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PAtrERtri æ II¡ETLIREtrIC¡I IIf I{ILTIEEI.ÍILY HIILDDTS

Àbstract

Tlre a¡nmt of aj-r infiltration in a building, fur given veat}rer
da!a, de¡nrrls on tJle leakage, and iCs distributi.on on tåe building
envelo¡=. In or¡r si¡nrrlations of, L7 desigrs of mr¡ltir¡rit, muLtistorey
.buildings þ Berlin, baseÇ on a. tlpical meteorological 1ear, r,re obtaj¡red
a wide range of i¡filtration values, tlrat varied according to the flær
plan, ttre nwiber arxt lçcation of rrall o¡=nings ar¡d cracks, and tåe flcr,¡
resistance relationstrip betræen tlre inside and ttre exteri.or of the
buifdiag. AII sÊnrctureg invesÈigated, although varying in age frcm 40
years old to neurly clnstn.rcted, arxi varying in height frcrri 2 tþ 27
stories,. had the fuIlo^ring ccmncn featr:res: all gror.rrd-flær flats
shoued tJre Ìrighest infiltration rates for t}re building, and i¡filt¡ation
rates .fur flats above tlte neutral ¡ressrrre leveLlhave a rni¡or height
de¡ærdence. the overall ventilation rate for each of tlre buildings
investigated is so . Ior¡¡, that infilÈration alone is rpt sufficient to cc¡n-
ply witlt ver¡tilation requiranents. æclpants cþntrol the ventilation in
therf aats by opqqi4g 1rirrlo¡s ,and dors,. and, in th,is uay,Ëþey maint¡irl
satisfactory air qu'l ity bt¡t' at far greater ventilali.on rates ttran
necessary 

;
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Introduction

With im¡roved i¡sulation of tlre building shell, heat loss due to

ventilation rihether cont-rolled or by i¡filtraLion -- has becc¡ne a

sigrnificarrt fraction of tlre building's or¡erall heat loss. lhe arvtual

heat loss by infilt¡atj.on, viLr-ich is tlre randcnr flor¡ of ot¡tside air

tlrrough r-rrintentional o¡=nings driven by wild pressure arrl thlrmaJ- brny-

ânclr l is, r-rrlike tlre equivalent fior corril-ction, rnt'de¡=rulent or¡ly on

the tenr¡=rature difference:beÈì¡een i¡rside árd or¡Ë,side tlrè 'buiJding, but

also on ritind :strEdis:' High trirdrs[peds often æcür

te!ÍF:ratures¡ than tlose r,rsed :in deslgrn cprditions
,..,.,":-:''

higher infiltraLion rates ÈÏrÌrn those êalcr¡lated fur

teniþratr¡res). D¡e to tJre' :snaüer

at highef or¡tdær

might drive

desigrn. carditions

(e.g. DIlf.4701').2 (D.=igr corrlitions i¡ DIN 4701 q".. c'traracLerized by

rdniJnLm tørtr¡leratures arrt the qrird speeds vtrich r:sr:ally occri' aÈ tltese

differences i¡r tlese

""*", the

desigrn value.

infilt-ration treat loss itself need rpt exeed the calculated

Whereas tlte anr¡r¡al energy consurqreion drre to cprdtrtion can be cal-

cr¡Iatæd easily, ttre corres¡nrding factor õr vtx¡tilation tÞses sqne

problanrs. Trerefure, si¡rnrlation Frogra¡rmes r.¡sed to calcrrlate annual

heat qcr¡s.rrF,tion in a building r:sr.rally r:se fixed ventilation rates fior

ttre råole year. Estimates of air enctrange rates dr-e to ventilation var]¡

frc¡n O.2 to I.O air clranges ¡=r Ìnr:r, deperrding sr ttre ¡rogranme's

ar¡tlrcr. In otlrer rrD¡¡ds, si¡nrlation trrqtranmes for residential build5ngs

rþt onty differ nrarlcedly in tlre algorittun each enplolns, but tley all

reflect lack of krnntedge about' a frctor that is sigrnificant in assess-

ing tJre anrcr.rrt of enerE¡ cqtsuned annually.
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,) ;; . lhe ,girmrlation t¡Drk dçscribed,þe{9, ,!Ff Çalfied orË " to satisf,¡ ttre

. need, fur-a,nndel,vtpse calculafi_or of.the gnnual heat consr-un¡rtion,F\ìId

. take"into acçowrt the-,heat loss due to-condr.rction.arul.tìe Ï¡eat loss due

to venÈilation r¡der design corrlition".3 Tti" paper focusses on tåe dis-

tribu¡tion of ÈÌre infiltration over tlre building height and tlre question
i;of l*retler ttre ihfiit¡ation tlrat occr¡rs ¡xovides sufficient ventilation

buildlng'sfor maintainind reasonable indær air qual-ity for tlre

residents

;:'. @rpt¡Çation -Base'

-....: :.;¿:, ..:. ¿.

In order to establish a con¡rrtational base, the ánr¡r:ai heat cþnsr.lrq>

Èion in m:lliLrrit residentiat buildings rÈs simrrlated fur seventeen dif-
¡.,ferent €Lær plans using ¡n. existingl.ÇÇ{rlrrte..r:trroçtraryme at,.Ètre--[Ërmann-

,Rietsclrel,;Instituc,.of tlre, IÞchnisehe lþi.versitaet Berlio.4it *F sirnula-

--Èions rærg,,,ÞqQgÇ:, 9Ir ren i+and-ctimate r:si¡g-a tlpical,meteprelogical

:Yeæ (IVY) õr Berlin. rritrich rras_dev.eloBed brll.Jah11.6 ,The ,jnvesfigaSon

¡nriod consisted of tlre days having a bala¡rce po+trt.tçrq¡prç,lr-rre,9f.IÇoC

as defined by \rDI 2067.

Tb con¡nre the resr¡Its witÌ¡ thcse 6or a croasta-I climate, a secorri
. ,l

Iæation in Germany rns" chcsen. Becär¡se ric Ìpr:r$reatller data r¡ære

available fur the coastal cli¡nate, tlre r¡eatlrer-data set.:,lqs fitted to

tte ruñÌtly neËìn t¡a,Iues fur tri¡rd speed and temperatures for lËrnbr:rg-

Eì¡Ìrls¡buetÈel. Therefcre, the mean teÍqprature uns rerï¡ceri about 0.4 K

arxl tåe amplitude of the daily tenr¡nrature'y.ariation rÆ,s redtrced tæ. A

corqnrison of average wi{d strHs sbow 1.3 (Janr.rary) +s Z.l (Ihy) tjmes

..,,.=2-



higtrer r,u'int' spee<ls'"'fior fAmUi:rEi Accordingly; 'rirui speeds'fiof lÞmburg

ripre nnrlLiplied þr these fáct¡rs. I T?rese artificÍally ' dctai¡ed r,reatlrer

data fur tÞmbrrrg represent'ran increase in'degree days:éf 3t':cn¡er ttre

value given by VDI 206l: ' '

ltris investigation covers mr¡ltist'orey buildinqs W to 27 floors.

Ttre buildings range in age fron ¡re lilcrld libr II tìroug.¡ buildings still

in design stage. the ceiling heights range trq¡2.5 m tæ - n,,|,m.. All

flær plans are stro\nrr irr Þference #4. Et¡r stai¡cases t/ìrith or¡tside

walls, inside tenr¡nratr:re r¡ãs simulated at a vah¡e floating bett¡een l0
oC at desigrn corditions (assr.uning ar¡ or¡tdær t€fi[Eratr:re of -I4oC) arrt

equilibrir¡n betr¡reen inside arrl or¡tside (assr.rning or:tdær teÍi¡Þrature

gbove 2OoC). The taqnratr:re i¡side tåe flats reas assumed to be a con-

2ooc. 
:

- c6mpÊred to'the " stàtic ¡rressure associated hrittt an undístr.rrbed

' -'rind-ve1æity pattern;' etre'þessr,¡re fr¿e1d a¡roünd a buitding is Eenerally

Ctnracterized þr regions of overpnressúre on tlre windtar* siderarrl w¡der-

- préssure' on "the facades ¡nrallel"'to t¡e ajx"sÈ,ream{and qr t}re leerrard

' 'sideìof :tlrrá búrÍldinci. I : :

-.t.ii

(1)

rtrere: ''

P*i,,a winl ¡resslre' [Pa]''

P density of air t:ug/*31

wird speed'[m/s]

pressure coeffiöient. fur' r¡all' ír'E¿l:''' :: r

i:1' V

c
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z heíght abor¡e gror-rrd'[m]

terr[Erature t9r].

' Þrclrding tlrennal stratj-fication, ttre v¿irtical ¡rófile of tÏ¡e ntean

rrrird speed i¡r the atrros¡:lheric bor-rrdary layer depenls primarily on the

surface rcughness arul irrcreases j.n velocity with increasing height above

gror.urd. Ttre wind speed rns calcr¡Iated þt tlre eqr:ation:

v(z) ¡v(z)=1r¡ro)Llm (2)

rüiere:

v wirrl speed in height "z lr¡/ s)

v- t¡rinf speed at reference height tnlslo
z 'treiltrt a¡cn¡e gror-urd [mJ

z reference height [m], usr¡a1ly lOm abor¡e ground
o

L/m e:<¡nnent [-]; ræ-tue de¡=rr:ls.on terraj¡r roughness;

for tlre fiolloring si¡nulations t/3 rras used.

I 'r''

The wind-Fressure coeffic.ienÈs^an{ .ttrq1J., .distribrreion IáPre calcu-

lated accordi¡g to lGischer arxl BeckiT that is, the actual recorded wi:rd

''.direction' 'frcrtr tlre ræather'-aata 
"Ëät .¡ás'æirveftëd iiÁtij'one oi trrä eight

' di¡ections on tlre curqass.
:l

pr:esslq:e gfradientq betr¡een tlre inside and or-¡Èside of tåq buifdi¡q
.- .'.áìr: i-. ., j l, .. .-,' -..- -'.t 

t'.; ' ','t:.i: : ---- l" ,, ;'"

also arise frc¡n ctranges in air' .density resulting +q. terqÞrature
.,,f .^:r.';.r' .,:.a. , :... : -".t.-,:. - ": ':i: ''' i . .

differences beü^Een or¡Èside ai-r arrl inside agr called stack effect.
i:ì

rrúneê by
ï':.. Ì; ì:ij'

fhe stack effect pressure gradient, de¡nrrls on'ly on tern¡nrature differ
,:-lt r i

. ence, r¡ihereas tÌ¡e height, of tlre ner¡¡ ral Fressure ler¡el (ÑPf,) is 4eter-
iilr :.¡ j'l: -:. : ,:i -i :

ttre air,Ieakage distribueion. ."!re neqç5-al .¡ressr:re letrel is
.,:- ) . :.'..-,' 'll.. 7;'., 'tt !. '. 1 l

*':4_



defined as that height, on the building facade rrhere, r¡nder calm cþûii-
tions, rþ trressure differences exist betrræen inside and or-rtside.

fhe ¡ærmeability of ttre building envelo¡n ar-ul tlre inside flcn¡ resis-

ta¡rces \iere clpsen frcnr t]re flc¡r¡ coeffi.cients tisted in DIN 47OL. Ttre

i¡rfilt¡ation is descrilced by ttre trÐr^êr law ex¡ression l

Q=aldpn (3)

rrttere:

infiltratj-on tm3/frl

crack-flow cpeffi.cient tr3/T, h hnl
crack fengt¡ [mJ

pressure difference betueen i¡side and or¡cside [pa]

or:

(4)

o

a

I

dp

rrfiere:

.

D air permeabitity ttn3À hnl'

" .-T,hq crac\.lengtlt traq mea,sured frcrn blueprints_.and-considered. to ,bê

constant fur atl sí¡nt¡lation n¡¡s õr a given flær plgq, Ebr simulation

nns using tÏ¡e ræatller data õr Berlin, tåe crack-flow coefficients
' ,,., .,, i' .

hof-€tt irr üe building ci¡ae riére varied (see te¡fö t)'. d¡ assr:re rhe

higtcsc poåsible florrrirate, rre assr¡ned al} dærs insiaå Èhe' a¡xrtments
t'to be otrEn. nr aprtments, bathrócrn extrar¡st f,ar¡s are aUncst all con-

' trolled þr a tjrnen or by tlre ligtr "å"iætr; lÞræver, our calcrrlaiions
.-'1ì : .'qtdtted all allornnces fur rnectra¡rical ventilation, evelt'for bathrcims
o'uit.t"'rp:irat,rral ven¿itatiãn ras inlicated sr tfre frör Þian ar:A i¡"'*"
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r; '\"1/ \': " t t l::' of mêilianüal veriLilation r,'as highly ¡Írotieibl.e.

Eb-r ¡¡.rr-¡nse of interqnqtation, we flgf1nçQ tfç outside ¡=rmeability

ratiq !æo) as a c-!-raracteristic .f,actor for: thç cross-flor,'¡ of air through

.: s;t.rtrluue t Thq! is,n ._ . ,

Dsfìa-tI
OPr =

. 
Dtot t

1?re:nunerator' of tJris quotient représents *rè sr¡n ót flre ¡ærmeabili-

ties' of tlre facades qtrich gives the snaller valrre; ttre totâI ¡ærmeabil-

ity oÈ"tÏre oucside envelo¡n of this chamber'is used ficr tlre denc¡nüiator.
r<. _

By using tlre þrmeabilities of ttre internal ¡art of Èhe charirbei erivelo¡n

for tlre nunerator,'equration 5 can atso be used tö-calcr¡late -tlre i¡rside
''.'

Þ"*,ê"biiiaytr"aio (ipor) ; :r: rr 'r' j'ri i

,gtairc3sel 0.,9¡.lt.,,faç*?$g. pern-reabirid9?,. is.resportqiþI",Fr tb€ T19.*

-stack de¡prrtency of Ëhe infiftfqtio. 9t,,. ,9iwet ,Fla!',". $.en_,.-Out"ia"

,pgrmeabirity ¡atio.s .tut ,qe feç3d:s are: sign¡firc,+tÈIy differer.tÈ Fqn

one-talf, the infiltration.car.r be desc-5,ib$_,aÇ,Ftr,*g,1gl .gtack dotÉneted.

:-,- t) -_ r _c¿

ResulÈs

---. I'tren r:sing tìe flctr coefficier¡ts prescriJced by building code DIN

47OL a¡rt tåe TMY for inlarrl climaÈe, Èhe average infiltraLion rate for

tlre entire heating season is betreen 0.04 arrl O.22 aj:r ctnnges ¡nr t¡cur

-6-



(see Thble 2r. these calculrated air-clrarge rates cqçres¡nrd r¡Ê$ râritå

short-term measureíier¡ts recorrled at tlre Snriss Fbderal Iaboratories for

lhterial IÞsting and þsearch (E¡{PA).9 certis,g ¡¡glO ¿¡6 thè lrnenican

Society of lÞating, Þfrigenating arrt Àir Cbrrlitionrng Erg5neers

(¡srnan)rll Ì*er, recqnnend that air ctrange rates ù¡ tÌre range of 0.5

to 1.0 are necessa-qr for presenring air quall¿y

lre infiltration rates ræ have described for buildings as a r,rÈrole

stpr¡ a significant de¡=ndence on tlre building height.4 lt is ]sroun that

_ tlrerrnal brc1arrcy is res¡nnsiblg ûor tlre high air-cha4ge rates - at tlte

gr.owrdlevel of a brilding anq that winl ¡ressure dcmil4tes the air

clranges-on the qæer store]ts.I2 Th" relation of wirrl- and tenr¡nratr:re-

enforced gir ftqrr is deperdent on tÌre interna-l resistanc" - P" verLi-

cal ai¡ flor,,r and on tlre ¡¡eather corrliLions. ltrere are træ extrernes due

to the buildj.ng design: tlre shaft-type building r,t¡ittr rp ventical flov¡

resist¡nce, anå tlre storey-t1çn building rrittr rp vertical ¡nrmeability
t at atl.I3'neàt buildings are in-betræen tlrese tr,o limits. nre aist-ri¡u-

' Lior, ôf resistances can be sigrnific"antly ctrarrged by:tÏre i¡¡tra¡itar¡ts.

Even'r"ifrcr, openi¡gs of only a 'few'centj¡neters shöw:a tremendous¡ irn¡nct

on the ,r"ntifatión rate of tåe area'u*reie ttre rrirvicn¡ is o¡nn and cTuiige
'i :I4tlre o¡nning sitr¡a¿iort' fur- the kÈþfè' hüIding.

Ib learn about tlre distribr.rÈ.ion of infiltration i¡ buildings, the

average air clrarqe rates due to infiltration ficr tlre heating ¡nriod 'aere

ptotted ficr flats at different heights in the building fcr scrne-:setected

buildings.

-7-



rri. Figrurè ..,L shorrË,,ltlre flær PIan of an eight-storey .building

(hrr^nrsbr:ettler Þrrrü. 37) with tfiree flats on eacl'! flær. the house ras

built in 1965. Vltrereas flat #1 arrt flat #3 are designed to have wi¡dcn¡e

and dærs on t]p r¡esÈ facade and the east facade, flat #2 has desigrned

o¡nnings in one or:tside mll onlY. îre outside ¡=rmeability raLio (opr)

for each 
,flat . 

is one-ttri¡d fcr flat #1, zæro br flat #2, artd afuncst

one-Ìalf for nal {*g. Given t}rese differences irr ¡nrmeability ratios

for tlre three flats, i¡rfittration behavior:r can be expected to differ

sígnificantly as t¡ell.

Figrrre 2 (r¡cte tlre logarithrdc y-a:ris) sho\ds tlre progressive

decrease in air-ctrange rates dr¡e to infilt¡ation fr,an grrcrndlevel to tJre

seventlr.storey in flat #1. Èramet€r of tlre curyes are tle cqibinations

of the crack f1c¡r* coefficienÈs lis¿ed i¡ thble 1. tlree sets of culates

emerge, each one re¡resenting a different crack-flow coefficient for

brrilding €ri[Dnents in t]re outside r¡alls. In addition, each set itself

contains three cutnres, each re¡rresenting ðifferent permeability levels

, of the respectfiie .apartmefit:dærs. The Gt¡Ape;Of all_et¡{vês ir¿dicates

'.that tle:design of tÌË flat tends sliEhtllr tomfd Stêek<"riented ..de¡ren-

:' dsncy.': - -:' r'

-1- , ': :'l - ),, ,j

l&le i¡fiJ.traLion rates fur flat #2 (see
. -l -

Figir-re 3) are totally
- . .lr ;

stack&ninated. IÈs desigrn perrnits litèle c¡oss-ventilátion, even uhen
þÈ- i, - ¿.\ '-.."t"iry 

àoA" are strong. Etecause"oC to'firature differences betueen

ttre or¡tside air ard the ai¡ in tlre sÈairshaft, the air ¡rressr¡re at tlte
..,:.:..- ,. I

top of tlre staircase is high ard does rpt allo¡ or¡tside air to flcmr

tluor:gh the flats above tlre net¡Èral ¡ressr.tre level.l2 Wot fior a ccmbi-

nation of !æse buildi¡g cqrr¡Þnents (see #09), tlre average infiltration

i*B-



'oyer tlre heating ¡nriod is'Iess than 0.0I aj.r clranges per lrcur¡- arrl verlz

tigtr. consÈnætion, as i¡r cases #Ol through 03, üe infiltration value

is ten ti¡nes gnaller.

Figrr:re 4 shorlæ the avenage i¡rfiltration rate for tlre same ¡=riod of

ti¡ne for flat #3. D-re to tìe eqr:al distriJcr¡tion of permeabilities on

Èro f,acades, rþt nnnh sÈack de¡=rdency is present. Fl¡rtlre because

of tlre higher r¡alues fior tlre permeability of tlre buildJng erlelo¡n, tlre

infiltraLion raLe is alnpst irdeperdent

located qr.

of the sÈorey the flat is

Flcr flats læated abor¡e tlre ner.¡Èral ¡rressr:re le¡¡el (ÀfF[,), vfien or¡C-

side permeability ratios are mr¡h different fuqn cne, ttre infilt-ration

rate decreases as crack-flcn¡ coefficients i¡rcrease. The o¡Insite is

true fior flats situated belor NPf,. Flcr flat #2 ttre a¡nrtment dær is

ttre only exit fur rvi¡rd{riven ventilation. therefore, t}te ¡=rmeability

of this dær is a major factor in tlre increase i¡ irifilt-ration rate. "

: Tlie findings i¡r.B¡elor*strasse 96 v¡åre si¡nilar. rll¡is bldldirig, a':rort

hor¡se cc¡rrpleËed in tr982, "is seven storelts Ïr-igh; Ttre ground flær' ard tåe

top flær of tlre building each contain tro flatsr all other flærs have

ttrree flats each. Às ttre flær plan strorrs (see Figr.¡re 5), this Ïror:se
t, :

has a ver]¡ Ìrigh trÞrcentage of r*irrlq¡s ar¡1, therefure, a high nLmtler of

cracks. In lÉ of tlre 
fLats 

ttre rrrindcn¡s are on ttrc o¡Insite 
-facades;

èÌre flat in tlre mi.ddle (flat #2) has op"rritg" on t}re rrest facade onty.

Ítre ¡=rmebiJ.ity ratio õr tlre or:Èside r¡alls is one-third fur flat #1,
- i , t..

zer¡o õr flat #2 aru1 onequarter fur flat #3.

...;-9-



:.ì': Fi$ire1"e sliornts tlre average i¡filt-ration,rate for tlre heating season

:fôr all, three flats r.mder :standard,corditions (si¡nulati.on #06). The

"cr¡nrg fur flat #2 is mrrh 'stee¡nr tlan those fcr tlre otler tt¡o flats

beéar¡se ,of ,its lcræri or¡tside ¡nrmeability ratio. Blt even flâts #1 and

#3 are very mrrch scack-influenced, wtrich can be explained bV the fact

that tlreir or¡tside ¡=rmeability ratios are so far frcrn uaity. @n¡nred

'iriÈh si¡nilar cases depicted in Figr.res 2 through 4, tlre average j¡fil-

tration rates here are aII of tlre same rnagrnittde. The vfiole tpuse rates

( see 1ãble 2) are slightly lorær than tlre cr:nr¡nrable rates for

gir:rigcr-ettler Þrm 37.

r.i:

A ttrird example, B¡elor,rptrasse 6I, re¡rresented in Figr:re 7, stpt¡¡s

ttre infilt-ration distribr.rtion fur an older building t¿ith ceilings up to

4 m. Each sÈorey has trro big flats (15O m2 and IOO trP) uni.n represent a

r¡olume of 600 m3 anl 4OO m3, res¡æctive1y. lris large volune should be

kept in nri¡'rd vÈren cun¡nring tlrese infilÈration rates râ,'itTt tlpse frcnr tlre
'l;' : - : ..-.-:

otlrer læuses, wtrich have ceiJing heights less than 3 m.

T?re ¡ærmêability raLio õr 'tlre trro f,Lats i-s 0.:47":,and : O;37., r resPec-

,;,tively. . Ài ex¡ncteii; tlre cunre for i¡¡fifÈcati.sn':is'Iêss: steep for flat
' '#1. Ài-cording .to' tåe-dif,ferenÈ prmeabifity ratio, r tlre infiftra?ion

' iate õr {fiLaù'#2 .is 'lrpre sÈaek&rri¡ated.. . ': r .' ' ,

:'¡

Flcr tlre si¡m¡lated coastal cli¡naÈe file, ttre infiltraLion rate of a

house is less tengnrature-de¡ændent tåar¡ fur crrn¡nrable lruses in irrland
i;.. :

climates. Gre wind effect is nore sigrnificant in tlrese regions. Figure

9 st'CIds tåe average infilt¡ation rate of ttre building slrown in Figure 5,
..''

Iæated in tlre coasÈal region. !{tren tåe crack flo¡ coefficients
':1,. ., i. . '. :lj,'.:I i ì ;. . '

corres¡nrd to tlre Gernran building sÈandard (case #06), ttre si¡nr¡lation

-10-



-BtrCI'rs a sigrnificar¡t increase in,tfie i¡filtration frr tt'e vitaole ' lþuse.

1!re infiltration rate ftr f,Lat #I, r¡irich has the highest oFr-r¡ah¡e of

tlre tÌ¡ree flats, increases t-renrer¡dor¡sly under tlrese qcnditions, reaching

above NPL'values of infiltration - evelr Ìrigher tJlan tlre values recorded

at tl're grrowd-level.

Discussion

ÀJ.l cr^¡nres depiceing average infilt¡ation rates , over tlre T,eating

peri.od show a strong de¡nndency on tlre orrtside ¡nrmeóility ratio.

Flats wittr openings on only one f,acade are st-rorgty stack{crrúnatedr

whereas flats \irith windcr¡s on at least trro f,acades' are n¡cre balanced

with res¡æct to r*irxt- arrl stack action. fhermal br.nyancy is alvays a

rnajor factor in flats rrÈrose or:lside permeability ratio is mrh snaller

ttran oneha-If. Tlre relationsÏr-ip betrræen tlre ¡=rmeability ratios of ttre

different flats on a single flær determine tlre slo¡= of each curve. An

inspectiön of Figrrrre. g and Eigure 6 shcw these facÈs verlz clearly. I¡t

tàe .:buildSngs EFulsbrættler DaÍm 37: and: B¡elor¡stfesse 96 (Figt¡les I arrl

g),;r-Ltrere.are tro flats witþhigh'oprs and qre flat with An oFrr of æro.

1?re zeræf flats absorb aLncsc tTre.rrt¡ole stack effect, so t}tat there

is a gnaller variation in infiltration rate with heigtr. ficr tlte otler.-
È\rD flats. tre infiltration fur flats #1 ard #3 is dr¡e to a crcss-flou¡

'j, 
|'

of air tìrough tlre a¡nrtrnents. Elecar¡se of tJlte danping effect of tlre
'-

apartm€nt dærs in these r¡rits, tlre ¡ressr.re distribr:tion inside ttre
. 

', 
.: l

staircase Ïrardly distr-rbs tlre cross-flcry of aj-r through thstt. By con-

trasù, in Brelcn¡st-rasse
:....,.

6I (see Figrr-re 7), both flats have high olrs,

-11-



-Jend in-'going-, frc¡n t.tre gror-rrd.flær to tlre ficr:rth flær ttre air change

. rate is r4rced þr one half .

.'!;. r" i:
Of cor.¡rse, the or¡tside ¡ærmeability ratios do r¡ct tell r¡s tlre anrcrnt

-of infiJtration, uÈr-ich de¡ærds solely on tlre ratio arrl absolrrte magni-

, ,grJde of,, the ¡nrmeabilities.

That i¡filtra¿iori in flats having an or¡tside ¡ærmeability ratio

close to ?erc is heightde¡ærrtent is iIh.¡strated by the dramatic

decrease in t}re curves ficr these wlità -- or1 the or,åer of t¡ree rnagrni-

tudes (see Figure 3). Tb sttot ttre ctranges i¡r infilt¡ation abor¡e NPL, v¡e

had to use a logaritJunic scale fur tlre pIots.

Corrclusiqrs

Àn jmportant factor governi¡g infiltrption rateg in mrlti-uniÈ

,. buildings witJ. inside staircases is tlre height of .tl,e building., I¡a. sl¡cn

a buifding, .flqts witJl different otrEs have gr:ite . rsnarl<ably rllffgrenr

infilt¡a¿ion behaviour .

ltre infittratj.on rates õr all buildings invesÈigatæd in this study

are 1ær than ventilation recqrmendatipns require. I¡ flats situated
.: .l

above tbe neuÈral ¡resswe level, average i¡fittraèión rates tære often

as rn-rh as tlree orT:lers of rnagnitrde r¡:der tJre guideli¡res set by build-

ing Ërf¡sicists. Ib ¡renrent danrage due to noistr:re arld to supply ad+

quate ouÈside air ficr æct+anÈ cqnfort ard safety in apartments witå lov¡

permeability ratios, mechanical ventilation qætenrs rm:st be used. In

addition, ttrese flats stpuld be equiFped $rith ver)¡ tight dærs to

- :12-



tr¡'otÆt, theíï- frcnr the draftr of r4ryoing air frcrn tfie "'õtai?stra+. libL

only does tTris draft cause con¡llaints frqn tenants, it encor¡rages t]renr

to o¡nn tlreir rrirrlc¡,,¡ts excessively; a cþstly and r¡rsatisfactory solution.

Itrese tåree case studies clearly ilh:strate tlre relationship betlreen

infiltration a¡1t building desigrn arri cli¡naÈe in nn¡Itistorey buildings.

It is i¡trportånt tlrat simrrtation trroçtra¡rmes be im¡roved *d simplified

so t¡at in tÏ€ fi¡¿r¡re a¡pro¡riate infiltration ard venLilaÈj.on trEram+

ters can be incor¡nrated dr-ring tlre design stage of a bui-lding.
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Table 1: Gack-Flov¡ 6efficients r¡sed in Glculating I¡filtraÈiôrf -"'

eåck-Flor¡y' Gefficient [m3/m h Þn]
trâl cony Þors &)arünent bors

Iû¡nber of
Si¡nrrlation lfindov'¡s

2
5
5
7
I
6
5

l5
27

3
3
4
4
4
5
4
'6
I

Iobby Þors

2.00I
2
3
I
2
3
I
2
3
3

t

0.50
0.50
0.50
1.00
1.00
1.00
2.æ
2.OO
2.00
1.00

0. 15
0. 15
0. 15
0.30
0.30
0.30
0.60
0.60
0.60
0.30

00
00
00
00
00
00
00
00
00

01
02
03
Ø
05
06
07
08
09
16

0.09
0.06
o.12
0.10
0. 16
0.10
0.04
0.11
o.22
0.13
0.07
0.u
0. r0
0.08

.0.04
0.08

_0.12
0.12

ST 37
860
B6I
B%
897
E15
GL2
HH15
ÍlÉi 27
L16
N1
R11
RL2
R13
s18
824
B :36
837

2
2
2
2
2

,2
2
2
2

00
00
00
00
00
00
00
00
00
00ttt

Table 2: Average Inf,itrt¡ation Rates fior tåe tËating Season (listed
ttre resrrlts fur simutaÈion #06) :. ,

Ibuse # Nr¡nber of storel/s Average. Irtfiltration Rate [m3/m3 fr]
t*t

are

t

*t
Desigrn corditions according to DIN 4701

îtis úersion rrsal a ccastal climate
rtt - 

Fbr tpr¡se descripcions, see Þferer¡ce 4)
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Figure 1: Floor Plan for Brunsbuettler Damm 37
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Figure 2z AIR CHANGE RATES
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Figure s: AIR CHANGE RATES':ÐUEÌ T0
ri BRUNSBUETTLER DAMM 37.
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Figure 4: AIR CHANGE RATES ..DUE : TO
., BRUNSBUETTLER DAMM 37,
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Figure 5: Floor Plan for Buelowstrasse 96
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Figure6: AIR CHANGE
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_ Fig.ur.e, -7.:. - Floor Plan for- Br¡-e.l-o¡vstr-a-gse 61
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Figure 8: A IR CHANGE FATES DUE T0
BUELOI.ISTRASSE 61, FLATS
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Figure e: AIR CHANGE

BUELO!'ISTRASSE 96,

RATES DUE TO INFILTRATTON
FLATS #1.. #2 AND #3. COASTAL REGION
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