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PREFACE





THE INTERNÀTTONAI, ENERGY ÀGENCY

The rnternational Energy Agency (rEA) was established in 1975 within the fra-
mework of the organisation for Economic cooperation and Deveropment (oEcD) tc
implement an rnternationaJ- Energy progranìrne. A basic aim of the rEA is to
foster cooperation among the 22 lEA Participating countries to increase ener-
gy security through energy conservation, development of ar-ternative energy
sources and energy researchr deveropment and demonstration (RD&D). This is
achieved in part through a prograûìme of colraborative RD&D consisting of 42
rmplementing Agreements' containing a totar of over eighty separate energy
RD&D projects.

ENERGY CONSERVATION IN BUILDING AND COMMIJNITY SYSTEMS

As one element of the Energy programme, the rEÀ sponsors research and deve-
lopment in a number of areas related to energy. In one of these areas, ,,Ener_
gy conservation in buildings and community systems',, the fEA is backing vari_
ous exercises to predict more accurately the energy use of buildings, inclu_
ding comparison of existing computer prograrnmes, buiì-ding monitoring,
comparison of calcuration methods, energy management systems as werr as airquality and inhabitants behaviour studies. Eighteen countries and the
European Community,

BELCIUM' CANADÀ, CEC' DENMÀRK' GERMÀNY, FINLAND' FRANCE, GREECE, ITALY,
JÀPAN' NETHERLANDS, NEfd zEALÀND, NoRwAy, poLAND (associate member), sl4EDEN,

SWITZERLAND, TURKEY, U.K., U.S.A.

have elected to participate and have designed contracting parties to the rm-
plementing Agreement, covering corraborative research in this area, This de-
signation by the government of a number of private organisat:-ons as werr asuniversities and government raboratories as contracting parties, has provided
a broader range of expertise to tackle the projects in the different techno-
logy areas than wourd have been the case if participation was restricted togovernments. The importance of associating industry with government sponsored
energy RD&D is recognised in the rEA, and every effort is made Èo encourage
this trend.

THE EXECUTIVE COMMITÎEE

overall control of the prograrnme is maintained by an Executive corìmitee,
which not only monitors existing projects but arso identifies new area wherecol-laborative effort may be beneficial. The Executive conìmittee ensures all
Projects to fit into a predetermined strategy without unnecessary overr.ap orduplication but with effective riaison and communication. Thirty projects
have been initiated by the Executive committee, of which the greater part has
been completed:
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Load energy determination of buildings (*)

Ekistics & advanced community energy systems (*)

Energy conservation in residentj-al buildings (*)

clasgow comrnercial building monilorinq (*)

Air infiltration and ventilation centre

Energy systems and design of communities (*)

LocaI government energy planning (*)

Inhabitants behaviour wi'th regard to ventilation (*)

Minimum ventiLation rates (*)
Building HvAc system simuLation (*)
Energy auditing (*)
Hindows and fenestration (*)
Energy management in hospitals (*)

condensation and energy (*)
Energy efficiency in schools (*)
BEMS 1- User interfaces and sYstem integration (*)

BEMS 2- Evaluation and emulation techniques (*)

Demand controlled ventilation systems (*)

Low sloPe roof systems (i)
Air flow Patterns (*)
Energy efficient conìmunities (*)
Thermal modelling (*)
Àir flow modelling
Heat-Air-Moisture transport in highly insulated envelope parts

HEvAc real time simulation and fault detection
Air flow in large enclosures
Domestic Ventilation Systems

Low Energy cooling
Daylight ing
Brj.nging simulation models to engineers

TED ENVELOPE PARTS (HÀMTIE)

The idea to lnitiate an Ànnex on combined heat, air and moisture transport in

and through highly insulated envelope Parts referred to the fact that'

although important, in most countries of the Exco a methodol-ogy to predict

and judge the effects of air and moisture flow on instantaneous and average

thermal Performances, moisture behaviour and durability of envelopes is

completely absent. An enquiry in 1989 confirmed this statement' In October

lggo,aworkshopwasorganisedattheLeuvenUniversity,Belgium,focusingon
theatateoftheartinthedifferentcountries.Thigworkshoprevea].edanet
need for better basic and applied knowledge of HA},f-modeI).ing, environmenta]'

conditions and material properties as well as a demand for better use of ex-

perimental results. During thaÈ meeting' the Annex objectives were formulated

as follows:

- to model and study in a fundamental way tshe physicaJ' phenomena of Heat' Air

(*): compl"eted
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and Moisture (HAt"l) transport through new and retrofitted, hiqhry insurated
envelope parts;

- to anaryse the consequences on the energetical and hygric performances and
on the durabiLity of the bui).ding envelope.

To reach these objectives, the annex was structured in 5 tasks:

Task 1 Model- and Algorithn devel-opment
This task not onLy includes improvements in modeling but also
testing of simplified models with a potential to predict the com-
bined effects of HÀ.¡,1-transport on thermal quality, hygric behavi-
our and durability.
Task Leading Country (TLC): Belgiun

Task 2 Indoor and Outdoor EnvironmentaL Conditions
This task includes the choice of environmental parameÈers, a me-
thodology of handting them and the development of sample sets of
environmental conditions.
Task Leading country (rLC): United Kingdon

Task 3 NateriaT and Layer Properties
This task includes data collection on thermal, hygric and air
properties of materials and Iayers and substantial measuring
work, especially on moisture and air properties.
Task Leading country (TLC): Canada

Task 4 Experime nt a f v e r if ic at ion
This task includes Hot Box and field tests on H¡\.¡,f-transpori in
envelope parts, comparison of the measured results with model
prediction and transformation of the results into ÀU-ruIes and
durability requirements.
Task Leading country (TLC): cemany

Task 5 Petfornances and Practíce
This task includes the translation of HÀl,l-knowledge in performan-
ce requirements, correct design and execution of highly insulated
new and retrofitted building envelopes.
Task Leading country (TLC): Sweden

Highly insulated was defined by vote as:

U < O.3O W/(E¡.K)

Àt first 10, later 14 countries joined together for 4 years of intensified
research on HAM:

full BELGIUM, CANADA, DENMÀRK, FINLAND, FRÀNCE, GERMANY, ITALY, NORWÀY

SWEDEN, SWITZERLAND, THE NETHERLANDS, U.K.
SLOVAK REPUBLIC, USA

III

observer



The shared work includes modeling, environmental concitions, material pro-

perties' experimental work, cormon exercises and the draft of interim and

finalreports.A]-sothenationalresearcheffortsarescheduledinaccordance
with the Annex 24 Scheme and the results are brought together and used as

base for Annex Publications.

UntiI now. 1 preparation meeting, I starting meeting of
tc

3 days, 5 working

meetings of 3 days and 2 TLC-meetings were held

knowledge, to discuss research results and research

a cornmon performance rational,e.

build
reÐorts and

up a cofnmon

to elaborate

LIST OF EXPERÍS COMTRIBUTING TO ANNEX 24

OPERATING AGENT

Belgiun
K.U.Leuven' Laboratory of Bui)-ding Physics'
represented by Prof. H. Hens, head of the laboratory

NATIONAI, EXPERTS, FUI,L I'IEMBERS

BeLgiun
National coordinator A. Janssens (until 28 Feb' 1993)

Mohamed Fatin (since 28 Feb. 1993)

K.U.Leuven, Laboratory of Build!ng Physics

H. Hens, K.U.Leuven, Laboratory of Building Physics

F. Descamps, K.U.Leuven' Laboratory of Building Physics

P. Standaert, Physibel cV

canada
National coordinator T. Hamlin (until 23 june 1994)

Duncan HiII (since iune 1994)

canada Mortgage and Housing corporation
M.K. Kumaran' NRc' IRC, Building Performance Section

À.N. Karagiozis, NRc, IRC, Building Performance Section

Dennark
National. coordinator c.R. Pedersen

Building Research Institute
prof v. Korsgaardf Technical university of Denmark' Thermal Insulation Lab'

f inl-and
National coordinator T. ojanen

vTÎ, Technical Research centre of Finland

M. Salonvaara, vTT, Technical Research centre of Finland
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F Íanc e

National coordinator Prof P. Crausse (until 15 Oct. f9921
Institut de Mechanique des FIuides, Toulouse
B. Perrin (since 15 Oct. 1992)
INSA-UPS, Dept de cenie CiviI, Toulouse

T. Duforestel, CSTB

J.F. Daian, Groupe Hydrology, Grenoble

Gernany
National coordinator K. Kießl

Fraunhofer Institut für Bauphysik, Holzkirchen
H. KünzeJ., Fraunhofer lnstitut für Bauphysik, Holzkirchen
M. Krus, Fraunhofer fnstitut für Bauphysik, Holzkirchen
H. Stopp, Technische Universtät Cottbus, Angewandte physik
P. Hauppl, Technische Universtät Dresden, Bauklimatik

ItaLy
National coordinator

Norway

National- coordinator

T. Jacobsen

C. Lombardi
Politecnico di Torino, Dipartimento del Energetica

J.V. Thue
Department of Building and Construction
NTH-Trondheim
Building Research Institute, Trondheim

Swede¿

National coordinator C.E. Hagentoft
Department of Building Technology
Chalmers University, Göteborg

J. Arfvidsson, University of Lund, Department of Building physics
J. Claesson, University of Lund. Department of Buil-ding physics

Svitzerl-and
Natior,al coordinator P. steiner

EMPÀ, Sektion Bauphysik

The Nether]ands
National coordinator H. Oldengarm

lNO- Bouw

M. De Wit, Technische Universiteit Eindhoven, Faculteit Bouwkunde, FAGO

Prof. J. Wisse, Technische Universiteit Eindhoven, Faculteit Bouwkunde, FAGO

United Kingdon
National coordinator C. Sanders

BRE, Scottish Laboratory
P. Burberry, UMIST, Department of Building Engineering
R. Edwards, UMIST, Department of BuiJ-ding Engineering
c. caLbraith, university of strathcryde, Department of Mechanical Engineering
K. Johnson, PilkingÈon Insulation Ltd
H. Saidany, University of Bristol
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NAIIONA¡ EXPERTS, OBSERVERS

SLovak republ-ic
National coordinator o. KorontháIyová

slovak Academy of sciences, Institute of construction
and Architecture

P. MatiasovskY, Sl-ovak Academy of scj-ences, Institute of construction and

Architecture

US.A

National, coordinator D.M. Burch
NIST' Gaithersburg

A. Tenwolde, Forest Products Laboratory, Madison

w. Rose, Building Research Council, University of Illinois' Champaign
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DESIGN PARAMETERS USED TO AVOID INTERSTITIAL CONDENSATION
FOR A RANGE OF CLIMATES





l)ESI(;N l)AIlAl\'Ili'l'lilrs ustil)'t'o A\/oil) IN't'tiRS'ft]'IAL CONt)tiNSAl'tO\ IìOtì
A IIANGIì OI.' CI,INIA'I'8.S.

C [I Sandcrs, IìlllÌ Scottish Lalloratory l.ìast Killtride.

Absl.ract : l'his lllìl)cr sunrÌìarises thc conccpt of Indour Clim¡rte Classes (ICC) firr lhe
lìsscssnìctìt tlf i¡rtcl'stilial cotlttcrrstliort risk and tlcscribes llorv tlte (pivot values'tltlI
tlcfìne [he llot'ders ltctrvcctr classcs c:rlr lle calcr¡lltcd i¡r rvorst cîsc construcl ions rr itll
llourlv lcsl rcfcrct¡ce vc1ìr's of clirrlrtologicrl data t:rkilrg rndiation into:rccount. 'l-lte
cotlstrttction ltttd occu¡)llrcJ, l)Íìr':ìr.rìctcr.s rvllich lffcct tl¡e ICC lre rliscusscr! t¡r¿ 

'tcf 
ll,rls

of estirnltirtg tlte ¡lilol vllucs in rìn\,'rvorst case'constrrrction lnr(,rn r¡gltthlt,rnel¡
clirlratc data developed. l)ata frr¡nt 9J nrctcorological stations, ranging fronl southenl
lìklridn tt¡ nortllertt I'-ilrlarrr.l and central C¿rnada areanal¡,sed to provide the ICC ralucs
:tnd lillrits on lrloisttrre ¡rroduction rvilhi¡r a house. In lrrany clinrates surface
ctlndensatitln tlr tltould grrtrvllr or reverse'summcrtin¡e'conclensatiolt are likclv occur
befrlre the onsct of ilttcrstitial condcnsaliolt.

I. INI'IIOI)UC'I'I()N

The risk Of ¡ttoisture tlartta-ue within builtling structures, 'interstitial conciensatirln' in its iinrplest
forul, is cleternrinetl bl'a corlbination olthe structure and the internal ancl external climlre s. A
rnore severe exteltral clirnate will place consürints on the internal climate allorvable in an¡,
constructiorl before probìenls start- Further constraints rnay be placed by the possibilitr of
surface co¡rcje¡lsatiorr. excessive su¡lace lelutive hurnitlity ancl lnoulcl growth.

Two appr0ucìles to the rlelinition ol intltrol anri outcloor clirnate are possible. Firstl¡,, sr:rrisIicul
ciatu call be collectetl tìirnr us rlan¡,buildinu t¡,pes unrl clirlates as possible uncl the upp: ,.priure
avera-se s, or. for exitrttple. the conrlitions exceetlerl ft¡r l0% of the tirne, used us clrir ing
potelìtials- Errough Itout'lv Ileteorîlo-sici.rl clatu are uvirilable for this to be lersible lor e rrenrul
conclitio¡ls, ltowever. tlre Itullrber of tlata sets avrilable fro¡¡ rvithilr buiìclin-lls is so sl¡all rhat
reliable statistics carlrrot be estinruted for rnany building types. The alternative approuch is t6
calculate with a tntlle or less sophisticatecl nrotlel tle rnaximum allowable intenlal \/apour
pressure before the onset or persistence of interstitiul conclensation in any constructit¡n :'¡s a
functitln of externul clinlrte uncl use this as u definine point for intemal clirnate.

This leutls to the corìcept of l¡rtìoor Clinllre Clusses (lCC), which has been wirlelt,userl ro
tlefine illtlool'clilttates itt continerrtll Euro¡re . especillly Belgiurn anrl the Nether.luntls. f¡r l
nuntl¡et of yeitrs l l. The btlurltlirries l¡etrveen the clusses specity the nraxi¡nu¡n allorvublc internirl
vap()ur pre)-sure beltlre colttle¡ìsati()n rvilloccur antl persist within certain'be¡rchl¡lrk
constructio¡ls', rvhich rtre tlesi-urtetl to be'rvorst cases'in that they are effectively vapour 0pen to
the intelior with ir pertèct vupot¡r'seal on the outside. Such constructions are not urìrerlisric,
they are typified b¡', tbr exarrtple, a¡r urtventiluterl colcl tleck flatroof, c¡r a rvall with rnertllic
clatklin-u.

As the crl¡tstructiorls r.rsL'(l l() tlcfi¡re the uLrsolutc pivot vllues ure 'worst cases'the r.esr¡lri¡g
clillllrte clusses tvill be eo¡tsclvi¡tivc i¡r thlt ¡rrost relrlconstructions rvill perforrn bettcr.: tìr¡
cli¡tlltte clltss ¡t-tctltotltìl(r!:\'tlrcrcfì)re incltrtles l built irr sl'lety f¿rctor. lt is inrporturrt rì(ìti t\v()
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eonsrruirlIs oll lhis meth()tloltl-u1'' Firstly' in rnany climates surface conclensation untl rnoultl

!:rorvthrvillbecomeuproblemutillternalvapourpressureswhicha¡etoolowtociìuSe
;"rrii,'"iconrlensarioì even in rhe 'worst case' constructions discussecl above. Secondly in

r-',ui. r',igi, rarliution clir'utes. reverse or summertime condensation may become a problem,

.rpl.irrr" in air conrlitionerl builtlings as wuter vapour condenses on a vapour barrier designed

in'pr.u.rr, con\,e ttti()nal. rvitrter irrterstitial conclensation' Both these factors shoulcl be taken

into uccount b¡' designers.

Oneof rhefiVe tasksof lEAAltnex24isthecleñnitionof theinternalantlexte¡nal clirn¿rtes

relevunt to Ilelt. uir utttl moistu|e trûllsport rhrough builcling components' It has been decicle(l

wirhin Annex 24 to specify thr.ee'pivor points'to tlefine the transitions between the four indoor

cliurate clusses: these il'e :

plvoT I :The lnaximurn tnonthly meiln internal vapourplessure before condensation sarts

within u north facin-l¡ wall untler mean January conditions

PìVOT 2 The muxiniurn irunual lnean inte|nal vapourpressure before there is a net

accumulution trf conrlensatiou ()ver a year within a north facing wall

The rnuxirnuur all¡lual meun internal vapourpressure befole there is a rlet

lecur¡ulution ol colltlellsutiolì over a year within a flat roof'
PIVOT 3

TO accounr for rhe presence rlf hy-trtlscoprc materials, the pivots between classes can be

calculaterl b1, consicle|ing u ,.trtiuã lrunrltlity lower than l00%o atthe inside of the impermeable

la¡rer.

Au estirnare 0f rhe pivot values coulil be matle with a simple Steady State diffusion calculation

(convenrionalh.k¡lorvn us the 'Glaser merhod'r) using monthly mean climate I'alues taking

account of ratliution rvith some paralneter Iike the Sol-Air temperatule' However' as hus been

;;;;"t, rhis leurls to u.certuintils in the use of the 'equivalent temperature for conclensation'

anrl rloes ltttt take tccount tlf the reul ratliu¡ion climate' To confront these difficulties'

CLIMCHCK'. a sirnplilietl ve rsion .f the full vapoul tlansport moclel 'MATCH'5 has been

proclucecl rvithin Annex 246.

Using rhe simplifietl consruction Iepresenled schematically below, CLIMCHCK uses monthl)'

nteun internal conclitions anrl test reference years (TRYs) of hourly external telnperalure ,

humirlity. solar raclìution anrl rvinrl speetl to calculate hourly temperatures at the externJl surface

urlrl the criticul luver.

SCHE lvlATlC DIAGRA MOFCONSTRUCÏO N BY CLIMCHCK

INSIDE CRITI LAYER OUTSIDE

Ti, P¡ Te, Pe

TIlERMAL RESISTANCE

VAPOUR RESIST,INCE

Ri Re

@0



Ltlng wave |atliatio¡t exchanges ilre estiuliltecl using the hurniclity data: rainfall is not take¡ i¡to
itccount as the constructions irrvestigated Iìave an irnpermeable external layer. The vapour
pressrrre at the criticul layer is then calculatecl from the specilieci relative humiriir¡, Mo¡rhly l¡cl
lunnuul nreuns which can be usecl to cletine the pivot values are storecl.

This paper attal¡,5sr the vurious factrrrs that uffect the pivot values preclictecì b¡,CLI\4CFICK
Itllcl tliscusses the values obtuinecl frorn thirty uine Europeun anrl filtl,orre Notrh Arnericl¡t
clirnutes, rirn,uing iront the sub arctic to the sub tropics.

2.1'IIIi 1-Iì.S1'IìIiIIIiIìIìNCI' YIìAIìS ANI) CONSI'RUCI'ION I)ARATIIì]'F-IIS USI'I)

The clir¡ute clata userl to culculirte the pivot values came from various sources:

u) Fol Belgiur.n Denrnalk. Flurce, Eire, Ituly, rhe Netherlancls ancl the uK rhe EC Tesr
Referellce Yeurs (TRYs)7. were usetl. These ure cornposite ),ears mt(le up,rf i¡rrlivirìurl
molrths fi'onl tiifierent yeiìrs choselr to -uive a 't¡pical' years anrl contain hourly r ulues of
tiry bulb ternperuture, globul, clilect a¡lrl tlilfuse larliution, sunshine clura¡ion. rellrive
hurnitìit1' ulttl wincl speetl. The quality of the radiution dara in rhese TRYs varies frorr.r
coulltr)/ to c(lunlry. Hourly ¡neusut'etl vulues of all three components are available frorn
only three stations (Uccle, Carperìtrus ancl Valentia); in rnost of the other cases. rhe (lirect
ancl tlilfuse corltp(lnents al'e calculated by unspecified methods from the hourll, _r.llobal
comp()rlelìt unti in some cases all tlìe cornpo¡lents a¡e calculatec'l f¡om daily means?.

The TRYs are all helti in the BRE Meteorological Database ancl were used ro calculare
tlie pivot.values for Flurrce. Eire ancl Italy and the UK. Papers were receive¿ frour
Belgiurtr', the Netherlarltls"'arr<l Denrnarkr¡ containing the pivclt values calcul¡rect for.rhe
EC reièr'ellce 1,eers in each countr¡,.

b) Pupers were received frorl Cerrna¡l),rr, Slovakiarr, Norway't and Finlanclr''
corltaininrl pivot values calcula¡eri usin-u test refelence years irvailable in each countr),.

c) CalcuÌutitlns rvere tlone for three dilferent loca¡ions in Sweclen usin-e the fl-facror
rurethoclr6, which is a variuut of rhe 'CLIMCHCK' methocl.

d) The ASHRAE Weather Refelence YeursrT IWRYs) for 46 locations in rhe USA l¡tj -5 i¡
Canacla rvere receivetl florn Doug Bulch of NIST. These contain, arnonqsr rrtherrlutu.
hourly values of tll'¡'bulb, rvet bulb ancl tlervpoint ternperatures in whole rlegrees Fuhrellheit.
rvinclspeetls illltl u sirlsle vuriirble tbr solul rudiation on u horizoutal surtice. Soir*are
ilevelo¡letl ut NlSTrs rvus usecl to calculute the necessary railiation comporìents lnd the rluta
\ve re colì\'ertetl into tlre CLI MCIJCK input forrnut for calculation of the pivot vllues.

The location, alritutle untl t'elevant clirnate paranleters of the European and North Arnerican
nreteorological stittit'lls userl are suuurralisecl in Tables I antl 2 respectively, u here :

T"i is the Januur'¡, rtreurr tlly bulb terlperatrrre i¡t oC

P"¡ is the Jlrnutrly ¡ìleiln vitl)()ur pressur.e in pt
E',i is the Jltttttitr'1' rllcun ulobul lutliirtion tllling on a nortlì facin-u rvi¡ll in \\'/¡ll

3



Tlre ltrcirti()n, altitutle ultrl rete Vltrlt clilnate Parulìletels of the Europeitn lttltl Nrrrth Arnerit:rttr

,ì.,.t.,)rulogi.rl statiolts usetl ure surlrrllarisetl in Tubles I ancl 2 respectivel)/. rvhere :

'I'., is thc Jltrlttur¡'trrelrtl tlty Lltrlb terllpelatute ill oC

n., is the Juttulrt' lllcillì vilp()tll' ptessule in Pu

E,,, is the Ju'Lrr.¡,'.ìe.¡l -ul;b.l ,ì,liirti,,' lalling on iì north facirrgwall in W/rlr2

T., is the ut.lllull llleit¡l tlry bulb lelllPerlrture in oC

P., is the utllluaì tlle all \/ilpoul pressu[e in Pa

E,.. is rhe a.'url rreu. glt.,b.l iutlìuti.' fulling on a llortll facingwall in W/rn2

8,. is the u¡¡url ¡te¡n r.:ltrbrll rutliirtiorl ialling otl u horizolltal sulface in W/rn2

As tlle rarliation rliltt tì.ont vurious ltrcutiolts have beelt clel'ivecl in rliilerent wavs it is rvot't.ll investigating

whether there ure sìgniiieu¡r tlil'ferenees betrveen the t'esultaut values calculutect by CLIMCHCK ft'oln

Europe ill1d Arìlericu. Er¡uations l, 2 antl 3 below are calculûted by the regression betweerl E,q, E.". antl E

the cosine of lutitutle (cosO) and the relevallt clilÎate parameters'

E,,i=-49.-St + ¡4.1 (t9l)cosQ + 0.42(!0.22)T.j-0.014(t0.006)P.j Rr=0.74 (1

E-,=7.41{ +til.39(+11.2)cosÔ+ 1.29(+0.2())T.y-(l'022(l)'003)P'v R3=073 Q

8^= -35.46 + 29-5.1 (t 29 3)cosÖ + '1.02 (+0.71{)T.' - 0.0(r-5 (t0'008) P., Br =r)'S3 (3

.ln these iln(l subsequetlt resressiOrl e(lurtti()ns, the stanclarcl errors of the coefficients have been

i'clurlerl to reflect the ru¡g-e ,,1 values antl ¡rìve il rÌleasure of the significallce trf each coefficient'

The rneuns anrl stanclartl tleviations of the resitluals from these equations are shown for Europe unil

Anrerica in the table belorv.

Resìtltllls lnrltt Europe N=3ll America N=-5 I

Erv.¡ _1¡.93 + -5.39 t).(r9 + 8.01

Erv1, -0.(rl + -5.39 0.45 t 6.40

Ety 0.31 + 17.79 -0.23 ! 14.01

While ther-e al.e s¡null rlifferences berrveen the rnean calculatetl racliation levels. with the Arnericun north

rvall values being slightl¡, higher thatr the European ones, these differences are not significant'

lt cun t¡e assurnecl, therefurel that the rnethotls usetl to calculate the rarliation cotnponellts give cotlsiste nt

results betweell the tw(ì c()lìtilìellls.

Ttrillustratether.unge(llclinlirtescoveretl. Irigtlres luncl 2showthemonthl)'meun

te ltìperuture, rutliittit,n oll lt horiztllltl.tl sut'fuce utttl vapour pressure frqln the hOt dese rt Clirnate

of ph0enix, Ar.izonu. thc'sub-tr()picul'clirlrule ollr4iarni, Florirla, the rniltl'tlrritirlre e linlute ol

Aberpor.th ()¡r tl.ìe \\'cst c¡ust ¡lWules untl the'Corrtirlerrtal'clinrate of Winnipeg irr the pruiries

tri l\4unitobir.
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FIGURE 1 :MONTHLY MEAN RADIATION AGAINST TEMPERATURE
FOR FOUR STATIONS
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FIGURE 2 :MONTHLY MEAN VAPOUR PRESSURE AGAINST
TEMPERATURE FOR FOUR STATIONS
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Besicles the htlull¡'clitnute tluta irrput fi'or¡ the TRY, the calculatecl pivot values are als6
atfecte(l by constructiort artcl occupurìcy pururneters. The rnost important of these, rvith the
values taken as stan(lür(l by Annex 24. are :

T¡ : the rtrean insicie tetìlperuture tlur.ins Januar), = 2loC
T¡r: the rlreun insirle tenlperuture ovet.the ),eilr = 2loC

R¡ : the R value berrvee¡r the criricrl la¡,s,",'.ì,1 the insicre air = 3.0 ln2K^\/
R":theRvaluebetrvee¡rthecriticul l¿n,erunrr rheoutsidesurface =(). I ¡r2K.A\/

(lrote: the tlutsitle st¡r'fltce resistunce is calculated hour by hour frorn the racliatio¡r parlrìreters
and ¡he rvinri speetl in rhe TR\,)
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3. IìI\C'I'OIÌS AIìI.IiC'f IN(; 'I'IIIì PIVO'I' VAI,UIiS I)I']IIIVIìD T}Y CI,I}'TCIICK

Thc piv0t values crlcultìte(l \vith CLIf\4CHCK ûre bilse(l orl the climute of the specilic locrttions

un,l ihe st[¡ì(litr(l vu]ues of the vurious in¡rut plrarletels for the collstructioll. Trl culculute

pr(]cise values f0r unl,other loc¡titrn u¡rtl other' 'wotst case' construclìoll types a test reference

ie., of hourly clirnutic rlirta is neerletì to run CLIMCHCK. As this is not Senerally availuble tìrr

nru'y locutio¡s, rer.:ression equations have been rlevelopecl between the three pivot values antl

a) the values rtf R¡ untl R., b) the intelnal teurperature uncl c) the solar absorptivity. The

coelficients ol lhese equlitions, whose fo¡'¡nat is sulnmurisecl in the table below' are thenlselves

lineilr f urtCtiolrs tri tlte clirlrirte t¡euns untl can therefOle be used tO estimate values fOr any

collstl.uctit.ltl t¡,pe irl ln¡, lc¡clttioll lrlr which l.l](]nthly rlleun clirnatic tlata are availuble.

INPUT PARAN4ETERS PIVOT I PIVOT 2 PIVOT 3

R/R B B'., 8,,

INTERNAL TE]\1 PERATU RE B:r 8"" 8".

SOLAR ABSORBTIVITY B¡r 8,, Br¡

Tolineurise thevariousf¿çtorsinterrllsofasirnple,easilyaccessibleclimatepalameter'the
criticrl layer meutt terllperutures in Janualy alld over the year were calculated from:

( R"+ R-,) / À

T. = T., + (T,,-T.,)x- _--:--:- (+
(R.+ R' + R'')

r.1 = r",' + (r,) -r.) l t##Aï (s

Where R¡ aucl R. ure as rlefinerl above, R$ is the conventionally clefined external surface

resisrance (takerias ().()4 rn2K/W in all cases)antl the telnperature subscripß are:

j : Jurtuar'¡, rueutt

¡, : r.rrtrtuttl Ineun

c : culculated
e : exteriol'
i : interior

T,.; arì(l T,., ate tlteleftrle the sinrpl¡'tlefinetl critical layer mean temperatures' taking no account

of"'ra,li"ti(.ìi, equivi.ìlirìt tetnpera;ure fot'conclensutiolt etc. The saturated vapour pressures at Tc'J

anrl T.u, P.(Tc;) (for pivot I ) and P.(T.r) (for pivots 2 and 3) have been used to establish

lineur ielutionihips tith the pivot values.

¡r) I¡rsitlc ilnd t)utsidc tltcrlnal rcs¡sf 1lìces

Figure 3 shttws the rulues of pivot I in P¿r culculutecl lor Winnipeg using the stall(lur(l

p,u:.r,r'r.,.rr. l¡ut rvirh l t'ange ol valLtes ol Ri illl(l R., plotteti against P*(T.¡) lntl Figure I the

pivot 3 vulues ft'otlr Trlpuni aguinst P*(Tcy).

6



FIcURE 3: WINNIPEG PIVOT 1 VALUES AGATNST
FOR DIFFERENT COÀ/BINAT|ONS OF Re/Ri
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FIcURE 4:TRAPANt p|VOT 3 VALUES AcAtNST
Ps(Tcy) FOR DIFFERENT COMBTNATTONS OF Re/Ri
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'l-he reg'ession equuti.rrs ftrr rhe three pivot vulues from winnipeg anrì Trapani are

Winrripe-u Pl = 19..52 + 0.96.1 (+0.(X)3) p.(Tr.i) R2 = 0.999tj
P2 = 597.4 + 0.(r37 (+0.(X).5) P.(T;,) R2 = 0.9994
P-] = l4()6.9 + 0.3-51 (+0.016) P.(Tc\,) R2 = 0.9ti(r0

Traparri Pl = -91.1+ 1.032 (+0.00-5)p.(T.¡) R2 = 0.999fJ
P2 = 9-52.-5 + 0.-58 I (+0.009) P.(Tc.\, ) R2 = 0.9973
P3 = 9836.6 - 3.230 (t0.0rJ4) p*(Tc\,) R2 = 0.9932

Where Pl, P2 untl P3 are the pivot points in pusc¡rls

(6

(7
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The thlee values fi'orn alì the stations give sinrilar linear relationships of the form :

PivotI=An*B¡¡P.(T.¡)
Pivot 2 = A:r * B:r P.(T.")

Pivot 3 = A_,r * B3¡ P,(T.r)

To investigate the effect of clinrate on the coefficients, Brr,821 and B¡r the pivot values were

calculutecl for all the statiolls for which TRYs were available using the starldard values of Ti and

solilr absorPtivit)'a, but rvith R¡ = 0'-5 antl Rc = 0'3' B¡1 waS then calculatecl from

Btr= (8

withsirnilarequationsfo|81¡ auclB,,,. TheresultingcoefrlcientsareshowninTables3and4'

FIGURE5:B3IAGA|NSTANNUALMEANTEMPERATURE
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The pattern of the clara in Figure 5, which shows the variation of B¡r with outside anrlualmean

temperature. is clue tg the ch-angi¡g irnpo¡tunce of racliative Sains from the outside and

conrjuctive heat transfer from tlle insicle ro the critical plane as the outsicle temperature chan-qes'

Li allclirnates where the outside lîe:in conditions are cooler than insicle, if the relative values of

R. ancl R¡ are change(l so that the ratio R"/(R.+R¡) rises, the cfitical plane will tend to become

wanrer due to conduction fionr the insicle but tencl to become cooler aS the effect of radiative

gain on the outsicle sulface is less. IIr a cold, low net effect rvill be

iuor,r,ing, as shown in Figule 3. ll hot, high racti ct will be

cooling, as shown in Figure 4. In the limit, at an equal to the

interna-l temperature, the change in critical layer temperature calculated_ by GLIMCHCK as

RJ(R"+Ri) is changect rvill beËntirely clue to the racliation on the outside surface and, as the

values of T., arìd T.y, ciìlculated by áquations 4 ancl 5, will be collstant, the coefficients Brr, B:r
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alìd Br will go to --. If , as in the case of lour of the stations in the southern USA, the external
annual rnealr tenìperature is highel thln 2,I"C, tlre concluctive ancl l'acliative eflects rvill combine
as RJ(R"+Ri)is changed, -uivi'-q rhe lar'-re positive coefficients shown in Figure 5.

It is inrportarrt to tl(lte that, in hilh tenrpelature, high l'acliation environmenrs, reverse or
'sumrneltirle' interstitial conclensation nray be a significant pr.oblern, especiall¡, j¡ ¿i¡
conclitioned buildings. Water vapour clriven in by the high external temperatures can condense
oll a vapour check positittned to elirninate the risk of conventional or 'wi¡te¡' condensation.
This possibility shoultl be aìlor.ved for in the clesign of structures in these climates.

FIGURE 6: 83] AGAINST CORRECTED ANNUAL MEAN
TEMPERATURE
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As shown Figule 6, this effectcan be linearised b¡,plotting B_¡ against l/(21 - T."); rhe one
obvious outlier is fronr Phoenix, Alizona, a rjesert envilonment with exceprionally hi_rh raciiation
levels. The th¡ee coefficients can then be well pleclictecl frorn the environmental clara with
following re,rression equati()ns.

Bn = l.l0 - 0'511(10.048) TR.j - 0.00054(10.00036)Ewj -0.061(1.0087) c R2 = 0.762 (g

B:r = 1.83 - 2.491(!0.094) TR.v - 0.009.5(+0.0028) Ewy - 0.255(10.0-55) C R2 = 0.913 (10

83r = 5.2-5 -16.317(10.536) TR.y - 0.033 (10.0044) Eo + 0.363 (10.308) C R2 = 0.933 (l I

'Where: TR;= 1712 I - T"i)
TR,=l/(?l-1.r¡
C = I for Europe antl 2 for Antelicu

Despite the appalent cottsistency between the two se¡s of racliation ciata discussecl above, there
is a significantcliffel'ence berween the B¡¡ untl B1¡ values in Europe ancl Alnerica.
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lt) lntcrnal'l'cttr¡rcrattrrc

If the three piY1lt values ure culculatetl for internal telnperatures varying frorn l5 to 25oC anti

con.elurerl rvith P.(T..¡) irntì P.(T.r)respeetively, exact lirleur relationships result in elch case.

The c.efficienrs B¡r,''822 anrl B3r lronr the stutions with TRYs are shown in Tables 3 and 4.

rvllich sh¡rvs rhtt tilere is relurivel¡, little var.iuti .rn between stations. This is conlirmed bv the

equutions resultirrg fiour conelutitm of the thlee coeflicients with the relevarrt extet'llal

terlrperatures llltl rutli lt ion i lìtensi ties shorvtl beltlrv'

B ¡'r = f ).9lt7 -0.(X)39(+0'001 I ) Tcl +0'()()32(+0'0(X)lt) Ewj -0'0251(10'0195)C R2 = 0 2-13 (12

Bzz = l.()l I -0.0097(+0.0021) T.,, +0.0033(10.0012) E* +0.0268(10.0208)C R2 = 0.218 (13

Bj-r = t).97-5 - 0.0303(+0.(X)6(r) f., - 0.0(174(+0.0010)Ery -0.1175(10.0-58) C R2 = 0.a18 (l'1

Using these equi.ìtiolls ttl tlerive the coelficiellts is orrl¡'slightly better than taking an over:rll

averuue value lot ull stuliorls.

c) Solnr altsttrptance tlf extcrtr¡ll sttrface.

Figure 7 sho$,s the var.iution of the rhree pivot values with the solar absorptance of the e rtertral

surluce calculuterl with the standard values of the other parameters.

FIGURE 7 : PIVoT VALUES FROM ABERPORTH AND TRAPANI AS

A FUNCTION OF SOLAR ABSORPTANCE
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The pir (ìr vitlues cun be r.epr.esente(l t(ì u Very hi-uh tle .lree of precision (R2 > 9999) by

e(ìuuti()lls ol the ftrlrlr

Prl = A + B¡ x¿l * Br Xal + BSxll
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Hrlrvever, the ert'ol'itt ussun.tirr-l lì¡reur relationships is very srnull for prucdcll purprrses The
ctleflicierlts lor P l. Pl rrrltj P3, B n, Bz3 lrntl B j3 respectively, are su,n,,rariserl in Tlbles j ¿rtl
'1 antl the.regtessitltt eqtliltiorls for their pretlictìrrn flom the rålauunt outsi(le tenrperature urrl
rarliution interrsity lle :

Br¡ = -30.2¡i+ 3..506 (+0.734)Tcj + 6.30.1 (+0.491) Ewr -35.55(r1Z.5j) C R2 = 0.fì23

Bu¡ = -(r10.6 + 6.t)7 (t_3.27) T.,, + t7.141+1.7-5, E\\,\, -50.27(!31.14) C Rr = ().7()9

B¡¡ = -l255.7 + 36..19 1+1,1.91)Tcv + lti.9-1(t1.2-5) Ery -40,1.7(tl39.l) C R2 = g.tr90

d)1'he rclative irrr¡tor(nrrcc of lhc thrce l)aranìeters

11

(rs

( l(r

(tl

The relutive itlportance of the three pilranreter corrections developecl above can be assessecl froln rhe
absolute percellturle chall-se, avera-uerl tlver ull .^tations, in the pivot values when the pararneter-s u¡rrlerr.
the nraxitnul'n Iikely charrge, shorvn in the table below :

PARAMETER CIiANCE % CHAI,UCE IN
PI\/OT I

7n CHANCE lN
PIVOT 2

% CHANCE IN
PIVOT 3

THERMAL RESISTANCE
R"/Ri: 0. l/3.0 ro 0.-jl0.-5 62.6 14.1 13..5

TEMPERATURE
T l5oC to 2-5'C 3.2 2.9 2.6

SOLAR ABSORPTI\/ITY
a : 0.1 to 1.0 96 21.5 50.0

As llri-qht be expectetl. the vaìue of pivot l, rvhich is litrle affectecl by rarliarion, is srron,rl'
tlependunt tltr the value olR./lì¡ , *'hile Pivt¡t -l tlepenrls suon-el1,on the solrr absorptiviti,.
lntelnal tell'ìper¿rture is nluch less irnportunt thurl rhe other twõ prrornatar,.

4. Ii I'['!] C1' O F D I I.- I.'E II ENl' C I, I IVI A1'IìS

The three piv0t values calculutecl using the sturl(li.rr(l paranleters from all the stations are show¡
in Tables -5 antl 6.

Figtrres lì, 9 û¡ril l0 shorv lhe thlee piv()t virlues plottetl a,uairrst P*(T.¡)arrtl p.(T.r) for.ull rhe
stutiolìs. with Etrlope;trttl A¡rlcrieu tli.stinguishctl. The vrlucs ti.,¡iì thi rtrr.. S*.ìiirtì srlrri(rus,
cl¡lculutetl with the Il-frrctor rìretlro(1, huve ulstr been shown seplrately o¡l these fi-r:ures: it cr.r¡r be
seell thut they ale cotlsistent rvith the rentainins vllues calculatetl rvitil CLIMCHCK.



FIcURE s : PIVOT 1 AGAINST Ps(Tcj)
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FIGUFE 9 : PIVOT 2 AGAINST Ps(TcY)
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FIGURE 10 : PIVOT 3 AGAINST Ps(TcY)
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The calculatetl I'et.tression equati()ns betrveen the pivot values anil the climate par¡rneter\ are :

Pl =-7ti.7-5+0.98-5(+.()071p.(Tc¡)+ I.lll(10.2-56) Eru., +44.77(!6.26)C R2=0.997 (lli

P2 = -llÌ-5.0 + 0.9-1-5 (+.()19) p.(Tc\,)+ .1.(140 (+().944) E,,^u +l3l.lì(tl$.-s)C R2 = ()y\t (19

P3=-149.2 + l.lll(+.ll-5lPs(T.u)+ 13.61 (+1.628) Ery -206.1(xg:,.,t)C R2=()\rìl (20

As noterl in sectio¡l 3u). si-ullificí.rlt rliffer.ences between the coutjnents renrain lor ull the prvot
vulues after exterrìul terìlperuture unrl latliution have been taken into accourìt. It is possible that
this is tlue to tlilfererlces in tlte way the clirnute refele¡rce years, especially the rudiati6¡t tjrra,
have l¡eell constructed irr the two contirìe nts. lt rnay, however, reflect a real cljmatic tljii:re¡ce
between the Europeln stations. wllich ale rnuinly in clirnlte zones influence¡ by tlre sea. lncl the
Americun st¿lti(ìrìs. ulrlry of rvhich have u -uenerully cont¡nental clirnate. Ntl sl,stenratic
tlifference etlterges if the stations are splir ovs¡¡ll into'coustal'unci 'contilrental'g¡rup:
Hclwever, us shotvll oll Fi,!.tul'e 10, ther.e is u systetnatic rliffel.ence between the statiolls ir,,ullrl
the Gulf 0f Mexictr, rvhich ule ho¡ a¡rtl hLrnlirl, unrl those in the rlesert ureas of Texus. N¡,,i
Mexico, At'izont arltl Nevarla which ule hot ancl tlry with very high racliarion levels.

5. ESI'IMA'I'I()N ()I.'PI\'0'T VAI,UIìS F'IìOM MONTHLY MEAN DATA

As the test ¡'efèrerlce ¡'etr of ltoulll, çli¡n¡¡ic (lata nee(lecl to run CLIMCHCK is not generllly
available for l¡unv loc¿ttions. the t'e-ulession equations tlevelopecl in sections 3 ancl 4 abo.,e can
be userl to esti¡llate vitlues lor ilnv coustructitu type in uny Iocation fol which r.¡orrthly r¡el¡
clinlatic ciata are uvuillble.

For sirrlplicity, the pt'trcetlure is outlinerl lrelow frlr estinlution ol the first piv¡t value alt,¡:.
parallel steps cun be tìlllor'etl to estir¡ute the seconcl and thilcl pivots.

a) Eqtratiorl llÌ is usetl to cillcuhte the stanrla¡'cl pivot value frorn the January rneaìl exteirìll
tenlperature uncl north rvull racli¿tion antl the contlnent.

b) To allow for a Iroll-st¿trltlal'tl value of R¡ or R., equation 9 is usecl to calculate B¡¡ u¡rl
equi.ìtion 4 usecl to citlculare T.¡. An inverterl folrn of e<¡uation 8 is then usecl to crlcul:rre the
pivot value.

pl,u., = pl,.) _ Br¡ (ps(Tcj)1., _ ps(Tcj)r".r) (21

Whel'e the subscript's'r'etels to the stuntlarcl values anrl 'ns' to the ¡o¡ starì(iar(l vulu¿s of
R¡ all{l R".

c) To allow for a norl stantlartl internal telllper¡.lture, equation l2 is usecl to calculate B¡¡ Jlrri
e(ìuatioll 4 useii to c¿tlculltte T.¡. Equuriorr 22 is then usecl to calculate the pivot value

P1,,,., = P1,., - Br: ips(Tc._j ),., - ps(Tcj)i,,.,) 
t22

Wherc the subscr i¡tts 's' untl 'lls' rcfèl- ro the stanil¡l.rl ultr.l nolt standan.l tetìlperiltures

l-3



rl)To 'llorv 
lor u ll¡lt stunrlartl solrr absolptutlce, equati(ìlì 1-5 is used to calculate Br] alìtl the

pivot vltlue cltlculutetl lt'tllll :

Plr,,.r = P11., -B¡,,(1,', - ttr,,'r) (23

Wlter.c tlrc sLrbscr.i¡rts's'u¡ttl 'ns'tÈlet't() thc sturltlurtl lttltl tlon stun(lal(l absorptivities.

ó. Iil'-FIiC'fIVIì I'l\/O'f Vr\l,Ul:S

Tables -5 aurl 6 shorv the l.elutive hunrirlities that result frollr the calculated pivot vapr rur

pl-essures ilt tlle ¿lssunlerl illteInul telllperuture of 2loC. N4any Of the vapour pressures givetl us

pluots Z anrl 3 ill the rvu|llrer clillliltes aIe higher thall the saturation vapour pressure at 21oC'

ln tl.r,,se citses l()()% Rli is lepoltetl in the tubles. Also, nllny of the pivot 2 values are (rver

7()% leacling to the intenrûl surluce lelltive hunicìi¡ies ovel lJ07¡ wllich cause surface rl1(ìul(l

Srowth before interst j riaI contlensaIioll bectrtlles u pl'tlblerrt'

The coeliicie¡ts B¡1, Brr itrl(l B-,: irl l'ables 3 antl 4 ca¡ be usetl to calculate the piyot yaÌue

vapour pressures a. a functìotr pf internal telllpelature. The internal surlace telrrperatures call

thcn be culculltte<l il ollr :

Tsi = Ti- (Ti -Te) 
R_ ;#Rí+ Rsi Q4

Wllere Tsi is the inrernal surlltce letrtpet'utur'e in oC

Rsi is the irìterrlal sttllltce te sisturrce irl rlr'KAV

Ri' = Ri - Rsi in 
"I'KAV

antl the rertruirtin,u s)'lllbols lrl'e lrs tlefineti ill sectirln 3'

The intel'nul surface Ielirtive hunlitìit¡'ut euch of the pivot points can then be calculatetl frorl.l

Pn
RHin = l{)t) ***

(2s

Wherê Pn is the vupotrl plessule llt the nth pivot point in Pa

Ps(Tsi) is the sutttlutetì vapir¡¡¡ plessrrre at Tsi in Pa

Rhilt is tlle intelnul stlt'fuce Islrltive htrnriclity i.lt the ntlì pivot point in %'

Figure ll shttws, for Aberpolrh untl Tlapuni. the internill sulface relative humiclity at lhe pivot

points ag¿rinst internal tenrperatule cllctilutetl with Rsi =0.125 lntKAV' Pivot 3 atTrapani

lei*ls to surface relative hu¡nitlities irlrvays above tl()7¡, the acceptecl limitformoulcl growthre,

when the telrperuture is ktrver ¡¡¡¡1 -ì0oc, suggesting that surface rnoulcl Srowth rvill be u

problerr befoie inrerstiriul contlensurion in this clirnate, whatever the roof desi-un or intertlal

irurnirlity conrlitittns. provitlerl that rhe i¡tterltul telìlpel'atule is below 30'C. In c(rlltrast' iìt

Aberpoith, with ¡luc¡ ìowel rurliirrirrn levels. tlte corrtpurable limit tenlperature is l8"C' As

.*,,rr,.,,r",con\tructi(lls ¿u.e n.rotlelletl by CLllr CHCK. these willbe conselvllive lirllits.

Howe'er, as slrown in the rvtrrk ol lE,\ Anne.x XlV.'Corltle¡rsatit'rn uncl Energ¡''r''. the Vulue of

nìi =u.iii¡,.,,KAVr.kc¡i¡Figure IIisurninirrrunr:vlluesushighirs().-5mrK,\/ttut'occrtrirr
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conrers, l¡ehinrl lurniture etc. These will le¿ul to slightl¡, lower su¡'tìce temperatures untl
c()nse(l uelìtly h i-u her ì n ternil I su rface relut ive hu rlrid i ties.

FIGURE '11 : INTERNAL SURFACE RELATIVE HUM|DITY AT ptVOT
POINTS AGAINST INTERNAL AIR TEMPERATUBE
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The clifference betrveen the pivot vulues irr Tables -5 ancl 6 anrl the outsicle vupour plessui:s irr

Tubles I urrcl 2 can be conveltetl into a¡l excess ¡roisture couteut for each starion. pi - pe ,rtn3.
By ussurnitr,t a builclin-rr volurlre untl verttilution these can be convertecl to the rnaxi¡nurn rîrristure

-ltenerati(.ln rüte thut keeps the intelnul co¡(litions below the pivot value.

c = nV(pi - pe) x 24 I 100(l kg/rlay (26

Wher'è n is the ventilatiorr rate antl V the volunre of the house. Taking n=0.-5 ach and
V= 2-5()nlr uncl cr.rnstraining the intelnul surtace lelrtive hurnitlity below 807¡ ro avoid mculcl

,!trowth iu sin-u the rnethorlology of etlr¡irt ions 24) antl 2-5)) g ives the value s of G shorvn ii
Tables -5 ¿uttl 6. TIlese ure plottetl uuainst tlte rneun external vapour pressure on Fi-uures .1, l3
ancl 14. Figure l-iurtl especiirllvFigure 1.1 showthutfornrostof tlreAnlelicrrìstation\rn(l
rnany Europeiln the nee(l t() keep intelrrul sulfuce relative hu¡niclities belorv 801,ä to avoid
sut'face ntttultl grorvth is u nrtlle inr¡loltunt constlaint on rnoistule procluction rhan the risk trf
interstitiirl conrle¡rsution. ln trvo olthe stutions ulouncl the Gulf of Mexico the external rnnual
nreiln vapour pressure exceerls the internal value that woulcl lead to807o at the insitie surilce.
In the absence ol uir conditioning the internal tenlperatures in this region rvould be consitì:rably
higlrerthirn 2loC. however in pructice the internal airis bothcooled an(l dried.eliminatinr the

risk of surtìce nloulrl ol conventi()ni.ll irìterstitial conde¡rsatiorr but bringirr,l a rell risk oi r:r'erse
or'sunlrììertirile' coDtlensuti()n ¿ts \\,ilter rlifl-uses i¡rto the br¡iklinu.

15

10 20

INTERNAL TEMPERATURE : C

--I_ABERPOBTH P1
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FIGURE 12 :ALLOWABLE I'/OISTURE RELEASE TO KEEP BELOW P1 OR

PREVENI SURFACE MOULD GROWTH AGAINST OUTSIDE VAPOUR
PRESSURE
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FIGURE 13 :ALLOWABLE N¡OISTURE RELEASE TO KEEP BELOW P2 OR

PREVENT SURFACE MOULD GROWTH AGAINST OUTSIDE VAPOUR
PRESSURE
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PRESSURE
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Figures l,5, l(ranrl lTsltowthelocutionsof thestltionsitntl contotlt'soltlìethreepivotvalues
fiornTable-5folEuro¡re. Irigules 18, lgantl 20showthecorltoursof theallowal¡lerl.toisture

release, constrairretl below i¡t internal sulface relative hurrtitlity of 807o, for the three pivots.

Figures 21 tt'¡26 shorv the surtre irlfttrtlutitln ftrr Allericu'

a) Iìuro¡re

As the Piv¡t I vuluc is tlonlinatctl Lly the Junutrry exte lnirl tenlperutut'e, it is not sulplisirrg that

Figure l-5 shows ir tlistillct trelltl li'onr tllc coltl north erst irt Filllirntl t() the wilrlller

N4ecliterralle¿rrl clirllirtcs. Pivot 3 is rlruch lllole stt'ongl¡'ultectetl by latliution untl so Figure l7

shows a clistinct rninilntrnt aroullrl the nliltl hunlitl Nolth Atlantic utrtl a prt'rtrotttlcetl lnaxi¡lrulr

around southern Italy; ¿t less pronouncecl rlruxinrrrrl is ulso visible arouncl the south of Finlancl,

which will be influe ncetl by the high sunlnler rudiatiorr levels in the Siberiun Anticyclone.

Thìs puttern is en.rphusisetl irr Figures l9 anil 20 which shorv that, if the values ut'e collstrained

below a surf¿rce rel¡rtive lruntirlity of 807,:, the inflr¡ence of both the Atlantic and the

Mecliterluneull limit the ntoistLlle ¡trotluction rvithin houses llluch ttrrlte thln in the centl'e ol the

c0nti nent.

b) Anrclica

Figures 2l to23 show thirtall the pivots inclease flonr with increasing tempel'ature f¡'q¡¡ ¡orth

to south. The high radiation environrnents of the deselts in the south west of the USA shtrs'

rutuch highel pivot 3 v¿rlues th¿rn the r.uore hunrirl, [rut sinlilatlv witlr]t aleas alouucl the Gulf of

Mexico.

Figures 25 tnrl 2(r enr¡thirsise thr¡t tlre rviu'nt ltrunirl contìititrlls uloulltl the Culf of ì\'lexico lirnit

rnoisture p¡otlucti¡¡ seve¡e11,in n¡n uircp¡tlitio¡letl Ltuiklirl-us. While in thecentl'e of the

continent nruch higlrer ¡rrotltrction levels itl'e ptrssible.

9. CONCI,USI()NS

This paper sur¡rralisetl tlìe concept of lntloor Clìrnate Classes (lCC) for the assesstnent of

interstititl cqlrclensation l'isk rlesclibed how the'pivot v¿tlues'thut tlefine the borders betrveen

classes ca¡ be calculatetl in wo¡st case constlr.rctions wirh httull¡'test l'efet'ellce ¡'eaIs of
clinratological (lut¿t takin-q rutliuti0n int0 account. The ctltlstructiotl atrtl (ìccupanc)¡ parûllleters

which aft-ect the ICC were t¡scrl to tlevekrp urethotls of'estirllting the pivot vulues in illì)/'\\r.)l'st

case'co¡structiolr f¡rll¡ ¡l(ìnthl)/ lìleitn clitìlitte tli¡lu. Dittit fiolll 93 tleteortrlogicitl stutitllrs.

rangi¡g fronr souther¡r Fluritlu to northet'n Finlantl ¡.uul celttl'ltl Cuntttlu were unul¡'setl to pror itle

the ICC vllues und lirlrits on lluristule ¡tlorluctiou within a house. ln tllillly clilllutes surface

.n,1,1a,15¡tirìì lelrling to rncrukl growth or reverse'sunïttettittre'colrtletrsation ale likely occur

beftrre the t¡lset ¡f interstitiul co¡rrlensatio¡r untl shoultl be taken itìto account by clesigners

working in these urelts.

L7
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FIGURE 15 Contours of Pivot 1 for Europe
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FIGU RE 1 7 Contours of Pivot 3 for Europe
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FIGURE 1B Contours of Allowable Moisture Release
for the P1 Pivot in Europe
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FIGURE 19 Contours of Allowable Moisture Release
for the P2 Pivot in EuroPe
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FIGURE 20 Contours of Allowable Moisture Release
for the P3 Pivot in Europe
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FIGURE 21 Contours of Pivot 1 for the United States and Canada
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FIGURE22 Contours of Pivot 2for the United States and Canada
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FIGURE 23 Contours of Pivot 3 for the United States and Canada

'Yic\
-4t -.urc¡-V

7)
v^

^

^

^
^

^

A

^

ll

^

0

A

^

A

0 458

^

^



FIGURE 24 Contours of Allowable Moisture Release
for the P1 Pivot in the United States and Canada
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FIGURE 25 Contours of Allowable Moisture Release
for the P2 Pivot in the United States and Canada
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FIGURE 26 Contours of Allowable Moisture Release
for the P3 Pivot in the United states and canada
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