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PREFACE 

THE INTERNATIONAL. ENERGY AGENCY 

The International Energy Agency (IEA) was established in 1975 within the 
framework of the Organisation for Economic Cooperation and Development (OECD) to 
implement an International Energy programme. A basic aim of the IEA is to foster 
cooperation among the 21 IEA Participating Countries to increase energy security 
through energy conservation, development of alternative energy sources and 
energy research, development and demonstration (RD&D). This is achieved in part 
through a programme of collaborative RD&D consisting of forty-two implementing 
Agreements, containing a total of over eighty separate energy RD&D projects. 

ENERGY CONSERVATION IN BUILDING AND COMMUNITY SYSTEMS 

As one element of the Energy Programme, the IEA sponsors research and 
development in a number of areas related to energy. In one of these areas, 
energy conservation in buildings, the IEA is backing various exercises to 
predict more accurately the energy use of buildings, including comparison of 
existing computer programmes, building monitoring, comparison of calculation 
methods, energy management systems, as well as air quality and inhabitants 
behaviour studies. Sixteen countries and the European Community, 
BELGIUM, CANADA, CEC, DENMARK, FEDERAL REPUBLIC OF GERMANY, FINLAND, GREECE, 
ITALY, JAPAN, NETHERLANDS, NEW ZEALAND, NORWAY, SWEDEN, SWITZERLAND, TURKEY, 
U.K., U.S.A., 
have elected to participate and have designed contracting parties to the 
Implementing Agreement, covering collaborative research in this area. This 
designation by the government of a number of private organisations as well as 
universities and government laboratories, as contracting parties, has provided a 
broader range of expertise to tackle the projects in the different technology 
areas than would have been the case if participation was restricted to 
governments alone. The importance of associating industry with government 
sponsored energy RD&D is recognised in the IEA, and every effort is made to 
encourage this trend. 

THE EXECUTIVE COMNITTEE 

Overall control of the programme is maintained by an Executive Commitee, which 
not only monitors existing projects but also identifies new area where 
collaborative effort may be beneficial. The Executive Committee ensures all 
projects to fit into a predetermined strategy without unnecessary overlap or 
duplication but with effective liaison and communication. 
Twenty- five projects have been initiated by the Executive Committee, more than 
half of which have been completed: 

ANNEX 1: Load energy determination of buildings (*) 
ANNEX 2: Ekistics & advanced community energy systems (*) 
ANNEX 3: Energy conservation in residential buildings (*) 
ANNEX 4: Glasgow commercial building monitoring (*) 
ANNEX 5: Air infiltration and ventilation centre (*) 
ANNEX 6: Energy systems and design of communities (*) 
ANNEX 7: Local government energy planning (*) 
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ANNEX 8: Inhabitants behaviour with regard to ventilation (*) 
ANNEX 9: Minimum ventilation rates (*) 
ANNEX 10: Building HVAC system simulation (*) 
ANNEX 11: Energy auditing (*) 
ANNEX 12: Windows and fenestration (*) 
ANNEX 13: Energy management in hospitals (*) 
ANNEX 14: Condensation and energy (*) 
ANNEX 15: Energy efficiency of schools 
ANNEX 16: BEMS 1- User interfaces and system integration 
ANNEX 17: BEMS 2- Evaluation and emulation techniques 
ANNEX 18: Demand controlled ventilation systems 
ANNEX 19: Low slope roofs systems 
ANNEX 20: Air flow patterns 
ANNEX 21: Energy efficient communities 
ANNEX 22: Thermal modelling 
ANNEX 23: Air flow modelling 
ANNEX 24: Heat- air moisture transport in new and retrofitted insulated envelope 

parts 
ANNEX 25: Real time simulation and fault detection 

ANNEX 14: CONDENSATION AND ENERGY 

The idea to start an Annex on mould, surface condensation and energy grew in 
1984-1985. In September 1985, a workshop was organised at the Leuven University, 
Belgium, focusing on the state of the art in dtfferent countries. This workshop 
revealed a real lack of overall knowledge and understanding, on the levels of 
data, modelling and measuring. 

The Annex objectives were formulated as: 
- providing architects, building owners and practitioners as well as 

researchers with a better knowledge and understanding of the physical 
backgrounds of mould and surface condensation, including the critical 
conditions for mould growth and the influencing material properties; 

- to introduce better calculation models, taking into account air, heat and 
moisture transfer,in order to predict properly the phenomena of mould and 
surface condensation and to validate possible solutions; 
to develop energy conserving and cost effective strategies and 
complementary design methods, techniques and data for avoiding mould and 
surface condensation in new buildings or preventing further degradation in 
problem buildings. 

At first 6, later 5 countries: BELGIUM, FEDERAL REPUBLIC OF GERMANY, ITALY, 
NETHERLANDS, U.K., joined together for 3 years of intensified research on mould 
and surface condensation. The shared work included case studies, common 
exercises and the draft of a source book, a catalogue of material properties and 
a guidelines booklet. Also the national research efforts were scheduled in 
accordance with the Annex 14 scheme and the results brought together and used as 
base for the Annex publications. 
Seven working meetings of 3 days each were held, the first to build up a common 
knowledge, the last to discuss research and reports and to elaborate a common 
performance philosophy. 

(*) completed 
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LIST OF EXPERTS CONTRIBUTING TO ANHEX 14 

OPERATING AGENT 

K.U.Leuven, Laboratory for Building Physics, 
represented by Prof. H. Hens, head of the lab. 

NATIONAL EXPERTS 

Beleium 

ir. E. Senave, K.U.Leuven, Lab. for Building Physics, Leuven 
dr. ir. P. Standaert, Adviesbureau Physibel, Maldegem 
ir. B. Walleyn, NMH, National Housing Society, Brussels 
ir. P. Wouters, WTCB- CSTC, Belgian Building Research Institute, Brussels 

Federal Re~ublic of Gennanp 

National coordinator: Dip1.-Ing. H. Erhorn, 
Fraunhofer institut fur Bauphysik, Stuttgart 

Dip1.-Ing. W. Eisele, Fraunhofer Institut fur Bauphysik, Stuttgart 
Dip1.-Ing. 2. Herbak, Fraunhofer Institut fur Bauphysik, Stuttgart 
Dip1.-Ing. H. Kunzel, Fraunhofer Insttut fur Bauphysik, Holzkirchen 
Dip1.-Ing. J. ReiR, Fraunhofer Institut fur Bauphysik, Stuttgart 
Dr W. Raatschen, Dornier Gmbh, Friedrichshafen 
Dip1.-Ing. R. Stricker, Fraunhofer Institut fur Bauphysik, Stuttgart 

National: Prof. C. Lombardi, 
Politecnico di Torino 

Ing. G. Casetta, Consulting engineer 

Netherlands 

National: ir. P.C.H. Vanderlaan, 
Rijksgebouwendienst, Den Haag 

ir. 0. Adan, TNO-IBBC, Rijswijk 
ir. J.J.M. Cauberg, Cauberg-Huyghen Raadgevende Ingenieurs, Maastricht 
dr. ir. J. de Wit, T.U. Eindhoven, Fakulteit bouwkunde, Vakgroep Fago, Eindhoven 
ir. W. Lichtveld, Lichtveld, Buis en Partners, Utrecht 
ir. J. Oldengarm, TNO-IBBC, Rijswijk 
ir. A.C. Van der Linden, Rijksgebouwendienst, Den Haag 
ir. R.J.P. Van Hees, TNO-IBBC, Rijswijk 

United Kinedom 

National: Mr. C. Sanders, 
BRE, Scottish Laboratory, East Kilbride 

Prof. P. Burberry, UMIST, Department of Building Engineering, Manchester 
Dr. M. Denman, Sheffield City Polytechnic, Sheffield 
Dr. C. Hunter, BRE, Garston, Watford 
Dr. T. Oresczyn, Bartlet School of Architecture and Planning, 
University College London 

PAGE iii 



IEA ANNEX xrv "CONDENSATION AND ENERGY" 
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The Netherlands: SBR REPORT 9 .  

France: CSTB Regles Th- K77 . 
Germany: DIN 4108. 

Italy: UNI 7357 . 
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CHAPTER 2: DATABASE 

2.1 BUILDING MATERIALS (b) 

bl 
b2 
b3 
b4 
b5 
b6 
b7 
b8 
b9 
b10 
bll 
b12 
b13 
b14 
b15 
b16 
b17 
b18 

concrete 
lightweight concrete . 
cellular concrete . 
polystyrene concrete . 
mortars 
bricks 
sand-lime stone . 
masonry: bricks . 
masonry: concrete blocks 
masonry: sand-lime stone 
masonry: cellular concrete 
gypsum plaster . 
outside rendering . 
timber 
particle board . 
plywood 
woodwool cement board . 
fibre cement 

2.2 INSULATING MATERIALS (i) 

i 1 cork , 

i2 cellular glass . 
i3 glass-wool . 
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i4 rock-wool . . 2.24 
i5 expanded polystyrene . . 2.25 
i6 extruded polystyrene . . 2.26 
i7 polyurethane/polyisocyanurate foam . . 2.27 
i8 perlite board , 2.28 

2.3 FINISHING MATERIALS (f) . 2.29 

fl wallpaper . . 2.29 
f2 wallpaint . . 2.30 
f3 carpec . 2.31 
f 4 timber slabs . 2.32 

2.4 VAPOUR RETARDERS ( v )  . . 2.33 

2.5 COMPONENTS (c) . . 2.34 

cl gypsum board . 2.34 

2.6 OTHERS (0) . 2.35 

01 newspaper . 
02 periodical . 
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SYMBOLS 

symbol unit Physical quantities 

a absorhivity 
a mZ/s thermal diffusivity 
a, water activity 
b J/(mZ .K. sk) thermal effusivity 
c kg/m3 water vapour concentration (humidity by volume) 
c J/(kg.K) specific heat capacity 
C' J/(kg.K) specific heat capacity of a wet material 
d m thickness 
e emissivity 
gm kg/(mz. S) density of moisture flow rate 
k.3 s air permeability 
km s moisture conductivity 
1 m length 

m kg mass 

P Pa partial water vapour pressure 
P' Pa partial water vapour saturation pressure 
¶ W/mz heat flow density 
n h-I (s-1) ventilation rate 
r reflectivity 
t s time 
u %kg/kg moisture content mass by mass 
w kg/m3 moisture content mass by volume 
x g/kg water vapour ratio (humidity by mass) 
................................................................................ 

A kg/(mZsk) water sorption coefficient 
Dw m2/s moisture diffusivity 
En Energy consumption 
Gm kg/s moisture flow rate , vapour production 
K.3 s/m air permeance 
P W/m2. K thermal permeance inside surface - outside 
R m2 . K/W thermal resistance 
S degree of saturation 
T K thermodynamic (absolute) temperature 
U W/mZ . K thermal permeance 
................................................................................ 

a K-1 specific heat strain 

6~ s vapour permeability coupled to a vapour pressure 
gradient 

6, mZ/s vapour permeability coupled to a vapour concentration 
gradient 

€ - hygric strain 

P kg/m3 volumic mass (density) 
PC J/(m3 .K) volumic heat capacity 
'P relative humidity 
P vapour resistance factor 
Pd m (equivalent) vapour diffusion thickness 
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$ %m3/m3 moisture content volume by volume 
$a %m3/m3 air content 
X W/(mK) thermal conductivity 
0 O C  temperature 

Ors "C dry resulting temperature 
T transmissivity 

temperature ratio 

SUBSCRIPTS 

a 
C 

cv 
e 
h 
i 
m 
max 
r 
s 
sat 
v 
W 

ambient 
capillary 
convective 
exterior 
hygroscopic 
interior 
moisture 
maximal 
radiation 
surface 
saturation 
vapour 
water, liquid 

ABBREVIATIONS: 

CFU 
ERH 
IAQ 
RUE 
MGF 
MW 
MP S 
RH 
TRY 

colony forming units 
equilibrium relative humidity 
internal air quality 
rational use of energy 
mean growth factor 
mineral wool 
extruded polystyrene 
relative humidity 
test reference year 
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INTRODUCTION 

This 'Catalogue of Material Properties' report is divided in two parts. The 

first part contains the standard lists of Belgium, the Netherlands, France, 

Germany, Italy and the U.K. They are given in the original language. The second 

part is a database, giving the thermal, hygric and air properties of 31 commonly 

used building, insulating and finishing materials and components. Also added are 

vapour retarders, newspapers and periodicals, the last two very hygroscopic and 

important as hygric inertia load in rooms. As far as possible, the property 

values are related to the influencing parameters such as density, temperature, 

moisture content, relative humidity.. 

Each material takes 1 or 2 sheets. 

In the right upper corner of the first sheet, the material type is given. 

Then follow: 

- the density or mass per unit area; 

- the thermal properties;, 

- the hygric properties; 

- the air properties. 

A property is incorporated, only when enough information was available. 

Functional relationships are shaped in a programmed manner: 

- thermal conductivity: linear or exponential function of the density, linear 

function of temperature and moisture content; 

- hygroscopic moisture content: a function of the relative humidity of the 

form wil = q / (Al.q2 + A2,q + A,); 
- Diffusion resistance number: linear or exponential function of the density, 

inverse power or exponential function of the relative humidity; 

- moisture diffusivity: is calculated with the formula, given in the source 

book. 
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Chapter 1 

STANDARD LISTS 
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1 .  BELGIAN STANDARD NBN B 6 2 - 0 0 2  

PROPERTIES : 

- density (dry material) 
- specific heat capacity (dry material) 

- thermal conductivity 
OR thermal resistance 

PARAMETERS : 

- temperature 
limits for use of the list: -10OC < 0 < 3 0 ' ~  

- moisture content 
a difference is made between inside (i) and outside use (e). 

inside : all layers not wetted by rain, or having the possibility to dry 

from a possibly high initial moisture content to the inside hygroscopic 

equilibrium. 

outside: all layers wetted by rain 
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C o n d u c t i v i t e  t h e m i q u e  e t  c h a l e u r  m a s s i q u e  d e s  m a t e r i a u x  d e  c o n s t r u c t i o n  i s o t r o  es o u  a s s i m i l e s  
Tab' 2a - F a m t e g e l e i d b a a r h a d e n  e n  massawarmte van  i s o t r o p e  of  g e l i j k g e s t e l d e  b o u r n a t e r i a y e n  

m a t e r i a u x  

HetaUX 
Plomb 

C u i v r e  

A c i e r  

Aluminium 99 % 

F o n t e  

z i n c  

P i e r r e s  n a t u r e l l e s  

P i e r r r e s  l o u r d e s  
( g r a n i t ,  g n e i s s ,  
b a s a l t e ,  p o r p h y r e s )  

P e t i t  g r a n i t  
( p i e r r e  b l e u e )  

P i e r r e s  c a l c a i r e s  
( b l a n c h e s )  

m a r b r e s  

p i e r r e s  d u r e s  

p i e r r e s  f e r m e s  

p i e r r e s  demi- 
f e r m e s  

Maqonner ies  

M a ~ o n n e r i e s  e n  b r i -  
q u e s  p l e i n e s  o u  
p e r f o r e e s  
(NBN B 24-001) 

m a ~ o n n e r i e  l e g e r e  

maqonner ie  moyenn 

m a ~ o n n e r i e  l o u r d e  

Dans l e  c a s  03 l a  
masse  vo lumique  ( y  
c o m p r i s  les j o i n t s )  
es t  connue a v e c  p r e  
c i s i o n ,  on p e u t  ap-  
p l i q u e r  les v a l e u r s  
s u i v a n t e s  : 

masse vo lumique  
volumemsssa 

P (kg/m3) 

ietalen 

<OOd 

.ope= 

t a a l  

Jumin ium 99 8 

; i e t i j z e r  

i n k  

w a r e  s t e e n  ( g r a -  
l iet ,  g n e i s ,  ba-  
. a l t ,  p o r f i e r )  

P e t i t  g r a n i t "  
b lauwe s t e e n )  

: a l k s t e e n  ( w i t t e )  

marmer 

h a r d e  s t e e n  

v a s t e  s t e e n  

h a l f v a s t e  s t e e n  

l e t s e l w e r k  

l e t s e l w e r k  i n  v o l -  
e  b a k s t e e n  o f  van 
l e p e r f o r e e r d e  bak- 
; t e e n  
N B N  B 24-001) 

l i c h t  m e t s e l w e r k  

h a l f z w a a r  m e t s e l -  
werk 

zwaar  m e t s e l w e r k  

:n h e t  g e v a l  w a a r  
le volumemassa (met 
. " b e g r i p  van  d e  
'oegen)  nauwkeur ig  
lekend i s ,  mogen d e  
ro lgende  waarden  
rorden t o e g e p a s t  : 
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Tab. % a  - ( s u i t e  1 )  
(ve rvo lg  1 )  

I I I 

masse v o l m i q u e  
mater iaux volumemassa 

m q o n n e r i e s  en  b l o c s  
p l n i n s  de be ton  (be- 

beton c e l l u l a i r e ,  be 
t on  de  l i e g e ,  de  v e r  
m i c u l i t e ,  p e r l i t e ,  

ou en  b r i q u e s  e i l i e o  
c a l c a i r e s  

maqonneriee de  
b l o c s  t res  l e g e r s  

maqonneries de  
b l o c s  l e g e r s  I 
maqonneries de 
b l o c s  moyens 

maqonneries de  
b l o c s  mi-lourds 

Dans l e  c a s  oil l a  I 
adopter  l e s  v a l e u r s  
s u i v a n t e s  : I 

Uaqonneries en b l o c s  
c reux  de  beton l o u r d  

( v o i r  t a b l e a u  2b) 

m a t e r i a a l  

Uetselwerk van wl- C. i 
l e  betonblbkken 
(be ton  van geex- 
pandeerde k l e i ,  
c e l l e n b e t o n ,  kurk- 
be tbn ,  vermicu- 
l i e t b e t o n ,  p r l i e t -  
be ton ,  beton van 
geexpandeerd poly- 
e t y r e e n )  , of van 
kalkzandsteen 

metselwerk van 
zeer l ichtz blokken 

metselwerk van 
l i c h t e  blokken I 
metselwerk van 
middelzware 
blokken 

metselwerk van 
hal fzware  blokken 

I n  h e t  geva l  w i n  
de  volumemassa (met 
i n b e g r i p  van de 
voegen) nauwkeurlg 
gekend i s ,  mogen 
d e  volgende waar- 
den wrckn anngenarenr 

Uetselwerk van tal- 
l e  blokken van ,, 

zwaar beton 
( z i e  t a b e l  2b) 

C.4 

- 
D 

D . l  

(I). C e x p e s i t i o n  direcce de ces mat€rieux aux condition. cl imatologiques ext€r ieurea ,  comportant entre autrea l a  poasi-  
b i l i c €  d'humidification par l a  ~ l u i e ,  pas recmmand€e, sauf s i  un sgrtmenc technique a S t €  d€l ivr€  pour une 
appl icat ion sp€ei f ique ,  pr€eisanc l a  valeur A u t i l i s e r .  

( I )  De direcre  b l o o t a t e l l i n g  van dere ma ier i e l rn  aan de buitedlimsatvoorraarden, met o.a.  de kans op bevochCfging 
door de regen, verdienc aanbeveling tenri j  er  een technisehe goedkeuring s fge l everd  verd voor een geelgende 
toepassing u s s r b i j  de t e  gebmiken ) iersarde  vordt vermeld. 

arm6 

non arm$ 

CHAPTER 1 : STANDARD LIST PAGE 1.5 

Uaqonneries e n  moel- 
l o n s  ( c a l c a i r e s  de- 
mi-fermes) 

Elemente p i e r r e u x  
sans  j o i n t s  

W t o n  normal l o u d  

2 400. . 

2 200 

2 2 0 0  

1 , 7  

1 . 3  

1 . 4  

I} 8 4 0  I gewapend 
1 , 7  ongewapend 

1.69 8 4 0  

- 

Uetselwerk van 
b reuks teen  ( h a l f -  
v a s t e  k a l k s t e e n )  

S t e e n a c h t i q e  bouw- 
d e l e n  zonder wXqan 

Zwaar normaal bebm 

C . 4  

D 

D . l  
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( s u i t e  2) 

Tab. 2a - (ve rvo lg  2 ) 

Beton l e g e r  en  pan- 
neaux p l e i n a  ou en 
chapes (beton d ' a r -  
g i l e  expanse,  be ton 
c e l l u l a i r e ,  be ton de 
l a i t i e r ,  de  vermicu- 
l i t e ,  de  l i e g e ,  de  
p e r l i t e ,  de  polyaty-  
r e n e ,  e t c . )  

be ton  t r e a  l e g e r  

be ton  l e g e r  

be ton  moyennement 
l e g e r  a l o u r d  

Dana l e  c a s  oU l a  
masae volumique e s t  
connue avec  p r e c i -  
s i o n ,  on peu t  a p p l i -  
que r  l e s  v a l e u r s  
s u i v a n t e s  : 

P l d t r e  avec  ou aans  
3 r a n u l a t a  l e g e r a  

Pnduits 
4 o r t i e r  de c iment  

* o r t i e r  de  chaux 

? l d t r e  

nasse volumique. 
volumemaasa 

o (kg/ma) 

m a t e r i a a l  
, I nr 

Licht  be ton  i h  v o l l e  D.2 
? l a t e n  o f  i n  dek laag  
(be ton  van gesxpan- 
i e e r d e  k l e i ,  c e l l e n -  
l e t o n ,  a lakkenbeton,  
r e rmicu l i e tbe ton ,  
curkbeton,  p e r l i e t -  
>e ton ,  po lys ty reen-  
>e ton ,  enz . )  

z e e r  l i c h t  be ton  

l i c h t  be ton  

middelmatig l i c h t  
t o t  zwaar beton 

:n h e t  g e v a l  waar in  
le volumemasaa nauw- 
: e u r i g  gekend i s ,  
logen d e  volgende 
raarden worden toe -  
l epas t  : 

i p a  met o f  zonder 
i c h t e  g r a n u l a t e n  

q l e i s t e r i n q e n  

ementmortel  

e lkrnor te l  

E.3 

( I )  L'expoaition d i r e c t e  de ces materiew: aux condition# c l imtologiquea exter ieures ,  comportant en t re  au t r r a  l a  pee- 
8 i b i l i t C  d ' h m i d i f i c a t i o n  par  l a  pluie.  n ' ea t  pan r e c m n d e e ,  aeuf a i  un s g r h e n t  technique e 6 t6  del ivr6  pour 
une app l i ca t ion  apecif ique,  precisant  l a  valeur A. B u t i l i s e r .  - 

( I )  De d i r e c t e  b l o o t a t e l l i n g  van dere materielen sen de buite~l imaetvoorvaarden,  met 0.e. de ksn. op bevochtiging 
door de regen, verdient  geen ambeveling t e n r i j  er esn tcchaische gocdLcuring afgeleverd werd voor ean geiiger.de 
toepeseing v a s r b i j  de re  gebruiken Aeraarde wordt vemeld.  

CHAPTER 1: STANDARO LIST 
PAGE 1.6 
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Tab. 2.3 - 1sui t .c  4 )  
l v r r v o l g  4 )  

m a t e r i a u x  

I I Versche indene  mate- 

J a r r e  

C a r r e a u x  de  te r re  
c u l t e  

C a r r e a u x  de  g r e e  

Caoutchouc 

Linoleum. C a r r e a u x  
PVC 

1  840 T e g e l s  van g s b a k t e  
k l e i  

1 .3  840 G r e s t e g e l s  

0 .17 1 470 Rubber 

Panneaux e n  c i m e n t  
r e n f o r c e  p a r  d e s  
f i b r e s  m i n e r a l e s  na 
t u r e l l e s  

P l a t e n  van met na- 
a40 t u u r l i j k e  m i n e r a l e  

v e r e l 8  v e r s t e r k t  
cement 

F e u t r e s  b i tumes  
INBN B 46-101) 

B i t u m e n v i l t  
INBN B 46-1011 

I I) L'expasition directs de ce. mat4riaux aux conditions climatolo8iquer txt4rieurcr, comportant cntrc autrcm 1. 
passlbllitl d'humldificaticn par la pluie, n'cst pa# rrcomnandfa, lauf 11 un l ~ r 6 m n t  trchniqur a F L F  d4lIvrC 
pour un. appliration ipFciflqi~e, prFciannt 11 vnl rur  It h u t l l l w r .  

I) D. direct. bloot*tellin~ van drze materialen aan dc buitrnk1imaarvoorrra;lrden. nrt o... de knns on bcvocbcl- 
gins door dr regen, verdient gecnaanbrvling tenrij cr  cen tcchnische goedkeuring afgelcverd uerd voor .en 
g&igrndr toapasling u ~ a r b i j  dr te gebruiken I, -uaarde uordr vcrmeld. 

R e s i s t a n c e  thermique e t  c h a l e u r  mass ique  d e s  m a t e r i a u  a n i s o t r o p r s  
Tab' 2b - Warmteveeretand e n  massauarmte van d e  n i e t  i s o t r o p e  m a t e r i a l e n  

e p a i s s e u r  ou  hau te"  
d e s  e l e m e n t s  

d i k t e  o f  h o o g t e  van 
de d e l e n  

m a t e r i e l e n  I n s  I m a t e r i a u x  

blokken 

a )  van zwaarbeton 
( P  > 1200 kg/m3) 

a) de be ton  l o u r d  
( P  2 1200 kg/m3) 

d m 1 4 c m  
d = 19 crn 
d = 29 cm 

b)  v a n  l i c h t b e t o n  
( 0  < 1200 kg&) I 

Voorafvervaard igde  ruve 1 . 2  
v l o e r p l a t e n  van h o l l e  
3 e l e n  van gebakken. 
k le i  

1 . 2  

1 crwx d a n s  l a  s e n 0  
du f l u x  

P l a n c h e r s  b r u t s  p r e f a -  
b r i q u e a  e n  e l e m e n t s  
c r e u x  e n  t e r r e  c u i t e  

1 h o l t e  i n  d e  s t room- 
r i c h t i n g  I 

2 creux d a m  l e  gens  
du  f l u x  

2  h o l t e n  i n  d e  
a t r o o m r i c h t i n g  

P l a n c h e r s  b r u t s  p r P f a -  
b r l q u e e  e n  b e t o n  l o u r d  
l a v e c  elem'ente c r e u x )  

J o o r a f v e r v a a r d i g d e  r u w r  
r l o e r p l a t e n  van zwaer 
> e t a "  (met h o l l e  d e l e n l  

X p s p l a t e n  t u s s e n  t v e e  1 . 4  
i sgen k a r t o n  

C H A P T ~  1 : STANDARD LIST PAGE 1 . 8  

r . 4  p l a q u e s  de  p l l t r e  e n t r e  
deux p a p i e r a  f o r t s  



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

2 .  W T C H  SBR- REPORT 9 

PROPERTIES : 

- density (dry material) 

- specific heat capacity (dry material) 
- thermal conductivity 

- emissivity 
- specific thermal strain 
- hygroscopic moisture content 

- vapour permeability: 

OR vapour resistance factor 

OR vapour thickness 

- irreversible hygric strain 

- modulus of elasticity 

UNITS : S. I 

kg/m3 

J/(kg.K) 

W/(m.K) 

PARAMETERS : 

- Temperature 

Limits for use of the list: -10'~ < 0 < 3 0 ' ~  

- Moisture content 
A difference is made between inside (i) and outside use (e) 

Inside : all layers not wetted by rain, or having the possibility to dry 

from a perhaps high initial moisture content to the inside hygroscopic 

equilibrium. 

Outside: all layers wetted by rain 

PAGE 1.9 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

M e u l r n  

LDod 
Koper 
I J m  
S L u l  
t n k  
Aluminium 

Natuunt rco  

Basalt 
C n n i c t  
Kalkstacn 
Hardrtacn 
Manner 
Zlndr tacn  
Tufstacn 

Grindbum - 
Vcrdicht gcwapend 
V e r d ~ h t  ongcwapend 
Nict vndichl  gcwapend 
Nict vcrdicht ongcwapend 

Algcrncnc indiu t ie  \ 

122x4 
9000 
7- 
78W 
7200 
28m 

Mm 
3M0 
27Xl 
27Xl 
2750 

2 0 m 2 3 W  
I l m - I X I )  

xrn 
lim-1900 

17W 
I XI) 

I 300 
loo0 
m 

2 x 0  
24ca 
u m  
22m 

1900 
1600 
1300 
IMO 
7 m  

300 
200 

') Kolorn I hccfl bctrclkinp o p  ornrlandiphcdcn w l u b i j  hct vahtpehallc ovcwcgcnd bcpaald word1 
door hct b inncnl l imut .  
Kolom I1 h a t  op  ornstandiphrdcn r aa rb i j  gcmiddcld o p e n  hoser vahtgrhal lc  rnoet wordcn gc. 
rclcnd.  

PAGE 1.10 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

Thtrmllcbe e igeoxbsppeo  

A s k t c c m c n l  
Cipsplatcn 
Clu (spicgclplas en vcnstcrplu) 
Glaskeramick 
Sihuimglas 
.Uincralc l m l a g  v w r  beton 
Mincralc wol 

Pleincrlagm 

Ccmcntpleislcr 
Kalkplcistcr 
Gipsplcislcr 

Orpniuh malerialen II &n nit1 grbondn 
(met uiuondcrinp van houtproduktcn 
cn kunrutaKm) 

Ceixpandurde kurk 
Ceexpandeerdc pcimpregneerdc kurk 

PAGE 1 .11  



IEA ANN= XIV "CONDENSATION AND ENERGY" 

Thermirchr rigrnschnpptn 

Llnolcum 
Rubbcr 
Gcrxpanderdc cbonirl 
R~ctvezclplaat 
Slrovcztlplaat 
Vlaslchcvcnplaat gcbondcn mcl kunsthars 
Vluwhcvcnccrncntplaal 

Houlprodullcn 

Hardhout 
Naaldhoul 
Triplex-mul~iplrx 
Hardboard 
Zachtboard 

Hnrde kunslrmllcn 

Pol)gtcrplaal (met glasrczels ~erster l t )  
Polycihan 
Polyrnclhacrylaat 
Po lyprown 
Po lv ,~n~ lch lo r~& 
ABS pol)mcrcn 

Kunsutofschuirnen 

Polysl).raenuhuirn gexpandccrd 
Polptyraenuhuirn p&xtmdccrd 
Urcumha~chu i rn  
Polyurethunwh~im (met freon pcblurn l  
Fmolhanwhuim (hard) 
Polyvinylchlor~derchuim 

P 

ktim' 

1200 
12m-15w 

I W  
:3&130 
2 0 ( W a  
3 W l W  
3 3 ~ 7 ~  

E r n  
3 50 
700 
lox 

2 S 3 W  
430 
600 
I ox 

( 33W7W 

-3w 

I zw 
92&950 

12w 
900 
IW 
I lm 

I 3-30 
3o-do 
8-20 

m 4  
23-?M 
23-30 

Oprncrling: wannecr tree waarden van p cn ). u j n  gcgeven kan i v w r  tussenpelcgcn raarden van 
p lineair xordcn geinterpolccrd. 

Lwdrechl op dc vczcls. 
?) Bij lapassing als spouv~ulling. 

1 i. Lan bij veroudcrmg lrngcvolge van hcl \rrdui jnrn van dc frconvullinp stljpen lot 0.035 M' 1rn.K). 

PAGE 1.12 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

H!grischr rigrnschoppco 

S B N u n t n a  

Zandrtccn 
Tulnmn 

>lttulrtcnrn 

Gcvclklmkcn 
Hardgrauw 

Grindhion 

Vcrdicht gcvapcnd 
Onrerdtcht ongcuapend 
Kiet vcrdiihi gevapcnd 
Sic1 rcrdicht onqcvapend 

Lirhtr h t o n r m n r n  

Bclon mct gcexpandeerdc 
k l c ~  als tculag 

Isolalicbeton 

PAGE 1.13 



IEA ANNM XIV "CONDENSATION AND ENERGY" 

dan nicl pebondcn 

(me! uiuondcring van haul. 
produklcn cn LunsrrloKm, 

-Cccspanderde kurk 
Gdrpandeerdc, geimprcp- 

nerdc Lurk 
L~nolcurn 
Rubber 
Cerpandeerdc cbonwl 
Rlclvuclplaal 
Slrovutlplaal 
Mc l  Lunslhan gebondcn 

vlaswhc~cnplaat 
Vlaswhc\cnirrncntplaar 

PAGE 1.14 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

H y g r i x h t  t i y tnwhnpptn  

Triplcr-mult~plrz 
Hardboard 
Zachlboard 

Polyslyrrrnschu~m 
gcexpandrrrd 

Polysiyrenxhuim 
gcirlnrdecrd 

Urcurnhanxhuim 
Polyurcthaurvhuim 

(mcl frron grblazrn) 
Fcnolharrwhuim 
Polyulnylchloridc- 

vhuim (hard) 

1) Gerncmn 1 op dc wzrls; 6 n e m t  rlcrt toc wanner dc rclalitrc vochtighcid grolcr is dan W .  
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

h l t u l r n  

Lood 
K o p r  
I J u r  
Sual  
Zlnk 
Alurn~n~urn 

Nmruurnrrn 

Basalt 
Granict 
Kalkrlctn 
Hardrlctn 
Marrner 
Zandrtun 

MeLulrlenen 

Gcvelklinken 
Hardprauw 

Bema 

Grindbeton 
Binrbelon 
Bcton rnct s&.pmdacrde klei e.d 

alr t m l a p  

Irolaticbelon 
Ccllenberon 
Hwgoverulakkcnbeton 

Asbnlarnent 
Giprplalcn 
GIs (spicgclglas m verulcrplal 
Glukenrnick 
Schuirnplu 

PAGE 1.16 



LEA ANNEX XIV "CONDENSATION AND ENERGY'' CATALELIE OF BUILDING MATWIALS 

Orgmkhc m n t c ~ l c n  d dm oicl gcboodm 
(mct umondcrlng \an  houtproduktcn 
cn kuruutoRcn) 

Vluuhcvcnplut met kuruthsn gcbandcn 
V laschrvcn~mentp lu t  

Nuldhout 

Hardboard 
Houupun icmcntp lu t  
Houtwolcemenlplaat 
Houtvolmagnn~etplaal 

M t  kunnnodrn 

Polyaterplaat (met glasvezels venterkl) 
Polyethrrn 
Polymrthylacrylul 
Polmropctn 
Polyvinylchloridc 
ABS polymercn 

KwntcloLubuimeo 

P o l p r y r r r n x h ~ m  @rpandc.rd 
Polpryecnxhu~m gecxtrudrrrd 
Vrcumhsmhu~m 
Polyurcthaanvhu~m met ireon gcblazcn 
Polyrm~lchlor~dcuhum (hard) 

) in de richting van de rezelr 
I) lcudruht OP dc vczclr 
9 dc k rmp  van polysryrecnwhu~m en r a n  p~ l~ur r thaanwhu im i s  sterk alhankclijk ran dc labrikape- 

methode. Ook kan somr welling oplrcdcn. Hct was daarom nict vcranlwoord hicr cijlcrs voor tc 
gevcn. 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

Zwarle SIraler 
Edrlr rnrtalrn. grpolysl 
NICI cdclr rnc~i l rn,  prpolojsl 
A lum~n~um. ruu  
Lood. grljs gcoxydrcrd 
Slssl m r l  ualr- or gtrlhuid 
Slaal. grrlcpcn of scdraaid 
Staal. rood rtrroCrl 
Koprr, pc\ lah~ 
Yopcr, zuarl srorydcrrd 
Aluminiumlak 
Ernaillelak. snccuwwit 
Dc mccsw andcrc n m  rnclaahchlige bouumalcrialcn 

TOM 9 H'armtqeleidingroOfficiint van garsen 

PAGE 1'.18 

Go* 

Lucht 
Slikslol 
Zuunlof 
Walrrdamp 
Kwlzuur 
CClrFt (Freon I? )  
CHCItF (Freon 21) 
CHClFt (Freon 22) 

L ( w ; f m . K i )  

0.025 
0.025 
0,025 
0.01 8 
0.016 
0.010 
0.01 1 
0,012 



LEA ANNEX XIV "CONDENSATION AND ENERGY" 

Dnrnprrrnmr~dr Isgrn 

Geblazcn b~lurncn 
Arfallb~lurncnrill  110-11 
Ccbilurnlnsrrd g l u r l i s  
B r a n d  asialtbilurncnrill 503-56 
T c c r r ~ l t  :B&%Ci45 
ECrw~dlg  gcbtfurninccrd papicr 
Flinlkote (btturncnrncnpcl) 
P o l y s t c r f a l ~ c  
Polfllyrrrnloclic 
PoIpinylchloridcloeI~c 
Polycthccnlociic 
Arlaltbirurncnrill rncl 

plurniniumloclic inlagc 
ECruijdig me1 kunrato l  gauchrrrd 

aluminiurnfocl~c 0.04 rnm 
T w c c z ~ j d ~ g  mc! kunsutof g u a c h u r d  

aluminiurnloeltc 0.08 m m  

Bij dc vrncnrtclling van dczc l a k l  wcrd ook gcbru~k gcrnaatl vancnkcle door 'Vcbidak' lcr beuhikking 
pntcldc gcgcvcnr. 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

3 .  FRENCH REGLES T h -  K 7 Z  

PROPERTIES : 

- density 
- thermal conductivity 

OR thermal resistance 

PARA!ETERS : 

- Temperature 

Limits for use of the list: - 2 0 O ~  < 0 < 3 0 ' ~  

- Moisture content 
not explicitely taken into account 

PAGE 1.21 



IEA ANNEX XIV "CONDENSATION AND ENERGY" CATALEUE OF BUILDING MATWIALS 

1.1 PIERRES ET TERRE C O M P R I M E E  ( I )  

1 Pierres lourdes 
- Granites.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - Gneiss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - Basaltes,. . . . . . .......................... 
- Silex . ................................... - Porphyres . . . . ........................... - Laves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - Ardoise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.12 Pierres calcaires 
..................... - Pienes froides (marbre) 

- Pierres dures . . . . . . . . . . . . . . . ....... ....... 
........................... - Pierres ferrnes.. 

- Pierres demi-fermes ........................ 
........................ - Pierres tendres no 3 

- Pierres tendres no 2 ........................ 

3.13 Gres e t  meul ibres 
Les caracteristiques des gres et des rneulieres sont 
considerees cornme identiques a celles des pienes cal- 
caires de rnemes masses volumiques. 
Les gres courants correspondent eux calcaires dun. 
Les meulieres courantes correspondent aux calcaires 
fermes. 

3.14 Blou, de te r re  comprimk 

3.2 TERRE C U l T E  

La rnasse volurnique variant de 1 700 B 2 100 k/rn3 la 
conductivitetherrnique peutvarier de 1,OA 1-35 W/m.OC 
les valeurs moyennes sont . .................... 
Pour les terres cuites allegees de rnasse volurnique infd- 
rieure B 1 700 kglm', on se reponera aux documents 
d'agdrnent ou d'Avis Technique. 

Messe volurnique 
rbche  (p ) e n  kp/m'  

Conduct iv i tb  
therrnique 
u t i l e  ( A )  

e n  W l m .  O C  

I. La conductivil~r thermiques donnher den8 c* parapraphe son1 en Ian d m  conductivilhs Cquivalenter tenant compte des joint 

I 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

3.31 BBtons de granulats lourds siliceux, 
silico-calcaires et calcaires (granulats 
conformes aux spbcifications de la norme 
NFP18-301) 

. . . . . . . . . . . . . . . . . . . . . . .  3,311 B h O N  PLElN 

3,312 BETSN CAVERNEUX . . . . . . . . . . . . . . . . . .  
Toutefois sur justification d'une composition calcaire 
d'au moins 50 % et d'une masse volumique infd- 

. . . . . . . . .  rieure A 1 900 kg/m" on adoptera la valeur 

3.32 BBtons de granulats lourds de laitier de 
hauts fourneaux (granulats conformes aux 
spkcificationsde la norme NF P 18-302). 

Les conductivitBs thermiques donnBes ci-dessous ns 
sont applicables qu'aux laitiers du Nord de la Lorraine 
(indice de basicitBcomprisentre 1,2et 1.4). 

3,321 BETON PLElN : 
-' avec sable de riviere ou de carriere . . . . . . . . . . . .  
- avec laitier granule (granulats conformes aux spbci- 

. . . . . . . . . . . .  fications de la norme NF P 18-306) 

3,322 B h O N  CAVERNEUX 
Bbtons comportant moinsde 10 % de sable de riviere . . 

3.33 BBtons de granulats l6gers 

3,331 BETON DE POUZZOLANE OU DE LAlTlER 
EXPANSE A STRUCTURE CAVERNEUSE 

Granulats conformes aux spbcifications des normes NF 
P 18-307 et 18-308. 
Masse volumique apparente des granulats en vrac 
750 kg/& environ : 
- avec Blbments fins ou sable . . . . . . . . . . . . . . . . . .  
- sans Blbments fins, ni sable . . . . . . . . . . . . . . . . . .  
3.332 B h O N  DECENDRESVOLANTES FRITTEES 
Masse volumique apparente des granulats en vrac 
650 kg13 environ. 

3.333 BETON DE PONCE NATURELLE 
Masse volumique apparente des granulats en vrac 
600 kg/+ environ. 

3,334 BETON D'ARGILE EXPANSEE OU DE 
SCHISTE EXPANSE 

(Granulats conformes aux specifications de la norme 
NF P 18-308) 
- BBtons de structure. 

Dosage en ciment Bgal ou supbrieur a 300 kg/m3 et 
masse volumique apparente des granulats en vrac 
comprise entre 350 et 550 kg/m3, ou supbrieure a 
550 kg/m? 
- avec sable de riviere, sans sable lbger . . . . . . . . . .  
- avec sable de riviere et sable Ibger . . . . . . . . . . .  

Masse volumique 
sbche ( p  ) en kg/m3 

Conductivit6 
thermique 
utile ( A )  

en W l m .  OC 
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IEA ANNM XIV "CONDENSATION AND ENERGY" 

- BBtonr 4 itolantr st poneurn r 
Dosepe en cirnsnt dgal ou 8upBrieur b 300 hglrna et 
rnasse volurnique epparente des ~ranu ls t r  en vrac 
comprise entre 350 st 650 kg/rn3 : - svec sable leger el eu plus 10 %de sable de rivitre 
- evec sable Ibger, cans ~ a b l s  de riviere. . . . . . . . .  

- Betonr ceverneux et semi-caverneux. 
Dosage en cirnent infbrieur ou bgal 250 kg/rn' et 
rnasse volurnique epparente des granulats en vrac 
infbrieure h 350 kglrn), ou comprise enfre 350 ef 
650 kglrna pour les betons de rnasse volurnique 
comprise entre 600 et 1 000 kg/rn' : - evec sable Ibger, sans sable de riviere. . . . . . . .  - sans sable (lbger ou de rivitire) e! ne necessirant 

qu'un faible dosage en ciment . . . . . . . . . . . . . .  
Remarque. Les compositions de beton indiquees ci- 
dessus sont donnees a titre indicatif ; en cas de non core 
respondance entre la cornposifion ef la rnasse volurnique 
stche, on ne tiendra cornpte. pom!r fixer la conductivitb 
terrnique utile du beton, que de la rnasse volurnique 
shche. 

3.34 BQtons ds grsnulets t r h  legera 

3.341 B h O N  DE PERLITE OU DE VERMICULITE 
GRADE 3 (de 3 B 6 rnrn) coule en place : 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dosage :3/1. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dosage :6/1. 

3.342 PLAQUES DE B h O N  DE VERMICULITE 
FABRIQUEES EN USINE . . . . . . . . . . . . . . .  

Masse volurnique norninale : 800 . . . . . . . . . . . . . . . .  - 750 . . . . . . . . . . . . . . . .  - 700 . . . . . . . . . . . . . . . .  - 650 . . . . . . . . . . . . . . . .  - 600 . . . . . . . . . . . . . . . .  - 550 . . . . . . . . . . . . . . . .  - 500 . . . . . . . . . . . . . . . .  - 450 . . . . . . . . . . . . . . . .  - 400 . . . . . . . . . . . . . . . .  

326  B6tons de bo is  

3,361 B O O N  DE COPEAUX DE BOlS (conforme aux 
documents d'Agr4rnent ou d'Avis Technique) . 

3,362 PLAQUES DE BETON DE FIBRES DE BOlS 
FABRIQUEES EN USINE (fibragglos) (voir 
I 4.43) 

Conduct iv i tb 
therrnlque 
u t i l e  (1 ) 

s n  W/rno.C 

0.16 

0.1 5 
0.12 
0.1 0 
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1 E A  ANNEX XIV "CONDENSATION AND ENERGY" C A T A L ~ U E  OF BUILDING M A T ~ I A L S  

3.4 MORTIERS D'ENDUITS ET DE J O I N T S  

Met6r ieu 
Msase volurnlque 

sbche (p ) e n  kg /ma 

3,6 PLATRES ('I 

3.5 AMIANTE-CIMENT E T A M I A N T E - C I M E N T  
CELLULOSE 

3.51 Amiante-ciment 

- Platre a gachb serrb B ou e trbs serrb B (platre de trbs 
haute duretb (THD) et platre projetb) . . . . . . . . . . .  

- Platre courant d'enduit intbrieur [platre f in de cons- 
truction (PFC) ou piatre gros de construction(PGC)1 
ou plaques de platres B parement de canon e stan- 
dard r et e haute duretb B ou blbments prbfabriqubs 
en platre B parements lisses . . . . . . . . . . . . . . . . . .  

1 800 B 2 200 
1 400 B 1 800 

3,62 P l i t r e s  e v e c  granulats Mgers ou fibres 
min6raleo 

- Plaques de plstre A parement de canon a spbciales 
feu met plaques de plstre arrnbes de fibres minbrales 

- Platre d'enduit avec perlite tout venant ou vermicu- 
lite grade 2 (de 1 a 2 mm) : - 1 volume pour 1 de platre. . . . . . . . . . . . . . . . . . .  
- 2 volumes pour 1 de plstre. . . . . . . . . . . . . . . . . .  

Panneaux semi-rigides et matelas de feutres souples. en 
iaine de roche ou de verre, d'usage courant dans le bsti- 
ment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conduct iv i t6 
therrnique 
u t i l e  ( A )  

m n  W l m ,  --C 

I 2 Convenrionnellernent. la mame volumique sbche der plbtres ert obtsnus aprLs sCchrge an 6luve ventdCa b 55 .C nu lieu c 
70 'C (voir NF B 12.001). 

CHAPTER 1 : STANDARD LIST 
PAGE 1 . 2 5  



IEA ANNM XIV "CONDENSATION AND ENERGY" CATALOGUE OF BUILDING MATDIALS 

Matbrlmu Msraa  volumlqum 
bche ( p )  e n  kp/ma 

On caractCrise gbndralement let vbgbtaux par leur den- 
tit6 r normale r ou r norninale a, qui est la rnasse volu- 
rnique du rnatCriau rec B I'air. correspondent pour les 
bois naturals B une humidit6 de 15 ./.en rnasse (dbfini- 
tion e l  dtilermination obtenues ruivant ler sp6cifications 
des normes B 51 -002 e l  B 51 -004). 
Cette densit4 est donc plus ClevCe que la rnasse volurni- 
que sPche indiquCe dans la P colonne. 

3.81 Bois  naturels ddf in is (') confnrm6ment 
A l a  norrne NF B 51 -002 : 

- Feuillus mi-lourds (chbne, hhtredur, frhne.fruitiars). 
Massevolumique x normale s 6508 800 kg/m'. . . . .  

- Rtisineux trbs lourds (pitchpin). Masse volumique 
norrnale superieure 8 700 kglm' . . . . . . . . . . . . . .  

- Feuillus lCgen (tilleul, bouleau, &able, frbne, chhe .  
h h e  tendre). Masse volumique r norrnale r 500 B 
650 k g / d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- Rbsineux mi-lourds (pin sylvestre, pin maritime). 
Masse volurnique r nofrnale 500 B 600 kglrn' . . . .  

- Rbsineux l6gers (sapin. tipic6a) ou trbs ICgers (cbdre 
rouge de I'ouest). Masse volumique r normale D 
3 5 0 8  500 k a l m  ' . . . . . . . . . . . . . . . . . . . . . . . . . .  

- Feuillus tres i b e r s  (peuplier, okoum4). Massevolu- 
rnique normale r 350 B 500 kg/m'. . . ......... 

3.82 Bo is  naturels s p k i a u x  (') 

- Balsa ................................... 
- Bois lourds.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.83 Panneaux de f ib res  da bo isdbf in isconfor -  
rn6rnent a u  pro je t  de norrne B 5i -100 

- Panneaux a durs a el n extra-durs D . . . . . . . . . . . . .  - Panneaux a tendres e dils aussi rn isolants a .  . . . . . . .  
- Panneaux r tendres spkiaux i asphalt& dans la 

rnasse, dits aussi e isolants spkiaux D. . . . . . . . . . .  

therrnlque 
U ~ I I ~  [ a )  

e n  W/rn. eC 

3. Les essences non ment ionnh son1 b classer dans la cat6po1ie correspondant b leur masre volumique 

CHAPID 1: STANDAQ.~ LISI 

0.23 

0.1 5 

0.1 2 

0,052 
0.29 

0.20 
0,055 

0,065 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

3,84 Panneauxde pertlculerligno-cellulosiquee 
agglorn6rhs.  dbfinie c o n f o r r n h e n t  & l a  
norrne NF B 54-100 

3.841 PANNEAUX DE PARTICULES DE BOlS I PRESSES P U T  
Masse volumique nominale 700 B 800 . . . . . . . . . . . .  
Masse volumique nominale 600 B 690 . . . . . . . . . . . .  
Masse volumique nominale 500 d 590 . . . . . . . . . . . .  
Masse volumique nominale 400 d 490 . . . . . . . . . . . .  

3.842 PANNEAUX DE PARTICULES DE BOlS 
EXTRUDES 

Masse volumique nominale 600 d 700. . . . . . . . . . . . .  

3,843 PANNEAUX DE PARTICULES DE LIN 
Masse volumique nominale 600 . . . . . . . . . . . . . . . . .  

500 . . . . . . . . . . . . . . . . .  
400 . . . . . . . . . . . . . . . . .  
300 . . . . . . . . . . . . . . . . .  

3 3 5  Panneaux contreplaques et  l a n e s  definis 
conformement aux normes NF B 50-004 et 54- 
150. On adoptera comme caract6ristiques de ces 
panneaux celles des bois de meme masse volu- 
mique. Ceci conduit pour les fabrications cou- 
rantes aux valeurs suivantes : 

- panneaux en pin maritime ou pin d'Or6gon. . . . . . .  
- panneaux en okoum6 ou peuplier.. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - Cornprime 
- Expanse pur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- Expanse agglomer.4 au brai ou aux resines synthe. 

tiques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3,87 Paille cornprirnee 

I 3 3 8  Varech (voir 4.8) 

Masse volurnlqum 
bbcha (p) a n  kg;mJ 

Conducclvitb 
thermlque 
utll. (A)  

e n  Wim.oC 

PAGE 1 . 2 7  



IEA ANNEX XIV "CONDENSATION AND ENERGY'' 

3.9 MATIERES P U S T I Q U E S  ALVEOUIRES 

1 P o l y r t y r h r  mrpanrb 

3.911 OBTENU PAR MOULAGE. DEFINI CONFOR- 
MEMENT A LA NORME NF T 56.201 
Classe I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Classe II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Classe Ill.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Classe IV.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ClasseV 

3,912 MOULE EN CONTINU PAR VOlE HUMIDE, 
SECHE ET STABlLlSE PAR DEPRESSION 

3.913 THERMO-COMPRIME EN CONTINU PAR 
. . . . . . .  VOlE SECHE . . . . . . . . . . . . . .  ... 

3.914 EXTRUDE SUIVANT LE PROCEDE DE FABRI- 
CATION D'ORIGINE AMERICAINE 

Plaques sans peau de surface.. . . . . . . . . . . . . . . . . . .  
Plaques avec peau de surface. . . . . . . . . . . . . . . . . . . .  

(Dans le cas oir l a  dernihe classe de densite est utiliske 
en toiture-terrasse nu-dessus de 1'6tancheitk. on se 
reponera pour le calcul des deperditions 8 travers la 
toiture aux documents d'Avis Technique). 

3.92 Mousse  r ig ide A base de polychlorure d e  
vinyle, def in ie c o n f o r r n h e n t  A la norme 
NF T 56-202 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Classe I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Classe 11.. 

3.93 Mousse r ig ide de polyurbthanne, definie 
c o n f o r m h e n t  A la norme NF T 56-203, o u  
d e  polyisocyanurate, expansee au trichloro- 
monofluoromethane el  (ou) au dichlorodifluoro- 
methane. 

(On ne donne ici que les caracteristiques des mate- 
riauxfabriques en usine sous forrne de blocs ou de pla- 
ques. En ce qui concerne les rnatkriaux injectes dans des 
panneaux in situ ou en usine. on se reponera aux docu- 
ments d'Avis Techniques; si les parernents de ces pan- 
neaux son! etanches (rnbtal, verre ... ), la conductivite 
therrnique du matkriau est gkneralement inferieure aux 
valeurs donnees ci-contre) : 

. . . . . . . . . .  - pkques et blocs expanses en continu. 

. . . . . . . . . . . . . . . .  - blocs expanses en discontinu. 
3.94 Mousses f o r m o - p h h o l i q u e s  
- Fabrications de l'usine de Vendin-le-Vieil (Pas-de- 

Calais) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- Autres fabrications.. . . . . . . . . . . . . . . . . . . .  

3.95 Autres rnatikres plastiques elvColaires 

Masre  vo lumlqur  
r b c h r  (p) e n  kg/m'  

Conduct iv l t6 , therrniqur 
u t i l e  (A)  

e n  W/rn.oC 

PAGE 1 . 2 8  



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

;,(lo) MATIERES SYNTHETIQUES C O M -  
PACTES, MASTICS ET PROOUITS 
D'ETANCHEITE 

l,(10)1 Mat ibras synth4t iques compactes 
d'usage courant dens Ie  bet iment : 

. . . . . . . . . . . . . . . . . . . . .  :aoutchoucs synthetiques. 
:orrno-phbnoliques . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'olyarnides (nylon, rilsan ... ) .  . . . . . . . . . . . . . . . . . . . .  
'olyesten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .............................. 'olybthylbnes 
... 'olyrnbthacrylates de rnbthyle (altuglass, plexiglass ) 

'olychlorures de vinyle ........................ 
I, (10)2 Mas t i cs  pour joints et garnitures d'4tan- 
:heit4 (silicones, polyurbthannes, polysulfures, acryli- 
iques) . .................................... 
l ( 1 O  )3 Produi ts d'(tanch4it4 (' ) . . . . 

.................... 3(10)31 ASPHALTE PUR. 
ASPHALTE SABLE .................. 

3(10)32 BITUME 
Zanons leutres el  chapes souples irnprbgnbes 

I METAUX 
Ferpur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4cier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fonte . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4lurniniurn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Duralurnin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cuivre ..................................... 
b i t o n  ...................................... 
Plornb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Zinc ...................................... 
3(12)  VERRE ............................ 
3,(13) PLAQUES A BASE D E  VERMICULITE 

O U  DE PERLITE EXPANSEE, FABRI-  
QUEES EN USlNE 

3.(13)1 PLAQUES A BASE DE VERMICULITE 
AGGLOMEREES AUX SILICATES ....... 

3.(13)2 PLAQUES A BASE DE PERLITE MPAN- 
SEE AGGLOMEREES AVEC UN LIANT 

............... 3,(14) VERRE CELLULAIRE 

Les caractbristiques therrniques do ces rnateriaux, &an1 
ionction de leur utilisation,elles ne peuvent Btre donnbes 
bci. 

Conduct iv i tb 
(hermiquo 

u t i l e  (X)  
e n  W/m.oC 

4. b s  mdriaux da prot~t ion,  plach 8u-derrus do I'btsnchhild ne w n l  pas pis en compte danr Ie cdcul du cwficienl K 
uuf srAcificalion conhire donnhe duns un Avis bchniqua 

CHAPTFX 1 : STANDARD LIST 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

4. GERnAN STANDARD DIN 4108 

PROPERTIES : 

- density 

- thermal conductivity 

- vapour resistance factor 

PARAMETERS : 

- Temperature 
Limits for use of the list: - 2 0 ' ~  < 9 < 3 0 ' ~  

- Moisture content 

not explicitely taken into account 

UNITS : S.I. 

kg/m3 

W/(m.K) 

PAGE 1.31 



IEA ANNEX XIV "CONDENSATION AND ENERGY" CAIALEUE OF BUILDING MATWIALS 

I -. I I 

1 4 ! G~csputz ohne Zuschlag 1 (1100) 0.35 1 l o  

Zeile 

1 Pdtze .  Estr iche und andcre Mar le lschichten 

, ~ a l k m o r l e l ,  KalUernentrnDrlel, Morle! aus hydrauljschern I 
KaIk ( 1800) 15135 

s t  OH 

Rohd'chte 
oder 

Rohdtchte- 
klassen 8 )  1 )  

kg1rn3 

Rechenwerl 
der Warme- 

leitfah~g- 
keit 
).I,') 

W l ( n ~  K) 

Rtchtwen 
der Wasser- 
darnpl.Di::u- 
sicnswider- 
slandszahl 

(1 ') 



IEA ANNEX XIV "CONDENSATION AND ENERGY'' CATALCGUE OF BUILDING MATERIALS 

1 1.7 1 Mapnesiaeslfich nsch DIN 272 I I I 
1 1.7.1 1 Unterbbden und Unterrchichten won meitagqen Bbden I (1400) 1 0.47 1 
1 1 .7 .  1 lndustriebbden und Gekschichl 1 (2300) 1 0.70 1 

Jormalbeton nach DiN 1045 (Kies- oder Splittbeton mil ge- 
ichlossenem Ciefiiae: such bewehrO 

.eichlbeton und St3hlleichlbelon mit peschlossenem Ge. 
upe nach DIN 4219 Teil 1 2nd Teil 2. herpestellt: 

rnlervewendung vonZuschlagenmil porlgem Gefuge nach 
)IN 4226 Teil 2 

ausschlte6l1ch unter Vewendung won Blahlon Blahsch~eler 
Naturb~ms und Schaumlava nach DIN 4226 Tell 2 ohne 
Ouarzsandzusau 
Herstellung des Be:ons guteubenvacht gema0 DIN 4219 
Tell 1 

Dampfgehartetel Gasbeton nach DIN 4223 (2 Z. noch 
Entwurr) 

- 

Leichtbeton mit hautwerksporigem Gefuge, 2 0 .  nach 
DIN 4232 

mit nichtpongen zuschlagin nach DIN 4226 Teil I. z B. vies 

mit porigen Zuschlagen nach DIN 4226 Teil 2, ohne Ouarz. 
sanc!zusalz 9 

2 GroBformatlge Bauteile 

2 1  I 
8 - -- 

2.2 L 
f 

22.1 I 

I 

2.2.7 I 
I 

I 

2 3  

2.4 

24.1  

24.2 

') bis *) Siahe Seilc 11 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

-7- 

' 4.2.2 ausschl~eBltch unter Verwendung von Blahton 

2 4.2 t 

- 
Rohdcchte 

oder 
Rohdchls. 
klessen I) 2) 

k p h '  

w s r r h l ~ e B l ~ c h  unter Verwendunp von Nalurbims 

) Baup la t ten  

3 3  1 Wandbouolatlen aus Leichlbeton neci? DIN 18162 I 800 1 0.25 

3. t Asbestzemenlplatten naCh DIN 274 Teil 1 bis Teil 4 

3.2 Gas3eton~Baupla:len. unbewehn nach DIN 4166 

t mtt normaler FugenO~cke und Mauermonel naCh DIN 1053 
Tell 1 verlegt 

5CO 
6M) 
700 
800 

(2000) 

3.4 Wandbauplatter: aus Gips nach DIN 1811%. auch n i t  Poren. 
Hohlraumen. Fiillslotlen oder Zuschiagen - 

0.58 

3.5 Gtpskarlonplattcn nach DIN 18180 

CHAPTER 1 : STANDARC LIST PAGE 1.34 

53C 
753 
800 

1000 
1 200 

4 1 Mauerwerk aus Mauen~egeln cach DIN 105 

4 t t Vollklmker 

4 1 2 Hochlochld~nker 

4 3 Voliztegel Lochzlegel hochleste Z~egel 

0.29 
0.35 
0.4 1 
0.47 
0.58 

(900) 0.2 1 

') b ~ s  4) S~ehe Se~te 11 

(2000) 

(1800) 

1200 
1400 
1bM) 
I 800  
2000 

0.96 

I 
501 100 

0.61 501 100 

0.50 
0.58 
0.68 5/10 
0.8 1 
0.06 



Rohd~chle 
odor 

Rohdchta. 
usasen 1) 7 

kpm'  - 
700 
LUO 
900 

1000 

700 
Boo 
900 

I 000  

.s~chlnochlochziepel nsch DIN 105 Tsi; 2'). Typ A und C 

ieichtnochloChziep(rI nach DIN 105 Teil 2'). Typ W, 

Mauewcrk nus Knlksandsteinsn nach DIN106Teill undTsil2 

Mauewerk aus Hiittenslei;.~n nach DIN 398 

Mauewerk aus Gasbeton-Blocbteinen nach DIN 4165.) 

Mauewerk aus Betonsteinen 

Lochsteme aus Leichtbelon nach DIN 18148 600 
730 
Boo 
900 

1WO 
1200 
1400 
1 m  

Hohlblockste~ne avs Lechtbeton nach DIN 18151 mil pon 
gen Zuschla~en nach DIN 4226 Tell 2 ohne Ouarzsandzu 
sat2 7) 

2-K6te1ne. Brelte 5 24Omm 
3-K-Steme. Brc,te 5 300mm 
4-K-Steme. Bre~te s 365mm 

7 Folpeaus~abr 2.2. noch Enlwurl 
1) bis ') und 7) Siehr Seite 11 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

ollsleine und Vollblocke aur Leichlbslon nach DIN 18152 

ollsleine pJ) 

follblocke (Vbl) (au8er~o l lb lo~kenS-W aus 81ms nachzeile 
5 3 . 3  und ausBhhlon nach Zeile 4.5.3.4) 

rollblocke S-W aus aims 

)is l u r  Regelung In DIN 18152') durlen Vollblocke aus Bims 
nit Schlitzen (S) mil dem Zuralzbuchslaben W bezeichnel 
werden. wenn sie folgende Bedlngungen erliillen: 

I) ZuscNape 

Als Zuschlag is1 ausschlie8lich Naturbims zu verwenden. 
ZumischungenronanderenZuschlagennschDINl8152. 
Ausgabe Dezember 1978. Abschnill 4.2. 2. AbSatZ. und 
Abschnitt 61. 2. AbsaU. sind nicht zulassig. 

I) Form 

Die Schliue der Vollblocke mussen stels m i l  einem 
Deckel abgeschlossen seln. Gntthillen sind nicht zules- 
Big. ES sind Llels Sli~nSeitennuten anzuordnen. 

:) Mane 
Es dljrlen nur Vollblocke der Zeilen 9 bis 12 der Tabelle 2 
aus DIN 18152 Ausgabe Dezember 1978. venvendel 
werden. 

f )  Kennzeichnung 

Die Kenrueichngng nach DIN 18152 mu8 durch den 
Buchstaben W ergarul werden 

500 
600 
700 
Boo 
800 

1000 
1200 
1400 
1600 
(Boo 
2000 

500 
600 
70) 
Boo 
300 

1000 
1200 
1400 
1600 
leoo 
2 m  

503 
600 
700 
Boo 

- 

Rechrnvcn 
der Warma. 

Ia~ l lah~p.  
hell 
A n  ') 

Wl(m K) 

R~chtwen 
der Wasaer. 
Oampl.D!llu. 
monswider- 
I l l nds lah l  

CI ') 

-- 

5/10 

') bls ') Swhe Seite 11 
') Eine Erganzunp A1 zu DIN 18152. Ausgabe Dezember 1978, is1 2.2.  noch Entwurl. - 
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Vollblbcke S.W *us Blehton 

Bls zur Repelunp in DIN 1.3152') durlen Vollblbcke au1 
Blahlon mlt Schlilzen (5) mil dcm Zusatzbuchrlaben W be. 
zelchnel werden, wenn LIL dlc lolpendan Bed~npunpM 
edijllen: 

a) Zurchlape 
Als Zuschlap Is1 ausschlieBlich Blohton zu vewenden. 
ZumischunpenvonanderanZuschlt~en nachDIN1.3152. 
Auspabe Dezember 1978. Abschnitt 4.2. 2. Abseu, und 
Abschnitt 6.1. 2 AbseU sin5 nichl zul~ssip. 

b) Form 
Die Schlilm der Vollblbcke m"ssen clets m i l  einem 
Deckel ab~eschlossen sein. Grilthilfen sind nicht zu. 
18ssig. Es r ind stets St~rnseitennvten enzuordnen. 

C) Mace 
Es dijrlen nur Vollblbcke d t r  Zeilel. B bis 12 der Tabelle 2 
aus DIN 1.3152. Ausgabe Dezember 1978, vewendet 
werden. 

d) Kennzeichnung 
Die Kennzeichnung nach DIN 18152 mu8 durch den 
Buchsteh-n W erpanzt werden. 

Hohlblocksteine und T-Hohlatelne aus Normalbeton mil pe 
rchlossenem Geluge nach DIN 18153 

Rohdichle 
oder 

Rohd~r.hla. 
Uasran 1)s)  

kp/mS 

600 
800 
700  
800 

2-KSteine. Breite 5 240mm 
3X-Sleine. Breile 5 300mm 
4X-Steine. Breite 5 365mm 

2-K-Sleine. Breite - 300mm 
3-K-Steine. Breilc - 365mm U lrn, 

- 

Holmolle~eichtbBuplatten nach DW I101 1) 
Platlendicke 2 25mm - 15mm 

Mehrschicht-Leichlbauplatlen nach DIN 1104 Teil 1 
nus Schaumkunslstoffplatlen nach DIN 18164 Teil 1 
mil Eesch~chtunpen nus mineralisch gebundener Holzwolle 

Schaumkunststotlplatle 

Holmolleschichten (Einze~schichlen) 

Dicke 2 10 bis < 25 mm 
2 25 mm 

Holmolleschichten (Einzelschichlen) mit Dicken < lOmm 
dijrlen zur Berechnung des Warrnedurchla8~1derstandes l l A  
nicht beriicksichtigl werden (siehe DIN 1104 Teil 1) 

Schaumkunststotle nach DIN 18159 Teil 1 u n l  Teil 2 an der 
Baustelle hersestellt 

PolwreIhan(PUR)~rtschaum nach DIN 18159 Tell 1 

(360 bis 480) 
(570) 

k 15) 

(460 bls €50) 
(360 bis 460) 

(800) 
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Korkdarnmslolle 
Korkplallen nach DIN 18161 Tell 1 
Warrnele~tlsh~gke~tspruppe Od5 

050 
055 

Schaurnkunslslofle nach DIN 18164 Tell I*) 

Polyslyrol(PS).Harlsch3um 
WBrrneleilfahi~keitrgruppe 025 

O X )  
035 
04 0 

Phen0lhan:PF)-k!arlschaurn 
Warmeleinahigkeitsgruppe 030 

035 
Odo 
Od5 

Rcchwwerl  
RohdlChl' 

der Wornne. 
oder 

Rohd~chte. , I e i l l a h ~ ~ .  

klassen I) 9 k t l l  
. l a ' )  

hglm' Wl(m. K l  

( 6 Kolz und Holzwerkstofle ' 0 )  

Mlneral~sche und pllanzl~che Fasefdommslofte nach 
DIN 18165 Tell 1 e) 

W'armele~lloh~gke~:sgilrppe 035 0.035 
Odc 

18 bts 500) O.MO 
045 O.Od5 
050 0.050 

Schaurnglas nach DIN 18174 
Warrnele1tfah8gkeltsgruppe 015 0.045 

C 3  0.05C 
055 (1W b ~ s  156) 0,055 
ow I 0,060 

CHAPTW 1 : STRNDARO LIST PAGE 1.38 

L 

6 1 

6.1.1 

6 1.2 

6.2 1 HolmerkstoHe 

62.1 Sperrl!cIz 
cach DIN 68705 Teil 2 bis Teil 4 0.15 1 5014U) 

. .- -. 

Holz 

Fichle. Kiefer. Tanne 

Buche. Eiclie 

(600) 

(8W! 

0.13 

0.20 
40 



IEA ANNM XIV "CONDENSATION AND ENERGY" C A T A L ~ U E  OF BUILDING MATWIALS 

Rechenwen Rtchtwen 
RDhd'chte oar ~ b r m a .  dcr ~ a r b a r -  

oder 
Rohddchle. 

Ialltahlp. 0ampl.Dtrlu. 

hlasren ' )3  k e ~ l  B ~ o l s w ~ d a r ~  
Btandszahl 

j.2.2.1 1 Flachprnepla!ten nach DIN 68761 und DIN 6 8 7 a  1 (700) 1 0.13 1 X)1100 
- 

6.2 2.2 St~snppreBplallen nach DIN 68764 Tail 1 (Vollplallen ohne 
Baplankung) 

623.2  / Porose Holzfaserplatten nach DIN 68 750und Bilumen-tiolz- 1 5 2 0 0  1 0,045 1 
laserplatter, nach DIN 68752 5 300 0.056 

6.2.3 

6 2 . 3 1  

7 Belage, Abd ich ts tone  u n d  A b d i c h t ~ n g s b a h ~ e n  

(700) 

7.1.1 1 Linoleum nach DIN 18171 I (1003) 1 0.17 1 I 

Holzfaserplattan 

Harts Holzfaserplatten nach DIN 68750 und DIN 68754 
Tell 1 

0.17 

Abdichtstotfe. Abd1chtungs3ahnen I "'+=I--- 

20 

(1000) 

7 1.2 1 Korkhnoleum (700) 0.081 

7.2.1 ( Arphaltmastix. Dicke 2 7 mm 1 (2000) 1 0.70 1 9 

7.2.2 1 Bitumen I (1100) 1 0.17 1 

0.17 

- 
0.12 7.1.3 Linoleum.Vefbundbelage nach DIN 13173 

7.23 1 Dachbahnen. Dachdichtungsbahnen I I 1 

70 

( l o w  

7.2.3.1 ( Bitumendachbahnen nach DIN 52128 1 (1200) 1 0.17 1lOMX)IM)00( 

7.2.3.2 1 nackie Bltumendachbahnen nach DIN 52129 1 (1200) 1 0.17 1 200012000( 

7.2.3.3 ( Glasvlies-Bitumendachbahnen nach DIN 52143 I 1 1 20000160MX 

7.2.4 KunststoH-Dfchbahnen 

7.2.4 1 nach DIN 16733 (PVC-weich) t I 1000012500( 
I - I I 

7.2.4.2 1 nach DIN 16731 (PIB) 100ODO!I 75ON 
-- 

7.2.4.3 ] nach DIN 16732 Tell 1 (ECB) 2 0 K  

7.2.4.4 1 nach DIN 16732 Teil 2(ECB) 2.0 

7.2.5.1 ( PVC-Folien. Dickc 0.1 mm ! 1 1 20W0,5000C 
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IEA  ANN^ XIV "CONDENSATION AND ENERGY" CATALCGUE OF BUIWING MATDIALS 

8 Sonat lge gebri iuchllche Sloffe ' 1 )  

Lose Schu l l unpen~~ ,  WbgedeCkI I 
nus porlgen Stollen 
Blahper111 
Blahgltrnmer 
Uorkschrot. expandlert 
Huttenblms 
Blah!on. Blahsch~efer 
Btmskies 
Schaumlava 

aus Sand. Kies. Split1 
(trocken) 

-- 

Fliesen (--w 
Glas (2532) 

Nalursteine 

Knstalline metamorphe G e s l ~ h e  
(Granit. Basalt. Marmor) ( 2 m )  

Sedimenlsteine 
(Sandstein. Muschelkalk. Nagelfluh) (2K"J) 

Sand. K~essand 1 

Keramjk und Glasrnosa~k 1 (2000) 

Wamedammender ~ u t z  I (MM) 

Melalle I 

Kupfer I 
Aluminium I 
Gurnmi (kornpakt) 1 ( 1 x 0 )  

Siehe Selte 11 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" C A T A L ~ U E  OF BUILDING MAT~IAIS 

~- ~- ~- 

I) Dm in .Klsmnmm rnpcpsbcnen Rohdlchle-trle dlcnan nut Zur Ermitllung dsr Ilbchenbezopcnen Masre, I 8 fur 
den Nschwois des ~ommerl ichen WsrmerchuUer 

.) Die be1 den Slelnsn gensnnlcn Rohdichlsn 1ind Klarbenbazeichnunpen nsch den entrprechenden Slollnormcn 

.I Die rnpcprbsnen nechenwens Get Wbrmelsillbh~pkeil von Maucwcrk durfcn bei Vewendunp von werhbmabtp 
' herpes~ehten Lelchlmmuermbneln nus Zurchlagsn rnlt porlpcm Gclupe nsch DIN 4226 Ted 2 ohne ~uarzsandzusat; - bei elnsr Fsslmbnslrohd~chlc < 1000kolma - urn O.O6Wl(m K) verrlnpen werden. ledoch durfen d ~ c  vcrrcnoenen 

Wrrte bei ~ol lb lochen S.W 1.1% 8 %  und 0 s h l o n n r c h d e ~ Z e ~ ~ e n 4  5 3 3 i n d  4 5 3 4 rokoe be. Gasbelon.8 ochsie nsn 
nsch Zelle 4 4 doe Wcrle drr  entrprechenden Zeden 2 4  2 I. 2 4 2 2 und 2 3 n.ch1 unter%chre.ten 

a)  Es 1st Jeweils der li ir die Ba~?konstruHion ungunsligere Wen einzusetzen Boziigllch der Anwendung der p - W e n t  
l iehe DIN 4108 Teil 3 und Beisplelc in DIN 4108 lril 5 

I) Praklisch dampld~cht. Nach DIN 52615 Teil 1: td> 1500rn. 

*) Bei OuamsandzusaU erhbhen 61ch die Rechenwsne der Warmelsitfahipkeil um 205.  
r )  Die Rechenwene der Wermeleitfhhipkeil sind bei Hohlblocksteinen mit OuarzsandzusaU fur 2-K-Steine um 20% und 

fiir 3-K-Sleine und 4.K.Sleine urn 1 5 5  zu erhbhen. 

r) Platten der Dtcken < l 5 m m  durfcn whrmeschumechnisch nicht b e r u ~ k s i ~ h l r g l  werden (siehe DIN 1101). 

I) Bei Triltrchelldammplalten aus Schaumkunslstoffen oder nus Faserd2mmstoilen wird bei samllichen Eceugnissen 
der WarmedurchlaBwiders(and 11A auf der Verpackung angegeben (stehe DIN 18164 Teil 2 und DIN 18165 Tell 2) 

Iq Die angegebenen Rechenwene der Warmele~lfahqke~l Ai,  gelten fur Holz quer zur Faser. fur Holzwerkstolfe senkrechl 
zur Platteriebene Fur Holz in Fasernchlung sowie fur Holzwerblofle In Plattenebene ,st naherungswelse der 2.21ache 
Wen einzuselzen, wenn kem penauerer Nachweis erfolgl. 

11)  Diese Stofle s ~ n d  hinsichllich ihrer warmeschutztechnischen E~penschaflen nichl genormt. Die angegebenen Warme- 
l%.fhhigkeitswene stellen obere Grenzwene dar. 

12) Die Dichle wird bei losen S c h u t l ~ r . ~ e n  ais Schuttdichte angegeben. 

Tabelle 2 Rechenwerte der WarrntdurchlaBvtiderslinde van Ldtschlchten 1) 

I Lage der Dicke der I WarmedurchlaB- 

Luflschicht Luftschichl widerstand l l A  I mm m2 . ww I 
lotrecht 

PAGE 1 . h i  

waagerecht 

I 

10 bis 20 

I)  Die Warte gelten fur Lutfschichten, die nicht mil der AuBenluft in Vertin- 
dung stehen. und fur Lutlschichlen bei mehrschai~gem Mauerwerk nach 
DIN 1053 Teil 1. 

10 bis 500 

0.14 

0.17 

iiber 20 bis 500 0.17 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

5 .  ITALIAN STANDARD UNI 7357 (AGGIORNAHENTO n" 2 )  

PROPERTIES : 

- density 

- thermal conductivity, 
reference and calculation values 

PARAMETERS : 

- Temperature 

Limits for use of the list: -20-c < 8 < 3 0 ' ~  

- Moisture content 

not explicitely taken into account 

PAGE 1.43 



IEA ANN= xrv "CONDENSATION AND ENERGY" CATALCGUE OF BUILDING MATERIALS 

Ta l l onc ino  di agg io rnamen lo  N' 2 al la  UNI 7357 (dic. 1974) 

C a l c o l o  d e l  fabb isogno l e rm ico  per il r i sca ldamen lo  di ed i f i c i "  

Tes to  rev i s i ona lo  

Punto 7.1.2 
Sosliluire con quanto segue. 

7.1.2 Condul t iv i l i  lermica apparenle dei rnaleriali 

La condultivith lermica definisce univocamenle l'altitudine d i  un maleriale, omogeneo e isotropo, a lrasmeltere il 
calore quando lo scambio avviene solo per conduzione. Nei maleriali cellulari. granulari, librosi o porosi d i  bassa 
massa volumica, a causa della coesislenza d i  scambi per radiazione e talvolta per convezione. i valori misurali del. 
la  conduttivilA aumenlano all'aumentare degli spessori e dei gradienli. A rigore, Per i materiali citati. non si do. 
vrebbe quindi definire la condultivilh del rnateriale. ma solo la resislenza termica. 0 l a  condutlanza termica speci. 
lica. del manufat lo  in assegnate condizioni d i  esercizio. Tuttavia. poiche nelle strullure edili si ha una ristretla 
gamma d i  condizioni d i  esercizio e poiche, in assenza d i  convezione, la condutti,,itd misurata lende ad un valore 
costante a1 crescere dello spessofe (di solilo quando e maggiore d i  10 cm). nella Pcesenle norma si delinisce "con- 
dultivilA apparenle" d i  un materiale quella relaliva a spessori maggiori 0 uguali a 10 cm. 11 confront0 con dal i  mi- 
surati su  campioni d i  spessore minore d i  10 cm pub richiedere pertanto la conoscenza delle elfell ive condizioni di 
prova. 
Nel prospetlo Sono riporlate quatlro colonne d i  dati: 

- la massa volumica e del maleriale secco: 

- la condull iv i ld indicaliva d i  ri lerimenlo A,: 
- la maGgiorazione percentuale m; 

- !a conduttivilA utile d i  calcolo A. 

E consenlila la interpolazione dei dali. mai la esl~apolazione. 
La io!onna della condullivitd indicativa d l  riferimenlo A, si riferisce alla condul l iv i l i  apparenle misurala o m ~ u .  
rablle in laboralorio su campioni d i  spessore rnaggiore 0 uguale a 10 cm, alla temperalura media d i  293 K. con le 
acparecchiature e i procedimenli indlcali nelle UNI 77a5 e UNI 7891. In aggiunla a quanlo n r e v i f n  .??!!e "?:-e r ! .  
tale. la ct1:erenza d; Iernperatura Ira le facce delle pro.,e;le <e.e ? s e r e  rnaggiore a i  15 K pet ma:e:iali la cui mas- 
sa .,olumica 6 minore d i  300 kglm3. inollre l'urnidila percenluale in massa a1 termin? eella ofova s2 materiaii iror. 
gar ic i  deve essere mipore del 2?6. 1 valori nurnerici r i i  X, definiscono il limile superioredrlla ConUulri~~itA apparen. 
:e misura!a 0 rnisurabile nelle condizioni cilate che non e superalo dal T)O?', della produzione naz i~na le .  La l i t l e -  

FA is1 r?nza tra i valori d i  A, ed i valori delle medie aritrneliche dei dal i  riscontrabili nella 3uon2 produ:ione e com;reso 

apr. 3 usua!menle Ira il 5 ed il 50%. I dati relalivi a prodotli scadenti possono superare lalvoila anche del 50% i valori d i  
h indicali nel prospetlo. 
I valori d i  A, hanno valore indicalivo poichenon e poss~bile identillcare tu l le  le tecnologiedi produzione e tullt i t i -  
p, d i  maleriali estslenti sul mercato. 
Cluando i valori d i  A, son0 stati desunti da specificarioni UNI relative alla condultivilA apparente d r l  rnateriale. 11 
numero della norma 6 citalo in prospetto. 
Pozleriormenle alla pubblicazione del presenle foglio di aggiornamenlo. i valori d i  ;4, saranno sostiluibil i con 
quelli desunli da nuove specilicaziani relative alla condutt!uitB appatenle d i  materiali o relative alla conduttanra 
l?rrr.ica specilica 0 alla resistenza lermica specilica di manufatli, purche delle specilicazioni siano pubblicate 
da l lUNl  e siano conformi ai criteri enunciali pi" sopra. Le maggiorazioni m si applicano pertanto ai valori cosi 01- 
tenuti della condultivltA d i  riferimenlo. 
E evidenle invece che un Cerlilicalo relalivo ad una singola prava d i  laboralorio "on Iornisce a1 progettisla mtor- 
mazioni Circa i valori medi e circa la dispersione della produzione. 
La colonna delle maggiorazioni rn tiene conlo, in condizioni medie d i  esercizio, del contenulo pe<centuale d i  "mi- 
ditd. espressa in massa di acqua r i fer i taal la massadel maleriale secco (minore de l l ' l% per 1aterizi.Ca 2 a  5% per 
Ca lCeSl ru~ i  e malle. umidild d i  equilibria con un ambiente a 293 K e 65% di  umiditd relativa per isolanti lesgeri. 
Salvo diversa indicazione data i n  ProsPe110); liene conlo inollre dell'invecchiamenlo. del Coslipamenlo dei mate. 
riali slusi, della manipolazione e della installazione eseguita a regola d'arte (e impossibile tenere conto deil'in- 
fluenza d i  una calt iva manipolazione 0 di  m a  calliva installazione): liene conlo infine delle I~lt leranre sullo spes. 
sore quando esso 6 uguale a 10 c m  (6 perciO necessario un calcolo della sua influenza efletliva per spessori mlno-' 
r i  d i  10 cm). Non !.One invece conto delle lolleranze sulle masse volumiche nominali. 
Se le elfettive Cuv::zioni di esercizio del materiale o gel manulatto non coincidono con quelte indicate, occorre fi. 
calcolafe i coel l ic ienti  d i  correzione m. 

La colonna delle Condutlivita ul i l i  di calcolo h 6 slata ricavala applicando le maggiorazioni m alla condultivilh in. 
dicaliva d i  riferimento &,, Ouando lo Spessore dell'isolanle 6 minore di 10 Cm le maggiocarioni percentuali rn pos. 
Son0 essere modi f ica le solo per tenere conlo della elletliva inlluenza delle lolleranze nello spessore. come dccen. 
na!o sopra: 6 invece possibile modilicare la conduslivitd indicaliva d i  rilerimento A, in funzione dello spesso,e se 
e noia la dipendenza d i  A, da quest0 parametro. 

CHAPTER 1: STANDARD LIST PAGE 1 .44  



IEA ANNEX XIV "CONDENSATION AND ENERGY" CATALCGUE OF BUILDING MATWIALS 
.O.ando s:no reperodd8 dati  d i  letleratura relallvi at Soli dal i  d i  la2ora;roto o sono re~erlb8ll solo malcazlo.ni d l  larga 

massirna ai l in i  dei calcoli, il valore d i  rn 6 sla lo ornesso. 
per raiutare i maleriali non elencali nel prospello e privi d i  specificazioni UNI o per accerlare se le carallerisliche 

d l  un a&egnalo prodollo siano migliori d i  quelle indicate, il progetlista deve disporre d i  documenlazione che gl l  
consenla d l  definire su basi slatistiche il valore della condulliri lA apparenle misurala o misurabile in laboralorio. 

nelle condizioni ci lale piti sopra. che non deve essere superalo dal90% della produzione considerala. A delto va- 

lore, considerando con la dovula caulela le rnaggiorazioni allribuile neila presente norma a maleriali con caratle- 

risliche sirnili, si applica pol una rnaggiorazione rn che lenga conto. nelle e l fe l t i re  condizioni d i  esercizio, del con- 

lenulo d i  umiditA. dell'invecchiamenlo e del costiparnento e che tenga conto dell 'efletlo della manipolazione e 
della installazione eseguila a regola d'arte, nonche detle tolleranze sullo spessore. 

I dal i  q.llrl; seguilo riportali ri l leltono la documenlazionedispunibile duranle i lavori d i  elaborazione del leslo. 50. 
no perlsr,co previsli aggiornamenti conseguenli all'esarne d i  nuova documenlazione. 

Maleriale 

Acqua 

liquida in quiete a 293 K 

ghiaccio 

- a  272 K 

- a  263 K 

neve 

- appena cadula e per strati f ino a 3 crn 

- soff ice. per esemDio strati da 3 a 7 cm 
- moderatamenta comDalta, Der esempio slrati da 7 a 

10 crn 

- cornpalla, per e s e m ~ i o  slrati da 20 a 40 cm 

I Amianlo e derivali I 
arnian:o in laslre con alto conlenuto d i  arnoslte 

- seeco 
- umt lo  

- basra lo  

amianto a spruzzo 

arniantocernento in lasfre (umidlla 2%) 

amianto e silicatt in laslre (urnidit& 4%) 

Aria, in quiete a 293 K 

Calcesl ruui  

ca lcesl ruuo com!erionalo con aggregali naturali (valo- 

r i  d i  calcolo per pareti interne 0 eslerne ?roletle; per 

pareti eslerne non prolelle assumere rn = ~ 5 % ~ ' )  

l a s s =  "01 

liCa ael rn 
eriale seCC 

. e 
kglm' 

1 000 

900 

900 

100 

200 

300 

500 

135 

80 
1x0 
160 
240 

l BOO 
1 900 

650 

1.3 

2 000 

2 200 

2 400 

I 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

Maleriale 

calcestruuo d i  argilla espansa (condullivitd d i  riferi 
mento relaliva a rnaleriale secco; valori di calcolo pel 
parel i  inlerne o eslerne proletle con umidita del 4% 
per parel i  esterne con umidila del 6% assumere m = 
30%; per pareti d i  scanlinali con 8% di  umidild assu 
mere m = 45%; per sol lofondi no" areali assumere m 
= loo%"j 

ca lces l ruuo  cellulare da autoclave (valori d i  calcolc 
per parel i  interne 0 esterne prolelte con umidit.4 da 4 a 
5%; per parei i  eslerne con umiditd da 6 a 7 %  assurnerd 
m = 40%: per pareti d i  scanlinati con umidil.4 da 8 a 
10% assumere m maggiore d i  50%") (per catceslruui 
espansi in sit" maggiorare i dati dei calcestruui da au. 
toclave del 10%) 

calcestruzZi d i  inerti espansi di origine vulcanica (valori 
orientalivi d i  calcolo per pareli interne o esterne prolette: 

calceS1rUzzo d i  perlite o d i  vermiculite (valori d i  calcolo 
per pareti interne o esterne prolelle con umlditada 8?4 
a 109/.; per pareti eslerne con umidita da 10 a 12?,:as. 
sumerz m = 55%; per pareti d i  scanlinati con umidtla 
da 12?& a 14% assumere m = 65%") 

calcestruzzo in genere, i n  mancanza d i  ulteriori infor- 
mazioni (valori d i  calcolo per pareli inlerne 0 esterne 
protelte; per pareti esterne o d i  scanlinati ut i l iuare le 
maggiorazioni relative a1 tip0 di calceslrurzo che si ri. 
tiene pit> simile a1 prodotlo considerato") 

arta, cartone e derivall 

Carta e Cartone 
cartone bitumalo 
cartongesso in lastre 
cartone ondulalo 

Veaere nola 2 di ~agina 2 del prerenle FA. 

ondut l i r i l ,  
tile dl calm18 

A 
Wl(m.K) 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

Maleriale 

ibre mineral1 
Sul valore d i  m le tolleranze sullo spessore d i  feltri o 
pannefli con 10 cm di  spessore incidono da 2 a 3% in 
mol l i  casi. lultavia per alcuni feltri i valori indicati ven- 
gono ampiamenle superati. Ogni unit& percenluale d i  
urnidit& d& luogo ad aumenli dei valori ul i l i  d i  calcolo 
dal l ' l  a l  5?6; per applicazioni interne" il conlenuto d i  
"midila e dell ' l% ed il suo elfelto 6 gi& compreso nei 
dal i  ul i l i  d i  calcolo. Per temperature comprese l ra 270 e 
370 K la condutt ivi l&dei maleriali d i  fibreminerali subi- 
sce aumenti. al crescere della temperalura media, che 
vanno da 0,4%IK per maleriali pesanti a O.B%IK per i 
materiali pi" leggeri. L'effel lo della manipolazione e 
defl'inslallazione per accoslamenlo incide su m dal l ' l  
a l  3%. Per montaggi con stalfe o altri sistemi che inlro- 
ducono ponti termici maggiorare i valori d i  calcolo al. 
meno del 5%: per monlaggi conlro il terreno" i valori d i  
calcolo devono essere maggiorati almeno del25%. Per 
i materiali leggeti le resislenze termiche specifiche non 
sono rigorosamenle additive; ricalcolare la resislenza 
termica specifica totale d i  ciascun manufatlo o d i  cia- 
scun isotamenlo composto d i  piu slrati sovrapposli d i  
resis:enza termica specifica nota. 

fibre d i  vetro 

- fe1:ri resinati 

- paznelli semirigidi 

- pan.??lli rigidi (i valori minimidelle CandulIivitA carri- 
j ~ c n c o n o  a masse volumiche comprese Ira 30 e 
130 kg lm" )  

f ibrs xinoral i  oltenule da rocce feldspaliche 

- fe!tri resinati 

- ~ a n n e l l i  semirigid; 

- pannelli rigidi 

- pannelli d i  libre orientale 

libre minerali oltenule da rocce basaltiche (verificare la 
influenza SY m delle lolleranze d i  soessore: il valore in- 
dica:o ipolizza il 10%) 

- fellr i  trapunlali 

f ibre minerali oltenule da loppe d i  alloforno 

- leltr i  

- pannelli semirigldi e rigidi 

Vecere nota 2 dl Daglna 2 del Drerenle FA. 

a55a r o l l  
iCa ael ma 
!riaIe reccc 

e 
kglm' 

11 
14 
I 6  

16 
20 
30 

100 

30 

35 
40 
55 

80 
100 
125 

100 

60 
80 

100 

40 

40 
60 
80 

too 
150 
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Maleriale 

malle d i  gesso per intonachi o in pannelli con inerti diva. 
rio lipo (per prodolti senza inerti e secchi le condultivitd 
d i  rilerimenlo possono valere il &€I% dei valori d i  calcolo) 

inlonaco d i  gesso puro 

inlonaco d i  calce e gesso 

malla d i  calce o d i  c a k e  e cemenlo 

malta d i  cemenlo 

Lalerizl 

maltoni pieni. forati, leggeri, maltoni ad alra resistenza 
meccanica. ' 

Per i matloni foral i  la condutlivild no" 4 delinibile "6 
misurabile; i valori assegnati a &., e a X devono inlen- 

' dersi pertanto solamente come grandezze dimensio- 
nalmenle equivalenli a conduttivitd lermiche. e ricava- 
bi l i  dal prodotto delle condultanze per lo spessore. Le 
masse volumiche e le conduttivitd indicative d i  rileri- 
menlo & si riferiscono al solo laterizio (inchdendo nel 
volume del laterizio lori o porosild). mentre le condutti- 
v i t a  utiti d i  calcolo A si riferiscono alla muratura com- 
pleta; ne consegue che la maggiorazione m no" tiene 
solo conto degli usuali fallori d i  maggiorazione, ma 
congloba anche I 'el lel to della presenza delle malte Ira 
laterizio e laterizio. Le presenti indicazioni sono neces- 
sariamenle di prima approssimazione; dal i  pi" rigorosi 
possono essere calcolati dal progettisla conoscendo il 
t ic0 d i  1a:erizio e il l ip0 di malta che compongcno la 
muralura. Per alcune inlormariont in propostto vedere 
anche il punto 7.1.4 aella presenle norma. Valori a i  cal- 
colo relalivl a pareli interne con umiditd dello 0.5%~' ;  
per paretl eslerne con umiditd dell ' l.5% raddoppiare i 
valori d i  m. 

Legnami 

conlenuti medi d i  umidild del 15%; la condullivitd au. 
menta de11'1.2% per ogni per cenlo di umiditd 

abete (flusso perpendicolare alle fibre) 
pino l f lusso perpendicolare alle fibre) 
acero (Ilusso perpendicolare alle libre) 
quercia (Ilusso perpendicolare alle fibre) 
allri legnami: interpolare i dati  in funrione della massa 
volumica 
abele, pino: acero e quercia con flusso parallel0 alle fibre: 
maggiorare i dati di ciascun lipo di legname fino al M% 

I Mastici per lenule siliconici, poliuretanici. polisullurei. 
acrilici; massa volumica 1 OW a 1 650 kglm' 

Maleriall per impermeabillzzarioni 

aslal lo 
aslal lo con sabbia 
bilume 
bilume con sabbia 

cartone catramalo 
foglie d i  materiale sintetico (vedere materie plasliche 

21 ' V + : D V ~  r a a  2 9, >aqlna 2 ael or$re?ta ii 
~ - 
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Massa rolw C 
Materiale mica del ma. ir 

teriale 3.~~0 

i 
Maferlall s l u r l  s dl rlarnplmento 

maleriali 51usi a bassa massa volumica 

- argilla espansa in granuli da 3 a 25 mm (ralori d i  
calcolo relativi ad applicazioni interne con "midila 
1%; Se applicala contro il terreno I'umidila sale a l  
20% circa e i valori d i  calcolo vanno maggiorali al- 
meno del 50%") 

- libre d i  cellulosa (umidila de l l5%,  massa volumica 
relaliva a l  materiale appena posato, costipamenlo 
per strati or iuonlal i  inleriore a1 25%; mancano in. 
lormazioni sul costipamenlo d i  strati verticali) 

1 -perlite espansa in granuli da 0.1 a 2.3 mm I 
- polistirolo espanso in granuli ("midila 3%; verilicare 

il costipamenlo; verilicare la unilorme dislribuzione 
in slrati oriuontali) 

I - pomice natural6 I I - scorie espanse I 
I - vermiculile espansa i n  granuli da 0.1 a 12 mm I 

materiali slusi ad aila massa volumica 

- ciotloli e pietre franlumale (umidita 2%) 

- ghiaia grossa senza argi!!a (umidita 5%) 

- sabbia secca ("midila minore del l ' l%) 

I Materie plasliche cellulari I 

cloruro d i  polivinile espanso rigid0 in lastre" 

Le condullivila d i  riferimento sono val i le  per ma:i i ial i  
prodolti da no" meno di  I00 giorni. Per temperature 
medie comprese Ira 270 e 320 K la condullivila aelle 
materie plasliche cellulari aumenta aa 0.4 a O.S%IK a1 
crescere della temperalura media del materiale. Sul va- 
lore d i  m le lolleranze d i  spessore, rilerlte a laslre ai 10 
cm di  spessore, incidono dall ' l at 3%; I'elfetlo della in- 
stallazione per incollaggio, accoslamento, incaslro o 
batlenlatura, eCC. incide dal l ' l  a1 3%: per monlaggi che 
impiegano slal le o allri sislemi che inlroducono ponli 
termici, maggiorare i dati  d i  calcolo almeno del 5%. Per 
monlaggi contro il lerreno maggiorare i dal i  d i  calcolo 
dai 10 al 25%"- Per i materiali leggeri le resistenze ler. 
miche speciliche non sono rigorosamenle additive; ri. 
CalCOlare la resistenla termica specifica tolale d i  cia- 
scun manu fa~ io  o d i  ciascun isolamento compost0 d i  
piu strati sovrapposti d i  resislenza termica specilica 
nota. Qualora in una norma pubblicala dall'UNI sia lor- 
hita, per un d@terminalo materiale, una correlazione tra 
la condutlivifa a 100 giorni dalla prodvzione e la con- 
dullivita ad un diverso numero di giorni dalla produzio- 
ne, si potranno ricalcolare i valori d i  m per prodolti con. 
formi a tale norma. La scarseua d i  informazioni sulle 
correlazioni citale e sugli intervalli tra produzione e cer- 
lilicazione inducono ad aumentare lalrolta d i  qualche 
uni la percenluale il valore d i  m 

I 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

Maleriale 

polielilene4' 
- espanso eslruso in continuo. non reticolalo 

- espanso eslruso in continuo, relicolalo 

polislirene (conlenulodi umidila in pareli interne2'da 1 
a 2%; per applicazioni contro il lerreno" fino a1 20%. 
Per i prodolti eslrusi i valori d i  urnidita indicali vanno 
circa dimeuati .  La condultivild aumenla da 0.1 a 0.5% 
per ogni per cenlo d i  urnidild) 

- espanso sinlerizzalo, i n  lastre ricavate da blocchi 
(conforme alla UNI 7819; le masse volumiche sono 
quelle nominali indicale nella norma; condultivita d i  
riferimenlo ricalcolale a 293 K per I 0  crn d i  spessm 

re) 

- espanso sinlerizzalo, in laslre ricavale da blocchi 

- espanso, in laslre slampale per lermocompressione 

- espanso estruso, con pelle (valori d i  calcolo appli. 
cabtli fino a 10 anni d i  esercizio anche all'eslerno 
senza prolezione dall'acqua: per invecchiamenlo a 
lempo indelerminato mancano inlormazioni convali. 
dale spertmenlalmenle) 

- es9ans.o eslruso. senza pelle (valori d i  caicolo apph. 
cabili flno a 10 anni d i  esercizio: per invecchiamenlo 
a lempo indelerminato mancano ~nformazioni con- 
validate sperimenlalmenle) 

poliurelani (contenuto dt "midila in pareli interne" pari 
a 1%: in monlaggi conlro il lerreno " fino at 109'0. 
La condutlivita aumenla da 0.1 a 0.5% per ogni per cen- 
l o  d i  umidila. I1 valore d i  rn .$ principalmenle dovulo ai 
fenomeni d i  invecchiamenlo: essi possono durare deci- 
ne di anni. L'inveccniamento 6 d o v ~ t o  alla dilfusione 
degli agenli schiumanti verso I'almosfera e dell'aria 
all'inlerno del poliuretano espanso: i valori d i  rn qui pro. 
posti s i  riferiscono a maleriati Senza membrane prolet. 
l ive contro i lenomeni di dilfusione; una membrana me. 
tallica continua d i  spessore maggiore d i  0.05 mm an- 
nulla quasi complelamenle i lenomeni d i  dilfusione per 
cui rn pubessere r idolto in questocaso a1 109'~. Manca- 
no  invece informazioni altendibili per allri tipi d i  mem. 
brane) 

- poliurelani in laslre ricavale da blocchl 

- polisocianurati i n  lastre r i v a x l e  da bloccni 

- 
') VeOefe nola 2 dl pagina 2 ael plesenle FA. 

I) Vedele nola 3 at paGina 4 eel  presenle F A .  

I Veoere nola 4 di pagina 6 ael presenle FA. 
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IEA ANN= XIV "CONDENSATION AND ENERGY" 

Maleriale 

- poliurelani espansi i n  SilU 

resine lenoliche in lastre" 

resine ureiche espanse in s i lu  (conduttivitA d i  riferi. 
menlo e massa volumica relative a materiali essiccali 
in aria a 293 K e 50% d i  umidita relativa e cioe non re- 
condo UNI 7745 0 UNI 7891. Contenulo d i  umidila in 
esercizio del 20%; il valore d i  m e dovuto alla fessura- 
zione del materiale ed a l  contenulo d i  umidita; dati ap. 
plicabili non oltre 8 cm d i  spessore) 

Aalerie plarl iche compatte 

acrilonitrile-butadiene.stirene (ABS) 
carbammide e resine melamminiche con cariche 
celluloide 
ebanite, gomma dura 
polimelilmelacrilato (PMMA) 
poliammide (PA) 
policarbonato (PC) 
politetrafluoroetilene (PTFE) 
polietilene (PE) 
policloturo d i  vinile (PVC) 
polislirene IPS). 
resine acriliche 
resine epossidiche 
resine lenoliche con cariche organiche 
resine poliestere con fibra d i  vetro 

Aelalli 

acciaio 
acciaio inossidabile 
argenlo 
allurninio 
leghe d i  allurninio 
bronzo 
ferro puro 
ghisa 
niche1 
ottone 
piornbo 
rame 
zinc0 

snnel l i  e lsstre varle 

iastre a base d i  perlite espansa. fibre e leganti bitumi- 
nosi 

pannelli d i  fibre d i  legno duri ed estraduri (contenulo di 
umidi lh 10%) 

pannelli d i  lana d i  legno con leganti inorganici (conle- 
nuto d i  urnidilh 154'0) 

pannelli d i  spaccalo d i  legno e leganti inorganici (con- 
lenuto d i  umidith 15%) 

1.SS. "01, 

nica aeI mi 
Ic~iaIc ICCCL 

P 
kglm' 

37 

35 
W 
80 

8 
12 
15 
30 

1 050 
l5w 
1 350 
1150 
1 2 W  
11W 
1150 
2 2 W  
950 
14W 

11W 
1 450 
1 200 
1 400 
2000 

7 8 W  
8 000 
10 5 W  
2 7 W  
2 8 W  
8 700 
7 870 
7 2 W  
8800 
8 4W 

1 1  3 W  
8900 
7 1W 

190 

800 
900 

loo0 

3 W  
350 
4W 
5 W  

4W 
KY) 

600 

O n d u l t ~ r # l &  
1811) dl o lWo 

X 
Wl(m.K) 

0.035 i 

0.041 : 
0,044 i 
0.046 : 

0.057. 
0.054 
0.051 
0.048 

0.28 
0.40 
0.35 
0.16 
0.18 
0.30 
0.23 
0.24 
0.35 
0.16 
0.17 
0.20 
0.20 
0.30 
0.50 

52 
17 

420 
220 
160 
65 
80 
50 
65 
110 
35 
380 
110 

0.071 

0.14 
0.16 
0.18 

0.085 
0.091 
0.097 
0.11 

0.12 
0.14 
0.16 
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IEA Am= XIV "CONDENSATION AND ENERGY" 

Maleriale 

pannelli d i  lrucioli d i  legnc (lruciolare) (conlenulo d i  
"midila del 10%) 

- pressali 

- eslrusi 

pannelti d i  legno compensalo: usare i valori relalivi a i  
legnami con cui sono prodol l i  

sughero (conlenulo d i  umidi ld da 2 a 4%) 

- espanso puro 

- espanso con leganti 

I Porcellana (piastrelle) 

I Rocce nalureli 

ardesia 

basalto 

calcare 

dolomile 

leldspato 

gneiss 

granilo 

lava 

marmo 

Pollido 

schisto parallel0 al piano d i  slaldamento 

schislo normale al piano d i  slaldamento 

stealile 

lrachite 

Silicato d i  calcio in laslre 

(condultivild di rilerimento relative a maleriale secco; 

valori d i  calcolo relalivi a contenuli d i  umidi ld dal  6 

all%%) 

- similare al l ipo I della norma ASTM C 533 

- similare al l ipo II della norma ASTM C 533 

Velro 

- cellulare espanso 

a5,i  L C .  

ica ce: mi 

,Gale s e c u  

e 
kglml 
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IEA ANNFX XIV "CONDENSATION AND ENERGY" 

6 .  U.K. STANDARD BS: 5250 

PROPERTIES : 

- thermal resistivity 

- thermal resistance 

- vapour resistivity (z) 

UNITS : S.I. 

(m.K)/W 

mz . K/W 

MN.s/(g.m) 

conversions: 

vapour resistivity (z) vapour permeability (c?~): 

vapour resistivity (z) vapour resistance factor (p): 

PARAMETERS : 

- Temperature 
Limits for use of the list: -20'~ < 0 < 30°c 

- Moisture content 

not explicitely taken into account 
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I E A  ANNM XIV "CONDENSATION AND ENERGY" 

BS 5250 : 1989 
Appendix B 

Table 6. Thermal and vapour resistivities 

The values given in this table are the best currently available but should be considered only in general terms. 

Material 

Airsparx 

Asbestos cement sheeting and substitutes 

Asphalt (laid) 

Blockwork 
(a) lightweight (800 kg/m3) 
(b) medium weight (1400 kg/m3) 
( c )  dense (2000 kg/m3 l 

Brickwork 
(a) common/facing (1500 kg/m3 1 
(b) sandlime (1500 kg/m3) 
(cl engineering (2000 kg/m31 

Carpeting 
(a) normal backing 
(b) foam backed or with foam underlay 

Chipboard 

Concrete (cast) 
(a) lightweight (1800 kglm31 
(b) dense (2200 kglm3 ) 
(c) no fines (1800 kg/m3) 

Cork board 

Fibreboard (sheet or ceiling tile) 

Fibre (glass or rock) 

Glass 
(a) sheet 
(b) expanded or foamed 

Hardboard 

Metals or metal claddings 

Phenolic (foamed (closed cell)) 

Plaster 

Plasterboard 

Polystyrene 
(a) expanded bead 
(b) expanded extruded 

Polyurethane (foamed (closed cell)) 

Plywood 
(a) sheathing 
(b) decking 

PVC (polyvinyl chloride) sheet or tile 

Rendering 

Roof (tiling or slating) 
Roofing felt 

Thermal 
resistivity 

m.K/W 

See table 8 

2.5 

2 .o 

3.8 
1.8 
0.8 

1.5 
1.5, 
0.8 

20.0 
10.0 

7 .O 

1 .o 
0.8 
1 .o 

24.0 

15.0 

25.0 

1 .o 
16.0 

8 

0.02 

50.0 

2.0 

6.0 

30.0 
10.0 

15.0 

7 
7 

1.2 

1.8 

1.2 
2.0 

Vapour rainivity 

Typical 

M N d g m  

5 

300 

See table 7 

30 
50 

100 

50 
100 
120 

10 
200 

500 

40 
200 

20 

100 

40 

7 

See table 7 
10 000 

600 

See table 7 

300 

60 

60 

300 
1000 

600 

450 
2000 

1000 

100 

See table 7 
See table 7 

MN.s/g.m 

200 to 1000 

20 to 50 
30 to 80 
60 to 150 

25 to 100 
80 to 200 

100 to 250 

7 to 20 
100 to 300 

30 to 80 

5.0 to 200 

15to 60 

450 to 1000 

200 to 750 

100 to 600 
600 to 1300 

500 to 1000 

150 to 1000 
1000 to 6000 

800 to 1300 

See table 7 
See table 7 
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IEA ANN= XIV "CONDENSATION AND ENERGY" 

BS 5250 : 1989 
Appendix B 

-~ 

Table 6. lconcludedl 

Screed 
(a) aerated 
(bl  cast 

Stonework 
(a) granite, slate and marble 
(bl limestone and sandstone 

Tiling (ceramic) 

Timber 

Urea formaldehyde 

Vermiculite 

Woodwool slabs 

Tharrnal 
resistivity 

m.K/W 

2.5 
0.8 

0.5 
0.5 

0.6 

7 

25 

15 

10 

Vapour rariniritv 

Typical 

MN,slgm 

100 
200 

300 
200 

2000 

60 

15 

15 

20 

Range 

MNdg.m 

150 to 450 
150 to 450 

500 to 5000 

40to 70 

10 to  30 

15to 40 

NOTE. Further information on material properties, particularly vapour rerirtivitier, should be made available to the Technical 
Committee rerpanrible far this standard for consideration at the time of a future revision. 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

B S 5 2 5 0 : 1 9 8 9  
Appendix B  

Table 7. Vapour resistances 

The values given in this table are the best currently available but should be considered 
only in  general t. ~ r m s .  

Materiel 

Aluminium foil 

Asphalt (laid) 

Breather membrane 

Building paper (bitumen impregnated) 

Felt 
la) roofing felt laid in bitumen 
(b) sarking 

Glass (sheet) 

Metals and metal claddings 

Paint 
(a) emulsion 
lb) gloss 
(C) vapour resistant 

Polyester f i lm (0.2 mm) 

Polyethylene 
(a) 500 gauge (0.12 mm) 
(b) 1000 gauge (0.25 mm) 

Roof tiling or slating 

Vinyl wallpaper 

Vapour resistance 

Typical 

NOTE 1. The valuer above are lor the material alone and when installed ,nay be conriderably lower. 

NOTE 2. Thermal resistances of the above may in  general be considered negligible for the purposes 
of there calculstions. 

NOTE 3. The vslues for srphalt, glarr and metals are notional valuer for the purpose of  calculation. 

NOTE 4. Further information on material p ro~cr t ie r ,  particularly vapour resistances, should be 
made available to the Technical Committee responsible for this standard for consideration at the 
time of a future revision. 
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I E A  ANN= XIV "CONDENSATION AND ENERGY" C A T A L ~ U E  OF BUILDING MRTWIALS 

88 52.50 : 1989 
Appendix B 

Table 8. Thermal resistances for surfaces and air spaces 

Internel rurtaca resistances 

Walls 

Ceilings, roofs (flat or  pitched) and floors 

Floorsand ceilings 

External rurtsos resistances lnormal axposura) 

I Haat flow Thermal resistance 
direction l m 2 , ~ / ~ )  

Walls 
Roofs 
Exposed floors 

Horizontal 

Upwards 

Downwards 

Unvontilatad ainpase mistances 

0.12 

0.10 

0.14 

5 mm (high emissivity) 

5 mm (low emissivity) 

25 mm or more (high emissivityl 

25 mm or more (low emissivitv) 

Heat f low 
direction 

Ventilated airspace resirtancar lminimum 25 m m  thiskneu) 

NOTE 1 .  More detailed data are contained in  CiBSE Guide Section A3. 'Thermal properties of building rtructurer'. 

NOTE 2. In general the surfacer of most building materials are of high emirrivity. Low emirrivity valuer are applicable 
t o  cavities adjacent to a reflective foil or foils. 

Airspace in cavity wall construaion 

Airspace behind tiles on tile hung wall (includes resistance of the tile) 

Lof t  space between flat ceiling and pitched roof lined with roofing felt or building paper 

Airspace between tiles and roofing felt or building paper (includes resistance of the tiles) 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

Chapter 2 

DATABASE 



~ i g .  bl.1: CONCRETE: 
thermal conductivity A 

V S .  moisture content 

Fig. bl.2: CONCRETE: 
suction Curve 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

bl CONCRETE 

DENSITY : 2176 kg/& 
mean ~f 39 samples 

a = 40.5 kg/m3 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : 2.74 + 0.0032.~ (W/(m.K)) 
(fig bl.1) r2= 0.960 

w = moisture content in k& 

8 = 20 *c  

T.2.3 ABSORBIVITY, REFLECTIVITY 300 K 6000 K 

T.4.1 SPECIFIC THERMAL STRAIN : 12.10-6 O C - ~  

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, p in X )  

- suction curve : fig b1.2 
sorption : q / (-0.00069.q9 + 0.08095.q - 0.4095) 
desorption : q / (0.000176.q9 - 0.02724.q + 2.0274) 

- critical moisture content : 100- 110 kg/& 
- capillary moisture content : 110 kg/m3 (mean OL 7 samples) 

- saturation moisture content : 153 kg/m3 (mean of 13 samples) 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.008h + 0.079.(q/100)11] 
( f i g  b 1 . 3 )  v in 2 

H.3.1 MOISTURE DIFFUSIVITY : 1,8.10-11. exp(0,0582 .w) (mz/s) 
w in kg/m3 

H.3.2 WATER SORPTION COEFF. : 0.018 kg/(&. s*) (mean of 5 samples) 
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0.7 0.9 %.> > .a 
mou..na., 

"*hrm!C ma.. ,i./rnl) 

F ~ S .  b2.1: LIGH'IWEIGHT CONCRETE: 

thermal conductivity A 

vs .  v o l m i c  mas3 

~ i g .  b2.2: LIGHWEIGHT CONCRETE: 

vapour resistance factor P 

vs.  relative humidity 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b2 LIGHTWEIGHT CONCRETE 

DENSITY : 644 5 p 5 1187 kg/m3 

T.l.l SPECIFIC HEAT CAPACITY 

T.2.1 THERMAL CONDUCTIVITY 

TH- PROPERTIES 

: 840 J/(kg.K) (dry material) 

: fig. b2.1 

: 0.042.exp(0.0027.p) (W/(m.K)) 
r2= 0.951, 24 meas. 

: 0.511 + 0.00255.~ (W/(m.K)) 
r2= 0.930, 20 meas. 

: 0.371 + 0.00104.~ (W/(m.K)) 
r2= 0.935, 34 meas. 

: 0.161 + 0.00150.~ (W/(m.K)) 
12= 0.410, 20 meas. 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, v in % )  

- suction curve (938 5 p < 1442 kg@) 
sorption : v / (-0.00047.@ + 0.05527.~ - 0.6293) 
desorption : v / (0.000335.@ - 0.03778.~ + 2.2121) 

- critical moisture content : 140 kg/m3 (P = 935 kg/m3) 

- capillary moisture content : 97 - 190 kg/rn3 (872 r p r 980 t&) 

- saturation moisture content : 584 kg/m3 c p  = 973 kg/$) 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.0685 + 0.206.(~/100)6] 
(fig. b2.2) p = 975 kg/m3 

q in 2 

H.3.1 MOISTURE DIFFUSIVITY : 1,3.10-9. exp(0.0351 .w) (m2/s) 
p = 975 kg/m3 

w in kg/m3 

H.3.2 WATER SORPTION COEFF. : 0.08 kg/(mZ.sk) (p = 975 k8/m3) 

: 0.029 kg/(mZ. sk) (p = 1410 kdrn3) 
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0.28 

0.21 

0.22 

0.2 

OI8 

o.,s 

0 . l l  

0.12 

0.I 

0.m 

0.08 

0.04 

0.02 

am ..o rao 820 am am a4 soo 

"*"rnlC no.. (,*/rn,) 
0 7- 2c.2 + T- lc.2 

Fig. b3.1: CELLULAR CONCRETE: 

thermal conductivity A 

v s .  volvmic mass 

Fig. b3.3: CELLUULR CONCRETE 

(465 - 621 kg/m3): 

,"onmn-, eoc 

Fig b3.5: CELLUIAR CONCRETE: 

moisture retention curve 

1M 4m sm 
moinur. 'on,.", (ip/mJ) 

0 ,- 2c-2 + 7- Ic-2 

Fig. b3.2: CELLULAR CONCRETE: 

thermal conductivity A 

Y J .  moisture content 

Fig. b3.4: CELLULAR CONCRETE: 

capillary moisture content 

v s ,  volumic mass 

Flg. b3.6: CELLULAR CONCRETE: 

Y B ~ O Y ~  resistance factor P 

vs.  relative humidlty 
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IEA ANN= XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b3 CELLULAR CONCRETE 

DENSITY : 455 s p s 800 kg@ 

T.l.l SPECIFIC HEAT CAPACITY 

T.2.1 THERMAL CONDUCTIVITY 

THERMAL PROPERTIES 

: 840 J/(kg.K) (dry material) 

: fig. b3.1, fig. b3.2 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, q in X )  

- suction curve 
sorption 
desorption 

- critical moisture content 
- capillary moisture content 

(fig. b3.4) 
- saturation moisture content 

- moisture retention curve 

: fig. b3.3 (465 s p s 621 kg/m3) 
: q / (-0.00187.q2 + 0.21319.q - 1.1233) 
: q / (-0.00155.q2 + 0.1585.~ - 0.2094) 
: ? 180 kg/m3 
: 109 + 0.383.p ( kg/m3 ) 

r2= 0.56; 24 mear. 

: 972 - 0.350.p (kg/m3 ) 
z2= 0.98: 24 meas. 

: fig. b3.5 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.1044 + 0.316.(q/100)2] 
(fig. b3.6) 458 c P c 770 k8/m3 

r2= 0.61; 10 meas. 

p in f 

H.3.1 MOISTURE DIFFUSIVITY : 9,2.10-".exp(0.0215.w) (mz/s) 
p = 511 kg/m3 

w in kg/m3 

H.3.2 WATER SORPTION COEFF. : fig. b3.7 (see following page) 
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Fig. b3.7: CELLULAR CONCRETE: 

water sorption coefficient 

v s .  valumic mass 

Fig. b4.2: WLYSTYRME CONCRETE: 

thermal conductivity A 

V S .  moisture content 

F i g  b4.4: POLYSTYRENE CONCRETE: 

V B P O U ~  resistance factor P 

vs. relative humidity 

PACE 2 . 5 '  

~ i g .  b4.l: POLYSTYRENE CONCRETE: 

thermal conductivity A 

v s ,  volumic mass 

Fig. b4.3: POLYSTYRENE CONCRETE: 

suction curve 

20 40 m m 

",our. h"mr1," (", 

Fig. b4.5: POLYSTYRME CONCRETE: 

hygric strain 

vs. relative humidity 



IEA ANNFX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b4 POLYSTYRENE CONCRETE 

DENSITY : 259 < p 5 792 kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : depends of concentration of MPS-pearls; 
p = 259 kg/m3 : c=1370 J/(kg.K) 
p = 792 kg/rn3 : c=lol8 J/(kg.K) 

T.2.1 THERMAL CONDUCTIVITY : fig. b4.1, fig. b4.2 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/rn3, p in % ) 

- suction curve : fig. b4.3 ( p =  422 kg/ms) 
sorption : p / (-0.00007.p2 - 0.03867.p + 5.5785) 

- saturation moisture content : 489 kg/m3 (p = 422 kg/m3) 

H.2.1 VAPOUR RESIST. FACTOR : (199 - 1.23.p)h 
(fig. b4.4) 357 c p c 425 kg/rn3 

r2= 0.96; 16 meas. 

9 in Z 

H.3.1 MOISTURE DIFFUSIVITY : 4,6 .lo-10 .exp(O ,064.w) (mz/s) 
p = 422 k8/m3 

w in kg/m3 

H.3.2 WATER SORPTION COEFF. : 0.026 kg/(m2. sh) (mean of 13 samples) 
360 c p 5 457 kg/m3 

H.4.1 HYGRIC STRAIN 
(fig. b4.5) 
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Fig. b 5 . 1 :  MORTAR: 

thermal conductivity A 

v r .  volumic mass 

Fig, b5.3: MORTAR: 

vapour re~istance factor p 

v r .  relative humidity 

Fig. b 5 . 2 :  MORTAR: 

thermal conductivity ) 

Y S .  moisture content 

F i g  b 5 . 4 :  MORTAR: 

vapour reSiStmCe factor P 

vs.  volumic mass 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b5 MORTAR 

DENSITY : 1055 5 p 5 1822 kg/m3 

T H W  PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry m a t e r i a l )  

T.2.1 THERMAL CONDUCTIVITY : fig. b5.1, fig. b5.2 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m\ , in X )  

- suction curve (1055 5 p 5 1822 kg/m3) 
sorption : rp / (-0.00056.rpZ + 0.05877.~ + 0.3391) 
desorption : rp / (-0.00022.rpZ - 0.02542.q + 0.0099) 

- capillary moisture content : 283 kg/m3 (mean o f  11 samples; o = 27 kg/&) 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.0791 + 0.074.(~/100)2] 
(fig. b5.3, fig. b5.4) 9 in z 

H.3.1 MOISTURE DIFFUSIVITY : C, . exp(Cz. w) (m2/s) 
(varies  from mor ta r  to m o r t a r )  

p(kg/m3) C1 C2 

u in kg/m3 

H.3.2 WATER SORPTION COEFF. : 0.042 B 0.8 kg/(m2. s\-) (measured) 
(varies from mor ta r  t o  m o r t a r )  
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Fig. b6.1: BRICKS: 

suction curve 

["O,lrn..) em, 

Fig. b6.3: BRICKS: 

moisture retention curve: 

"Facade brick Ninove" 

Fig. b6.2: BRICKS: 

capillary moisture content 

saturation moi~ture cont. 

- . , . - "  " * 

[".,,3",-, 8 0 ,  

Fig. b6.4: BRICKS: 

moisture retention curve; 

"facade brick La Louviere" 

Fig. b6.5: BRICKS: 

vapovr resistance factor p 

"6. relative humidity 

Fig. b6.6: BRICKS: 

water sorption soefFicisnt 

v s .  volumic mass 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIAL 

b6 BRICKS 

DENSITY : 1505 < p 5 2047 kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, v in %)  

- suction curve 
sorption 

- critical moisture content 
- capillary moisture content 

(fig. b6.2) 

- saturation moisture content 
(fig. b6.2) 

- moisture retention curves 

: fig. b6.1 
: rp / (-0.00823.rpZ + 9.6489.~ - 148.40) 
: 100 kg/m3 
: 730 - 0.287.p (kg/m3 ) 

1505 5 p 5 2047 kg/m3 

r2= 0.57; 47 meas. 

: 1032 - 0.4036.p (kg/m3 
1505 5 p 5 2047 kg/m3 

r2= 0.93; 40 meal. 

: fig. b6.3, fig. b6.4 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.0638 + 0.157.(~/100)6] 
(fig. b6.5) 1584 c p c 1660 k& 

o in Z 

H.3.1 MOISTURE DIFFUSIVITY : Cl.exp(C1.w) ( m2/s ) 
(varies from brick to brick1 

p(ka/m31 C1 C2 

1529 2,l. 10.' 0.0316 
1619 1,9. 0.022 
1918 7,4. 0.0316 

H.3.2 WATER SORPTION COEFF. : fig. b6.6 

clay-bricks (1505 5 p 5 2000 kg/m3) : 0.653 - 0.00030.~ (kg/(m2. s*) 
loam-bricks (1626 c p 5 2006 kg/&) : 1.954 - 0.00087.~ (kg/(m2. sk) 
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Fig. b7.1: SAHD-LIME STONE: 

moisture retention curve 

26 

2. 

21 

I0 

l b  

- 6  

34  

1) 

I 0  

40 60 

rak numaw (i) 

Fig. b7.2: SAND-LIME STONE: 

vapour resi~tance factor fi 

Y a .  relative hvmidity 
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IEA  ANN^ XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b7 SAND-LIFE STONE 

DENSITY : 1685 5 p 5 1807 kg/m3 

THERMAL PROPERTIES 
T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material1 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m\ p in %) 

- suction curve (1685 5 p 5 1726 kg/mS) 
sorption : p / (-0.00032.p2 + 0.03881.p + 0.9441) 
desorption : p / ( 0.00024.rpZ - 0.00840.p + 1.3492) 

- critical moisture content : 120 kg/m3 ( P =  1807 kg/$) 

- capillary moisture content : 233 kg/m3 (mean of 3 sampler) 

1711 5 p c 1777 kg/$ 

- moisture retention curve : fig. b7.1 

H.2.1 VAPOUR RESIST. FACTOR : (784 - 782.p)h 
(fig. b7.2) Y in % 

H.3.1 MOISTURE DIFFUSIVITY : 2,2.10-10. exp(0.027. w) (m2/s) 
p = 1807 kg/$ 

v in kg/m3 

H.3.2 WATER SORPTION COEFF. : 0.042 kg/(m2.s*) 
p = 1807 kg/m3 
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Fig. b8.1: MSONRY, BRICKS: 

thermal resistance R 

vr. volumic mass 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b8 MASONRY: BRICKS 

DENSITY : 830 5 p I 1760 kg/m3 

T.l.l SPECIFIC HEAT CAPACITY 

T.2.1 THERMAL RESISTANCE 

THERMAL PROPERTIES 

: 840 J/(kg.K) (dry material) 

: fig. b8.1 

: 1 / [0,98.exp(0,000994.p)] (mz.K/W) 

rZ= 0.600; 13 meas. 

: 1 / [0,585.exp(0,001182.p)] (mz.K/W) 

r2= 0.962: 12 meas. 

: 1 / [A, + A2.X] (m2.K/W) 

d(m) p(kg/m3) A1 A2 meas. r2 

HYGRIC PROPERTIES 

H.2.2 DIFFUSION THICKNESS :equivalent value, included mortar joints 

d[m) spec. smples VMZ) [pdl eq(m)  

0.09 b r i c k s ,  2 54 1.20 
65x9~19 1 86 0.51 

0.09 bricks, 2 54 2.20 
acryl painted 

0.09 b r i c k s ,  1 86 0.65 
waterrepell. 

0.09 b r i c k s ,  2 86 4.00 
glared 

0.20 b r i c k s ,  3 59 1.60 
65x9~19 81 0.61 
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IEA ANNEX X I V  "CONDENSATION AND ENERGY" CATALCGUE OF BUILDING MATERIALS 

H.2.2 DIFFUSION THICKNESS :equivalent value, included mortar joints 
(continued) 

d(m) spec .  samples wm(z) [~dl,Jm) 

0 . 2 0  brick*,  3 8 8  0.53 
6 . 5 ~ 9 ~ 1 9  

0 . 1 4  p e r f o r b r i c k s  8  5 8  1.30 
1 4 x 1 9 ~ 2 9  84 0.84 

AIR PROPERTIES 

~ . 2 . 2  AIR PERMEANCE : a. ( n p ) b  (m/(s.Pa)) 
( D e n s ~ t y  of a11 f l o w  i n  m3/(5 m z ) )  

d(m) s p e c .  samples a( .lo.4) b 

0 . 0 9  handmade brick 

4 . 5 ~ 9 ~ 1 9  

not joined 

joined 

0 . 0 9  machine brick 

6 5 x 9 ~ 1 9  

not joined 

joined 

0 . 1 4  perforated brick 

1 4 x 1 4 ~ 2 9  

not  joined 

joined 

plastered 
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Fig. b9.1: HRSONRY, CONCRETE B I D X S :  

thermal resistance R 
v a .  volwnic mas8 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b9 MAS0NRY:CONCR.BMCKS 

DENSITY : 860 < p < 1650 kg@ 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry materlall 

T.2.1 THERMAL RESISTANCE : fig. b9.1 

e = 20 ' c  : 1 / [A, + A2.X] (mz.K/W) 
X 5 Xc (= c a p .  I ,  X in Zkg/kg 

d(m) p(kg/m3) A1 A2 meas.  r2 

HYGRIC PROPERTIES 

H.2.2 DIFFUSION THICKNESS : equivalent value, included mortar joints 

0.14 blocks. 14x14~29 2 60 1.30 
960 kg/m3 2 86 0.54 

0.14 blocks, 14x14~29 1 61 0.61 
1450 kg/rn3 1 64 0.58 

1 83 0.61 
I 90 0.28 

- - - - 

AIR PROPERTIES 

~ . 2 . 2  AIR PERMEANCE : a. ( ~ p ) ~  (m/(s.Pa)) 
(Density of a l r  flow in m3/(5 m2)) 

d(m) spec samples a( .lo-4) b 

(jd. = joined) 0.09 blocks, 9~9x19 

1955 kg/m3, jd. 1 1.23 -0.12 
1927 kg/m3, jd. 1 1.61 -0.14 
la81 kg/m3, jd. 1 2.35 -0.18 

0.14 hollow blacks, 14x19~39 

967 kg/m3, jd. 1 1.69 -0.09 
954 kg/m3, jd. 1 3.46 -0.25 
910 kg/m3, jd. 1 5.13 -0.30 

0.14 heavy hollow block, 14x14~29 

not jd. 1 33.6 -0.42 
jd. 2 33.3 -0.27 
plastered 2 0.103 -0.23 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b10 MAS0NRY:SAND-LIME ST. 

DENSITY : 1170 5 p 5 1230 kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry materiel) 

T.2.1 THERMAL RESISTANCE 

8 = 20 ' c  : 1 / [A, + A2.X] (mz . K/W) 
X 5 X, (= cap.), X in ikglkg 

d(m) p(ks/m3) A1 AZ meas. rZ 

HYGRIC PROPERTIES 

H.2.2 DIFFUSION THICKNESS : equivalent value, included mortar joints 

0.13 blocks 1 25 3.70 
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Fig. b l l .  1: MASONRY, CELLUULR CONCRETE: 

thermal resistance R 

V S .  moisture content 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

bll HASONRY:CELL.CONCR. 

DENSITY : 500 5 p 5 650 kg/d 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.1 THERMAL RESISTANCE : fig. bll.1 

mortar: 

0.15 524 1.23 0.0067 6 0.99 

660 1.44 0.0073 6 1 

glued: 

0.15 518 1.13 0.0059 6 0.99 

634 1.20 0.0074 6 0.99 

mortar: 

0.18 550 1.25 0.0094 4 1 

AIR PROPERTIES 

A.2.2AIR PERMEANCE : a .  ( A p ) b  (m/(s.Pa)) 
(Density of air flow in m3/(s.&)) 

d(m) spec. samples a( .lo-b) b 

( v .  = vertical joints) 0.14 blocks. 14x24~60. 510 k8/m3 

glued, open v .  2 1.99 -0.39 
glued, closed u. 1 0.83 -0.36 
plastered 1 0.11 -0.24 
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~ i g .  blZ.l: GYPSUn PLASTER: 

thermal conductivity A 

V S .  moisture ccntent 

~ i g ,  blZ.2: GYPSUn PLASTW: 

suction curve 

~ i g .  b12.3: GYPSUn PLASTER: 

VBPOUI resistance factor P 

v s .  relative humidity 
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IEA ANNM XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b12 GYPSUM PLASTER 

DENSITY : 975 kg@ 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material)  

T.2.1 THERMAL CONDUCTIVITY : 0.263 + 0.000995.~ (W/(m.K)) 
(fig. b12.1) $= 0.988 

w i n  kg/m3 

e = 20 'c 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, p in % )  

- suction curve : fig. b12.2 
sorption : p / (-0.00056.p2 + 0.00997.q - 0.0398) 
desorption : q / (-0.00004.+ + 0.00997.~ - 0.0398) 

- capillary moisture content : 310 kg/m3 (mean of 2 samples) 

H.2.1 VAPOUR RESIST. FACTOR : 1 / (0.1573 + 0.075.(p/100)4] 
(fig. b12.3) v in z 

H.3.1 MOISTURE DIFFUSIVITY : 1,7.10-9.exp(0.0206.w) (mZ/s) 
w in kg/$ 

H.3.2 WATER SORPTION COEFF. : 0.155 kg/(mz.s*) (mean of 6 samples) 
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Flg. b 1 3 . 1 :  OUTSIDE RENDERING: 

suction curve 

Fig. b i 3 . Z :  OUTSIDE R m E R I N G :  

vapour resistance tactor g 

va .  vollunic mass 

PAGE 2.15' 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b13 OUTSIDE RENDERING 

DENSITY : 878 5 p 5 1736 kg@ 

THERMAL PROPERTIES 

T.4.1 SPECIFIC THERMAL STRAIN : 10,9 .lo-6 K-I 
p = 1736 kg/m3 

o = 1,6.10-6 K-I 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg@, p in % )  

- suction curve : fig. b13.1 
The important spread in measuring results, 

depending of the type of outside rendering, 

makes an overall curve usele~s 

- capillary moisture content : 185 kg/rn3 bean of 27 samples) 

878 C p C 1736 kg/m3 

o = 68.1 kg/m3 

no correlation with density 

H.2.1 VAPOUR RESIST. FACTOR : 1.86.exp(0.00156.p) 
(fig. b13.2) 880 C p C 1709 kg/$ 

r2= 0.543; 19 m e a l .  

w = 862 

H.3.1 MOISTURE DIFFUSIVITY 

H.3.2 WATER SORPTION COEFF. : 0.0128 kg/(rnz.sk) (mean of 28 samples) 

o = 0.0077 kg/(&.&) 

extremes: 00039 c A 5 0.029 kg/[&.s'r) 
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Fig. b14.1: TIMBER: 

(Red pine, 400 kg/m3) 

Suction curve 

Fig. b14.2: TIMBER: 

vapour r~sistance Lactor p 

vs.  relative humidity 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b15 PARTICLE BOARD 

DENSITY : 570 5 p < 800 kg/mJ 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 1880 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. b15.1 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, q in %) 

- suction curve : fig. b15.2 
sorption: : q / (-0.00156.q2 + 0.18329.q + 1.5642) 
desorption: : q / (-0.00054.@ + 0.07355.q + 2.6176) 

- critical moisture content : 600 kg/m3 (mean of 16 samples1 

o = 85 kg/rn3 

- capillary moisture content : see critical 

- maximal moisture content : see critical 

H.2.1 VAPOUR RESIST. FACTOR : Al.exp(A2.p) 
(fig. b15.3) 

w(z) A1 AZ .2 

25 0.654 0.00732 0.654 

86 0.293 0.00769 0.783 

H.3.1 MOISTURE DIFFUSIVITY : (UF) 2,3 .lO-l3 .exp(O. 01 .w) (m2/s) 
(UF, UMF, FF = type of resin) : (UMFI 2,3.10-13. exp(O.01 .w) (mz/s) 

: (FFI 4,5. 10-lz. exp(O.01 .w) (mz/S) 
v in kg/$ 

H.3.2 WATER SORPTION COEFF. : (UF) 0.0035 kg/(rn2. sk) (mean ot 20 samples) 

: WMF) 0.0035 kg/(mz.sk) 
: (FF) 0.0220 kg/(+. sk) (mean of 10 samples) 
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F i g  b16.1: PLYWOOD: 

thermal conductivity A 

VS .  moisture content 

Fig. b16.2: PLYWOOD (442 - 585 ks/m31: 

nus tion curve 
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Fig. b15.1: PARTICLE BOARD: 

thermal conductivity A 

Y S .  moisture content 

Fig. b15.2: PARIICLE BOARD: 

suction curve 

Fig. b15.3: -PARTICLE BOARD: 

vapour ~eSiStanCB factor ,' 
Y S .  relative humidity 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b14 TIMBER 

DENSITY : 400 (pine) 5 p 5 690 (beech) kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 1880 J/(kg. K) [dry m a t e r i a l )  

T.2.1 THERMAL CONDUCTIVITY : 0 1 1  W/(m.K) 
pine  

8 = 20 'c 
u = 0 kg/m3 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, p in X )  

- suction curve for pine : fig. b14.1 
sorption : p / (-0.00026.@ + 0.02687.p + 0.8949) 
desorption : p / (-0.00021.p2 - 0.02595.p + 0.4091) 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.002l.exp(0.0396.p)] 
(fig. b14.2) pine  

r2= 0 . 9 7 5  

: 1 / [0.0038.exp(0.0294.p)] 
beech 

?= 0 . 9 9  

v i n  Z 

H.3.2 WATER SORPTION COEFF. : 0.0040 kg/(+. s4) 
p i n e ,  1 fibres 

: 0.0163 kg/(mz.sk) 
p i n e .  I /  fibres 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b16 PLYWOOD 

DENSITY : 445 5 p 5 799 kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 1880 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. b16.1 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT ( %  kg/kg (X) or kg/m3 (w), q in % )  

- suction curve : fig. b16.2 
sorption (Xh) : q / (-0.00131.@ + 0.14673.~ + 2.7558) 
desorption (Xh) : q / (-0.00074.@ + 0.08840.q + 2.6371) 

- critical moisture content : 435 kg/m3 
- capillary moisture content : see critical 

- maximal moisture content : see critical 

H.2.1 VAPOUR RESIST. FACTOR : 50.8.exp(0.0047.p - 0.03866.~) 
rZ= 0.72 

v in t 

H.3.1 MOISTURE DIFFUSIVITY : 3,2.10-13 .exp(0.015 .w) (mZ/s) 
u in kg/m3 

H.3.2 WATER SORPTION COEFF. : 0.003 kg/(&. sh) (mean o r  9 samples) 
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Fig. b17.1: W03DW03L CP(ENT (314 - 394 kg/m31: 
thermal conductivity A 

V S .  moisture content 

Fig. b17.2: W03DW03L C M M T  (375 - 767 kg/m31: 
suction curve 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

b: BUILDING MATERIALS 

b17 WOODWOOL CEMENT 

DENSITY : 314 5 p 5 767 kg/m3 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 1880 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. b17.1 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT ( %  kg/kg (X) or kg/m3 (w), q in %) 

- suction curve : fig. b17.2 
sorption (Xh) : q / (-0.00074.@ - 0.06408.q + 23.434) 

- critical moisture content : 180 kg@ ( p =  360 kg/m3) 

- capillary moisture content : 240 kg/rn3 ( p =  360 kg&) 

H.2.1 VAPOUR RESIST. FACTOR : k 4  

H.3.1 MOISTURE DIFFUSIVITY : 6,2.10-12.exp(0.027.w) (m2/s) 
w in k8/m3 

H.3.2 WATER SORPTION COEFF. : 0.007 kg/(m2.s%) 

PAGE 2.19 



Fig. b18.1: FIBRE CPIWT: 

thermal conductivity A 

" 6 ,  moisture content 

Fig. b18.2: FIBRE CPIENT: 

suction curve 

Fig. b18.3: FIBRE CPIENT: 

v a p u r  resistan~e factor u 
vs.  relative humidity 
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IEA ANNEX XIV "CONDENSATION AND ENERGY'' 

b: BUILDING MATERIALS 

b18 FIBRE CEMENT 

DENSITY : 823 5 p 5 2052 kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. b18.1 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, q in % )  

- suction curve 
sorption (0 = 990 ka/rn3) 

( p  = 1495 kg/rn31 

desorption ( p  = 990 ka/m3) 

( p  = 1495 kp/m3) 

- critical moisture content 
- capillary moisture content 
- maximal moisture content 

: fig. b18.2 
: q / (-0.00047.q2 + 0.05465.q + 0,1549) 
: q / (-0.00033.q2 + 0.03439.~ + 0,2747) 
: q / (-0.00018.q2 + 0.01849.q + 0.2458) 
: q / (-0.00003.q2 - 0.00156.q + 0.9172) 
: 350 kg/& ( p  = 840 kg/m3) 

: 358 kg/m3 ( p  = 1495 kg/m3) 

: 430 kg/m3 ( P  = 1495 kg/m3) 

H.2.1 VAPOUR RESIST. FACTOR : fig. b18.3 

H.3.1 MOISTURE DIFFUSIVITY : 3,4.10'11.exp(0. 018.w) (mz/s) 
840 5 p  5 1495 kp/m3 

H.3.2 WATER SORPTION COEFF. : 0.024 kg/(+. s%)  
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

il CORK 

DENSITY : p 111 kg/m3 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 1880 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : 0.042 W/(m.K) 
0 = 20 'c, w = 0 kg/m3 

HYGRIC PROPERTIES 

H.1.1 MOISTURE CONTENT (kg/m3, (o in %) 

- suction curve 
sorption 

: fig. il.1 
: P / (-0.00255.~2 + 0.36705.~ + 5.3979) 

- critical moisture content : 60 kg/d 

H.2.1 VAPOUR RESIST. FACTOR : 22 (no .-influence under 882)  

a = 2.3; 7 meas. 
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Fig, iZ.l: CELLUULR GLASS: 

thermal conductivity A 

vs .  volumic mass 

Fig. iZ.2: C E L L U M  GLASS: 

thermal conductivity A 

v s  moisture ratio 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

i2 CELLULAR GLASS 

DENSITY : 114 5 p 5 140 kg/m3 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. i2.1, fig. i2.2 

B = 20'~. p = 128.5 kg/m3 : 0.0478 + 0.00079.~ (W/(m.K)) 
(moistening by frost-thaw) r2= 0.934; 10 meas. 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACTOR : 5000 a 70000 
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Fig. 13.1: GLASS-WOL: 

thermal conductivity A 

vs.  volmis  mass 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

i3 GLASS-WOOL 

DENSITY : 11.6 5 p 5 136 kg/m3 

THERMAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. i3.1 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACTOR : 1.2 (mean of 3 m e a l .  ) 

19  5 p 5 102 kg/m3 

H.2.1 AIR PERMEABILITY 

AIR PROPERTIES 

: k, = 4,3.10-3. p - 1 . 3  ( s )  
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Fig. i4.1: REK-WOOL: 

t h e m e l  conductivity A 

"6. volumic mass 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

i4 ROCK-WOOL 

DENSITY : 32 5 p 5 191 kg@ 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. i4.1 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACTOR : 1. 5 (mean of 14 msas. ) 

148 5 p 5 172 kg/m3 

H.2.1 AIR PERMEABILITY 

AIR PROPERTIES 

: k, = 2.10-2.p-1.5 (9) 
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Fig. i5.1: MPRNDED POLYSTYRENE ( H P S ) :  

thermal conductivity A 

v s .  volumic mass; 0 = 1 0 ' ~  

Fig. i5.2: EXPANDED POLYSTYRENE (HPS) 

thermal conductivity A 

vs.  volumic msas: 0 = 20°C 

Fig. i5.3: EXPANDED POLYSTYRENE (HPS):  

thermal conductivity A 

vs .  moisture content 

Fig. i5.4: MPANDED POLYSTYRENE (HPS) 

vapour reaiatanse factor ir 

v s .  volwnic mass 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

i5 EXPANDED POLYSTYRENE 

DENSITY : 13 < p 40 kg@ 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 1470 J/(kg.K) (dry m a t e r i a l )  

T.2.1 THERMAL CONDUCTIVITY : fig. i5.1, fig. i5.2, fig. i5.3 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACTOR : 35 + 2.11.(p - 15) 
(fig. i5.4) 15 L P 5 40 kg/$ 

~ ( 3 5 )  = 14; a ( 2 . 1 1 )  = 0.25 

r2= 0 . 4 2 :  100 meas. 
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Fig. i6.1: EXTRUDED POLYSTYRENE ( B P S ) :  

thermal conductivity A 

v s .  volumic mass; 8 = 10.C 

Fig. i6.3: MTRUDEZ POLYSTYRENE ( E P S ) :  

thema1 conducli~ity A 

Y S .  time 
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Fig. i6.2: EXTRUDED POLYSTYRENE ( E P S I  
thermal conductivity A 

vs.  volumic masa; B = 20'~ 

Fig. i6.4: MTRUDEZ WLYSTYRENE ( € P S I  
vapour resistance factor ir 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

i6 EXTRUDED POLYSTYRENE 

DENSITY : 25 5 p 5 55 kg/m3 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 1470 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. i6.1, fig. i6.2, 
fig. i6.3 (= influence of time) 

9 = 10 -C : 0.0085 + 1.10-4.p + 0.428/p (W/(m.K)) 
r2= 0.525; 185 meal. 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACTOR : 164 (mean value; 0 = 3 6 )  

(fig. i6.4) 
: 114 + 3.42.(p - 20) 
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Fig. i7.1: PUR/PIR-FOAM: 

thermal conductivity A 

v s .  volmis mass 

~ i g .  i7.3: PUWPIR-FOAM: 

V B ~ O Y I .  resistan~e factor P 

vs. volmis mars 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

i: INSULATING MATERIALS 

i7 PUR/PIR-FOAM 

DENSITY : 20 5 p < 40 kg@ 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 1470 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. i7.1, fig. i7.2 (=influence of time) 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACTOR : 29 (mean va lue;  o = 15.6: 14 m e a s . )  

(fig. i7.3) 
: 1.7.exp(0.088.p) 

20 c p c 40 kglm3 

r2= 0.69; 14 meas. 



Fig. i8.1: P W L I T E  BOARO: 

thermal conductivity A 

vs.  volumic mass 

Fig. i8.3: PERLITE BOARO: 

thermal conductivity A 

"4 .  temperature 
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F i g  i8.2: P W L I I E  BOARO: 

thermal conductivity A 

VS. moisture content 

Fig. i8.4: P W L I I E  BOARO: 

SUCLiO" curve 



IEA ANN= XIV "CONDENSATION AND ENERGY" 

i:INSULATING MATERIALS 

i8 PERLITE BOARD 

DENSITY : 135 5 p 5 215 kg/m3 

THERMAL PROPERTIES 

T.1.1 SPECIFIC HEAT CAPACITY : 1000 J/(kg.K) (dry material) 

T.2.1 THERMAL CONDUCTIVITY : fig. i8.1, fig. i8.2, fig i8.3 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m', q in %) 

- suction curve : fig. i8.4 
sorption : q / (-0.00193.q9 + 0.2052.q + 2.793) 

- critical moisture content : 150 a 210 kg/rns 
- capillary moisture content : up to 550 kg/rns 

H.2.1 VAPOUR RESIST. FACTOR : 1 / [0.13 + 0.193.(q/100)4] 
r2= 0 . 6 4 ;  9 mess. . in x 
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Fig. l.l/l: WALLPAPER 1: 

suction curve 

Fig. £1.1/3: WALLPAPER 3 :  

suction curve 

MU- h"d* (.) 
0 6.7-,.., ..,.>dr). 

F i g  £1.1/5: WALLPAPm 5: 

suction curve 

Fig. £1.1/2: WALLPAPER 2: 

suction curve 

Fig. £1.14: WALLPAPER 4: 

suction curve 

"bYI  nu^ (" 
0 d?.>.* 1 ..I->d? 

Fig. f1.1/6: WALLPAPER 6: 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

f: FINISHING LAYERS 

fl WALL PAPER 

MASS PER M2 
Wal lpaper  Type mass(kg/rnZ) d(mm) 

1 textile 0.291 0.425 
2 vinyl 0.216 0.325 
3  textile 0.333 0.700 
4 vinyl 0.212 0.450 
5  Paper 0.168 0.280 
6 paper 0.151 0.280 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (%kg/kg (X), q in % )  

- suction curve 
sorption: 

: fig. fl.1 

V ( I )  x (%/kg) 
paper: 1 2 3  4 5  6 

33 3.2 1.4 2.9 1.2 1.6 1.8 
52 5.5 2.8 5.5 2.3 2.9 4.0 
75 7.9 5.0 6.4 3.3 4.6 5.5 
86 11.2 8.2 9.8 4.8 7.2 6.8 
97 21.4 40.0 24.9 13.3 15.8 16.9 

H.2.2 DIFFUSION THICKNESS: 
V ( Z )  ~ r d  ( m )  
paper :  1 2  3 4 5 6 

33-52 0.280 2.140 0.155 0.090 0.035 0.025 
52-98 0.006 0,180 0.019 0.025 0.012 0,008 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

f: FINISHING LAYERS 

£ 2  WALL PAINT 

HYGRIC PROPERTIES 

H.2 .2  DIFFUSION THICKNESS: 

@d (m) 
p a i n t  I :  4 2 . 5  7 5 . 4  86.0 

PAINT ON GYPSUM 
pr imer  + 2*la tex  1 
pr imer  + 2*la tex  2  4 .50  
pr imer  + 2*acryl  
pr imer  + 2"syn the t i c  3 .20  
pr imer  + 2*oil  
PAINT ON CELLULAR CONCRETE 

pr imer  + 2*acryl  ( w e a t h e r e d )  

s t r u c t u r e d  p a i n t  ( d  = 1 5 m n )  
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fig. f3.1: W03L CARPEI: 

suction curve 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

f: FINISHING LAYERS 

£3 CARPET 

MASS PER M2 : 2.18 kg/m2 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT: (%kg/kg (X), (o in %) 

suction curve 
sorption (Xh) 

: fig. £3.1 
: v / (-0.002.q2 + 0 . 2 5 5 . ~  - 2.195) 

PAGE 2.31 



IEA ANN= XIV "CONDENSATION AND ENERGY" 

f: FINISHING LAYERS 

f4 TIMBER SLABS 

MASS PER Mz : 4.00 kg/m2cd = o . o l m )  

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT: (%kg/kg (X), p in % )  

- suction curve 
sorption (Xh) 
desorption (Xh) 

: fig. £4.1 
: p / (-0.00145.p2 + 0.154.p + 1.943) 
: p / (-0.00150.$ + 0.168.p + 0.454) 

H.2.2 DIFFUSION THICKNESS : 0.86 m (mean of 5  samples) 

= 0.12 m 

. = 5 5 %  
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

v: VAPOUR BARRIER 

vl FOILS 

HYGRIC PROPERTIES 

H.2.1 VAPOUR RESIST. FACT.: 

d(mm) p(-. 103) 
vapour barrier q ( % ) :  28 5 2  70 7 5 . 4  66 

H.2.2 DIFFUSION THICKNESS: 
uppsr number = lowest value measured 

lower number = highest value measured 

bituminous paper 0.1 1.80 
2.80 

bituminous paper 0.2 0.70 

bituminous paper 1.4 

bi tuminous paper 0.4 

aluminium-paper 0.1 

aluminium paper 0.2 
0.33 

aluminium paper 0.24 17.80 
77.30 

aluminium paper 

glass fabric re in f .  0.4 
aluminium paper 

glass fabric reinf. 0.4 
PVC-foil 

PE-foil, *tapled 0.15 
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Fig, cl.1: GYPSUM BOARD: 

suction curve 

Fig. s l . 2 :  GYPSUM BOARD: 

diffusion thickness gd 

vs. relative hmiditv 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

c: COMPONENTS 

cl GYPSUM BOARD 

MASS PER M2 : 6.5 5 p, 5 13 kg/m2 

THEIWAL PROPERTIES 

T.l.l SPECIFIC HEAT CAPACITY : 840 J/(kg.K) (dry material) 

T.2.2 THERMAL RESISTANCE : 0.097 - 0.000207.~ (mz.K/W) 
r2= 0.992: 4 m e w .  

0 = 2 0 " ~ ;  d = 9.5 nnn 

HYGRIC PROPERTIES 

H.l.l MOISTURE CONTENT (kg/m3, v in % )  

- suction curve 
sorption 
desorption 

: fig. cl.1 
: p / (-0.00075.q9 + 0.1033.~ - 0,986) 
: p / (-0.00020.p2 + 0.0249.p + 0.114) 

H.2.2 DIFFUSION THICKNESS : fig. c1.2 

: 1 / 3.7.exp(0.013.9) (m) 
.2= 0 . 7 4 ;  11 meas.  

v in l. 

AIR PROPERTIES 

A.2.2 AIR PERMEANCE : 3,1.10-5.Ap-0.19 s/m 
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IEA ANNEX XIV "CONDENSATION AND ENERGY" 

o :  OTHER 

01 NEWSPAPER 

MASS PER M2, PER PAGE : 0.041  kg/mz 

HYGRIC PROPERTIES 

H . 1 . 1  MOISTURE CONTENT (Xkg/kg (X), p i n  X) 

- s u c t i o n  curve 
so rp t ion  (Xh) 

: f i g .  01.1 
: q / (-O.OO17.q? + O.174.q + 1.986)  
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F i g .  02.1: PERIODICAL: 

suct ion curve 

PACE 2 . 3 6 '  



IEA ANNEX XIV "CONDENSATION AND ENERGY'' 

o: OTHER 

02 PERIODICAL 

MASS PER M2, PER PAGE : 0.047 kg/m2 

HYGRIC PROPERTIES 

H.1.1 MOISTURE CONTENT (Xkg/kg (X), p in % )  

- suction curve 
sorption (Xh) 

: fig. 02.1 
: p / (-0.0035.(02 + 0.383.p + 2.156) 
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