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Foreword

The text of EN ISO 10077-1:2000 has been prepared by Technical Committee CEN/TC 89
"Thermal performance of buildings and building components”, the secretariat of which is held
by SIS , in collaboration with Technical Committee ISO/TC 163 "Thermal insulation".

This European Standard shall be given the status of a national standard, either by publication
of an identical text or by endorsement, at the latest by January 2001, and conflicting national

Standarde chall hawiathdrawm at tha latact by Janianz 2001
(S-St e—vrtrorcthyr ot tHe- ot St y—Jatary—=oo=x

For relationship with EU Directive(s), see informative Annex ZA, which is an integral part ©f
this starldard.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria,yBelgium,
Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembpurg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland-and the United
Kingdon.

This stapdard is one of a series of standards on calculation methods for the design and
evaluatipn of the thermal performance of buildings and building‘components.

It contaiphs two parts. Part 1 deals with the simplified caletlation of the thermal transmittance of
windows and doors with or without shutters. Part 2 covers the numerical calculation (two-
dimensipnal) of the thermal transmittance of frame profiles.

Introduction

The method described in this stafdard is used to evaluate the thermal transmittance of
windows and doors, or as part of'the determination of the energy use of a building.

An alterpative to this caleulation method is testing according to EN 1ISO 12567 “Thermal
performance of windows and doors — Determination of thermal transmittance by hot box
methods”.

In some|countries the calculation of the thermal transmittance of windows forms part of their
nationallregulations. Information about national deviations from this standard due to

regulations are given in annex ZA.

© 1SO 2000 — Al rights reserved \
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1 Scope

This standard specifies methods for the calculation of the thermal transmittance of windows
and doors consisting of glazed or opaque panels fitted in a frame, with and without shutters.

It allows for:

- different types of glazing (glass or plastics; single or multiple glazing; with or without

IOW miscivity caatinac-wwith cnacac fillad with air ar athar nacac):
PHHSSHAYY-60aHRGSWiH-SPaceSHe e W80 tergaSe sy

- variqus types of frames (wood; plastic; metallic with and without thermal barrier;
metallic with pinpoint metallic connections or any combination of materials);

- where appropriate, the additional thermal resistance introduced by different types of
shutiers, depending on their air permeability.

Curtain alls and other structural glazings, which are not fitted in a frame, are excluded from
this starjdard. Roof windows are also excluded because of their complex‘geometrical frame
sectiond.

Default Yalues for glazings, frames and shutters are given in théinformative annexes. Therma
bridge effects at the rebate or joint between the window or deer frame and the rest of the
building [envelope are excluded from the calculation.

The calgulation does not include:

— effects of solar radiation;

— heat fransfer caused by air leakage;

— calculation of condensation;

— ventilation of air spaces in double'and coupled windows.

© I1SO 2000 — All rights reserved 1
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2 Normative references

This standard incorporates by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications
are listed hereafter. For dated references, subsequent amendments to or revisions of any of
these publications apply to this standard only when incorporated in it by amendment or
revision. For undated references the latest edition of the publications referred to applies.

EN 673

Glass in huilding Datarmination of tharmal trancmittanca (11 valiia)
StaSS-H-PUhEeHG DeteHHatHoR-oteHartHaRSHitahRce oYt ey

EN 674

EN 675

prEN 1099
prEN 1279
prEN 1279
prEN 1241
EN 12524
EN ISO 69
EN ISO 73
préN ISO
EN ISO 1(

ISO 8302

1
=

w

2-2

46

45
10077-2

211-2

Calculation method

Glass in building — Determination of thermal transmittance (U value)
Guarded hot plate method

Glass in building — Determination of thermal transmittance (U ¥alue) —
Heat flow meter method

Measuring method for the determination of the thermal transmittance of
multiple glazing (U value) — Calibrated and guarded het box method
Glass in building - Insulating glass units - Part 1: Generalities and
dimensional tolerances

Glass in building - Insulating glass units - Part3: Initial type testing on
gas-filled insulating glass units; gas leakage rate

Windows, doors and shutters - Determination of thermal transmittance
by hot box method — Part 2: Frames

Building materials and products-=Hygrothermal properties — Tabulated
design values

Building components and building elements — Thermal resistance and
thermal transmittance: < Calculation method (ISO 6946)

Thermal insulation ~-Physical quantities and definitions (1ISO 7345)
Thermal performance of windows, doors and shutters - Calculation of
thermal transmittance - Part 2: Numerical method for frames
(ISO/DIS-10077-2)

Thermatbridges in building construction - Calculation of heat flows and
surface temperatures - Part 2: Linear thermal bridges (ISO 10211-2)
Thermal insulation — Determination of steady-state thermal resistance
and related properties — Guarded hot plate apparatus

© 1SO 2000 — All rights reserved
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3 Definitions, symbols and units

3.1 Definitions
For the purposes of this standard, the definitions given in EN 673 and EN ISO 7345 apply.

In clause 4 of this standard, descriptions are given of a number of geometrical characteristics
of glazing and frame.

3.2  $ymbols

Symbql | Quantity Unit
A area m?2
R thermal resistance m2.K/W
T temperature K
U thermal transmittance W/(m2-K)
b width m
d distance / thickness m
I length m
q density of heat flow rate W/m?2
b linear thermal transmittance | W/(m-K)
A thermal conductivity W/(m-K)

3.3  Subscripts

—————————————————

‘
|
|

[ — J external

Ad.e

Figure 1 - Internal and external developed area

D door
w window.
WS  window with closed shutter j summation index
d developed p panel (opaque)
e external S space (air or gas space)
f frame se external surface
g glazing sh shutter
[ internal s internal surface
sa sash

© I1SO 2000 — All rights reserved 3
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4 Geometrical characteristics

4.1 Glazed area, opaque panel area

The glazed area Ag or the opaque panel area Ay of a window or door is the smaller of the
visible areas seen from both sides, see figure 2. Any overlapping of gaskets is ignored.

4.2  Total visible perimeter of the glazing

The total gerimeter of the glazing |4 (or the opaque panel Ip) is the sum of the visible perimeter
of the glass panes (or opaque panels) in the window or door. If the perimeters are different.on
either side|of the pane or panel then the larger of the two shall be used, see figure 2.

glass

L 1z

Figure 2 - Illustration of glazed afea and perimeter
4.3 Frame areas
For the definition of the areas see also figurée 3.

A;; Intefnal projected frame area
The|internal projected frame area is the area of the projection of the internal frame on
a plane parallel to the glazing panel.

A;e Extgrnal projected-frame area
The|external prejected frame area is the area of the projection of the external frame on
a plane paratlel to the glazing panel.

A;  Frame area
The|frame area is the larger of the two projected areas seen from both sides.

. Intn kAl doavalaned framao aran
i CHaracvyctiopcoTrarmcrea
’

The internal developed frame area is the area of the frame in contact with the internal
air (see figure 1).

Aqe External developed frame area
The external developed frame area is the area of the frame in contact with the external
air (see figure 1).

4 © 1SO 2000 — Al rights reserved
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4.4 Window area

ISO 10077-1:2000(E)

The window area A, is the sum of the frame area A, and the glazing area A, (or the

panel area A,).

Af’i = Af Ag
A1 As internat
P
A, sash A
(movable)
frame
(fixed)
As
a5
. external
Asg As
Af,e
Ay

NOTE A = max (Af’i : Af’e)
Ay = A+ Ay

Agi =AL+ A+ A+ Ay
Aje =As+As + A; + Ag

Figure 3 - lllustration of the various areas

© 1SO 2000 — All rights reserved
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5

51 Wi

Calculation of thermal transmittance

ndows

5.1.1 Single windows

frame
(fixed)

sash |:

{movante) grazing (Single

or multiple)

Figure 4 - lllustration of single window

The thermgpl transmittance of a single window U,, shall be calculated using equation (1):
U, +AU +I, ¥
Uy = AJ g A Y, 974 (1)
A+ A
where
Ug is the thermal transmittance of the glazing;

Ut
¥

is th{
ist
Spa
and the ot

In the case
zero (no s

When opal

U
T

b thermal transmittance of the frame;

ne linear thermal transmittance due to the combined thermal effects of glazing,
cer and frame;

ner symbols are defined in clause 4.

 of single glazing the last term ‘ofithe numerator in equation (1) shall be taken as
pacer effect) because any carréection is negligible.

nue panels are used.instead of some of the glazing, U,, is calculated as follows:

g+AbUp+AUf+Ig¥’g+Ip5”p

where
U, isthg

ATAYA ?

p thermal transmittance of the opaque panel(s);

¥, ist

If the opaq
the bridgin

€ fmear thermattransmittance for the opaque panef(S):

ue panel is thermally bridged at the edge by a less insulating spacer, the effect of
g shall be taken into account in the same way as for glazing; otherwise ¥, = 0.

NOTE Typical values of the linear thermal transmittance are given in annex E.

prEN I

SO 10077-2 gives a method for calculating linear thermal transmittance.

prEN 12412-2 gives a method for measuring the linear thermal transmittance.

© 1SO 2000 — All rights reserved
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5.1.2 Double windows

internal

glazing (single

ISO 10077-1:2000(E)

frame sash ] R.
(fixed)  (movable) ©F multiple) . ‘
R
<3 mmy | . ‘ i
* ‘ /Uy

<3 mm

The thefmal transmittance U,, of a system consisting of two separate windows shall be

v
_|7+
external

Figure 5 - Illustration of double window

calculat¢d by the following equation:

Yw =110 —R§+é—&e+1lu ()

w1 w2

where

Uw, Uw|  are the thermal transmittances -of the external and internal window; respectively,
calculated according to equation’ (1);

Ry is the internal surface resistance of the external window when used alone;

Re is the external surface_resistance of the internal window when used alone;

Rs is the thermal resistance of the space between the glazing in the two windows.

Typical yalues of R; and Rg-are given in normative annex A and of R, in the informative

annex d.

NOTE Ifthe gap exceeds 3 mm and measures have not been taken to
prevent excessive air exchange with external air, the method does not apply.

© 1SO 2000 — All rights reserved
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5.1.3 Co

upled windows

| internal

I glazing (single
<3mm / or multiple)

external

The therm

Figure 6 - llustration of coupled windows

Al transmittance U,, of a system consisting of one frame and two separate sashes

shall be cdlculated using equation (1). To determine the thermal transmittance Ug of'the
combined glazing equation (4) shall be used:
1
Ug= (4)
1/ Up-Ri + R— Re+1/ Ug
where
Ugt, Uy | are the thermal transmittances of the external and internal glazing; respectively,
calculated according to equations (5) and (6);

Ry is the internal surface resistance of the external glazing when used alone;
Re is the external surface resistance of the internal glazing when used alone;
Rs is the thermal resistance of the spacebetween the internal and external glazing.
Typical values of R; and R, are given in normiative annex A and of R, in the informative
annex C.

NOTE If the gap exceeds 3;mm and measures have not been taken to

prevent excessive air exchange with external air, the method does not apply.
5.2 Glazing
5.2.1 Single glazing
The thermpl tranSmittance of the single and laminated glazing, Ug, shall be calculated with the
following gquation:

1
U, = 5 5)
Ro+>F+R,
A

where

Re is the external surface resistance;

A is the thermal conductivity of glass or material layer j;
d is the thickness of the glass pane or material layer j;
Ry is the internal surface resistance.

© 1SO 2000 — All rights reserved
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5.2.2 Multiple glazing

The thermal transmittance of multiple glazing Ug can be calculated according to EN 673 or by
means of the following equation:

u, - 1 6)

g d.
R*+Zj+z&'i +R,

where
Re Is the external surface resistance,

A is the thermal conductivity of glass or material layer j;
d; is the thickness of the glass pane or material layers j;
Ry is the internal surface resistance;

Rs; is fhe thermal resistance of air space j.

NOTE Typical values of R, are given in informative annexC)

5.3 Windows with closed shutters

A shutter on the outside of a window introduces an additional thermal resistance, resulting
from both the air layer enclosed between the shutter and the window, and the shutter itself
(see figyre 7). The thermal transmittance of a windew with closed shutters, U, is given by:

1
Ups=4——— .
WS uy + 4R ()

where

U, is he thermal transmittance of the window;

AR is the additional thermalresistance due to the air layer enclosed between the shutter ang
theé window and the-closed shutter itself (see figure 7).

AR —>

o

external frteTTTat

shutter

Figure 7 - Window with external shutter

© I1SO 2000 — All rights reserved 9
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The additional thermal resistance for five categories of shutter air permeability is given in the
following expressions:

— shutters with very high air permeability:
AR = 0,08 m*K/W (8)

— shutters with high air permeability:
AR= 0,25 Ry, + 0,09 m*K/W 9)

— shutters with an average air pprmpahility (fnr pxamplp solid \A/ing shutters _wooden
venetian|shutters with solid overlapping slats, roller shutters made of wood, plastic or metal
with conngcting slats):

AR=0,55 R, + 0,11 m*K/W (10)

— shutters with low air permeability:
AR=0,80 Ry, + 0,14 m*K/W (11)

— tight shutters:
AR=0,95 R, + 0,17 m*K/W (12)

where Ry, if the thermal resistance of the shutter itself.

The above equations are valid for Ry, < 0,3 m*K/W. If no measured or calculated values for R,
are availahle, the typical values given in annexes G and H\can be used. For external or
internal blinds use equations (8) to (12) with Ry, = 0.

NOTE 1 Annex H gives further information about the permeability of
shutters.

NOTE 2 The expression AR fontight shutters is the best current
estimate, and future develeapments may lead to other values.

5.4 Doprs

frame
(fixed) |:
sash

(movable) glazing (single,

PN PN
OT ot PTey)

Figure 8 - Illustration of door with glazing

The thermal transmittance U, of a doorset, which is of similar design to a window, is obtained
using equation (13).

- AJUQ":%A_FUAHQ 7y (13)

UD

10 © 1SO 2000 — Al rights reserved
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where
AL A a
Ug
Us
¥

ISO 10077-1:2000(E)

nd |;are defined in clause 4;
is the thermal transmittance of the glazing;
is the thermal transmittance of the frame;
is the linear thermal transmittance due to the combined thermal effects oglazing
spacer and frame;

In the case of single glazing the last term of the numerator in equation (13) shall be taken as
zero (no spacer effect) because any correction is negligible.

If the dd
used:

frame
(fixed)
sash
(movable)
\
opague
panel

Figure 9 - Schematic illustration of door with opaque panel

or consists of frame, glazing and opaque panels, then thefollowing equation shall bg

U, +AU, + AU+ 1+,

If the ofg
the bridg

The ther
different

(14)

A+A+A

L,are defined in clause 4,
is the thermal transmittance of the opaque panel(s);
is the linear thermal transmittance for opaque panels.

aque panel is thermally bridged at the edge by a less insulating spacer, the effect of
jing shall be taken into@ceount in the same way as for glazing.

NOTE 1 AnnexD gives typical values of U; for different types of frame.
prEN ISO 10077-2 gives a method for calculating the linear thermal transmittance
NOTE 2, Typical values of ¥are given in annex E.

mal transmittance of door leaves without a frame and without inhomogeneities (having
layers-only perpendicular to the heat flow direction) can be measured in the guarded

hot plate

 apparatus, in accordance with ISO 8302.

If the do

orset does not have a design similar to a window system then the thermal

transmittance of the door leaves can be calculated in accordance with EN 1ISO 6946 provided

that the

ratio of the thermal conductivities of any two different materials in the door does not

exceed 1:5 (screws, nails, and so on are excluded); this method includes the calculation of the
maximum relative error which should be less than 10 %.

If the maximum relative error is higher than 10 % or the ratio of the thermal conductivities of
the different materials is greater than 1:5 a numerical calculation in accordance with
prEN ISO 10077-2 and/or EN ISO 10211-2 should be carried out.

© 1SO 2000 — All rights reserved
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6

Input data

The thermal transmittance of the frame, U, is to be determined with the glazing replaced with

a material

of thermal conductivity not exceeding 0,04 W/(m-K), by hot box measurement or

numerical calculation in accordance with prEN ISO10077-2. The thermal transmittance of the
glazing, U,, is to be determined according to EN 673, EN 674 or EN 675. Both U; and U, thus
exclude the thermal interaction between the frame and the glazing (or opaque panel), which is
taken into account by the linear thermal transmittance, ¥, either tabulated in this standard or

obtained by

in accorda

Other valu
EN 12524

If measure
be used.

If the resu
sources of
included in

7 Re

The calcul

7.1 Dr

q

Qume d d Jalion [1 d Qraance Witn p I\ O 00 -2 0Ip Mea cmen
ce with prEN 12412-2.
es to be used in the basic formulae can be obtained from annex A and

or by means of prEN 1098, EN ISO 6946 and ISO 8302.

d or calculated data are not available, the values in informative annexes’B to H may

ts are to be used for comparison of the performance of different windows, the
the numerical values of each parameter shall be identicakfér each door or window
the comparison.

port

ation report shall include the following.

awing of sections

A technical drawing (preferably scale 1:1)@iving the sections of all the different frame parts

permitting

the
the
the
the
(PO
the
ass
the

verification of:

thickness, height, position;type and number of thermal breaks (for metallic frames);
number and thickness'of air chambers (for plastic frames only);

presence and position of metal stiffening (for plastic frames only);

thickness of waoden frames and the thickness of plastic and PUR—frame
yurethane) material;

thickness 0f-gas spaces, the identification of the gas and the percentage

ured to-be present;

type ‘of glass and its thickness or its thermal properties and emissivity of its

sur

faces;

the
the
the
(on
the

thickness and description of any opaque panels in the frame;

internal projected frame area A;; and the external projected frame area A; ¢
internal developed frame area Ay; and the external developed frame area Ay ¢
ly for metallic frames);

position of the glass spacers or of the edge stiffening for opaque panels;

description of any shutters.

In the case of metallic frames with pin-point connections the distance between the pinpoints
shall be clearly indicated.

12
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7.2 Drawing of the whole window or door

A drawing of the whole window or door (seen from inside) with the following information:
— glazed area Ag and/or opaque panel area Ap;

- frame area: Ay

— perimeter length of the glazing |5 and/or of the opaque panels Ip.

7.3 Values used in the calculation

a) |If th
made to

b) If o
sources
definitio

c) If &
following

d) If me
relevant
corresp(

7.4 H

The thef
given wi

e informative annexes are used this shall be clearly stated and reference shall~be
the tables in the annexes.

ther sources are used to determine one or more of the Ug, U; and ¥ values, thg
shall be given. It shall be ascertained that these other sources. use the samg
ns of the areas Ag At and of the perimeter length Ig and Ip.

glazing not covered by the table in the annex C is used, a detailed calculation
) EN 673 shall be given.

asured or calculated values are used for one of the three parameters the
standards shall be identified and it shall be ceonfirmed that the values obtaineg
nd to the definitions of the areas given in this standard.

Presentation of results

mal transmittance of the window-afr-door, calculated according to the standard shall bg
th two significant figures.

© 1SO 2000 — All rights reserved
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Annex A

(normative)

Internal and external surface thermal resistances

For typical normal emissivities (> 0,8) for the inside and outside surfaces of the glazing, the

following values for the surface resistances Ry, and Ry shall be used.

Table A.1 - Surface thermal resistances

Window position Internal External
Ry Re
m®K/W m?-K/W
Veertical or inclination « of the
glaging to the horizontal such that 0,13 0,04
90° > o > 60°

Ry for sperial cases, for example a low emissivity coating on the odter surface of the interior
pane, can |pe calculated according to EN 673.
Annex B |(informative)
Thermal gonductivity of glass
In the absénce of specific information for the*glass concerned the value 4 = 1,0 W/(m-K)
should be psed.
14 © 1SO 2000 — Al rights reserved
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Annex C (informative)

Thermal resistance of air spaces between glazing and thermal transmittance of
coupled or double glazing

Table C.1 gives some values of the thermal resistance Ry of air spaces for double glazing,
calculated according to EN 673. The data apply:

for vertical windows or an inclination ¢ of the glazing to the horizontal such that
90 ° > o > 60°;
fpr spaces filled with air;
— with both sides uncoated or with one side coated with a low emissivity layer;
f
k

Dr a mean temperature of the glazing of 283 K and a temperature differenge\of 15 K
etween the two outer glazing surfaces.

For triple¢ glazing the procedure in EN 673 should be used.

Table 4.1 - Thermal resistance Rgof unventilated air spaces,\in m2.K/W, for coupled and
double windows

Thickness of One side coated with a Both sides
air space normal emissivity of; uncoated
mm 0,1 0,2 0,4 0,8

6 0,211 0,190 0,163 0,132 0,127

9 0,298 0,259 0,211 0,162 0,154

12 0,376 0,316 0,247 0,182 0,173

15 0,446 0,363 0,276 0,197 0,186

50 0,406 0,335 0,260 0,189 0,179

100 0,376 0,315 0,247 0,182 0,173

300 0,333 0,284 0,228 0,171 0,163

For wide air layers like in double windows or doors the calculation according to EN 673 does
not lead to correct results. In such cases more sophisticated calculation methods or
measurements should be used.

Table C.2 gives the thermal transmittance Uq of double and triple glazing filled with different
gases, calculated in accordance with EN 673. The values of the thermal transmittance in the
table apply to the emissivities and gas concentrations given. For individual glazing units the
emissivity and/or gas concentration may change with time. Procedures for evaluating the
effect of ageing on the thermal properties of glazed units are given in prEN 1279-1 and

prEN 1279-3.

© 1SO 2000 — All rights reserved
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Table C.2 - Thermal transmittance U, of double and triple glazing filled with
different gases

Glazing Type of gas space
(gas concentration > 90 %)
Type Glass em?srgiq\%y Dlmemnnjlons Air Argon Krypton SF6
Uncoated 4-6-4 3,3 3,0 2,8 3,0
glass 4-9-4 3,0 2,8 2,6 3,1
(normal 0,89 4-12-4 2,9 2,7 2,6 3,1
glass) 4-15-4 2,7 2,6 2,6 31
4-20-4 2,7 2,6 2,6 3,1
One pane 4-6-4 29 2,6 2,2 2,6
coated 4-9-4 2,6 2,3 2,0 2,7
glass <0,4 4-12-4 24 2,1 2,0 27,
4-15-4 2,2 2,0 2,0 217
4-20-4 2,2 2,0 2,0 2,7
One pane 4-6-4 2,7 2,3 1,9 2,3
Double coated 4-9-4 2,3 2,0 16 2,4
glazing glass <0,2 4-12-4 1,9 1,7 1,5 2,4
4-15-4 1,8 1,6 1,6 2,5
4-20-4 1,8 1,7 1,6 2,5
One pane 4-6-4 2,6 2,2 1,7 2,1
coated 4-9-4 2,1 1,7 1,3 2,2
glass <0,1 4-12-4 1,8 1,5 1,3 2,3
4-15-4 1,6 1,4 1,3 2,3
4-20-4 1,6 1,4 1,3 2,3
One pane 4-6-4 2,5 2,1 1,5 2,0
coated 4-9-4 2,0 1,6 1,3 2,1
glass <0,05 4-12-4 1,7 1,3 1,1 2,2
4:15-4 15 1,2 1,1 2,2
4-20-4 15 1,2 1,2 2,2
Uncoated 4-6-4-6-4 2,3 2,1 1,8 2,0
(normal) 0,89 4-9-4-9-4 2,0 1,9 1,7 2,0
glass 4-12-4-12-4 1,9 1,8 1,6 2,0
2 panes 4-6-4-6-4 2,0 1,7 1,4 1,6
coated <0,4 4-9-4-9-4 1,7 15 1,2 1,6
4-12-4-12-4 1,5 1,3 1,1 1,6
2'panes 4-6-4-6-4 1,8 1,5 11 1,3
Triple coated <0,2 4-9-4-9-4 1,4 1,2 0,9 1,3
glazing 4-12-4-12-4 1,2 1,0 0,8 1,4
2 panes 4-6-4-6-4 1,7 1,3 1,0 1,2
coated <0,1 4-9-4-9-4 1,3 1,0 0,8 1,2
4-12-4-12-4 1,1 0,9 0,6 1,2
2 panes 4-6-4-6-4 1,6 1,3 0,9 11
coated <0,05 4-9-4-9-4 1,2 0,9 0,7 11
4-12-4-12-4 1,0 0,8 0,5 1,1
NOTE The values of thermal transmittance in the table were calculated using EN 673. They
apply to the emissivities and gas concentration given. For individual glazing units the emissivity
and/or gas concentrations may change with time. Procedures for evaluating the effect of
ageing on the thermal properties of glazed units are given in prEN 1279-1 and prEN 1279-3.

16
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D (informative)

Thermal transmittance of frames

Values of Us evaluated by numerical calculation methods (finite element, finite difference) in
accordance with prEN ISO10077-2 can be used as input data for calculations, as can values
of U obtained by direct measurements using hot box methods in accordance with

prEN 12412-2.

If no oth
can be

All valud
types of
absence

All the v
measursg
calculati

Future 0
are not

Especia
thermal
as:

A therm
on the ¢

The valu

Itis comn

er information is available, the values derived from the following tables and graphs
sed in the calculations for the corresponding frame types.

s given in this annex refer to the vertical position only. Typical values for common
frames are given in table D.1, figure D.2 and figure D.4, which can be used in the
of specific measured or calculated information for the frame concerned.

alues shown in table D.1, figure D.2 and figure D.4 are based on a large number of
bd values as well as mathematically evaluated values determined using numerical
on methods. They include the effect of the developed argas.

evelopment should not be impeded by tabulated U; values. Values for frames which
lescribed in the tables should be determined by\measurements or calculations.

ly in the case of aluminium profiles with thermal breaks” there is the problem that the
transmittance of the frame is influencedby different construction characteristics, such

he distance a between the aluminitim sections;

he width b of the material of the thermal break zones;

ne conductivity of the thepmal break material,

ne ratio of the width of the thermal break to the frame projection width.

Al break can be gonsidered as such only if it completely separates the metal sections
pld side from.the metal sections on the warm side.

es in this.annex are based on Ry = 0,13 m*K/MW and R = 0,04 m*K/W.

mon practice to produce "Profile Systems" comprising a large number of different

frames,

having a wide range of geometric shapes but having similar thermal properties. This is

because in these groups of frames, the important parameters such as the size, material and
design of the thermal break, are the same. A document specifying practical procedures for
evaluating the thermal properties of such "profile systems" is under preparation.

D The values of Uy in table D.1, figure D.2 and figure D.4 cannot be used for sliding windows but the

principle

of equation (1) can be used.

© 1SO 2000 — All rights reserved
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Plastic frames

If no other data are available, the values in table D.1 can be used for frames without metal
reinforcements.

Table D.1 - Thermal transmittances for plastic frames with metal reinforcements

Frame material Frame type Us
WH(T T K)
Polyurethgane with metal core 2,8
thickness of PUR > 5 mm
- — internal
PV(? holllc w external
profiles® — 2,2
two hollow chambers —
external [ | internal
] 2,0
three hollow chambers
Y With a distance between wall surfaces of hollow chambers of at least® mm (refer to figure D.1).

Dimensions in millimetres

Figure D.1 - Hollow chamber in plastic frame

Other plastic profile sections should be measured or calculated.

18 © 1SO 2000 — Al rights reserved
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Wood frames

Values for wood frames can be taken from figure D.2. For U; the values correspond to a
moisture content of 12 %. For definition of the thickness of the frame see figure D.3.

Us in (W/m?K)
3,0
N
N
N\
\\
2,0 < N hard wood (density 700 kg/m®)
SN A= 0,18 W/(m'K)
\\ \\
N S soft wood (density 500 kg/m®)
A=0,13 W/(mK
T (9
~—
1,0 -~
50 100 150

Thickness of the frame d; in mm

Figure P.2 - Thermal transmittances for wooden frames and“metal-wood frames (see figure D.3)
depending on the frame thickhess d;

wood metal-wood metal-wood

internal:
right side of
|< ’| |<d .| |< ’| frame section
sash
sash | D E 7 d - d1+d2
. l
frame e *
external:
|‘ d, ’| |‘ d, ’| I‘ d, ’| left side of
frame section

wood wood metal-wood

Ld.ILd.I Ld.l s Ld.ILd.I

I I II
sash

M Hl% M

Figure D.3 - Definition of the thickness d; of the frame for various window systems
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Metal frames

The thermal transmittance of metal frames can be determined by measurement using hot box
methods in accordance with prEN 12412-2 or by numerical calculation in accordance with
prEN 1SO 10077-2. Values obtained by such methods should be used when available, in
preference to the method given in this annex.

If such data are not available, values of U; can be obtained by the following procedure for:

- metal frames without a thermal break;

- metal fra R A S
and figure D.6, subject to
thermal foreaks.

restrictions on the thermal conductivity and widths of the

For metal frames without a thermal break, use Uy, = 5,9 W/(m*-K).
For metal frames with thermal breaks, take U, from the solid line in figure D.4.

Uro in W/(m?K)

4.0

N
\

2.0

0 4 8 12 16 20 24 28 32 36
Smallest distance between opposite metal sections, d, in mm

NOTE .<The shaded area indicates the range of values obtained from many
meastrements on frames carried out in several European countries, derived from the

sufface temperature difference across the frame.

Figure D.4 - Uy -values for metal frames with thermal break

The thermal resistance of the frame, R, is given by
R = 047 (D.1)
Uto
and the thermal transmittance of the frame, U;, from
1

T RAL A R FROA o Ar

(D.2)
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where

Aui, Aver Ariy A are the areas as defined in clause 4, expressed in square metres;

Ry is the appropriate internal surface resistance of the frame, in m2-K/W:;

R. is the appropriate external surface resistance of the frame, in mZK/W:

R is the thermal resistance of the frame section, in m*K/W, resulting from the thermal
transmittance of the frame taking into account the appropriate surface resistance.

U is the thermal transmittance, in W/(mZ-K), calculated as if the developed area were
eqgual to the projected area.

Thermal conductivity of thermal
break materials
0,2 < 4<0,3 W/(m'K)

d is the smallest distancebetiveen

v v opposite aluminium sections of
the thermal break;

d d
5 I | l l ) I bj is the width of thermal break j;

bf is the width ofthe frame.

R e N

k .

Figure D.5 - Section Type 1: Thermal break with a thermalconductivity below 0,3 W/(m-K)

Thermal conductivity of thermal
break materials
0,1 <4<0,2 W/(mK)

d is the smallest distance between
v O v opposite aluminium sections of the
d C) d thermal break;

5 I s 2 | K3 I bj is the width of thermal break j;
d bf is the width of the frame.
D b, <03
T S j
b

- .

Figure D.6 “Séction Type 2: Thermal break with a thermal conductivity below 0,2 W/(m-K)

If the thermal conductivity of the termal break material is below 0,1 W/(m.K), the definition in
figure D.6 is not valid.
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