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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 89, Thermal
performance of buildings and building components, the Secretariat of which is held by SIS.

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 October 2000, and conflicting national standards
shall be withdrawn at the latest by December 2001.

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

This standard is one of a series of standards for the evaluation of the thermal performance of
building materials and products.

1 Scope

This standard gives design data in tabular form for heat and moisture transfer calculations, for
thermally homogeneous materials and products commonly used in building construction.

It also gives data to enable the calculation and conversion of design thermal values for various
environmental conditions.

2 Normative references

This European 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
these publications apply to this European Standard only when incorporated in it by amendment or
revision. For undated references the latest edition of the publication referred to applies.

EN ISO 7345, Thermal insulation – Physical quantities and definitions (ISO 7345:1987).
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EN ISO 9346, Thermal insulation – Mass transfer – Physical quantities and definitions
(ISO 9346:1987).

EN ISO 10456, Thermal insulation – Building materials and products – Determination of declared
and design thermal values (ISO 10456:1999).

3 Definitions, symbols and units

3.1 Definitions

For the purposes of this standard, the terms and definitions given in EN ISO 7345,
EN ISO 9346 and the following apply.

3.1.1
declared thermal value
expected value of a thermal property of a building material or product

��  assessed from measured data at reference conditions of temperature and humidity
- given for a stated fraction and confidence level
��  corresponding to a reasonable expected service lifetime under normal conditions

[EN ISO 10456]

3.1.2
design thermal value
value of thermal property of a building material or product under specific external and internal
conditions which may be considered as typical of the performance of that material or product when
incorporated in a building component
[EN ISO 10456]

3.2 Symbols and units

Symbol Quantity Unit

cp specific heat capacity at constant pressure J/(kg¼K)
fu moisture conversion coefficient, mass by mass1 kg/kg
fy moisture conversion coefficient, volume by volume2 m3/m3

sd water vapour diffusion-equivalent air layer thickness m
u moisture content, mass by mass2 kg/kg
l thermal conductivity W/(m¼K)
r density kg/m3

y moisture content, volume by volume3 m3/m3

m� ZDWHU�YDSRXU�UHVLVWDQFH�IDFWRU ����±

4 Design thermal values

4.1 General

Design thermal values for building materials are used in heat and moisture transfer calculations.

������������������������������ ����������������������������
��)RU�FRQYHUVLRQ�RI�WKHUPDO�SURSHUWLHV�
��0DVV�RI�HYDSRUDEOH�ZDWHU�GLYLGHG�E\�GU\�PDVV�RI�PDWHULDO�
��9ROXPH�RI�HYDSRUDEOH�ZDWHU�GLYLGHG�E\�GU\�YROXPH�RI�PDWHULDO�
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Design thermal values can be derived from declared thermal values by applying the conversion
procedures in EN ISO 10456. This is normally the case for thermal insulation materials. The
method of determination of the declared thermal value for an insulation material is specified in
product standards. Design thermal values for masonry materials are usually derived from the
thermal conductivity in the dry state using EN ISO 10456.

NOTE The thermal conductivity in the dry state for masonry materials is given in
prEN 1745:1994, Masonry and masonry products – Methods for determining design thermal
values.

4.2 Tabulated design thermal values

Table 1 gives design thermal values for materials in general in building applications. When
appropriate, linear interpolation may be used.

For insulation materials and masonry materials, Table 2 gives the moisture content of materials
and products in equilibrium with air at 23 �C and relative humidities of 50 % and 80 %, and
moisture conversion coefficients taken from EN ISO 10456. Table 2 also gives the water vapour
resistance factor and specific heat capacity for these materials.

Table 3 gives the water vapour diffusion-equivalent air layer thickness for thin layers.
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7DEOH�����'HVLJQ�WKHUPDO�YDOXHV�IRU�PDWHULDOV�LQ�JHQHUDO�LQ�EXLOGLQJ�DSSOLFDWLRQV

0DWHULDO�JURXS�RU�DSSOLFDWLRQ
'HQVLW\

r
NJ�P�

'HVLJQ
WKHUPDO

FRQGXFWLYLW\
l

:��P¼.�

6SHFLILF
KHDW

FDSDFLW\
FS

-��NJ¼.�

:DWHU�YDSRXU
UHVLVWDQFH

IDFWRU
m

GU\ ZHW

$VSKDOW ����� ���� ����� ������ ������
%LWXPHQ 3XUH ����� ���� ����� ������ ������

)HOW���VKHHW ����� ���� ����� ������ ������

&RQFUHWH��D�

0HGLXP�GHQVLW\ ����� ���� ����� ��� ��
����� ���� ����� ��� ��
����� ���� ����� ��� ��

+LJK�GHQVLW\ ����� ���� ����� ��� ��
5HLQIRUFHG��ZLWK�����RI�VWHHO� ����� ��� ����� ��� ��
5HLQIRUFHG��ZLWK�����RI�VWHHO� ����� ��� ����� ��� ��

)ORRU�FRYHULQJV
5XEEHU ����� ���� ����� ������ ������
3ODVWLF ����� ���� ����� ������ ������
8QGHUOD\��FHOOXODU�UXEEHU�RU�SODVWLF ��� ���� ����� ������ ������
8QGHUOD\��IHOW ��� ���� ����� �� ��
8QGHUOD\��ZRRO ��� ���� ����� �� ��
8QGHUOD\��FRUN <���� ���� ����� �� ��
7LOHV��FRUN >���� ����� ����� �� ��
&DUSHW���WH[WLOH�IORRULQJ ��� ���� ����� � �
/LQROHXP ����� ���� ����� ����� ���

*DVHV
$LU ���� ����� ����� � �
&DUERQ�GLR[LGH ���� ����� ��� � �
$UJRQ ���� ����� ��� � �
6XOSKXU�KH[DIOXRULGH ���� ����� ��� � �
.U\SWRQ ���� ������ ��� � �
;HQRQ ���� ������ ��� � �

*ODVV
6RGD�OLPH��LQFO��³IORDW�JODVV´� ����� ���� ��� � �
4XDUW] ����� ���� ��� � �
*ODVV�PRVDLF ����� ���� ��� � �

:DWHU
,FH�DW�-����& ��� ���� �����
,FH�DW����& ��� ���� �����
6QRZ��IUHVKO\�IDOOHQ��<����PP� ��� ���� �����
6QRZ��VRIW�����PP�WR����PP� ��� ���� �����
6QRZ��VOLJKWO\�FRPSDFWHG
������PP�WR�����PP�

��� ���� �����

6QRZ��FRPSDFWHG��<�����PP� ��� ���� �����
:DWHU�DW�����& ����� ���� �����
:DWHU�DW�����& ��� ���� �����
:DWHU�DW�����& ��� ���� �����

0HWDOV
$OXPLQLXP�DOOR\V ����� ��� ��� � �
%URQ]H ����� �� ��� � �
%UDVV ����� ��� ��� � �
&RSSHU ����� ��� ��� � �
,URQ��FDVW ����� �� ��� � �
/HDG ������ �� ��� � �
6WHHO ����� �� ��� � �
6WDLQOHVV�VWHHO ����� �� ��� � �
=LQF ����� ��� ��� � �
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m
GU\ ZHW

3ODVWLFV��VROLG
$FU\OLF ����� ���� ����� ������ ������
3RO\FDUERQDWHV ����� ���� ����� ����� �����
3RO\WHWUDIOXRURHWK\OHQH��37)(� ����� ���� ����� ������ ������
3RO\YLQ\OFKORULGH��39&� ����� ���� ��� ������ ������
3RO\PHWK\OPHWKDFU\ODWH��300$� ����� ���� ����� ������ ������
3RO\DFHWDWH ����� ���� ����� ������� �������
3RO\DPLGH��Q\ORQ�� ����� ���� ����� ������ ������
3RO\DPLGH�����ZLWK������JODVV�ILEUH ����� ���� ����� ������ ������
3RO\HWK\OHQH���SRO\WKHQH��KLJK�GHQVLW\ ��� ���� ����� ������� �������
3RO\HWK\OHQH���SRO\WKHQH��ORZ�GHQVLW\ ��� ���� ����� ������� �������
3RO\VW\UHQH ����� ���� ����� ������� �������
3RO\SURS\OHQH ��� ���� ����� ������ ������
3RO\SURS\OHQH�ZLWK������JODVV�ILEUH ����� ���� ����� ������ ������
3RO\XUHWKDQH��38� ����� ���� ����� ����� �����
(SR[\�UHVLQ ����� ���� ����� ������ ������
3KHQROLF�UHVLQ ����� ���� ����� ������� �������
3RO\HVWHU�UHVLQ ����� ���� ����� ������ ������

5XEEHU
1DWXUDO ��� ���� ����� ������ ������
1HRSUHQH��SRO\FKORURSUHQH� ����� ���� ����� ������ ������
%XW\O���LVREXWHQH���VROLG���KRW�PHOW ����� ���� ����� ������� �������
)RDP�UXEEHU ������� ���� ����� ����� �����
+DUG�UXEEHU��HERQLWH���VROLG ����� ���� ����� � �
(WK\OHQH�SURS\OHQH�GLHQH�PRQRPHU
�(3'0��

����� ���� ����� ����� �����

3RO\LVREXW\OHQH ��� ���� ����� ������ ������
3RO\VXOILGH ����� ���� ����� ������ ������
%XWDGLHQH ��� ���� ����� ������� �������

6HDODQW�PDWHULDOV��ZHDWKHU�VWULSSLQJ�DQG
WKHUPDO�EUHDNV

6LOLFD�JHO��GHVVLFDQW� ��� ���� ����� � �
6LOLFRQH��SXUH ����� ���� ����� ����� �����
6LOLFRQH��ILOOHG ����� ���� ����� ����� �����
6LOLFRQH�IRDP ��� ���� ����� ������ ������
8UHWKDQH���SRO\XUHWKDQH��WKHUPDO�EUHDN� ����� ���� ����� �� ��
3RO\YLQ\OFKORULGH��39&��IOH[LEOH��ZLWK
�����VRIWHQHU

����� ���� ����� ������� �������

(ODVWRPHULF�IRDP��IOH[LEOH ������� ���� ����� ������ ������
3RO\XUHWKDQH��38��IRDP �� ���� ����� �� ��
3RO\HWK\OHQH�IRDP �� ���� ����� ��� ���

*\SVXP
*\SVXP ��� ���� ����� �� �

´ ��� ���� ����� �� �
´ ����� ���� ����� �� �
´ ����� ���� ����� �� �

*\SVXP�SODVWHUERDUG��E� ��� ���� ����� �� �

3ODVWHUV�DQG�UHQGHUV
*\SVXP�LQVXODWLQJ�SODVWHU ��� ���� ����� �� �
*\SVXP�SODVWHULQJ ����� ���� ����� �� �

´ ´ ����� ���� ����� �� �
*\SVXP��VDQG ����� ���� ����� �� �
/LPH��VDQG ����� ���� ����� �� �
&HPHQW��VDQG ����� ���� ����� �� �

6RLOV
&OD\�RU�VLOW ������±������ ��� ������±������ �� ��
6DQG�DQG�JUDYHO ������±������ ��� ����±������ �� ��
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GU\ ZHW

6WRQH 1DWXUDO��FU\VWDOOLQH�URFN ����� ��� ����� ������ ������
1DWXUDO��VHGLPHQWDU\�URFN ����� ��� ����� ��� ���
1DWXUDO��VHGLPHQWDU\�URFN��OLJKW ����� ���� ����� �� ��
1DWXUDO��SRURXV��H�J��ODYD ����� ���� ����� �� ��
%DVDOW ������±������ ��� ����� ������ ������
*QHLVV ������±������ ��� ����� ������ ������
*UDQLWH ������±������ ��� ����� ������ ������
0DUEOH ����� ��� ����� ������ ������
6ODWH ������±������ ��� ����� ����� ���
/LPHVWRQH��H[WUD�VRIW ����� ���� ����� �� ��
/LPHVWRQH��VRIW ����� ��� ����� �� ��
/LPHVWRQH��VHPL�KDUG ����� ��� ����� �� ��
/LPHVWRQH��KDUG ����� ��� ����� ��� ���
/LPHVWRQH��H[WUD�KDUG ����� ��� ����� ��� ���
6DQGVWRQH��VLOLFD� ����� ��� ����� �� ��
1DWXUDO�SXPLFH ��� ���� ����� � �
$UWLILFLDO�VWRQH ����� ��� ����� �� ��

7LOHV��URRILQJ�
&OD\ ����� ��� ��� �� ��
&RQFUHWH ����� ��� ����� ��� ��

7LOHV��RWKHU�
&HUDPLF�SRUFHODLQ ����� ��� ��� �
3ODVWLF ����� ���� ����� ������ ������

7LPEHU��F�

��� ���� ����� �� ��
��� ���� ����� ��� ��

:RRG�±�EDVHG�SDQHOV��F�

3O\ZRRG�G� ��� ���� ����� ��� ��
³ ��� ���� ����� ��� ��
³ ��� ���� ����� ��� ��
³ ����� ���� ����� ��� ���
³

&HPHQW�ERQGHG�SDUWLFOHERDUG ����� ���� ����� �� ��

3DUWLFOHERDUG ��� ���� ����� �� ��
³ ��� ���� ����� �� ��
³ ��� ���� ����� �� ��

2ULHQWHG�VWUDQG�ERDUG��26%� ��� ���� ����� �� ��

)LEUHERDUG��LQFOXGLQJ�0')�H� ��� ���� ����� � �
³ ��� ���� ����� �� �
³ ��� ���� ����� �� ��
³ ��� ���� ����� �� ��

NOTE 1 For computational purposes the � value may have to be replaced with an arbitrarily large value, e.g. 10
6
.

NOTE 2 Water vapour resistance factors are given as dry cup and wet cup values, see prEN ISO 12572:1999,
Hygrothermal performance of building materials and products – Determination of water vapour transmission
properties.

(a) The density for concrete is the dry density.
(b)� The thermal conductivity includes the effect of the paper liners.
(c)� The density for timber and wood-based products is the density in equilibrium with 20 �C and 65 % relative

humidity.
(d)� As an interim measure and until sufficient significant data for solid wood panels (SWP) and laminated veneer

lumber (LVL) are available, the values given for plywood may be used.
(e)   MDF: Medium Density Fibreboard, dry process.
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Table 2 - 0RLVWXUH�SURSHUWLHV�DQG�VSHFLILF�KHDW�FDSDFLW\�RI
WKHUPDO�LQVXODWLRQ materials and masonry materials

0DWHULDO
'HQVLW\ 0RLVWXUH

FRQWHQW��

DW�����&�
�����5+

0RLVWXUH
FRQWHQW��

�DW�����&�
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Expanded polystyrene 10 - 50 0 0 4 60 60 1 450
Extruded polystyrene foam 20 - 65 0 0 2,5 150 150 1 450
Polyurethane foam, rigid 28 - 55 0 0 3 60 60 1400
Mineral wool   10 - 200 0 0 4 1 1 1 030
Phenolic foam 20 - 50 0 0 5 50 50 1 400
Cellular glass 100 - 150 0 0 0 � � 1 000
Perlite board 140 - 240 0,02 0,03 0,8 5 5 900
Expanded cork 90 - 140 0,008 0,011 6 10 5 1 560
Wood wool board 250 - 450 0,03 0,05 1,8 5 3 1 470
Wood fibreboard 150 - 250 0,1 0,16 1,5 10 5 1 400
Urea-formaldehyde foam 10 - 30 0,1 0,15 0,7 2 2 1 400
Spray applied polyurethane
foam

30 - 50 0 0 3 60 60 1 400

Loose-fill mineral wool 15 - 60 0 0 4 1 1 1 030
Loose-fill cellulose fibre 20 - 60 0,11 0,18 0,5 2 2 1 600
Loose-fill expanded perlite 30 - 150 0,01 0,02 3 2 2 900
Loose-fill exfoliated
vermiculite

30 - 150 0,01 0,02 2 3 2 1 080

Loose-fill expanded clay 200 - 400 0 0,001 4 2 2 1 000
Loose-fill expanded
polystyrene beads

10 - 30 0 0 4 2 2 1 400

Fired clay 1 000- 2 400 0,007 0,012 10 16 10 1 000
Calcium silicate 900 - 2 200 0,012 0,024 10 20 15 1 000
Concrete with no other
aggregate than pumice

500 - 1 300 0,02 0,035 4 50 40 1 000

Dense aggregate concrete
and manufactured stone

1 600- 2 400 0,025 0,04 4 150 120 1 000

Concrete with polystyrene
aggregates

500 - 800 0,015 0,025 5 120 60 1 000

Concrete with no other
aggregate than expanded
clay

400 - 700 0,02 0,03 2,6 6 4 1 000

Concrete with expanded
clay as predominant
aggregate

800 - 1 700 0,02 0,03 4 8 6 1 000

Concrete with more than 70
% expanded blastfurnace
slag aggregate

1 100 - 1 700 0,02 0,04 4 30 20 1 000

Concrete with the
predominant aggregate
derived from pyropro-
cessed colliery material

1 100 - 1 500 0,02 0,04 4 15 10 1 000

Autoclaved aerated
concrete

300 - 1 000 0,026 0,045 4 10 6 1 000

Concrete with other
lightweight aggregates

500 - 2 000 0,03 0,05 4 15 10 1 000

Mortar (masonry mortar
and rendering mortar)

250 - 2 000 0,04 0,06 4 20 10 1 000

1)� The values given are generally not exceeded.
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Product/material

Water vapour diffusion -
equivalent air layer

thickness
sd

m
Polyethylene 0,15 mm 50
Polyethylene 0,25 mm 100
Polyester film 0,2 mm 50
PVC foil 30
Aluminium foil 0,05 mm 1 500
PE-foil (stapled) 0,15 mm 8
Bituminous paper 0,1 mm 2
Aluminium paper 0,4 mm 10
Breather membrane 0,2
Paint - emulsion 0,1
Paint - gloss 3
Vinyl wallpaper 2

NOTE The water vapour diffusion - equivalent air layer thickness of a product is
expressed as the thickness of a motionless air layer with the same water vapour
resistance as the product.
The thickness of the products in Table 3 is not normally measured and they can be
regarded as infinitely thin products with a water vapour resistance. The table quotes
nominal thickness values as an aid to the identification of the product.
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BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions
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Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.
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Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
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