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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
technical committees. Each member body interested in a subject for which a technical committee has b
established has the right to be represented on that committee. International organizations, governmental

ISO
een
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 Stand
adopted by| the technical committees are circulated to the member bodies for voting. Publication ‘as
Internationgl 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 pz
rights. ISO phall not be held responsible for identifying any or all such patent rights.

ISO 10077-2 was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use in

hrds
an

tent

the

built environment, Subcommittee SC 2, Calculation methods, in collaboration with, the European Committeg for

Standardizgtion (CEN) Technical Committee CEN/TC 89, Thermal performance of buildings and building compond
in accordange with the Agreement on technical cooperation between ISO and CEN’(Vienna Agreement).

This International Standard is one of a series of standards on methods)for the design and evaluation of
thermal performance of building equipment and industrial installations;

PNts,

the

This seconfl edition cancels and replaces the first edition (ISO¢10077-2:2003), which has been technigally
revised. The main changes compared to the previous edition ate given in the following table:
Clauge Changes
51 Clarified use of measured data.
54 Added calculation rules for roller shutter boxes and added new figure.
5.5 Added calculation rules for extensions of window frame profiles and new added figurd.
Annex A Added Table A.2 — Thermal conductivity of timber species.
Annex A Added Table A.3 -< Jypical emissivities of metallic surfaces.
Annex B Added Table B-2:for roller shutter boxes.
C.2 Added calculation rules for the combination of frame constructions with insulating
glazing.units (IGU) and Figure C.3 showing a representative metal spacer incorporatgd
in anAGU.
Annex D Updated Figures D.1 to D.10 for frame sections.
ISO 10077 ponsists of the following parts, under the general title Thermal performance of windows, doors|and
shutters — |Calculation of thermal transmittance:

— Part 1: General

— Part 2: Numerical method for frames

iv © IS0 2012 — All rights reserved
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Introduction

ISO 10077 consists of two parts. The method in this part of ISO 10077 is intended to provide calculated values
of the thermal characteristics of frame profiles, suitable to be used as input data in the calculation method of
the thermal transmittance of windows, doors and shutters given in ISO 10077-1. It is an alternative to the test
method specified in EN 12412-2. In some cases, the hot box method is preferred, especially if physical and
geometrical data are not available or if the profile is a complicated geometrical shape.

Although the method in this part of ISO 10077 basically applies to vertical frame profiles, it is an acceptable
approximation for horizontal frame profiles (e.g. sill and head sections) and for products used in sloped
pos g - ; pattern and
the femperature field within the frame are useful by-products of this calculation.

Thig part of ISO 10077 does not cover building fagades and curtain walling. These” are [covered in
ISO| 126311 or EN 13947.

1) To be published.
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INTERNATIONAL STANDARD

ISO 10077-2:2012(E)

Thermal performance of windows, doors and shutters —
Calculation of thermal transmittance —

Part 2:
Numerical method for frames

1

Thig
tran

The
of rq

Thig

This
thre

Scope

part of ISO 10077 specifies a method and gives reference input data for the calculation of
smittance of frame profiles and of the linear thermal transmittance of their junction with glazing or op

method can also be used to evaluate the thermal resistance of shutter profiles and'the thermal ch
ller shutter boxes and similar components (e.g. blinds).

part of ISO 10077 also gives criteria for the validation of numerical methods used for the calc

part of ISO 10077 does not include effects of solar radiation;, h€at transfer caused by air|
e-dimensional heat transfer such as pin point metallic connections. Thermal bridge effects &

franpe and the building structure are not included.

2

The
refe)
(inc

ISO|
ISO

ISO|
pro

ISO
hot

ISO
EN
EN

Normative references

following referenced documents are indispefisable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

7345, Thermal insulation — Physical‘quantities and definitions
10211, Thermal bridges in building construction — Heat flows and surface temperatures — Detailed|

10456: 2007, Building materials and products — Hygrothermal properties — Tabulated design
edures for determining declared and design thermal values

12567-2:2005, Thermal performance of windows and doors — Determination of thermal trans
box method — Patt 2: Roof windows and other projecting windows

IEC 17025;-General requirements for the competence of testing and calibration laboratories
573, Glass'in building — Determination of thermal transmittance (U-value) — Calculation meth

12519, Windows and pedestrian doors — Terminology

the thermal

Ique panels.

racteristics
ulation.

leakage or
etween the

For dated
d document

calculations

values and

mittance by

od

3

Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 7345 and EN 12519 apply.
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Symbol Definition Unit
A area m?2
b width, i.e. perpendicular to the direction of heat flow m
d depth, i.e. parallel to the direction of heat flow m
E intersurface emittance —
F view factor —
h heat transfer coefficient W/(m2-K)
12D two-dimensional thermal conductance or thermal coupling coefficient W/(m-K)
/ length m
q density of heat flow rate W/mh?
R thermal resistance m2:K/W
T thermodynamic temperature K
U thermal transmittance W/(m?2-K)
o Stefan-Boltzmann constant W/(m?2-K#)
& emissivity —
A thermal conductivity W/(m-K)
v linear thermal transmittance W/(m-K)
Subsgripts

3 convective (surface to surface)

€ external (outdoor)

d glazing

eq equivalent

li frame

fi frame adjacent to rollershutter box

i internal (indoor)

p panel
radiative
s space_(air-or gas space)
st shutterbox
s¢ external surface

S internal surface

4 Calculation method

4.1 General principle

The calculation shall be carried out using a two-dimensional numerical method conforming to ISO 10211. The
elements shall be divided such that any further division does not change the calculated result significantly.
ISO 10211 gives criteria for judging whether sufficient sub-divisions have been used.

Vertical orientation of frame sections and air cavities is assumed for calculations using this part of ISO 10077
for the purposes of assigning equivalent thermal conductivity values (see 7.3); this applies irrespective of the
intended orientation of the actual window, including roof windows.

2 © 1S0 2012 — All rights reserved
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4.2 Validation of the calculation programme

To ensure the suitability of the calculation programme used, calculations shall be carried out on the examples
described in Annex D. The calculated two-dimensional thermal conductance L2P shall not differ from the
corresponding values given in Table D.3 by more than +3 %. This will lead to an accuracy of the thermal
transmittance, U, and the linear thermal transmittance ¥, of about 5 %.

NOTE The % deviations in Tables D.3 and D.4 are standard deviations from a round-robin and are not to be confused
with £3 % specified above.

4.3 Determination of the thermal transmittance

Thel thermal transmittance of a frame section shall be determined with the glazing replaced. by aln insulating
pangl according to Annex C, with the external and internal surface resistances taken from Annex B. The linear
themal transmittance of the interaction of frame and glazing shall be determined from ¢alculatigns with the
glaging in place and with the glazing replaced by an insulated panel.

NOTE 1 The interaction of the frame and the building structure is considered separatély,for the building 4s a whole. It
is ngt part of the thermal transmittance of the frame section.

NOTE 2 In the case of an overlap between the frame section and part of the“wall, the linear thermal tfansmittance
could be negative.

5 [Treatment of solid sections and boundaries

5.1| Solid materials

For the purpose of this part of ISO 10077, thermal conductivity values used for solid materials shall pe obtained
accoprding to one of the following:

— | Table A.1 of this part of ISO 10077;

— |tabulated values given in ISO 10456;

— | product standards;

— |technical approvals by a recognized national body;

— |measurements according to an appropriate International Standard.

Measurements shall.beused only if there is no tabulated data or data according to relevant product §tandards or
a teghnical approval,Measurements shall be performed at a mean temperature of 10 °C using the [appropriate
method by an institute accredited (as specified in ISO/IEC 17025) to carry out those measurements,|on samples
thatlhave beén conditioned at 23 °C and 50 % RH to constant mass (change in mass not more thamp 0,1 % over
24 h). Toensure that the thermal conductivity values are representative of the material (that is, thpt the value
incqrpoerates likely variability of the material and the measurement uncertainty), one of the followihg methods
shal|l be used for obtaining the thermal conductivity value from measured data used in the calculations:

— The thermal conductivity is the declared value obtained from the measured data (at least three different
samples from different lots representing the usual product variation, with ageing taken into consideration)
according to a statistical evaluation as defined in ISO 10456: 2007, Annex C, 90 % fractile.

— If less than three samples, use the mean value multiplied by a factor of 1,25.

5.2 Emissivity of surfaces

Normally, the emissivity of surfaces bounding an air cavity shall have an emissivity of 0,9. Metallic surfaces
such as aluminium alloy frame, steel reinforcement and other metals/alloys have lower emissivity. Typical
values of the emissivity for metallic surfaces are given in Table A.3. Values less than 0,9 may be used only if
taken from Table A.3 or measured in accordance with an appropriate standard by an institute accredited (as

© 1S0O 2012 — All rights reserved 3
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specified in ISO/IEC 17025) to carry out those measurements. Where based on measured values there shall
be at least three samples and the results shall be evaluated according to the statistical treatment in ISO 10456.

5.3 Boundaries

The external and internal surface resistances depend on the convective and radiative heat transfer to the external
and internal environments. If an external surface is not exposed to normal wind conditions, the convective part
may be reduced in edges or junctions between two surfaces. The surface resistances for horizontal heat flow
are given in Annex B. These values shall be used for calculations by this part of ISO 10077 irrespective of the
intended orientation of the actual window, including roof windows. Surface condensation shall be assessed

oftha lowwact intarnal clirfana tomnaratiirn caloaylatad vicina tha cnirfana racictancnc 1n Aoy
OTrtrreToYwe ST e TS ottt rpeTrotore-oo o gt e-—ouTr raCeTeoToT CoYrTexN

on the basig

The cutting
(see Figure

The referen

5.4 Rolle
Calculation
the top)
the bot
surfacg
surface

The cavity

if eq +

calculated according to 6.3. Additional hardware, €.g. brushes, gaskets etc., can be taken into accoun

determ

if €tot <
of the {

if etot 3
temper

The relevari
upper and |

The assess|
thatis the c

plane of the infill and the cutting plane to neighbouring material shall be taken ascadiak
3 and Annex D)

ce temperature conditions shall be 20 °C internal and 0 °C external.

r shutter boxes

bf the thermal transmittance of a roller shutter box shall be done with the following boundary conditi
of the roller shutter box: adiabatic;

fom of the roller shutter box where it adjoins the window framesadiabatic for a distance of 60 1
s adjacent to the internal environment: surface resistancéyof 0,13 m2-K/W;

s adjacent to the external environment: surface resistance of 0,04 m2-K/W.

vithin the roller shutter box shall be treated as (see Figure 1):

e3 < 2 mm: unventilated. The equivalentythermal conductivity of an unventilated air cavit

nation of e1 and e3;

ame size;

35 mm: well ventilated-taking the air temperature within the cavity equal to the externa
ature but with a surfaderesistance of 0,13 m2-K/W.

t height of the roller shutter box, bsp, used for the calculation is the projected distance betweer]
bwer adiabaticbeundary (see Figure 1).

ment may.be done with insulation on either or both of the boundaries B and C indicated in Figure

atic

DNS:

nm;

y is
t for

35 mm: slightly ventilated. The gduivalent thermal conductivity is twice that of an unventilated cavity

| air

the

1.1f

bse, théthickness and thermal conductivity of the insulation shall be stated in the calculation report.
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Dimensions in millimetres

60

ot

Btot

bsb

60

Key

Boundaries (see Annex B):

A adiabatic boundary

B external surface resistance

C internal surface resistance
bsp height of the roller shutter box

e1, e3  widths of air gaps on either side of the shutter where it exits from the shutter box

ez thickness of shutter
etot e1te2te3
lsr  frame length

NOTE The window frame (boundary A) is 60 mm wide but located with respect to the roller shutter box according to the

© 1SO 2012 — All rights reserved
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actual situation.

Figure 1 — Schematic example for the treatment of the boundaries for roller shutter boxes

5.5 Extensions of window frame profiles

For frames with special extensions overlapping the wall or other building elements, such as Z-shaped profiles,
the extensions shall be disregarded as illustrated in Figure 2. This applies to all profiles with special extensions
(e.g. H-shape) where the extensions overlap the wall or other building elements. Other boundaries shall be

treated as @

NOTE1 1

NOTE2 1
(see ISO 10(

6 Treatn

6.1

The heat flq
thermal corj
geometry o

6.2 Cavi

The equival
according t

NOTE 1
conductivity.

fefimed-mFigure3:

Geng¢ral

E:I/

IVAVAV N

VAAAN
I

Figure 2 — Treatment of profiles with extensions{Z-shape)

[he extension of the frame profile is disregarded in the calculation of the thermal transmittance of the win
77-1).

hent of cavities

w rate in cavities shall be represented by an equivalent thermal conductivity Aeq. This equivg
ductivity includes the heat flew by conduction, by convection and by radiation, and depends or
f the cavity and on the-adjacent materials.

ies in glazing

ent thermal gonductivity of an unventilated space between glass panes in glazing shall be determ
b EN 673¢ The resulting equivalent conductivity shall be used in the whole cavity, up to the edg

[he correlations for high aspect ratio cavities used in EN 673 tend to give low values for the equivalent the]
Morge accurate correlations are given in ISO 15099.

6.3 Unventilated air cavities in frames and roller shutter boxes

6.3.1 Defi

nition

'his approximation is for assessment of thermal transmittance> It is not appropriate for assessment of
condensatiof risk.

dow

lent
the

ned
e.

Fmal

Air cavities are unventilated if they are completely closed or connected either to the exterior or to the interior
by a slit with a width not exceeding 2 mm (see Figure 3). Otherwise, the cavity shall be treated as ventilated.

© 1SO 2012 — All rights reserved
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Dimensions in millimetres

<30

>10

<10

<2

Key
Boundaries (see AnneX B): Cavities and grooves:
pdiabatic boundary

externaksurface resistance

nterfal surface resistance

nefeased surface resistance

glazing (see 6.2)

unventilated cavity (see 6.3)

slightly ventilated cavity or groove (see 6.4.1)
well ventilated cavity or groove (see 6.4.2)

I GO Mmoo w>

Figure 3 — Schematic example for the treatment of cavities and grooves
of a frame section and the treatment of the boundaries

NOTE Figure 3 illustrates a window. The same principles are applicable to roof windows, but the adiabatic part of the
boundary is different; an example of a roof window is shown in Figure D.5.

© 1S0O 2012 — All rights reserved 7
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6.3.2 Unventilated rectangular cavities

6.3.2.1 Equivalent thermal conductivity

The equivalent thermal conductivity 1eq of the cavity in direction 1 is given by Equation (1).

d
leq =R_s (1)

where

d is the dimension of the cavity in the direction of heat flow (see Figure 2);

Rs is the thermal resistance of the cavity, given by Equation (2):

Ry =— 2)

ha is the convective heat transfer coefficient;

hr is the radiative heat transfer coefficient.

Key
1 heat flow direction

b  dimensign perpendicular to the direction of heat flow
d dimensigntgfjcavity in the direction of heat flow

g1 and &2 emissivities of the surfaces

Figure 4 — Rectangular cavity

8 © 1S0 2012 — All rights reserved
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6.3.2.2 Convective heat transfer coefficient

The convective heat transfer coefficient, 43, is:

If 56<5mm

Cy

h, = —

a4
where

ISO 10077-2:2012(E)

Cq=0,025 W /(m-K);
othgrwise

ha = max{%;CzAT”?’ } (4)
whdre

C1 =0,025 W/(m-K);

C2 =0,73 W/(m2-K4/3);

AT is the maximum surface temperature difference in the cavity.
If ng other information is available, use AT = 10 K for which

ha:max{ﬂ;cs} (5)

d

whdre

C1 =0,025 W/(m-K);

C3 =1,57 W/(m2-K);
6.3.2.3 Radiative heat transfer coefficient

h =40TS E F (6)
whdre

o =9,67 x 10-8 W/(m2-K*) is the Stefan-Boltzmann constant;

(4 4 '
E= L— +— —1J is the intersurface emittance:
1 €2
1

g1 and g2 are the emissivities of the surfaces indicated in Figure 4.

The values of the emissivities should be given to two decimal places. If no other information is available use

g1 =0,90 and &2 = 0,90.

NOTE Emissivity data for metallic surfaces are given in Table A.3.

© 1SO 2012 — All rights reserved
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If no other information is available, use Ty = 283 K for which

hr =C4

where C4 =

6.3.3 Unv

(1+./1+(az/b)2 - d/bJ
211 W/(m2K)

entilated non-rectangular air cavities

(7)

Non-rectangular air cavities (T-shape, L-shape, etc.) are transformed into rectangular air cavities with the same
area (A = 4’) and aspect ratio (rl/h = rl'/h’/) (an Eigure R) andthen 832 is applied

Key

A areg
d, b dept
A ared
d’, b dept

The transfo

.y

/ /

of the equivalent rectangular air cavity

h and width of the equivalent air cavity

of the true cavity

h and width of the smallest circumscribing rectangle

Figure 5 — Transformation of non-rectangular air cavities

rmation is given by

X[ =]

R

-

6.4 Ventilated air cavities and grooves

6.4.1 Slightly ventilated cavities and grooves with small cross-section

(9)

Grooves with small cross-sections (see Figure 6) at the external or internal surfaces of profiles and cavities
connected to the external or internal air by a slit greater than 2 mm but not exceeding 10 mm shall be considered
as slightly ventilated air cavities. The equivalent conductivity is twice that of an unventilated air cavity of the
same size according to 6.3.

10
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AN

b <10

ISO 10077

Dimensions

-2:2012(E)

in millimetres

Key

Jeq PQuivalent thermal conductivity

6.4.2 Well-ventilated cavities and grooves with large cross-section

Figure 6 — Examples of slightly ventilated cavities and grooves with-small cross-se

In cases not covered by 6.3 and 6.4.1, in particular when the width.5.0f a groove or of a slit connectin

the gnvironment exceeds 10 mm, it is assumed that the whole surface is exposed to the environment
the purface resistance Rgj or Rse according to 5.2 shall be used at the developed surface; see Figy

In the case of a large cavity connected by a single slit and-a developed surface exceeding the wid
by g factor of ten, the surface resistance with reduced radiation shall be used (see Annex B).

b >10

b>10

P—
|
I‘\R
| I
| |
| |
| |
| I ——|
%

Dimensions

Figure 7 — Examples for well-ventilated cavities and grooves

ction

g a cavity to
. Therefore,
re 7.

th of the slit

n millimetres

7 Report

7.1 General

The calculation report shall include all information necessary to allow the calculation to be repeated. The
sources of all data not taken from this part of ISO 10077 shall be given in the report. The type of software tool(s)
used for the calculation shall be specified.

© 1SO 2012 — All rights reserved
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7.2 Geometrical data

A scale drawing of the sections (preferably using 1:1 scale) shall be included in the report. The drawing shall
give the dimensions and a description of the materials used. The minimum information to be given is:

for met

the inte

allic frames, the thickness, position, type and number of thermal breaks;

for plastic frames, the presence and position of metal stiffening (reinforcements);

the thickness of wooden or plastic frames, preferably indicated on a scale drawing;

rnal and external projected frame areas, preferably indicated on a scale drawing;

the def

forard

ventilafion of the cavity (see 5.4).

7.3 Ther

7.3.1 The

All material
calculation.

clearly stat¢d and reference made to the sources.

7.3.2 Emi

For cavitieq
appropriate]

Bsivity

th and the thickness of the glazing or panel in the frame;

ller shutter box, the dimensions of the roller shutter box, the position of the window frante and

mal data

rmal conductivity

5 of the frame section shall be listed together with the thermal conductivity values used for
The data given in Annex A should preferably be used. If othér sources are used, this sha

and supporting evidence, including references;shall be provided if values less than 0,9 are u

7.3.3 Bo

The intern
external air
any insulati
thermal cor

7.4 Resy

The total he
thermal trarj
greater thary

]

ndary conditions

| and external surface resistances and the adiabatic boundaries, together with the internal
temperature, shall be indicated on the drawing. In the case of a roller shutter box, the locatig
bn applied to the surfaces ofithe roller shutter box shall be stated, together with its thickness
ductivity.

Its

bt flow rate or the dénsity of heat flow rate, the thermal transmittance of the frame section and the li
smittance aceording to Annex C shall be given to two significant figures (i.e. to one decimal pla
or equal4o\1,0, to two decimal places if less than 1,0, and to three decimal places if less than 0,1

12

the

the
| be

, the emissivity of the surrounding surfaces shall be stated with reference to Table A.3 wihere

sed.

and
n of
and

hear
Ce if
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Annex A
(informative)

ISO 10077-2:2012(E)

Thermal conductivity of selected materials

Table A.1 includes the thermal conductivities of the materials used for the given groups. With a few exceptions,
the values were taken from ISO 10456, which also includes other materials.

Table A1 — Thermal conductivities of materials
. Density Therm_al_
Group Material® kg/m?3 cdnductivity
W/(m-K)
Frame Copper 8 900 380
Aluminium (Si Alloys) 2800 160
Brass 8400 120
Steel 7 800 50
Stainless steel,P austenitic or austenitic-ferritic 7 900 17
Stainless steel,P ferritic or martensitic 7900 30
PVC (polyvinylchloride), rigid 1390 0,17
Hardwood¢® 700 0,18
Softwoodd 500 0,13
Softwoodd 450 0,12
Fibreglass (UP-resin)* 1900 0,40
Glgss Soda lime glass 2 500 1,00
PMMA (polymethylmethacrylate) 1180 0,18
Polycarbonates 1200 0,20
The¢rmal break ABS (acrylopitrile butadiene styrene) 1050 0,20
Polyamidé (nylon) 1150 0,25
Polyamide 6.6 with 25 % glass fibre 1450 0,30
Polyethylene HD, high density 980 0,50
Polyethylene LD, low density 920 0,33
Polypropylene, solid 910 0,22
Polypropylene with 25 % glass fibre 1200 0,25
PU (polyurethane), rigid 1200 0,25
PVC-U (polyvinylchloride), rigid 1390 0,17
Weather stripping | PCP (polychloroprene), e.g. Neoprene 1240 0,23
EPDM (ethylene propylene diene monomer) 1150 0,25
Silicone, pure 1200 0,35
Silicone, filled 1450 0,50
PVC, flexible (PVC-P) 40 % softener 1200 0,14
Pile weather stripping (polyester mohair)* 0,14
Elastomeric foam, flexible 60 to 80 0,05

© 1SO 2012 — All rights reserved
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Table A.2 — Table A.1 (continued)

. Density Therm_al_
Group Material® kg/m3 conductivity
W/(m-K)
Sealant and glass | PU (polyurethane) 1500 0,40
edge material Buty! rubber, solid/hot melt 1200 0,24
Polysulfide 1700 0,40
Silicone, pure 1200 0,35
Silicone, filled 1450 0,40
Polyisobutylene 930 0,20
Polyester resin 1400 019
Silica gel (desiccant) 720 0,13
Molecular sieve (desiccant)* 650 to 750 0,10
Silicone foam, low density 750 0,12
Silicone foam, medium density* 820 0,17

a8  Most mdterials are taken from ISO 10456 except those marked with.*

stainless ste¢l is known.

¢ Hardwog¢d: wood from trees of the botanical group Dicotyledonae (see also Table A.2).

d  Softwool: wood from trees of the botanical group Gymnosperms (see also Table AR).

b EN 10088-1, contains extensive lists of properties of stainless steels which may be used when the precise composition of|the

For the application of this part of ISO 10077, the thermal cond(gtivity of timber can be taken from Table|A.2

depending pn the timber species.

Table A.3 — Thermal conductivity of timber species

Code for timber species?

Thermal conductivity, A

ROPS

W/(m-K)
ABAL, PCAB, PCST, PNCN, THPL 0,11
KHXX, LALC, LAER, LAGM, LAOC, LAXX, PCGL, PHWS, PNSY, PSMN, SHLR, SWMC, 0,13
TMIV, TSHT

ENCY, ENUT, EUXX, HEXM, HEXN, MIXX, OCRB, SHDR, TEGR, TGHC 0,16
AFXX, CLXX, EUGL, EUGR, EUSL) EUUG, EUUP, INXX, PHMG, PMPN, QCXA, QCXE, 0,18

2  Annex H contains the list of-Wood species designated by these codes.

Table A.4 — Typical emissivities of metallic surfaces

I'N

D HY 1y
Beseription

Normealemissivity——

untreated aluminium surfaces 0,1
slightly oxidized aluminium surfaces (up to 5 ym) 0,3
metallic surfaces (general, including galvanised) 0,3
anodised, painted or powder coated surfaces 0,9

NOTE  An untreated surface is one that has had no artificial treatment (e.g. anodising, galvanising, painting).

14
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Annex B
(normative)

Surface resistances

Table B.1 — Surface resistances for profiles (horizontal heat flow)

ies External, Rge Internal, Rs;
Position m2-K/W mZ k)W
Nofmal
0,04 of13

(plane surface)
Regluced radiation/convection [in edges or junctions between two

) 0,04 0,p0
surfaces (see Figure B.1)]
NOJE  These values correspond to the surface resistance values given in ISO 6946, whichalso gives further informafion about the
inflyence of convection and radiation on surface resistances.

Where simulation software requires inclined surfaces to be represefted by orthogonal meshing, [the surface
resistance may be corrected by multiplying by the ratio of the actdalsurface length to the length as fepresented
in the simulation model.

Dimensions |n millimetres

2
A C /ll_ B

I |

| I L

1 b |
® || ¥

| |7 1777

b =30 b =30

Key
1 Hirettion of heat flow

2 internal surface

Figure B.1 — Schematic representation of surfaces with an increased surface resistance due to a
reduced radiation/convection heat transfer

In Figure B.1 the shading indicates the distances over which increased surface resistances apply. These are
the distances b and d, where b is equal to the depth d, but not greater than 30 mm.

EXAMPLE 1 b=dwhen d <30 mm
EXAMPLE 2 b =30 mm when d > 30 mm

EXAMPLE 3:For application to a sloped surface, » = 30 mm when d > 30 mm.
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Table B.2 — Surface resistances for calculation of roller shutter boxes

. . External, Rge Internal, Rg;i
Heat flow direction m2-K/W m2-K/W
Horizontal 0,04 0,13
Vertical 0,04 0,13

direction and also the effect of reduced radiation/convection.

NOTE  The value for the internal surface resistance for vertical heat flow takes into account the effect of heat flow in an upward

16
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Annex C
(normative)

Determination of the thermal transmittance

Thermal transmittance of the frame section

The
calg
A=
the
the
the
bou
opa

Key

thermal transmittance of the frame section, Uy, is defined as follows. With reference to Figur:
ulation model the glazing or opaque panel is replaced by an insulation panel with thermal

,035 W/(m-K) inserted into the frame, with clearance b1 not less than 5 mm. The overlap b2 is eq
plazing which the insulation panel replaces. The length of the panel shall be at least'190 mm me
most protruding part of the frame, ignoring any protruding gasket(s). For protruding gaskets this
Visible panel length could be less than 190 mm. The opposite end of the panel‘is)considered as

ndary. The frame model shall contain all materials used in manufacturingthe window except th
Hue panel, which is replaced by the insulation panel. The thickness d of¢the“insulation panel she

where the frame is designed for a specific thickness, that of the glazing or opaque panel bein

where the frame can be used with several glazing thicknesses, 24 mm for double glazing o
triple glazing.

Dimensions

bp > 190

hlazing'thickness

C.1, in the
conductivity
al to that of
Asured from
means that
N adiabatic
e glazing or
Il be:

j replaced;

36 mm for

n millimetres

NOTE

Figure C.1 — Schematic of profile section with insulation panel installed

Figures D.1 to D.7 illustrate some typical window profiles, indicating the boundary conditions for t

calculations.

he numerical

In the case of a roof window, the adiabatic parts of the boundary are those where the frame of the roof window
is in contact with the roof, when the roof window is installed according to the manufacturer’s instructions.
If the method of installation of the roof window cannot be determined from the manufacturer’s installation
instructions, it shall be modelled as depicted in Figure 2 of ISO 12567-2:2005.

© 1SO 2012 — All rights reserved
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The two-dimensional thermal conductance L?D, of the section shown in Figure C.1 consisting of frame and
insulation panel is calculated. The value of the thermal transmittance of the frame, Uy, is defined by:

Uy = 2 Upty 'b:]" % (C)
where

Us is the thermal transmittance of the frame section, expressed in W/(m2:K);

L?D IS the thermar conductance of the Section Shown N Figure C.1, eXpressed i WM KY;

Up is the thermal transmittance of the central area of the panel, expressed in W/(mZ-K);

bt is the projected width of the frame section (without protruding gaskets), expressed in m;

bp is the visible width of the panel, expressed in m.
bt is the larger of the projected widths as seen from both sides. bp is measured on the same side as bx.
NOTE 112D is calculated from the total heat flow rate per length through the settion divided by the tempergture

difference bgtween both adjacent environments (see ISO 10211).

C.2 Linear thermal transmittance of the junction with:the glazing or opaque pane|l

The thermdl transmittance of the glazing, Uy, is applicable to theé central area of the glazing and does| not
include the|effect of the spacer at the edge of the glazing. The thermal transmittance of the frame, U, is
applicable in the absence of glazing. The linear thermal transmittance, ¥, describes the additional heat flow
caused by the interaction of the frame and the glass edgeyincluding the effect of the spacer.

To calculat¢ the two-dimensional thermal coupling, ceefficient of the section consisting of the frame and the
glazing inclliding the spacer effect, the frame section with a projected frame width, 4, and thermal transmittgnce
Ut is completed by glazing with thermal transniittance Ug and length bq (see Figure C.2). The value of the lifear
thermal trapsmittance, ¥, is defined by Equation (C.2).

The same grocedure applies to frame.sections for doors with opaque panels instead of glazing.
Dimensions in millimgtres
by, by
b12 5
1
4
A
|
by by > 190 |

Key
dg glazing thickness

Figure C.2 — Schematic of profile section with glazing installed
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2D
lII=LII/ —Ufbf—Ugbg (C2)
where
' is the linear thermal transmittance, expressed in W/(m-K);
L%D is thermal conductance of the section shown in Figure C.2, expressed in W/(m-K);
Us is the thermal transmittance of the frame section, expressed in W/(m?2-K);
Ug is the thermal transmittance of the central area of the glazing, expressed in W/(m<K)
bf is the projected width of the frame section, expressed in m;
bg is the visible width of the glazing, expressed in m.
bt ig the larger of the projected widths as seen from both sides. bg is measured op.the same side gs br.
A vigible length of the panel or glass of 190 mm is sufficient for glazing with athickness up to 60 mm. In other
casgs, the length needs to be increased (see ISO 10211).
To galculate P-values for the combination of frame constructions with insulating glazing units (IGU), including
metpllic spacers, when there is no detailed information about the gedmetry of the metal spacer, the following
spager shall be used.
Thel depth of the spacer d is the width of the cavity of the.JGU reduced by 0,5 mm. This is bgcause of a
thickness of 0,25 mm of the inner sealant (butyl rubber) onceither size of the spacer. For example, ifjthe width of
the pavity in the IGU is 16 mm, the depth d of the spaceris 15,5 mm. The general geometry of the[spacer and
the jntegration in the IGU is shown in Figure C.3. If noe other information is available, the outer sedlant should
be polysulfide of thickness 3 mm.
0,5 0,5
— L
~
B 9
|.n_ 0‘
o o
| e
N
ST
B
3 9

Key
A
B

Dimensions in millimetres

polysulfide
butylene

Figure C.3 — Representative metal spacer incorporated in an IGU
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Representative P-values of thermally improved spacers can be established on the basis of representative
profile sections and representative glass units. A detailed procedure is given in Reference [10].
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Examples for the validation of calculation programmes

General

Thig
to fi
give
con

D.2

In F

Figures

gures D.1 to D.10 the key shown in Tables D.1 and D.2 applies.

Table D.1 — Boundary

annex gives criteria for the validation of a calculation program. As stated in 4.2, application of &jprogramme
ame sections in Figures D.1 to D.10 shall lead to results for 2P differing by no more than’3 % from those
n in Tables D.3 and D.4. Anisotropic thermal conductivity values were used for the equivalent thermal
Huctivity of airspaces in these calculations (see 6.3.2).

Key Surface r;sistance, Ry Tempeorature, 0
m4-K/W C
A adiabatic infinityl —
B external see Annex B 0
C internal s€e Annex B 20

Table D.2 — Materials

Key Material Thermal\/;/cz::i:)ctivity, A
a insulation panel 0,035
b soft wood 0,13
c PVC 0,17
d EPDM 0,25
e polyamide 6.6 with 25 % glass fibre 0,30
f glass 1,00
g steel 50
h aluminium?@ 160
| plie weathner sStripping (polyester Mmoridalr) U, 14
k polyamide 0,25
I PU (polyurethane), rigid 0,25
m polysulfide 0,40
n silica gel (desiccant) 0,13
o] gas filling 0,0342
2@  Equivalent thermal conductivity of the gas filling.
NOTE  All surfaces have emissivity 0,9.
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Dimensions in millimetres
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Figurg D.1 — Aluminium frame_section with thermal break and insulation panel (b =110 mm)
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Dimensions in millimetres
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Figure D.2 < Aluminium clad wood frame section and insulation panel (s = 110 mpn)
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Dimensions in millimetres
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Figur¢ D.3 —RVC frame section with steel reinforcement and insulation panel (5= 110 mm)
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Dimensions in millimetres

Figure D.4—Wood frame section and insulation panel (5= 110 mm)
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Dimensions in millimetres
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NOTE The projected frame width, b, is 89 mm.
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Figure D.5 — Roof window frame section and insulation panel
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Dimensions in millimetres
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Figure D.6 — Sliding window frame section and insulation panel (b =95 mm)
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Dimensions in millimetres
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Figure D.7 — Fixed frame section and insulation panel (5 = 48 mm)
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Dimensions in millimetres

uJ

15

S S S SC S S S SESESESOSOSESSOSOSESESSN
R IRLERRLIRLLHILLRK
-uw 0000 02020 020 S0 %0 S0

20

QK
REKS
020303000
KEHK

DRI
o IILIIERLKRS
ROREIHIELLIRRLHILLRK

20

20

<
<
\ :

20

20

/

20

20

15

60

N

173

A
1 1 1 1 1 _1°» 1 1
XS

10| 15

_
m
&

177 mm)

Figure D.8 — Roller shutter box (bsp
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