or is liable to vary, or

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

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

6.4 Boundary temperatures

Table 3 give$ 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 (horizontalcut-off plane) given in Table 1: adiabatic boundary
condition

6.5 Thermal conductivity of quasi-homogeneous layers

The thermal r‘nndur‘fi\/ify of qnnci_hnmngpnpnuc I:\ypre shall he calculated in accordance with Fquafin S (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)

18 © 1SO 2007 — Al rights reserved
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where
dg 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 ¢
room

6.7

If sufficient information is available, the temperature in an adjacent unheated room may be

acco

If the
ISO 1
temp
facto

7

71

The
apply
boun
The
temp
flows

Calculation methods shallbg“verified in accordance with the requirements of Annex A.

7.2

7.21

The

pvities with dimensions of more than 0,5 m along each one of the orthogonal axis shall &
S (see 6.7).

Determining the temperature in an adjacent unheated room

dance with ISO 13789.

temperature in an adjacent unheated room is unknown and canpot be calculated in acc
3789 because the necessary information is not available{the heat flows and intg
bratures cannot be calculated. However, all required couplifg) coefficients and temperatt
's can be calculated and presented in accordance with Annex.C.

Calculation method

Solution technique

jeometrical model is divided into a number of cells, each with a characteristic point (calleg
ing the laws of energy conservation:(div ¢ = 0) and Fourier (4 =— 4 grad 6) and taking intd
Hary conditions, a system of equatiohs is obtained which is a function of the temperatures
bolution of this system, either by a direct solution technique or by an iterative method, provi
eratures from which the temperature field can be determined. From the temperature distribu
can be calculated by applying Fourier’s law.

Calculatiomyrules

Heat flows between material cells and adjacent environment

Hensity of heat flow rate, ¢, perpendicular to the interface between a material cell and

e treated as

calculated in

prdance with
rnal surface
re weighting

a node). By
account the
At the nodes.
Hes the node
ion, the heat

the adjacent

environment shall satisfy
‘- (0-065)
RS
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.
© 1SO 2007 — All rights reserved
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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

temperature

NOTE Li

8 Detern

calculatio

8.1

If there are
temperature
total thermal
building, as fi

? = L3p

8.2 Twok

If the room
Equation (8)

L3D,i, j ]

where

L3p (i,

Lop m(i,

Two k

ear interpolation suffices.

nination of thermal coupling coefficients and heat flow rate from 3-D
15

oundary temperatures, unpartitioned model

, and if the total room or building is calculated three-dimensionally from a single model, the
coupling coefficient, Lsp 4, can be obtained from the total heat flow rate, @, of the rog
Dllows:

12(61-65)

oundary temperatures, partitioned model

or building has been partitioned .(See Figure 14), the total L3p; value is calculated

Nk Nm Nn
D Uktiy A+ 2 LoDmgihhIm + D LDt j)
k=1 m=1 n=1

is the thermal’coupling coefficient obtained from a 3-D calculation for part n of the rog
building;

is the.thermal coupling coefficient obtained from a 2-D calculation for part m of the rog
building;

only two environments with two different temperatures (e,g,/ one internal and one ex{ernal

n the
m or

@)

from

(8)

m or

m or

/

m

Ui, )

NOTE
included in the

20

IS the Tength over which the valué Lyp ,,(; ;) apples;

is the thermal transmittance obtained from a 1-D calculation for part & of the room or building;

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;

is the total number of 1-D parts.

2-D and 3-D terms.

In Equation (8), = 4, is less than the total surface area of the envelope because some of the surface area is

© 1SO 2007 — All rights reserved
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8.3

The heat flow rate, @;

The {

Figure 14 — Building envelope partitioned into 3-D, 2-D and 1-D geometrical mod

More than two boundary temperatures

i from environment i to a thermally connected environment’jiis given by
D; i =L3p; ; (6':' - 9])

otal heat flow rate from a room or building can be calculated using the principles as stated

The fpeat flow rate to/from a room at temperature 6; can be calculated/from

wher

i

The

D — ;[Lmi,j(ei —91.)}

(3p,,; are the coupling coefficients between the room and adjacent rooms or external envi
. are the temperatures of adjacent rooms or external environments.
ptal heat flow rate to/from a building can be calculated from

D = ;;[%D,m‘ (6’1' “9]‘)}

wherg
4, are thetemperatures of internal rooms;
2 are the temperatures of external environments;
4p;,; are the corresponding coupling coefficients.
NOTE C.1 provides a method to calculate the thermal coupling coefficients.

Lls

©)

in Clause 4.

(10)

onments;

(11)

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)

©1S0

k=1 m=1 n=1

2007 — All rights reserved
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is the thermal transmittance of part & of the room or building;
is the area over which the value Uy, ,, applies;
is the linear thermal transmittance of part m of the room or building;

is the length over which the value S”m( applies;

i)

is the point thermal transmittance of part » of the room or building;

NOTE 1 In

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

9.2 Calcullation of linear and point thermal transmittances

Yvalues are

is the number of thermal transmittances;
is the number of linear thermal transmittances;

is the number of point thermal transmittances.

Equation (12), 4, is equal to the total surface area of the envelope.

determined from

N

.

~.
Il
N

the thermal coupling coefficient obtained from a 2-D calculation of the component separatin
0 environments being considered;

the thermal transmittance’ of the 1-D component, j, separating the two environments
nsidered;

the length over whichithe value U applies.

determined from

(13)

g the

being

(14)

where
Lop is
tw
Uj is
cq
lj IS
x values are
X=L3p
where

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

considered;

A: is

the area over which the value U, applies;

¥, are linear thermal transmittances calculated using Equation (18);

lj is

22

the length over which the value v applies;

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

© 1SO 2007 — All rights reserved
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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

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

by th

wher
two €

10.2

The heat flow rate, @;

Two boundary temperatures

“wry “

b subscript “i”, to the external environment, designated by the subscript “e”, is_given by

D = Lop (6 — 6)

b L, is the thermal coupling coefficient obtained from a 2-D calculation of the component s
nvironments being considered.

More than two boundary temperatures

7 from environment i to a thermally‘{Connected environment is given by

D; i =Lop; (6'1 _ej)

t, designated

(15)

bparating the

(16)

For more than two environments with differenttemperatures (e.g. different internal temperatures or different
exterhal temperatures), the total heat flow rate @ to/from the room or the building can be calculatgd from
) :Z[LZDM(@. —ej)} (17)
i<j
wherg Lop; ; are the coupling coefficients between each pair of environments.
10.3| Determination-of the linear thermal transmittance
The [inear thermal*transmittance considered of the linear thermal bridge separating the two énvironments
being, ¥, is given by
Nj
P SLop - Y Ul (18)
=1
where

U. is the thermal transmittance of the 1-D component j separating the two environ

J .
considered;

is the length within the 2-D geometrical model over which the value U; applies;

f
N; is the number of 1-D components.

ments being

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.

©1S0
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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 i
smaller). See also 5.2.4.

s the

If the calculafion 1s done using a 4 m floor width (1.e. B'= 8 m), the result can be used for any floor of,gleater

size (B'> 8 ).

10.4.2 Optipn A  Then calculate the thermal transmittance of the floor, U, using the simplified’proc
in ISO 13370Q, using the same value for B’ and including any all-over insulation of the floor slab.*Calcula
from Equatioh (19) using internal dimensions, and from Equation (20) using external dimensions:

Syg :LZD_hWUW —0,5><B’ Ug

l[/g =L2D —(hw+hf)UW —0,5><(B'+W)Ug

where U,y isthe 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 18370 will be used for calculating th{
transfer via th¢ ground for any floor size.

T T = T T
°\\o0 0y 1® G000 LAY %\\o0
Y | 707, 19 o

L

h¢

pdure
le S”g

(19)

(20)

b heat

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
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

NOTE

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

Key

1 afliabatic boundary

2 0

10.5

The geometrical model of 10.4 cafbe used with a time-dependent numerical calculation method

both

to ensure a stable calculatjon:-Determine the mean total heat flow through the internal surface

each

month of December of-the-last year differs by less than 1 % from the heat flow in December for

year.

The ipternal température is kept at a constant value, 6,, and the external temperature, at time ¢, i
repregsented_by

0 (D) = 0., — 0., cos(2n

T
119 o0
R e

|- o
- o
P

5xB'ordm

Figure 16 — Model for second humerical calculation for Option B

Determination of the external periodic heat transfer coefficient for ground flo

¥, and the external periodic-heat transfer coefficient, H .. The size of the time-steps shoul

all-over floor

(21)

DIrs

to determine
H be such as
s in W/m for

month of the year. Fhe/calculation is continued until the heat flow through the internal suffaces for the

This can normally-be obtained by calculating at least 10 years.

t—1

the previous

n °C, 64(1), is

(22)

T 127

where

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

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

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.

©1S0
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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

12
D dm
Yo Tala—a) (24)
e
and
Hpe = A A2 2 me: (25)
where
P is| the exposed perimeter of the floor;
dmax is{the maximum value of g,,;
dmin  i8/the minimum value of ¢,,,.

NOTE H{e calculated using Equation (25) includes ;.

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

11.1.1 Two poundary temperatures

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

_ Osi (x,y,z <O 26
Trsi (¥242) = (26)
O
where
JRsi(x.y,2y—is-the-temperature-factor-at-the-internat-surface-atpoirttry;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.

26 © 1SO 2007 — Al rights reserved
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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

with d

ifferent temperatures.

At least three boundary temperatures are involved if the geometrical model includes internal environments

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

by

with

NOTE

Calculate the internal surface temperature, 6.

gj,ia

NOTH
vary i

11.2

11.2.

When there are only two environmentssjinvolved, the surface temperatures can be exp

dime

wher

9_j(x,y,z) =g (x,y,z) 04+ gj2 (x,y,z) Oy +...... +8jn (x,y,z) 0,

i1 (xp.2)+ g2 (x0,2) + e+ Zin (xp.2) =1
2  C.3 provides a method for calculating the weighting factors.

Si»
nd the actual boundary temperatures, 6;, in Equation (27).

the boundary temperatures are changed.
Determination of the temperature at the internal surface from 2-D calculations

1 Two boundary temperatures

hsionless form in accordance with Equation (29):
. _ O4i(x,y)—0¢
fRsi(X, V)= 0,0,

Rsi(x,y) is the temperature factor for the internal surface at point (x,y);
Vsi(x,y) is theitemperature for the internal surface at point (x,y);

2 is the internal temperature;

D is the external temperature.

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

11.2.2 Three boundary temperatures

(27)

(28)

at the location of interest by inserting the calculated values of

3  The location of interest is normally the point with the lowestvinternal surface temperature. This location can

ressed in a

(29)

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

©1S0
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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 @ completed building, any known alterations to the construetion and/or physical measurements
and| details from inspection;

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

— inpyt data showing the location of the eonstruction planes and any aukxiliary planes, together with the
themmal conductivities of the various materials;

— the ppplied boundary temperatdres;

— a calculation of the boundary temperature in an adjacent area, when appropriate;
— the purface resistanegs’/and the areas to which they apply;

— any|dimensional’adjustments in accordance with 5.3.2;

— any|quasizhomogeneous layers and the thermal conductivities calculated in accordance with 5.3,.3;

— anylnon-standard values used with jlquifirafinn of the deviation from standard values (qpp 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 wheth
external dimensions were used;

er internal or

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.

utput values shall be given to at least three significant figures.

P Calculation of the heat transmission using the thermal coupling coefficient |

neat transmission from environment i to environment ; is given by Equation (10) if there a

[e more than

two Houndary temperatures, by Equation (9) if there are two boundary temperatures, orby'Equafion (15) for a

2-D deometrical model.

12.2.

The
mod

12.2.

For 4 specific set of boundary temperatures, the following additional values shall be presented:

12.2.

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

B Calculation of the surface temperatures using weighting factors

owest internal surface temperature exposed to room j is given by Equation (27) for a 3-O
¢l or by Equation (30) for a 2-D geometrical model.

B Additional output data

feat flow rates, in watts per metre (for 2-D cases) or in watts (for 3-D cases), for each pai
interest;

inimum surface temperatures, in degrees Celsius, and the location of the points with mini
mperature in each room of interest.

5 Estimate of error

In order to estimate 'efrors due to insufficient numbers of cells, additional calculation(s) sha
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
positive .and'negative) over all boundaries of the building component divided by the total h
e given.

geometrical

 of rooms of

mum surface

ists. In order

| be made in

of heat flows
bat flow shall

OTE 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 Generat

In order to bg classified as a three-dimensional steady-state high precision method, a calculation miethod| shall
give results porresponding 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 pe classified as a two-dimensional steady-state high precision method, it “shall give re¢sults
correspondirlg to those of the test reference cases 1 and 2, represented respectively it Figures A.1 and A.2.

A.1.2 Casqd 1

The heat transfer through half a square column, with known surface,"temperatures, can be calcylated
analytically, s shown in Figure A.1. The analytical solution at 28 points of an equidistant grid is given |n the
same figure| The difference between the temperatures calculated¢by'the method being validated anfd the
temperatureg 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+ A 3,2 5,6 7,0 7.5
|
0°C + A4+ ] 2,0 3,6 47 5,0
|
N+ o+ ] 13 23 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 .
mm WI(riK) Boundary conditions
AB = 500 1:1,15 AB: 0 °C with Rge = 0,06 m2-K/W
AC=6 2::0,92 HI: 20 °C with Rg; = 0,11 m2-K/W
CDh=15 370,029
CF=5 4:230
EM =40
GJ=1,5
IM=1.5
FG—KJ=15
A.1.3:2—Numericatsotutionforcase 2

ISO 10211:2007(E)

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

© 1SO 2007 — All rights reserved
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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.

N

NOTE Y pnd V are three-dimensional corners.

a) Perspective view

A Y M o N
B * N
C | D
E
F
o
B , 5
Y 4 ap ) 5
d
7/(T) y P. INEEEEEEEEN Illlllllﬂg
T S
|’ :
G Hd K 8 L :
4 4 o S
N |
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 Ipwest surface temperatures-inthe environments « and g are in the corners of both indoor en

The

9min:gy'9y+ga'0a+gﬂ'€ﬂ

0o.min = 0,378 x0.+0,223x15+0,399%x20=11,32 °C

05 min = 0:337x0+0,455x15+0,214x20 = 11,11 °C

difference between the lowest internal surface temperature of both environments calcu

methpd-being validated and the temperature listed shall not exceed 0,1 °C.

vironments:

(A1)
(A.2)
(A.3)

lated by the

A.1.4.3 Numerical solution for case 3: heat flows

Table A.5 — Thermal coupling coefficients for case 3

Thermal coupling coefficients

Environment W/K
7 a B
4 — 1,781 1,624
a 1,781 — 2,094
B 1,624 2,094 —

© 1SO 2007 — All rights reserved
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The heat flow between pairs of environments is calculated as follows:

— for gand y:

@y, =Lg A0p, =1,624x(15-0)=24,36 W
— for pand «

Ppo=LpaA0p, =2,094%x(20-15)=10,47 W
— for a¢and y:

Dy, =1, ,A0,,=1781x(20-0)=3562 W

The heat flov
D Byt q
The heat flov
D By T q

D

a,y""q

The differend
not exceed 1

A.1.5 Cas€

Casedisat
shown in Fig

The differen
and the temy
method bein

from internal to external environment is calculated as follows:
Py =24,36+35,62=5898 W
balance for the environments § and « is calculated as follows:
P30 =24,36+10,47 = 34,83 W
P, p =35,62-10,47 =25,15 W

e between the heat flows calculated by the method beingwvalidated and the heat flows listed
%.

4

hree-dimensional thermal bridge consisting ofian iron bar penetrating an insulation layer, as
Lire A.4 and Tables A.6 and A.7.

e between the lowest internal surface temperatures calculated by the method being vali

erature listed shall not exceed 0,005 °C. The difference between the heat flow calculated 4
j validated and the heat flow listed, shall not exceed 1 %.

Table A.6 — Description of model for case 4

(A.4)

(A.5)

(A.6)

(A7)

(A.8)

(A.9)

shall

jated
y the

Thermal conductivity
W/(m-K)

Dimensions

Boundary conditions
mm

Insulation:

1 000 x<3-000 x 200 Insulation: 0,1 W/(m-K) Internal: 1 °C with Rgj = 0,10 m2-K/W

Iron bar: 6(

0 %00 x 50 Iron bar: 50 W/(m-K) External: 0 °C with Rge = 0,10 mZ-K/W

Cut off nlanac: adiahatin
oo pPIariesTataoatc

oHoo

34

Table A.7 — Numerical solution for case 4

0,540 W
0,805 °C

Heat flow

Highest surface temperature on the external side
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Dimensions in millimetres
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p
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Figure A.4 — Test reference case 4: iron bar penetrating an insulation layer
General considerations and requirements for validation of calculation methods

ence method, heat balance method). These numerical methods require a subdivision
dered. The method is a set of rules to form a system of equations, the number of which is p

olution-of the system is normally the temperatures at specific points, from which the temper|
of the’object considered can be derived (by interpolation); the heat flows through specific
be-derived.

precision calculation methods are known as numerical methods (e.g. finite element method, finite

pf the object
roportional to

umber of subdivisions. The system is solved using either a direct solution method or an iterative method.

btures at any
surfaces can

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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