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STEEL WINDOW ASSOCIATION

W40 WINDOW/DOOR SYSTEM

U-VALUE ASSESSMENT

Instruction: Email from Darren Joyce of Steel Window Service and Supplies Limited, dated 7th June
2006, and further email dated 26th September 2006.

1. INTRODUCTION

This report describes an assessment of the whole window U-values of numerous variants of a
W40 steel-framed window system, with various bead and glazing arrangements.  Further
analyses have been undertaken of certain variants of this system when used for steel doors.

This report summarises the findings of the assessment.  A supplementary CD-ROM issued with
this report contains the following additional information:

C copies of the frame profile drawings as supplied by the Steel Window Association, in
AutoCAD ‘DWG’ format;

C copies of the drawings as tidied for the purpose of the analysis, in both AutoCAD
‘DWG’ and ‘DXF’ formats;

C copies of the simulation files used to determine the component U- and Ψ-values
summarised in this report, in ‘THM’ format as used by the Therm software program;

C an installable copy of the Therm software;
C a copy of the spreadsheets used to process the Therm data and determine whole

window U-values, in MS Excel ‘XLS’ format.

Further information relating to the assessment is given in Appendices A to E of this report,
comprising:

C Appendix A contains a summary of the experience of the analyst;
C Appendix B contains copies of the frame profile drawings as supplied by Steel Window

Association;
C Appendix C summarises the material thermal conductivity values used for the analysis;
C Appendix D summarises the boundary conditions assumed for the analysis;
C Appendix E summarises the bead and glazing options that have been analysed, and the

results of the analyses for the windows;
C Appendix F summarises the bead and glazing options that have been analysed, and the

results of the analyses for the doors.
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2. THE ANALYSIS

2.1 Software

The analysis has been undertaken using the freely available software Therm, version
5.2.  This software has been downloaded from the web-site of Lawrence Berkeley
Laboratory:

http://windows.lbl.gov/software/therm/therm.html

This software has been satisfactorily validated against the benchmarks contained in
Annex D of the European Standard BS EN ISO 10077-2:2003.

2.2 Method

The analysis has been performed following the guidelines given in BS EN ISO 10077-2
and BRE Report BR443 Conventions for U-value Calculations 2002.  This method has
been used to identify a characteristic U-value for each frame profile and a Ψ-value to
account for the interaction with various glazing options.

This method of analysis is based on a two-dimensional cross-section through the
window frame, and it is therefore necessary to make certain simplifications for the
purpose of the analysis.  These simplifications are described in section 2.5 below.

Generic values have been used for the thermal conductivity of each material.  These
are described in Appendix C of this report.

Boundary conditions and surface resistances have been used as defined in BS EN ISO
10077-2.  These are summarised in Appendix D of this report.  Note that surface heat
transfer coefficients have been defined so as to give the correct surface resistance.

The method also complies with the recommendations given in GGF Glazing Manual
Section 2 Part 2.2 Window and Door System U-values: Provision of Certified Data
(March 2002 edition).  The component U- and Ψ-values have been used to calculate
overall U-values for the domestic and commercial styles of window defined by the
GGF, and for single and double door variants.

2.3 Glazing and Beads

Numerous glazing options have been considered.  There are three bead types -
aluminium, stainless steel and GRP, and the same frame profiles and overall
dimensions have been used throughout.  The glazing typically comprises either double
glazing, with both aluminium and warm edge glazing spacers, or triple glazing with
aluminium glazing spacers.  

In the case of the triple glazing the units are always 4/6/4/6/4 mm units, with different
coating/gas fill options to give centre-pane U-values of 0.9 or 0.8 W/m2K.  For the
double glazing various combinations of glass thickness are used (4 and 6 mm
monolithic, 6.4 mm laminated) with various cavity widths (12, 14, 16 and 18 mm) and
gas fills, to give centre-pane U-values of either 1.1 or 1.0 W/m2K.
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In the case of the warm edge glazing spacer an Edgetech SuperSpacer has been
assumed, this being a foam rubber spacer with an aluminium/mylar film vapour seal.

For the doors two additional types of infill have been considered, a 35 mm thin panel,
with a centre-panel U-value of 0.75 W/m2K, and a 78 mm thick panel with a centre-
panel U-value of 0.35 W/m2K.

2.4 Whole-Window and Door U-values

For the purpose of demonstrating compliance with the Building Regulations for
England and Wales Approved Documents L1 and L2 the frame characteristic U-values
and Ψ-values have been used to calculate whole-window and whole-door U-values. 

The whole window U-values are based on the window styles defined in GGF Glazing
Manual Section 2 Part 2.2.  The first style comprises an opening light and fixed light
side-by-side with a dividing mullion, and is referred to here as the ‘Domestic’ style.
The second style comprises a single full-size opening light, and is referred to here as
the ‘Commercial’ style.  Both of the reference windows are taken as 1230 mm wide by
1480 mm high.

The whole door U-values are also based on the sizes given in the GGF Glazing
Manual, these being a 1000 mm wide by 2000 mm high single door, or a 2000 mm
wide by 2000 mm high double door with a central meeting stile.

2.5 Assumptions Made for the Purpose of Simplifying the Analysis

In order to permit the frame profiles to be analysed using two-dimensional methods
certain simplifications are made:

• Curved elements are represented as a set of straight lines (facets).  As a general
rule curves are broken down into at least three facets per 90 degrees of arc;

• The clips or screws which are used to secure the glazing beads have been
ignored, since these are highly localised and do not significantly affect the heat
loss through the frame;

• Fixing straps are neglected as these are also intermittent and are fixed to the
window/door reveal on the warm side of the window/door frame;

• All components are assumed to be in perfect thermal contact, to ensure that the
predicted heat loss is maximised;

• The whole internal metal surface of the frames is assumed to be exposed to the
room air, thereby maximising the potential for heat loss.

2.6 Reporting Accuracy

It is conventional to report U-values to one decimal place (i.e. to the nearest 0.1
W/m2K) and Ψ-values to two places.  However, to ensure that whole window/door U-
values are as accurate as possible no ‘rounding off’ of component U- and Ψ-values is
undertaken until after whole window/door U-values have been calculated.
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2.7 Analysis Accuracy

Measurement and simulation results are generally considered accurate to within 5%;
round-robin testing or analysis of the same product by different assessors working to
the same standard results in a set of reported U-values which are within a range of +/-
5%. 

Simulation results such as those described in this report are generally based on generic
(high) values for material properties and the assumption that components are in perfect
thermal contact, which tends to generate U-values which are at the upper end of the
error band.

A window which has a true U-value of, say, 2.2 W/m2K, could be determined by
measurement to have a U-value of 2.1 W/m2K (an error of -5%) and by simulation to
have a U-value of 2.3 W/m2K (an error of +5%).  These values are both correct within
the bounds of the expected experimental/simulation errors.
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3. ANALYSIS RESULTS - WINDOWS

For each glazing/bead option three simulations have been prepared, one for a fixed light
perimeter frame, one for an opening light perimeter frame and one for a dividing mullion
between a fixed light and an opening light.  Typical examples of these frames as analysed are
shown in Plates 1 to 3 for a conventional glazing spacer in a double glazed unit (examples
shown are with an aluminium glazing bead), Plates 4 to 6 for a warm edge spacer in a double
glazed unit (examples shown are with a stainless steel glazing bead), and Plates 7 to 9 for a
triple glazed arrangement (examples shown are with a GRP glazing bead).

For each of the frame/glazing combinations two simulations have been performed - one with
the glazing replaced with a sheet of insulation material of the same thickness (to determine the
characteristic frame U-value) and one with the relevant glazing type (to determine the Ψ-value
for the frame-glazing combination).  

In each case the void between the perimeter frame and the window reveal is assumed to be
filled with a polyurethane or similar expanding foam product. 

The results are summarised in Appendix E of this report.  In the following sections these results
are summarised for each bead type.  Where the ‘option’ column contains two numbers, the first
of these relates to the ‘Domestic’ window style, and the second relates to the ‘Commercial’
window style - the same opening light framing profile and glazing is used for both styles of
window.  The whole window U-values are given as both rounded and (in brackets) exact
values:

3.1 Aluminium Bead

Option Glazing Domestic Commercial

Configuration U-value
[W/m2K]

U-value
[W/m2K]

U-value
[W/m2K]

1 4/16/4 aluminium spacer 1.1 2.3 (2.301) 2.1 (2.088)

62 4/16/4 warm edge spacer 1.1 2.2 (2.238) 2.0 (2.0497)

2 6/12/6 aluminium spacer 1.1 2.4 (2.357) 2.1 (2.125)

63 6/12/6 warm edge spacer 1.1 2.3 (2.286) 2.1 (2.081)

3 6.4/14/4 aluminium spacer 1.1 2.3 (2.309) 2.1 (2.092)

64 6.4/14/4 warm edge spacer 1.1 2.2 (2.246) 2.1 (2.053)

4 6.4/12/6.4 aluminium spacer 1.1 2.4 (2.363) 2.1 (2.129)

65 6.4/12/6.4 warm edge spacer 1.1 2.3 (2.291) 2.1 (2.085)

5 & 33 6/12/6 aluminium spacer 1.0 2.3 (2.288) 2.0 (2.0498)

6 & 34 6/12/6 warm edge spacer 1.0 2.2 (2.216) 2.0 (2.005)

7 & 35 4/6/4/6/4 aluminium spacer 0.9 2.1 (2.147) 1.9 (1.928)

8 & 36 4/6/4/6/4 aluminium spacer 0.8 2.1 (2.074) 1.8 (1.84998)
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Typical frame details using the aluminium bead are illustrated in Plates 1 to 3.

3.2 Stainless Steel Bead

Option Glazing Domestic Commercial

Configuration U-value
[W/m2K]

U-value
[W/m2K]

U-value
[W/m2K]

9 & 37 4/16/4 aluminium spacer 1.1 2.3 (2.275) 2.1 (2.067)

61 as 9 & 37 but reversed 1.1 2.3 (2.265) 2.1 (2.059)

10 & 38 6/12/6 aluminium spacer 1.1 2.3 (2.330) 2.1 (2.106)

11 & 39 6.4/14/4 aluminium spacer 1.1 2.3 (2.284) 2.1 (2.074)

12 & 40 6.4/12/6.4 aluminium spacer 1.1 2.3 (2.333) 2.1 (2.106)

13 & 41 4/18/4 aluminium spacer 1.1 2.3 (2.269) 2.1 (2.062)

14 & 42 6/14/6 aluminium spacer 1.1 2.3 (2.327) 2.1 (2.103)

15 & 43 6.4/16/4 aluminium spacer 1.1 2.3 (2.280) 2.1 (2.071)

16 & 44 6.4/14/6.4 aluminium spacer 1.1 2.3 (2.332) 2.1 (2.108)

17 & 45 6/12/6 aluminium spacer 1.0 2.3 (2.262) 2.0 (2.031)

18 & 46 6/12/6 warm edge spacer 1.0 2.2 (2.170) 2.0 (1.972)

19 & 47 4/6/4/6/4 aluminium spacer 0.9 2.1 (2.119) 1.9 (1.908)

20 & 48 4/6/4/6/4 aluminium spacer 0.8 2.0 (2.047) 1.8 (1.830)

Option 61 is a repeat of options 9/37, but with the window frames reversed so that the window
is externally glazed.  No changes have been made to the geometry of the frame profiles.

Typical frame details using the stainless steel bead are shown in Plates 4 to 6.
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3.3 GRP Bead

Option Glazing Domestic Commercial

Configuration U-value
[W/m2K]

U-value
[W/m2K]

U-value
[W/m2K]

21 & 49 4/16/4 aluminium spacer 1.1 2.2 (2.172) 2.0 (1.999)

22 & 50 6/12/6 aluminium spacer 1.1 2.2 (2.219) 2.0 (2.027)

23 & 51 6.4/14/4 aluminium spacer 1.1 2.2 (2.180) 2.0 (2.003)

24 & 52 6.4/12/6.4 aluminium spacer 1.1 2.2 (2.227) 2.0 (2.035)

25 & 53 4/18/4 aluminium spacer 1.1 2.2 (2.178) 2.0 (2.003)

26 & 54 6/14/6 aluminium spacer 1.1 2.2 (2.226) 2.0 (2.034)

27 & 55 6.4/16/4 aluminium spacer 1.1 2.2 (2.187) 2.0 (2.008)

28 & 56 6.4/14/6.4 aluminium spacer 1.1 2.2 (2.232) 2.0 (2.038)

29 & 57 6/12/6 aluminium spacer 1.0 2.1 (2.14995) 2.0 (1.951)

30 & 58 6/12/6 warm edge spacer 1.0 2.0 (2.007) 1.9 (1.861)

31 & 59 4/6/4/6/4 aluminium spacer 0.9 2.0 (2.003) 1.8 (1.828)

32 & 60 4/6/4/6/4 aluminium spacer 0.8 1.9 (1.929) 1.7 (1.749)

Typical frame details using the GRP bead are shown in Plates 7 to 9.
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4. ANALYSIS RESULTS - DOORS

Only one glazing bead type has been considered - an internally glazed aluminium bead.  Four
main glazing types have been considered - 6/12/6, 6.4/14/4 and 6.4/12/6.4 mm double glazing,
and 4/6/4/6/4 mm triple glazing.  A range of centre-glazing U-values have been considered,
with either a traditional aluminium glazing spacer, or a warm edge glazing spacer (Edgetech
SuperSpacer).  Three insulating panel infills have also been considered.

Each door has a lock plate arrangement to which the locking hardware is fixed.  For a double
door this leads to four frame types to be analysed; opening frame with infill, meeting stile with
infill both sides, meeting stile with infill one side and lock plate to the other, and dividing frame
with infill to one side and lock plate to the other.

In the case of the first type of thin insulated infill panel the inner and outer skins of the infill
may or may not be in contact, and so three variants have been considered - one with full
contact, one with a 1 mm gap and one with a 3 mm gap between the skins.  The same variants
have not been applied to the lock plate (which is of the same construction as the thin infill
panel)because the lock plate is very small in area and does not have a significant effect on the
overall U-value of the door.  It is also noted that both thin infill panels and the lock plate do
not require the use of a glazing bead, and so the projected widths of the frames (as viewed
internally) are less for these items.

Typical examples of the various frame/glazing/infill types as analysed are shown in Plates 10
to 15.

For each of the frame/glazing combinations two simulations have been performed - one with
the glazing replaced with a sheet of insulation material of the same thickness (to determine the
characteristic frame U-value) and one with the relevant glazing/infill type (to determine the Ψ-
value for the frame-glazing combination).  

In each case the void between the perimeter frame and the window/door reveal is assumed to
be filled with a polyurethane or similar expanding foam product. 

The results are summarised in Appendix F of this report.  In the following sections these results
are summarised for each bead type.  Where the ‘option’ column contains two numbers, the first
of these relates to the single door style, and the second relates to the double door style - the
same framing profiles and glazing/infill are used for both styles of door.  The whole door U-
values are given as both rounded and (in brackets) exact values:
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4.1 Double Glazing

Option Glazing/Infill Single Double

Configuration & Spacer U-value
[W/m2K]

U-value
[W/m2K]

U-value
[W/m2K]

66 & 82 6/12/6 aluminium 1.2 2.4 (2.353) 2.2 (2.201)

67 & 83 6/12/6 warm edge 1.2 2.3 (2.306) 2.2 (2.157)

68 & 84 6/12/6 aluminium 1.1 2.3 (2.281) 2.1 (2.125)

69 & 85 6/12/6 warm edge 1.1 2.2 (2.232) 2.1 (2.079)

70 & 86 6/12/6 aluminium 1.0 2.2 (2.208) 2.0 (2.049)

71 & 87 6/12/6 warm edge 1.0 2.2 (2.159) 2.0 (2.003)

72 & 88 6.4/14/4 aluminium 1.1 2.2 (2.245) 2.1 (2.092)

73 & 89 6.4/14/4 warm edge 1.1 2.2 (2.202) 2.1 (2.050)

74 & 90 6.4/12/6.4 aluminium 1.2 2.4 (2.358) 2.2 (2.205)

75 & 91 6.4/12/6.4 warm edge 1.2 2.3 (2.310) 2.2 (2.160)

76 & 92 6.4/12/6.4 aluminium 1.1 2.3 (2.286) 2.1 (2.130)

77 & 93 6.4/12/6.4 warm edge 1.1 2.2 (2.237) 2.1 (2.084)

4.2 Triple Glazed

Option Glazing Single Double

Configuration U-value
[W/m2K]

U-value
[W/m2K]

U-value
[W/m2K]

78 & 94 4/6/4/6/4 aluminium 0.9 2.1 (2.085) 1.9 (1.925)

79 & 95 4/6/4/6/4 aluminium 0.8 2.0 (2.010) 1.8 (1.846)

4.3 Infill Panels

Option Glazing Single Double

Configuration U-value
[W/m2K]

U-value
[W/m2K]

U-value
[W/m2K]

80 & 96 35 mm, skins no gap 0.75 2.8 (2.761) 2.6 (2.564)

80 & 96 35 mm, skins 1 mm gap 0.75 2.7 (2.716) 2.5 (2.520)

80 & 96 35 mm, skins 3 mm gap 0.75 2.7 (2.676) 2.5 (2.481)

81 & 97 78 mm panel 0.35 1.8 (1.798) 1.6 (1.613)

98 & 99 35 mm panel type 2 0.75 2.0 (2.006) 1.8 (1.838)
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5. SUMMARY

Whole-window U-values have been calculated for 33 different frame and glazing combinations.
The results vary from 1.9 to 2.4 W/m2K for a ‘Domestic’ window style, and from 1.7 to 2.1
W/m2K for a ‘Commercial’ window style.

Whole-door U-values have been calculated for 16 different frame and infill combinations.  the
results vary from 1.8 to 2.8 W/m2K for a single door, and from 1.6 to 2.6 W/m2K for a double
door.

Steel Window Association for Sandberg LLP
The Building Centre
26 Store Street
London    WC1E 7BT

For the attention of Mr Darren Joyce Dr R M Harris

File reference: 29801x01_rmh_rep.wpd 26 October 2006
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PLATES
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Plate 1 Fixed Perimeter Frame with Double Glazing and Aluminium Edge Spacer, as Analysed
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Plate 2 Opening Perimeter Frame with Double Glazing and Aluminium Edge Spacer, as
Analysed
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Plate 3 Mullion Frame with Double Glazing and Aluminium Edge Spacer, as Analysed
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Plate 4 Fixed Perimeter Frame with Double Glazing and Warm Edge Glazing Spacer, as
Analysed



sandberg - 16 - 29801/X/01

Plate 5 Opening Perimeter Frame with Double Glazing and Warm Edge Glazing Spacer, as
Analysed
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Plate 6 Mullion Frame with Double Glazing and Warm Edge Glazing Spacer, as Analysed
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Plate 7 Fixed Perimeter Frame with Triple Glazing and Aluminium Edge Spacer, as Analysed
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Plate 8 Opening Perimeter Frame with Triple Glazing and Aluminium Edge Spacer, as
Analysed
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Plate 9 Mullion Frame with Triple Glazing and Aluminium Edge Spacer, as Analysed
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Plate 10 Opening Frame with Double Glazing and Aluminium Edge Spacer, as Analysed
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Plate 11 Meeting Stile Frame with Double Glazing Both Sides and Aluminium Edge Spacer,
as Analysed



sandberg - 23 - 29801/X/01

Plate 12 Meeting Stile Frame with Lock Plate One Side and Warm Edge Spacer, as Analysed
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Plate 13 Lock Plate Divider Frame with Triple Glazing and Aluminium Edge Spacer, as
Analysed
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Plate 14 Meeting Stile Frame with Thin Infill Panel (1 mm Gap Between Skins at Edge) and
Lock Plate (No Gap Between Skins), as Analysed
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Plate 15 Meeting Stile with Thick Infill Panel and Lock Plate, as Analysed
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APPENDIX A

Summary of Experience of Analyst Dr Richard Harris



sandberg - 28 - 29801/X/01

Summary of Experience of Analyst Dr Richard Harris

Dr Richard Harris has been involved with the use of FEA to analyse heat flows through facade
details for more than nine years, six of which were as a Research Engineer in the employ of the
Centre for Window and Cladding Technology (CWCT) at the University of Bath.

More than 1,000 analyses (both 2-d and 3-d) have been performed for research and consultancy
purposes, and the author was a contributor to a joint project between the CWCT and the National
Physical Laboratory to compare the results of FEA analysis and measurement of product U-values. 
An accuracy of better than 5% was achieved when comparing simulated and measured U-values. 
Similarly the error between simulated and measured point temperatures was found to be generally
better than 5% of the overall temperature difference (i.e. for an overall temperature difference of 20
deg C the temperature error was less than 1 deg C).

Dr Richard Harris is also the author of several thermal performance related CWCT publications,
comprising:

• Guide to the design of thermally improved glazing frames (1995).
• Standard for specifying and assessing for heat transfer (the U-value) (1998).
• Standard for specifying and assessing for condensation risk (1998).
• Guide to good practice for assessing glazing frame U-values (1998).
• Guide to good practice for assessing heat transfer and condensation risk for a curtain wall

(1998).
• The effect of edge details on heat transfer through insulated panels (1999).

Dr Harris is Certified Simulator number 007 of the British Fenestration Rating Council (BFRC). 
Details of this scheme can be found on the BFRC web-site at http://www.bfrc.org.



sandberg - 29 - 29801/X/01

APPENDIX B

Detail Drawings as supplied by the Steel Windows Association
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APPENDIX C

Material Thermal Conductivity Values used for the Analysis
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Material Thermal Conductivity Values used for the Analysis

The following materials are used in the details described in this report:

Colour Material Use Conductivity
[W/mK]

Aluminium alloy Glazing spacer, beads 160.0

Mild steel Frame profiles 50.0

Stainless steel Glazing bead 17.0

Glass Glass 1.0

HD polythene Weatherseal skin 0.50

Silicone Sealant 0.35

Glass-filled plastic GRP glazing bead 0.30

EPDM rubber Glazing gaskets 0.25

Butyl Glazing unit primary seal 0.24

Plywood Infill panel layer 0.24

Foam rubber Warm edge glazing spacer 0.162

Polyurethane foam Perimeter filler and weatherseal core 0.05

Foam elastomer Glazing tape, bead seals 0.05

Insulant Panel for characteristic simulation 0.035

Polystyrene foam Insulation core 0.027

Air Unventilated cavities various

All solid material thermal conductivity values have been taken from BS EN ISO 12524:2000 Building
Materials and Products - Hygrothermal Properties - Tabulated Design Values. 

All small air-filled cavity equivalent thermal conductivity values have been determined according to the
method defined in BS EN ISO 10077-2.  The thermal conductivity of cavities is determined
automatically by the Therm software. 

The glazing gas-space thermal conductivity value has been determined to give the correct centre-glazing
U-values.
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APPENDIX D

Boundary Conditions assumed for the Analysis
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Boundary Conditions assumed for the Analysis

The following boundary conditions are used:

• Internal temperature:

Ti = 20 deg C

• External temperature:

Te = 0 deg C

• Internal surface resistance, vertical wall surfaces:

Rsi = 0.13 m2K/W

Note: This is modelled using a surface heat transfer coefficient of 7.69 W/m2K.

• Internal surface resistance, sheltered vertical wall surfaces:

Rsi = 0.20 m2K/W

Note: This is modelled using a surface heat transfer coefficient of 5.00 W/m2K.

• External surface resistance, all surfaces:

Rse = 0.04 m2K/W

Note: This is modelled using a surface heat transfer coefficient of 25.0 W/m2K.
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APPENDIX E

Summary of Bead and Glazing Options, and Results for Windows



SANDBERG 29801/X
Appendix E

Config. 
Ref:

Commercial or 
Domestic 
standard 
reference 
window?

Bead
Double / 

Triple 
Glazed ?

Unit 
Thickness Outer Airspace 

(outer)
Central 
Pane

Airspace 
(inner) Inner Airspace Gas

Centre 
Pane U 
Value

Spacer Glazing side in 
W40 frame

Resultant frame 
and glass 

combined U 
value:

1 Domestic 7mm topped alumnium Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.301)

62 Domestic 7mm topped alumnium Double 24 4 16 4 90% Argon 1.1 Warm Edge Spacer Internally Glazed 2.2 (2.238)

2 Domestic 7mm topped alumnium Double 24 6 12 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.4 (2.357)

63 Domestic 7mm topped alumnium Double 24 6 12 6 90% Argon 1.1 Warm Edge Spacer Internally Glazed 2.3 (2.286)

3 Domestic 7mm topped alumnium Double 24.4 6.4 14 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.309)

64 Domestic 7mm topped alumnium Double 24.4 6.4 14 4 90% Argon 1.1 Warm Edge Spacer Internally Glazed 2.2 (2.246)

4 Domestic 7mm topped alumnium Double 24.8 6.4 12 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.4 (2.363)

65 Domestic 7mm topped alumnium Double 24.8 6.4 12 6.4 90% Argon 1.1 Warm Edge Spacer Internally Glazed 2.3 (2.291)

5 Domestic 7mm topped alumnium Double 24 6 12 6 90% Krypton 1.0 Standard Alumnium Internally Glazed 2.3 (2.288)

6 Domestic 7mm topped alumnium Double 24 6 12 6 90% Krypton 1.0 Warm Edge Spacer Internally Glazed 2.2 (2.216)

7 Domestic 7mm topped alumnium Triple 24 4 6 4 6 4 90% Krypton 0.9 Standard Alumnium Internally Glazed 2.1 (2.147)

8 Domestic 7mm topped alumnium Triple 24 4 6 4 6 4 90% Krypton 0.8 Standard Alumnium Internally Glazed 2.1 (2.074)

9 Domestic 5mm topped stainless Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.275)

10 Domestic 5mm topped stainless Double 24 6 12 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.33)

11 Domestic 5mm topped stainless Double 24.4 6.4 14 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.284)

12 Domestic 5mm topped stainless Double 24.8 6.4 12 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.333)

13 Domestic 5mm topped stainless Double 26 4 18 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.269)

14 Domestic 5mm topped stainless Double 26 6 14 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.327)

15 Domestic 5mm topped stainless Double 26.4 6.4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.28)

16 Domestic 5mm topped stainless Double 26.8 6.4 14 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.3 (2.332)

17 Domestic 5mm topped stainless Double 24 6 12 6 90% Krypton 1.0 Standard Alumnium Internally Glazed 2.3 (2.262)

18 Domestic 5mm topped stainless Double 24 6 12 6 90% Krypton 1.0 Warm Edge Spacer Internally Glazed 2.2 (2.17)

19 Domestic 5mm topped stainless Triple 24 4 6 4 6 4 90% Krypton 0.9 Standard Alumnium Internally Glazed 2.1 (2.119)

20 Domestic 5mm topped stainless Triple 24 4 6 4 6 4 90% Krypton 0.8 Standard Alumnium Internally Glazed 2 (2.047)

21 Domestic 5mm topped GRP bead Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.172)

22 Domestic 5mm topped GRP bead Double 24 6 12 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.219)

23 Domestic 5mm topped GRP bead Double 24.4 6.4 14 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.18)

24 Domestic 5mm topped GRP bead Double 24.8 6.4 12 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.227)

25 Domestic 5mm topped GRP bead Double 26 4 18 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.178)

26 Domestic 5mm topped GRP bead Double 26 6 14 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.226)

27 Domestic 5mm topped GRP bead Double 26.4 6.4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.187)

28 Domestic 5mm topped GRP bead Double 26.8 6.4 14 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.2 (2.232)

29 Domestic 5mm topped GRP bead Double 24 6 12 6 90% Krypton 1.0 Standard Alumnium Internally Glazed 2.1 (2.15)

30 Domestic 5mm topped GRP bead Double 24 6 12 6 90% Krypton 1.0 Warm Edge Spacer Internally Glazed 2 (2.007)

31 Domestic 5mm topped GRP bead Triple 24 4 6 4 6 4 90% Krypton 0.9 Standard Alumnium Internally Glazed 2 (2.003)

32 Domestic 5mm topped GRP bead Triple 24 4 6 4 6 4 90% Krypton 0.8 Standard Alumnium Internally Glazed 1.9 (1.929)

33 Commercial 7mm topped alumnium Double 24 6 12 6 90% Krypton 1.0 Standard Alumnium Internally Glazed 2 (2.05)

34 Commercial 7mm topped alumnium Double 24 6 12 6 90% Krypton 1.0 Warm Edge Spacer Internally Glazed 2 (2.005)

35 Commercial 7mm topped alumnium Triple 24 4 6 4 6 4 90% Krypton 0.9 Standard Alumnium Internally Glazed 1.9 (1.928)

36 Commercial 7mm topped alumnium Triple 24 4 6 4 6 4 90% Krypton 0.8 Standard Alumnium Internally Glazed 1.8 (1.85)

37 Commercial 5mm topped stainless Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.067)

38 Commercial 5mm topped stainless Double 24 6 12 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.106)

39 Commercial 5mm topped stainless Double 24.4 6.4 14 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.074)

40 Commercial 5mm topped stainless Double 24.8 6.4 12 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.106)

41 Commercial 5mm topped stainless Double 26 4 18 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.062)

42 Commercial 5mm topped stainless Double 26 6 14 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.103)

43 Commercial 5mm topped stainless Double 26.4 6.4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.071)

44 Commercial 5mm topped stainless Double 26.8 6.4 14 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2.1 (2.108)

45 Commercial 5mm topped stainless Double 24 6 12 6 90% Krypton 1.0 Standard Alumnium Internally Glazed 2 (2.031)

46 Commercial 5mm topped stainless Double 24 6 12 6 90% Krypton 1.0 Warm Edge Spacer Internally Glazed 2 (1.972)

47 Commercial 5mm topped stainless Triple 24 4 6 4 6 4 90% Krypton 0.9 Standard Alumnium Internally Glazed 1.9 (1.908)

48 Commercial 5mm topped stainless Triple 24 4 6 4 6 4 90% Krypton 0.8 Standard Alumnium Internally Glazed 1.8 (1.83)

49 Commercial 5mm topped GRP bead Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (1.999)

50 Commercial 5mm topped GRP bead Double 24 6 12 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.027)

51 Commercial 5mm topped GRP bead Double 24.4 6.4 14 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.003)

52 Commercial 5mm topped GRP bead Double 24.8 6.4 12 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.035)

53 Commercial 5mm topped GRP bead Double 26 4 18 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.003)

54 Commercial 5mm topped GRP bead Double 26 6 14 6 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.034)

55 Commercial 5mm topped GRP bead Double 26.4 6.4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.008)

56 Commercial 5mm topped GRP bead Double 26.8 6.4 14 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 2 (2.038)

57 Commercial 5mm topped GRP bead Double 24 6 12 6 90% Krypton 1.0 Standard Alumnium Internally Glazed 2 (1.951)

58 Commercial 5mm topped GRP bead Double 24 6 12 6 90% Krypton 1.0 Warm Edge Spacer Internally Glazed 1.9 (1.861)

59 Commercial 5mm topped GRP bead Triple 24 4 6 4 6 4 90% Krypton 0.9 Standard Alumnium Internally Glazed 1.8 (1.828)

60 Commercial 5mm topped GRP bead Triple 24 4 6 4 6 4 90% Krypton 0.8 Standard Alumnium Internally Glazed 1.7 (1.749)

Evaluate just one EXTERNALLY glazed standard domestic window to guage general effect of switching from internal beading to external beading:

61 Domestic 5mm topped stainless Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Externally Glazed 2.3 (2.265)

Previously tested configurations requiring no re-test to evaluate overall frame and glass U value better than 2.2 (i.e. using 1.1 centre pane U value):

n/app Commercial 7mm topped alumnium Double 24 4 16 4 90% Argon 1.1 Standard Alumnium Internally Glazed 1.1

n/app Commercial 7mm topped alumnium Double 24 6 12 6 90% Argon 1.1 Standard Alumnium Internally Glazed 1.1

n/app Commercial 7mm topped alumnium Double 24.4 6.4 14 4 90% Argon 1.1 Standard Alumnium Internally Glazed 1.1

n/app Commercial 7mm topped alumnium Double 24.8 6.4 12 6.4 90% Argon 1.1 Standard Alumnium Internally Glazed 1.1

Notes

All 4mm and 6mm glasses are either annealed or toughened
All 6.4mm glasses are 6.4mm laminated safety glass (3/0.38/3)
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