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ABSTRACT

The balanced fan depressurlzatlon lechnfque has been apptled to meâsrrre the alr leakage
characterÍsÈ1cs of row houses and lndlvidual house storles. Controllerl fle1d tesEs on two
detached, Èvro-sEory houses with full bâsements were carrfed out to verify the consistency of
!lre meLhod. The teehnlqrre was then rrsed to mensrrre Lhe a{r leakage rates oF threo row lrr¡r¡se
unlts nnd the sEt¡rles of two otlrer lrorrses. Tlre rcsulEs írre prcsentcd a¡r<l dlscusserl .

INTRODUCTION

The fan depressurlzaÈlon or "blower door" method r¡as developed to measure the alr leakage
characteristlcs of a whole huildtng (see CGSB 1986 and ASTM 1986). Fan depressurLzatlon
cannoE be applfed direcÈ.ly to seml-detached houses, row horrses, or aparEments because Chcse
rrnfts are not lndependenl of Eheir adjacenE unlts for alr leakage t?om ouÈslde. For exarnple,
lf a single unlt fs depressurlzed, outsLde alr s¡111 be drawn lnEo chat unlt as well as
adjacenÈ unLÈs. Therefore, outslde air enters the depressurized unlt dl-rectly through lts
exÈerlor envelope and lndirecÈly through the lnterlor partlÈlons Lhac the unlt, shares wlEh
adjoining unlÈs. Furthermore, if lndfvidual bullding component.s are tesEed wlCh the
depressurlzaÈLon technfque, ouÈside afr will be drawn ln through Èhe component tEself ând
lndirectly lhrough the wall cavftles connecced Èo tÈ. These applfcaEfons of the simple fan
depressurlzaÈfon method can glve nlsleadlng results.

The balanced fan depressurfzaÈlon technique was developed lo avoid problems wÍth indfrect
alr leakage (Shaw 1980). It employs batancing fans, ln additlon to the prlrnary
depressurfzacLon fan, thaE are used to elfminaÈe the pressure <llfferences bet$teen the tesLe<I
component and adjacenE components. As pressure dlfferences are ellminated, so Eoo is air
leakage from arl.Jacenc components. Appllcatlons of the balanced fan depressrrrl.zatlon techntqrre
to measure the alr leakage characterl-stlcs of apartment rrnlts and r¡É tndtviclual cornporrenLs oE

Èhefr exterfor envelopes, e.9., wLndows, doors, and floor-wall Jotnts, have been descrlbed
elsewhere by Shaw (1980). The balanced Eechnlque was valldaEed by cornparLng ir.s results wlth
those obtalned usfng Èhe Indirect Method (Shaw t980). À slmtlar techntqrre has heen rrsed Lo
measrrre Ehe alr leakage characEerlsElcs of fndtvldual row houses (Lagus nnd King l984). The
balanced fan depressurizaÈion technique has not been applled to measrrre the air lealcage rates
for lndivfdual sÈorles of a house. This paper descrlbes the applfcatton of tlre techniqrre to
measure Ehe afrtlghEness of che exÈerlor walls of lndivldual house sEorles and of single- and
nn¡ltflevel row houses.
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THE BALANCED FAN DEPRES SURI ZATION TECHNIQUE

The balanced fan depressurizatlon technlque uses aE least Ewo fans, a main fan to clepresstrrlze

the Èesc component and another fan to baLånce the pressures between the Eest component and its
ad.Jacent surroundLngs. Althotrgh Ehfs paPer descrfbes the methorlrs appllcarlon Lo house

storles and row houãe unlts, ln thls sectlon, Èhe term "component" can mean any part of a

bufl<tlng envelope, rangfng from the entire exÈerlor of an apartmenEt row house, or house

sÈory, io tndtvidual doors, wfndows, and joln¡s such as a wall-cetllng joint' Speclfic
examples for house storles and row houses r¡lll be used for lllustrative Purposes' A schematic

dlagram of Ehe slmplest setup for a balanced fan depressurl-zatlon test ts shown 1n Flgure l'

,il út""prlnary depressurizatÍon appâraEus consists of a fan, a means for conErolling the

flow rate through the fan, and a means for measurlng that flow race (CGSB t986; ASTÎ'1 1986)'

It tB set up to depressurize the bulldlng component Èo be tested' The space between the

component belng tested ancl Ehe fants lntake ls called Ehe maln or prLrnary test chamber' The

outlet of the appâratus ls usually ducted to the orrtslde Ehrough a plywood panel' which ls
rrsed Co replace a door or a wlndow, and tlghtly sealed ln order thaC the test rnethod not

introduce extra leakage area. For the case oE testlng ân enÈfre lrouse story or dwelllng rrnlt'
Ehe entlre ln{oor space of the sÈory or Èhe dwelllng unlt comprlses the nâln tesÈ chamber'

The tested componenE n¡.rst be lsolaÈed as much as posstble from lts nelghborlng buitdlng
components trslng exlst.lng and temporary partiEtons (1f necessary) to establtsh rhe borlndnrtes

of the prlmary test chamber. Temporary partlÈlons should be as rigld as possible to permt't

reasonably qulck pressure adjustments. In the case of measuring the afr leakage for
indlvtdual storles 1n a house, Ehe basemenc door 1s closed and sealed r,'lth tâpe to form a

partlElon bet.qreen Èhe basernent and first st.ory. An open stalrrrell between a flrst ancl secotrd

story normally requlres a temporary parEiEfon of plywood panels sealed wlth tape to isolate
che second story from È.he flrsE sLory. AdjacenE ror¡ houses are naturâlly separated by their
party wall.

The balanclng fans, whlch also requl-re flowtaEe controls but not flor"t rate meastrrement

capabilfEles, are set up to depressurlze bullding components âdjacenc to Èhe tested component'

thus establlshing secondary tesE chambers. Thts wttl ai-1ow Èhe presst¡re differences between

the naln and Ehe secondary Èesc chambers Èo be reduced to zero. Sfnce alrflow requlres a

drfvlng pressrrre dlfference, lhese balanctng fans are used to Prevent any alr leakage (other

Èhan that Èhrough rhe test.ed component dlrectly from outside) lnto the Eest chamber'

If the balancing fans are equlpped wiÈh Ehe capabtllty to measure flow rates' t'e', iF

clepressurfzatlon apparaEuses are used as balanclng fans ancl are lnstalled in a manner sirnllar
Eo the prfmary depressurlzaElon apparatus, the alr leakage characteristlcs of more lhan orle

component can be measured simulÈaneously. Very large leaks 1n Èhe exterlor envelopes of Ehe

a¿Jacent building components may make lt dtfflcuLt for the balanctng tans to do their -iob' iF
Èhe fan capaclty ls marglnal for Ehe Eask. Therefore, reasonable efforts should be made to
seal leakage openingr; Ëtr" more tfghtly sealed the adjacent buildtng components' Ehe less flow

capaclty ls requlred of the balanclng fans.

ManomeÈers are connecEed to measure pressure rllfferences across the tesEed componenE(s)

and becween the main test chamber ând each secondary chamber. To check accrlrâcy artcl to

conflrm the pressrrre balance, mânometers may also be used to menstlre tlte pressttr:e rlf tforetrccs
beÈereen Ehe secondary chambers and Èhe orEslde. (At the balancecl condltton, the ¡rressure
differences beErùeen Ehe secondary chambers and the outstde should equal the Pressure
dlfference(s) between Ehe prlmary chamber(s) and che ouËside')

Finally, all doors and wlndows should be closed tightly'
openlngs not to be lncluded ln the envelope leakage measurement
Examples of such lntentional openings are cloÈhes dryer exhaust
fan exhaust vents, and flues (CGSB 1986).

All intentional leakage
should be well seale<l.
vents, bathroom and kitchen

I,¡ith the seÈup as described previously, the air leakage measurements can proceed as

described below.

l. The prlmary depressurlzatlon fan is powere<i on and the flow rate Ehrotrgh tc ts ad-justed

uncll Ehe deslred pressure difference across the tesced component is obcained. The rneximum

pressure ¿ltference to he used 1n the test ts rrsttally the ttrst pressrrre difference set;
thls conflrms t.he abiIlrles of the tans to generate all the l)ress(rre dro¡rs or balanced

con<l I t lons.
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2. The flow rale throtrgh each batancfng fan ts adjrrsted trnEll the pressrrre dlfference hetwt:en
the maln and the seconrlary Eest chamhers ls redrrced co zero.

The flow rates chrough rhe depressrrrLzatlon fens, the pressure dlfferences âcross the
tested component(s), and the pressrrre cllfFerences between the tested component nnd tts
l-nterl-or surrorrndf ngs are measrlred and recorrled.

Steps I through 3 are repeated for other pressure dlfferences across the tested
component(s) to obtaln flve or sfx flow rate/pressure drop data pairs for the tested
component(s). Generally, the pressure dlfferences are reduced from the maximum aC the
start Èo the minlmum aÈ the end of the t.est.

5. The resultlng data can then be curve fltted elEher graphl-cally, or analytically, and
reported as

Q = C'(ÂP)n (l)

where

Q = the volumetrfc flow rate, 1n L/s
AP = the pressrrre dlfference drtv{ng the tlow rate, Pa
n = the flow exponent, an emplrlcal valtre ln the range 0.5 to t.0
C = the flow coefflcient, an empirÍcal dl-menslonal value thac lncludes the area of the

leakage openlng(s), L/s.Pan.

The mlnlmum measurable pressure drop depen<ls upon lnstrunent capabllttles and winrl
condlllons. The flrst lfmltation is a consequence of the callbratlon accrrracy anrl resolrrtlon
of the manometer. Any wlnd can dlsturb the ctffferentlal pressrlre rneasrrrements between lns{de
and orrtslde ln hoth a steady and a ttrne-varylng manner. l^/hen a whole dwel 1l ng rrnl L I s helng
test.ed, manifolding the ouÈslde pressure Èaps can mlnirnfze the steady eftects of lor¿ to
moderate wind speeds ( <15 km/h or l0 mph). However, llttle can be done to salvage leakage
data measured durlng a perlod of excesslve wlnd veloclÈ1es or gustlness; tests should not he
perforned trnder such condltlons.

IÈ rnay not be posslble to dlrecÈly apply the halanced fan depressrrrlzatlon techntqrre to
measlrre the leakage characteristtcs of a speclf I c hrrtlrll ng component oF tntt:rest, strelr as .rrr
lndivtdtral story of a hotrse. This may be drre to a lack oF eqrr{pment, I n wlrf ch case the
leakage characterlstlcs of tnterest must he calcrrlated from several measrrremencs of cornhJ,ned
leakage characterist,lcs. For example, the leakage rates for each of three storles 1n a horrse
(the basement and the ffrst and second floors) can be rneasrrred uslng only one depressurizatlon
apparatus and one balanclng fan. Ttre depressurfzatlon apparatus ls tnstalled 1n the middle
story and flrst used Èo measure the leakage raÈe for the entlre house, Q1. Atter lnsialli.ng
the balanclng fan ln Lhe lowest story and lsolatlng lt from tlìe Èr.ro uppeÈ storles, a set of
of meastrrements ls made to obtaln the leakage throtrgh the tr.ro llpper stor{-es comhinerl , Qt+2.
Flnally, the balanclng fan ts moved to the Eop story whlch is Ehen lsotated from tlìe thro
lower storl-es, after s¡hich a sec of measurements ls made Eo ohtaln the leakage throrrgh the
Ewo lower storles comblned, Qh+'. These three seEs of measurements can then he rrserl to
calcr.rlate the leakage rates for the lndivldrral sLories rrslng the tollowlng equatlons
(fllustrated ln Flgure 2):

Q¡=Qr-Qr+2 (2)

Qz=Qr-Qu*r (3)

Qr = Qr - (Qo + qr¡ (4)

In aclditlon to measuring leaka¡1e characterlstlcs of cornponents of the horrse envelope,
thls technlque can also he ttsed to measure the air leakage charactertsÈics oF the partlttons
betr,teen the varlous htrtldlng components tesEed. Thls ts done by selecttvely rrnhatanclng
certain pressures, one at â tlme, I,r-lth respect to the "tested" conponent. The dffterence
hetween the alr leakage measrrred wlth pressttres halanced across all tnterlor part{tlons an{
lhat wlth the pressrtre balancecl across all hut the partttion of tnterest yieJds Ehe air
leakage characÈerisElcs of Èlìa! parEitlon. Thls procedtrre ls partfculârly approprlate for 3



measurLng the leakage Èhro(rgh the party wall separaElng two row hottses. In Ehe cnse of A row
horrse, Ehe alr leakage rat.e of the rrnit, (lU, ls f lrst rneasttred when Prcssures lnside the rtnlt
are balanced wlth those in adjacenE unlts¡ The measrrrements are rePeated wlth the pressttres
balanced tn all but Ehe arl.jacent unit thaÊ shares the party wal1 of tnterest to oblain QU+pW.
The leakage raEe through Ehe party wall, Qa* can then be determlned from:

Qpw = Qu*pw - Qu (s)

CONTROLLED FIELD TESTS

Controlled fleld tesEs were carrled out on two tlghtly hutlt, electrLcally heated houses (H2
and H3) of the HUDAC/NRC Mk XI pro.ject (Qufrouette l97B; Scheuneman 1982) to verlfy the
consfstency of Ehe balanced fan depressuri-zaElon technfque. These houses are described ln
Tahle l. Forrr tests, as shown Ln F{grrre 3, were performed on enclt ltotlse. For ttrcse EcsEs'
depressurl.zatlon âppâratrtses were trsed 1n p lace o€ ba lanclng f ans Eo pe rrnl.t com¡larisons
betr.reen the dtrectly measrrred ancl caLcrrlated alrflows. Thtts, the order tn whlch these tcsts
were carrLed out does not correspond to Lhe procedrrral order for normal fteld tests.

In the firsc ÈesL for each of these t\ro-tory houses (Flgure 3a), one fan apparatuè was

lnstalled 1n the basement of the house and another ln the ffrst story. The exlls of t.he fan
unlÈs were ducEed to the outslde Ehrough carefully sealed panels repLaclng a basement window
ând a door, respectlvely. The basement <loor was closed and carefully seaLed to i-solate the
basemenÈ fron the Ewo upper st.orles of the house. All the reglsters and grills in the
forced-alr heaElng system were sealed wlth tape. The stairwell beEween the Eirst and second
stories was unobstructed, and all ouÈside doors and wlndows were ttghtly closecl. A balanced
fan depressurizatlon Eest wâs carrfed out using the t$¡o fans to balance the pressures hetween
Èhe basement and the upper sEorles. The flor¡ rates through both fans were measured, as well
as Èhe Ehree pressure dlfferences: thaE hetween Ehe upper story and the outside, beÈween the
basement an<l the outside, and beÈween the basement and Èhe upper storles.

For Èhe second Eest ln each horrse (Ftgure 3b), a thlrd fan apparat(ls was lnstaIled in
Ehe second sÈory and ducted to the outslde through a well-sealed panel replaclng a window.
The second story was lsolated from the ftrst rrslng plywood panels and tape to seal the
stalrwell. The setrrp from the tirst test wâs not rltstrrrhed. Â rlopressttrl,zatl.on test was

carried out wfch the pressrrres on all three stories balanced rrslng tlre tltree fan trniLs. 'flre

flor¡ raÈes throtrgh all three fan unlts were rneasrrred, as well as the tive Pressure
dtfferences: Ehat between each story and Èhe outside (3) and between each story and its
adJacent. sEory or sEorles (2).

For Ehe thlrd Èest (Ftgure 3c), fhe basement fan apparatus was removed, and its exit
panel was replace<l with a wtndow that was closerl ttghtly. Tltc door betweon tlte hnsr¡rnettt ¿tnrl

the flrst story was trnseated and left open. À depressrrrtzation test w.'ls pcrformed rrsirt¡¡ hotlr
fans Èo balance the pressures beEween the second sEory and Lhe lower sÈories. The flow rates
through Èhe remalnfng Èwo fan unlts were measured, as well as the three pressrrre differences:
that between the second sCory and the outside, betuteen the first story and the outside, and
between Che flrsf and second stories.

For Ehe fourth rest (Flgure 3d), the depressurLzaElon fan in the second story was

removecl, and lEs exit panel was replaced wit.h a window that r.¡as closed ttghtly. The temporary
partltfon separaElng Ehe flrst and second slorles was removed. A depresstrrizatlon test of tlte
whole house was carried out using the fan unlt remalning on the firsÈ story. The flow rate
through Èhe fan and Ehe pressure difference between Ehe insfde and bhe ouEside were measured.

The resulÈs o€ the Êlrst test on each horrse provtde tlre teaknge clr¿rractertsttcs of tlttt
basemenE, Qb,l, and of Ehe first and second storles combined, Ql+2,1. The second tests

provide rhe leakage characteristlcs of each incllvtdual sEory, Qb,2, Q1,2, an¿ (ì2,r, which

are used as the basls For comparisons with ofher measrrred and caLcrrLaterl resttlts. The third
Cests provlde the leakage characÈeristics of the basement ând first story comhined,
Qb*1,3, and che second story, Q2,3. Th. fourth tests provide che leakage characlerístics
of the whole hotrse, (lT 

r 4.



Tests I a¡d 2 provlde comparlsons of dlrect lndependent measrrrements of rhe air leakage
of the basement,,lb,l and Qb,rr of each house. Tests 2 and 3 provlde st¡nllar comparlsons
for the second story, Q2r2 r,,d,ì2r3, of each house. Alt four t.esEs provfcle Ehe daEa reqrrlred
to compere the lndependently measured alr leakafe of Ehe entlre house, Qr,O, wlth that
calculaÈed from Ehe other measuremenE", Qbrt + QI+2,1, Qb,2 + Qt rZ* e2,2, ^nd Qb+I,3 * Q2,3.
Test 2 and lndependenE combinatLons of the results of tesEs I and 3 provlde comparlson
measurements of Èhe flrst storyts alr leakage, Èhat 1s,
Qb*I,3 - Qb,t'

Q1,2' Q1ç2,1 - Q2,lr and

These consisEency veriflcatlons of Ehe measuremencs of the alr leakage for lndlvldual
stories ln the two HUDAC test houses are shown fn Ffgures 4 and 5. The agreemenE betvreen
lndependent measurements of the same quantitles are wlthln 15% Ln all cases, and much better
1n most. Verlffcatlons of the methodrs conslstency fn meesurements of the whole hotrse alr
leakage for the two Èest houses are shown ln Flgures 6 and 7. The agreernent, lndlcaElng
conslscency, fs agaln wfthln l5Z. These consfstency agreements are the same as the accrrracy
agreenents measrrred ln the vatldaclon tests of the method wlth the Indtr:ect Method carried c¡r.rE

on windows and wall-€loor jolnts fn apartrnents (Shaw 1980).

FIELD APPLICATIONS OF TTIE TECIINIQUE

Fteld appllcaÈlons of the balanced fan depressurlzatlon technlque have been undertaken to
measure conPonent alr leakage characterlstics ln several resldentlal bulldings. Tests were
performed on a relatlvely leaky two-story research house (Al) to determine the meEhodts
appllcablllty for a very leaky house. Measurements of Ehe alr leakage of fndfvtdual storles
ln a thlrd house (H4) of the HUDAC/NRC Mk XI projecE ürere made using only one depressurlzatlon
apParacus and one balanctng fan to illustrate the usefulness of the Eechnlque wlth minimum
equfpment. The methdd was also used to measure the alr leakage of an end unfE of â tno-story
row house (Rl) and of che lower and upper end unLts of a four-sÈory multllevel, multt-unlt row
house (R2 and R3) co determtne both Èhe methodfs appllcabtltÈy to such hrrilrltngs and the
airtightness of some party wall construcÈLons typical Ln row houses. All these buildings nre
descrlbed briefly 1n Table l.

Case l: Two-Storv Research ltouse ( AI )

Two fan depressurizaÈlon apparatuses nere lnstalled tn Èhe house, one on Ehe ftrst floor
and one on the second floor. For tesE purposes, the crawl space was treated âs part of the
first story. The lndivtdual air leakage characteristlcs of Èhe two stories were measrrrecl
dlrectly uslng Èhe balanced fan depressurfzaEion technlque. After this, â routJ.ne tan
depressurlzatfon tesÈ stâs carried ouE on Ehe whole house aEter the obsÈrucElon of Ehe
stairetell connecting the Èwo storles had been removed. Figure 8 shows the results of tl.rese
tests; Èhe surn of the two storiestlndivldual alr leakage rates compares very favorably
(wfthln 5Z) wfth t.he alr leakage raLe of the whole house, whlch was measured directly.

Case 2: Two-Story House (H4)

The calibrated depressurlzatlon fan unlt was lnsLalled ln the tirs! story of the hotrse,
as 1l would normally be for a routÍne whole house depressurÍzatton test. For tlte tirst test,
the balancing fan r¡as lnstalled ln Ehe basement, the basement was sealed off from the resE of
the house, and the air leakage raLe through the flrst and second stories? ext.erior was
measured wlÈh the basemenÈ pressure balanced r.¡lth thac of the upper floors. For the second
test, the balancLng fan was moved Eo the seconcl story, tlte second story was sealed oEf frorn
che resE of the house, and Ehe air leakage rate through the exterlor of the basement and first
story combíned was measured wlth the pressure fn the second story balanced with thal of the
lower floors. For the thlrd test, the balancing fan was removed and the total atr lealcage
rate for the whole house was measureci.

These t.ests provided direct rneasuremencs of Ql*2, Qb+I, and Qr, which are plotted in
Flgure 9. Also plotted ln Figure 9 are the alr leakage characEeristics Eor tlre three
storles' Q6r Q1r and Q2, calculat.ed uslng the scheme described previously in Eqrrations 2-4. I



Thls ho.se turned out to he Ehe most airtighE of the three HUDAC hotrses tesEed (Qt = z'?|.^th
at. 50 Pa (0.2 ln wnter), comparecl to 2.94 ach for H2 and 3'22 acb tor lt3)' tt aLso extrtbtted

a vertlcal dlstrlbuElon of leakage area slrnllar Eo Èhe other Eno HUDAC houses wlth Che

basemenÈ befng che leaklest. "toty 
(up to 457. of. the total air leakage) and the flrst story the

mosE'afrtlght(asltttleas22T.ofthetot'alalrleakage).

Case 3: Two-S torv Row House (Rl)

The end unlÈ (Rl) of the Èwo-story row house fras tested writr a depressurizatlon
apparatus lnsÈalled ln lc and a balanclng fan lnstalled ln the adjacent unit wlth whlch ft
shares a cornmon fnterlor watl. All the <loors and wfndows of both Èhe end unlt and the

ad-jacent unlc f.rere closed tlghtly, and a depressurlzatlon EesÈ of the end unlt was carrled out

trsing the balanclng fan to hã1^nc. the presàures beteteen the two uniÈs' Next, the door of the

a¿JacenE unl¡ was ápened and a second ¿epressurlzat.lon cest etas nade on the end unit wi-th no

presfrure balanclng. Ftnally, Èhe halancing fan üras removed, 1Es opening sealerl, and the door

of the adjâcent un{E closed EtghEly. A tlnal depressurlzaElon test of the encl ttn{t was

performed with no prcssure bnlnnclng. The resrrlts of Ehcse three sertes t¡t mt"'lsrlrolnollr-s ílr(!

shown ln Flgure 10. They indlcate that alr leakage across tlìe party wall, calculated rrsing

the schene descrlbed preïlously 1n EquaÈlon 5, accounted for approxlmate1-y I77" of the total
atr teakage race (rtrrougn the exterlor walLs ancl the party wall combLned) as measrtred tn tesEs

2 and 3. No measurable dtfference was observed between the resulÈs of tesEs 2 and 1'

indicaÈlng that openlng or closlng of the adjacenÈ unlÈrs door had no effect on the

measurement of E.he toEal alr leakage raÈe ln Ehe end unlr'

Case 4: Four-Sto rv MulÈ1 -Unit Row House Units (n2 and R3)

For Ehe measuremenÈs in the lower and upper encl unlts (R2 and R3) of che four-tory rort

house, a depressurizaElon apparattls eras tnstalled i-n each end unlt and a halancing fan u'âs

inctalled in the lower a<ljacent unft. Access was not avallable to lnstall a balanclng fan in
the rrpper adjacenE unlÈ. Thls bulldlng has a varlety of constn¡ctlon types for the exterior
walls an¿ the party walls and floors, ãnd these tes¡s provlded an oPPortunity to measrrre thelr
alr leakage charact,erlstics.

A series of flve tesÈs, summarlzed in Table 2, were carried out on these dweLlfng units'
In the ftrst Èest, the air leakage through the exterÍor of Ehe lower end unlt (Qv2) *""

measured wlth the pressures ln the lower adjacenÈ unlt and the uPper etrcl rtnlt haLant:ed witll
tt. The second Èest measured the alr leakage through che exterlor walls and Ehe parry wall
(Q") of Ehe lower enrl unlt wlÈh the pressure 1n only the upper end unlE balancecl wirh it'

The thlrd tes¡ n=asured Èhe alr teakage Èhrough Ehe exEerlor walls, Ehe party wall, and the

p"iay floor (Qa) of Uhe lower end unlÈ, i.e., its total alr leakage' with no balancing

used. In the fourth test, Èhe alr leakage Èhrough the exterlor walls (Qu.r) and tlre party walt

(Qu) of the upper end unlt was measured wlEh the pressures 1n the lower end uniÈ and the Lower

adjacenÈ unlt balanced with lt. The ftfEh Èest neasured the total alr leakage in the ttpper

end unlt, f.e., through lts exterior and party walls and lhe party floor, with no balancing
used. These Èests prõvlded dlrect meâsurements of Qy2, Qy2+ QL, QV2+ QL* Qn' Qy3 + Qg'

and Qur+ Qg+ Qp, respecÈively, which are plotted ln Ftgure ll. Also shown ln Figure ll are

Èhe alr leakage curves for Q, and Q, calculated from Ehe dlrecÈ meâstlrements, and the cttrve

for QU, calculated by assuming QU = Q¡ (due Eo Ehe slmilar consLructlon used ln the ttto l)ârty

r¡a1ls ) .

The resulÈs plotted ln Flgure ll lncltcate that the eKEerlor enveIope of the ttpper ettrl

unit has approxtmaiely twlce as much leakage ârea as the lower trnttrs exterior envelope' The

air leakage Chrough the lower party watl accounts for approxfmately 187" oÍ the lower end

unitrs total alr leakage, while teakage throrrgh tlìe pârty floor accortnts for approxlmaEcly 4l'

of that EoEaL leakage. If the assumptlon Ls vaLtd thaE the alr leakage throtrgh the upper

party wall is the same as that throrrgh the lorùer party wall, Ehen the upper pârty wall and rhe

p^.ty ffoor contrlbute approxlrnaÈely 97" and 42, respectfvely' of the totaL air leakage 1n the

upper end unlc.



These trends were expected due to Che consErucEfon Èypes of lhese various parts oE the
butlrttng. The majorlty of fhe lower end unlErs exÈerl-or envelope 1s cast-1n-place concreEe'
whlch should be very afrtlght. Two-Chlrds of the rernalnlng exteríor of the lower end trnit ts
masonry construc¡lon and only Ehe back facade, above grade, Ls wood frame construcÈlon. On

the other hand, all the exterlor oE the trpper eird unlt is wood frame constrltctJon. The floor
sepÃrnttng Clte two er¡rl rrnl Es ls n cnst cotlcrete sLah, wlticlt also sltottlrl ho vcry nl rf l¡'illt. 'l'lro

masonry pârty wâtl, flnlshed wlth drywall on both sfdes, ls leakier than the cast corlcret(ì
parÈy floor, although tt 1s more alr¡lght than the wood frane exterlor walls. ConsequenEly,

the alr leakage of the loner end unfÈ was expected Eo be less chan lhat of the upper end unit
for two r""so.r": (t) nr.rch of Ehe lower unitts envelope ls concrete and below grade, and hence

very afrtfght, and (2) the lower unit has no exposed cell1ng/roof. The wood frame exterlor of
Ehe upper end unlt provldes a generally leakier envelope, and lts exposed roof 1s probably its
maJor ì.eakage slte. In Èhe other houses measured fn this study, the storles rlrlth exposed

.oof" *"r" leakler than sEories wlChouÈ exposed roofs. Exceptlons were basemenls and crawl
space s.

DISCUSSION

The orcler ln whfch the fleld tests were performed r¡as dellberaCely chosen. By employirrg all
the depressurlza¡.lon and balanctng fans for the flrst lest on each unlE, the capabiLlty of the
cesc setup to carry ouE the compleEe serles of measurements f{as conflrmed at the start of Ehe

proce<1rrre. If t.he simplest measurements nere rnade at the start, a partlal series of test
results mighC be obtalned before any fnadequacles ln fhe fan equtpment could be dlscovered.
such an approach could resul¡ tn a r¡¡aste of expensÍve tlme in the ffeld.

The air leakage retes at l0 Pa and 50 Pa (0.04 1n r¿aE,er and 0.2 ln water) for alt Ehe

buil<ttngs and bullcttng componenÈs measured durlng thls study are llsC.ed ln Table 3. Às

meoEloned earller, the vertfcal dlsÈrlbuglons of leakage ln the Èhree HUDAC houses agree quite
well r¡ith each ot.her. Thfs lndlcaEes EhaE one of the objecElves of the field rest on house l{4
was met, namely to denonstrâte the use of the technlque wfth mLnlmum eqtrlpment. The major
site for leakage |n Èhe HITDAC houses seems to be fn Ehe basement ancl 1s probahly ttre sil I

Jotnt. The rtlstribuElon of leakage betr¡een the flrst and second stortes srrggesEs thnl the
secon¿ mosÈ lmportan¡ leakage sl¡e 1n modern houses occurs in Èhe upPer envelope (and is otten
assumed to be along the eaves, Ehrotrgh the exposed cetling/roof). The dlstrlbutlon oÊ Lealcage

1n ¡orrse Al srrggests tlìât the exposecl cel-t{ng/root ts its ma-ior leaka¡1e slto. The rol;rtlvn
leakage ."C." io. row horrses R2 and R3 srrggest Ehat che exposed cet [1ng/roof tnay be tlte rnit.ior

leakage sfÈe for Ehat Eype of butlrtlng as well.

This study has <lescrlberl Ehe appllcaÈlon of the baLanced Fan depresstrrtzatlon lechntqtte
to measure the vertlcal disCrlbutlon of leakage area Ln detached hottses and row hotrses. It
should be noted thaE the rnethod ls not restricEed to measurlng vertlcal leakage distribtrtions.
IE can be applied equally well Eo rnensure the horizontal distribrlÈ.fon of leakage tn a

bulldlngrs envelope. In srrch applicaElons, the vartous horlzontal zones of interest in thc
house would be lsolated from each other by partftions, and their Pressures would be balanced
wlth balancing fans. The procedure fs a stralghEforward exÈensíon of Èhose descrlbed here.

CONCLUSIONS

l. The balanced tan clepressurlzatlon method may be used to measure air leakage raEes Lhrotrgh

varlous secÈlons of both detached houses and row houses.

2. In the HUDAC Mk XI horrses, the hasernent contribrrted approxtmately 457", the tlrst sEory
approxlmaEeLy 25%, and Èhe second sEory approximatcly 3O% of. the tot.al air leakage.

3. In the leaky test house, the basemenc contributed approximaEely 457. oE the total air:
Le akage .

4. The results suggest thât an exposed ce1l1ng/roof can be a ma.ior leakage site for horrses and

row houses. This concluston is haserl on a Llmtte{ nrrmber rtF measttrenents lìowever, and, For
lÈs general appllcatlon, a more extensive study ts requÍred.
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5. The party walls betr,¡een âdjacenÈ row houses can contrlbuEe approximately 17-187" of fhe
unLtrs toÈal alr teakage.
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TÀBLE I

Description of Residential Buildinqs Tested

Ho use
R3

Row house
upper end
uni t, 2-story

L0t. t

54. 3

274

r66.5

112.2

9.2 .

3.9

49.8
(incJ.. doors)

!,lood siding

PLas¡erboard

CompJ.e te
polyethylene
vapor barrier

5.0

Doubie-glazed
wooci arun i ng

Ho use
R2

Row house
lower end
uni t, 2-story

85.5

39

208

65.3

65. 3

6.4

5.9

35.9
( incl . doo rs )

Wood siding,
concrete.
and plaster

Plasterboard

Cornpl e te
po J- ye thyì. e n e
vapor barrier

3.5

DoubIe-glazed
wood awning

House
RI

Row house
end unit
2-sto ry

1,0 9

56

375

r62

106

7.7

8. t
3s.3

Brick veneer
and vinyl
siding

Plasterboard

Compl e t e
polyethylene
vapor barrier

7.0

Doubì,e-qLazed
ivood ce"enent

House
ÀL

Single,detached
2-sto ry

r95

97 .5

520

3t6

21.8

17. 0

5.6

93. 3

Brick veneer,
concrete block
plaster, and
wood siding

PLasterboa rd

Partial
polyethylene
vapor barrier

?<

DoubLe-gl-azed
wood frame
removable

House
H2, H3, H4

Single,detached
2-sto ry

Lt8

63.7

386

228

164

15. 5

4.2

67 .6

Brick veneer and
aluminum siding

PÌasterboa ri

CompJ.e te
po J. ye thy len e
vapor barrier

2.5 aa

Tri¡:J.e-glazei,
rvood f rame,
casenen t

Type

Floor Area, m2

Ceil ing Area, m2

Vo J. ume , m3
( incLuding basement)

Outs ide enveLop" ar"u , ,n2

Outside waLl area, 
^2

I^Jindow area, 
^2

Outs ide doo, ur"u, ,n2

Length of sash crack,
for window, m

Exterior wa11 finish

Interior rvalL Ëinisn

Vapor barrier

Airtightness
? 50 Pa (ach)

:.i i ndo w
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Summary of

TABLE 2

Tests Performed on Row Houses R2 and R3

Tes t Uni È Tested Measured
Flow Rat,e

BaLanced Un i ts

t

2

3

4

5

Lower end unit,

Lower end

Lower end

Upper end

unit

uniE

unit,

Upper end uniE

Qvz

Qvz*Qr

Qv2+QL+QF

Qv¡*Qu

Qv3* Qu*Qr

Lower
Upper

ad jacent uni E,

end uni t

Upper end unit

Lowe r end un i t
Lower adjacent unit

Qvz leakage flow rate through
Iower end unit

exte rior envelope of

Qv¡ leakage flow raEe through
upper end unit

exterior enveLope of

QL= leakage flow rate from Lower
lower end unit through lower

adjaeent uniE to
party wal1

0u leakage flow rate from upper
upper end unit through upper

adjacent uni t to
party wal1

QF J.eakage flow rate between upper end unit anrl
Lower end uni t through party floor.



TABLE 3

Component Air Leakage Rates aÈ l0 and 50 Pa

l0 Pa 50 Pa

Ho use Com po nen t
Leakage
Tes ted

Leakage
Ra te
(L/ s)

Air
Changç

Rater
(ach)

Leakage
Ra te
(L/s)

Ai r
Cha nge

Ra te
(ach)

Fraction
TotaL )
Leakage -

H2

(386m3¡

t09
74
62
47
27
35

0.282
o.L92
0.t61
o. L22
0.070
0. 091

3 r.5
215
L80
r34

77
ro2

2.9 4
2.0 L

1.67
r .25
0.72
0.95

0.68
0.57
0.43
0 .25
o .32

H3

(386m 3
)

l.t3
75
62
5l-
25
37

o .293
0. 194
0.t61
0.132
0.065
0. 096

345
229
t9r
r 56

75
ll5

3 .2-?,
2. L4
r.78
r.45
0.70
1.07

0 .66
0.55
0.45
0-22
0.33

H4

(380m3)

o
0
O

0
a
a

T
b+l
I+2
b
I
2

90
63
53
37
26
27

0 .233
0.163
0. 137
0.096
0.067
0. 070

?-7 7
r93
r63
r.L4

79
84

2.58
1.80
L .52
1.06
0.14
0. 78

0.70
0. 59
0.4I
0.?-9
0.30

A1
( 520m

3
)

Ë;.'

30 5
131
r77

0. 587
0 .2-52
0.340

1080
467
625

7.48
3.2-3
4.33

0.43
0. 58

RI
(375m 3

)

0-
3i'
"PW

220
l8 3

37

0.587
0.488
0.099

733
608
L25

7.04
5.84
r .20

0.83
0. t7

R2

( 208m 3
)

Ëi,

65
5l
L2

3

0.3r3
0 .245
0.058
0.014

204
l_60

36
I

3.53
2.77
0 .62
0.14

0.78
0.18
0.04

R3

(27 4n3 ¡

o
o

(0
(O

T

Hl

1.1.9

104
l1

5

0.434
0. 380
0. 040
0.018

382
332

36
L5

5. 02
4.36
o.47
o .20

0 .87
0.09
o.o4

L0

t.
2.

Pa = 0.04 in.water, J. L/s

Normalized with respect to

No rmaL i zed wi th respec t to

= 2.IL9 cf rn, I *3 = 35.3 f t3

the total internal volunre.

the total Ieakage rate QT.

lt
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