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WINDOW AIR-LEAKAG E PERFORMA,NCE

AS A FUNCTION OF DIFFERENTIAL
TEMPERATURES AND ACCELERATED AGING
D. Kehrli
ASHRAE Member

AtslR^cr

rhc current'lndustry etand¡rû for ¡ncasurlng arr leakage of vln6ocs, curt¡ln rrrls, and doors rsAslI B2E3. lhis tlgt nessurog tho abllity of, fenestration products to re¡i¡t alr leekag,e underl6osl lrbot'atory cortóttlcn¡ wt¡lchusually àre at etenderd etnospherlc eondltlon¡ I.e., ,2í,gg in.lr3' anú ó8 external surfcces of these produets, Î'hcre aF. nanynitlonar pe a¡td çovernnental buir4tng pðrfornanco apeciflc"Lärl
rnd pfoduct; efereñce thts ASTII ¡tCndaró. 

-

rtrl¡ pelier rlll foeu¡ on the shortfall¡ of thtg ¡1r lealcage ctandErd for fenc¡tr¡tlonproducts: ñ" gager rllt elso establlsh thc nsture ¡nô scope of the problerrs aaeocl,rtec ulththl¡ etrôdErd as they relate èo ne¡r and toirg tern perfo..n"nc" char¡cteri¡tice of ttrese-products
undcr ¡ervlçe condltlons. lhe deve[opruent of tro ner proposed ASIü standards for the evElu¡tlonof rlndoc performance under dlfferentläl teqerature¡ lá tire leboratory enó the effect¡ of shorttorr ¡cècler¡ted teçerature rg,lng on rinóov alr leakagc pcrformaneã, also ln the leÈoratory,rlll bc revlered.

lestlng grocedures 11!.1 be óescrlbed, along rlth test results of wlndors uslng theôeprocedurcs. Results rill bã correlated rlth varlous wLndow conponents. And flnally, a iroductrcflnenent srumery will be offered.

I}TEoDUCÎIOr

Itrc fteld 'perfornance qf fenestratlon proóuats, paetlculerly elunlnun, vlnyl, end uoodrcsióentlal md co¡¡¡nerclal , prlne and- ceplacement wlndows is due in large p""l ¿; thelr
cqn¡ronents 

-of _agsenþly. there ere, tn þhe finlshed product, llterally dozenc of conponcntsn¡nufaetured fron alnost es npny dlffeçent nsterlals. Tt¡ese n¡teiials rll ".rct veqfdlffqSg¡tly to envlronnental elements vhioh are te-rned degradaLLon fôcto.rs. the¡o degradrtlonfrctors can ceuae substantlal chang,es ln the behavlon.of rlndows rllhln e very short È,lne afterthelr lnstelletlon ln the bulldlng envelope.

llndous ere currentl,¡ tested for theic abttlty to neslst etr and wEter leak¡g¿, stn¡ctur¡Ilntegrlty, ease of opeúatlon (open e.nó croee), thernel gerfórnence (u-v¡rue,- conouet¡nco,
conderrsatlon resletanco, shaôlng coefficlents), snd sound tr¡nEalselon'lo¡e. Thos¡ ¡nd other
v,gglqr-c tests deternlne the productsr ú1l.Ity to perfonn under ¡t¡tlc cöndltlons. fir¡secontrollcd leboratory test¡ ¡re noqt often gerforhcd en neï products rhlch n4y or a¡y qot bc ofproductlott llne quallty. ltre tests ¡re careled out rs¡der ldcal pareneter¡ ¡nú alvays ,rnà"r

ls thè lcchnlcal Servlces ,lrnater for the Èrlldlng lroduils Dlvlelon, Schlegcl¡hd'l¡ Ch¡tr¡rn of ASII| Er6,22.02 and 86.51.04 l¡slt Groups.
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stesdy Etate condltlons. The effecte
lnteractlons rlth time ere not included ln
lndlcate the abtlity of these products
envlron¡nental condltlons.

of environmental degradatlon
theae testlng procedures, and

to perforrn in the fietd under

factors and thelr
test reeults do not
dynanLe, ln-servlce

ùre of the nraJor areas of concerrr uith
lndlcated hlgher laboratory air leakag,e
condltione (Fleury, Tho¡nas, Lgl2r. One
types of windoss ¡rúen tested over the co
th¡n ytren the rlndoss rere flrst tested in the

lhls perfon¡¡ence conceETI is nisleadlng, and perhaps ¡nlsunóerstood, ln the followlng areas:
1' Trade assoclation certificatlon protrams for fenestratlon performance. TlreseProBrans are all based 9n sif leakage testlng uslng Asm E283, and in none of the¡ris there any provision for fleld perfonnance or perforrnance durablllty.
2' tet heat of rln n two independent and separatetests. value t 6g F and Ig F (50 F ! T), andthe eir forrned sióes of the test ilndow, (OÀT)' ltre fer of conduction and lnflrtratlon thenbecones:

QI=Qc*Qt(1)
rirere

Qt ie the totel heat transfer BTU/IIR

Qç le the hegt transfer due to conduction, BÎU/¡{R

Q1 ts the heat transfer due to tnflltratíon, BTU/ttR

Heat transfer due to infiltration, however, nay be a falsely stated velue in thlsequatlon, due to greater a¡nounts of alr lóakage oi- renestratlon products at
Íff::ïlffl renperarures; and, rhus, rhe varuJ ror Q1 nay be sigr¡rrrcantry

3. ltaintalnabiltty of rlndow per
performance of windors as they
conponent naterials have a tenden
ss Arrhenlus and Eyrlng, lnveree
used to desc,rlbe the change ln
rlndor perfornance.

lhe assulu¡rtlon that nev rlndows tested ln the laboratory under lóear condltlons wlll perfor.nelnllarly ln the bulldlng envelope under non-standard envlronnental condltlone and over thedeelgn llfe of the product can be very nlsleadlng to the product speclfler and to the consumer.
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ttandtrds' and conduct reacBEch ... on perfornance chsracterlstlcs such as ...dursblllty.....
ftre developnent of nev tesÈlng proeedures that nore closely elm¡IEte the fleld condltlons torñlch fenestreLlon products are e:çosed ls currently undeuay ¡i rsnr. The scope of these testepertelns only to envlronmental degradatlon factors and does not Lake lnto 

"""ount-ltyaicrlcycllng, operator lnterventlon' or nlsuse and abuse on the longevlty of perfor.nance.

L iftlng to lnsÈalled fleld testlng rlth the adventof n ter lnfittretlon tests. uew procedures fron theâær (Á¡¡ra) for production llne t¿"¿iù;¡ p'tryeicarcYcl nearlng coryIetlon.

FIBLD PERFORXA.ICE OR TJIUDOHS

rn a study conducted by the ltlnnesote Energy Agency for the unlted states Departnent of Energysnd La¡rrence Beckeley Laboratories (tJeidt, 1980) the researchers concluded that there rere threeplrtleular causes for the eveaate decline of 29A in air leakage perforaance of the 192 vindowslnvestlgated in the Trrtn clÈles area. These were:

1. tleether seal dlscontinulty.

2, Saeh flt.

3. Herdwere seEl,

The cesearchers concluded thst 40ú of atl
the natlonally accepted standard of 0.5 CF!i/LFC

the rindoss tested had hlgher air leakages than

In all three areas the weather se ke good, solld contact vlth Èhe natingeurfece uas the underlylng, eause for leakag,e. tJeather seal dlscontlnultyrefers to seal shrlntage and loss of fhe laeh flt refers to hor the sash¡nates and allgns with the head, slll a
aet, or loss of functional helght on the 

ather seal conpressron

rocting stlres and the ínterface belween t 
hor tlghlly the lnter-

b¡cr rã rearher seat eorçression rario. fåt;r*litr:i:::"ïi::during the product design stages and ofben o! take into eccount:

1. squareness of sash and fra¡¡e in freld instatlations;

2, E:çanslon and contraetl'on of bhe head, slll, Janbs and eash stlles due to elevatedor depressed envlron¡nenÈal teruperetures¡

The¡rnel bowing effects whlch ere elso attributable
extremes ¡

to environnental teryerature

Lose of neather seal height fcon
m¡teriel of constn¡ctlon.

compresslon set, a functlon of the seal.s

3

4

Other erees ln wlndor assenbly that rnay
tlghtness of corner aseenblles; glazlng seals;
deflection of the stn¡ctural ¡nenbers.

contrlbute to
cortter seals,

lncreaeed ftetd alr leakage are:
lf used¡ slll aeels; and peruanent

Alr leakage deta obtalned on rlndors tnstalted ln comerclat bull<ltngs In the upstate ùetIorL and llashlnS,ton, D.C" reglons of the counLry are shorn ln Teble l. tt¡e Eir leakÃge of the
vlndows ras mea8ured uslng e portable air leakag,e apparatus and forlorlng the procedure outrlned
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ln ASIII 8783-84 "stendard ltethod re¡nent of Atr Leakage ttrrough Instslleó E¡rt¡rlorllndovs and Doors.- the fleld ras perfornec rn tñe iorroJlng r.*;. ftre ¡lrlratage Pre-te8t rcs nsde on s ndors ln each bulldlng. rhc rlndoye rere thenrotrofltted rlth ner reether I a recaulklng of the ãrane/rall lnterf¡ce. tÌro11núoss
units d 'erY cesc' the al èested

cr,lases "ti 
"lli""l: ;j, ïïrll;tro Yea atteryt bo correl In slrIcelage

concept for ylndor stsndards that is curre
f¡nestrat,lon lndustry today. Ttrls approach
1.c., fleld perfomance, rather than on the
fhis generlc coneept. ls iltustrated in the ner
8or Generlc Perfor.nence Requlrenents For E:rte
currently developlng lts om verEion of a generl

It becones readlly apparent tha! rhen a
oçoeed to envlronnental elenents, its perfo
rotroflt deta Indicete thEL rlth new weather ee
rlndovs can be reduced substentlally. In neny
b¡cl lnto llne vlth current lndustry stanôarde f

lhe questlon noÍ arlses ee to the ceuse for rlndor perfor-manee degradatlon ln the flsrd andrùy lndlcatlons of fallure ere not detectable ln the lÃboretory uslni-currentry aceeptable testmthodorogles. lhe reet of thls PaPer vill focuE on the cur"eni nethoãs used to evaluate rlndoralr lealage perfornance ln the laboratory, accelerated aglng tests for rlndors ln the laboratory¡nd tests thet Ere useô to evEluEte reether seal perfonnence,

cuBSEtl ÎtsSÎ üBIHODOLOGIES

Ttre eurrent leboratory test for evaluatlng fen
Ëctbod Of lest To Deter-nine The Rete Of Air LeE
Doors." In thls procedure the speclnen ls
appcoxfunately 70 F. The rlndow ls then lnstall
2 (ÄSnf-1985). The apparatus lE then pressurlz
and recorded. The speclnen's alr leakage ls the flor into the chamber mlnus extreneousnon-speclmen leakage. Both the exterlor gnd lnterior surfaces of the specimen are at the semeteqrerature: laboratory teryerature. Ttre speclnen leakage ls corrected to standard atnospherlcconditlons and reported as cublc feet per ninute per llnear foot of operable crack length(cFr/LFC)

Tlrls method ras lnitlatly developed to rete alr leakage perfornnnce of rlndoy and doorlyeL¡¡nc agalneè an erbltrary performance level contalned In g vtncow standard or estebllshed by¡n ¡rchltect, speclfler, goverrrnent agency, etc. shortfelrs of thls teet are:

1' leet rasults should not be used for butldlng enerty consuqrtlon analysis beceusethe teryeratures et rtrlch the vlndor alr leakag. rsle ls testeó are not the s¡aeteryeraèures at rtrlch rEte of heat trensfer (U-velue) tests are perforned.

2. lest epectmens ere ner and nany tlnes are ¡nenufecturers. prototypes end do notnecessarlly represent gro<luction guatlty.

Itre test le performed et relatively rarm laboratory teryeraturesdlfferentlEl tenperaturee across the specl.nen rTrlch ls an rinnaturalrarely. lf ever, seen in the fletd under in-service condltlons.

rlth no
condltlon

3
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PROFOSED DIFFBRETÎIAL TEI{PERAIURE AIR LEA¡(AGE TESÎ

A ¡odifled version of ASTII 8283-85 is currently being developed at AsTH inGroup. this proposed nethod rill allor for rnulLlple dllferentlal testpressur€s across the speclnen.

the 86.51.04 Tesk
teuperaturee srid

In this ¡nethod the windos is nounted lnto
heEt trensfer tests, Ihe thernral buck rith
ther.nal Èeet faclllty slnllar to the one in
the test specl.men ls sealed off vith a sheet ofor extraneous leakage neasurenents later inteqerature condltlonlng begins. Five thermo

egeln. This represents the total 1eakage ass
ltre speclnen elr leakage ls totat aír leaka6e nr

ftre nase flor into the chanber is given by:

t=D1 xq|U')

rtrere

ll is the mass flor rate, lbn/nin

D1 is the air density at the flomreter, Ibn/cu.ft.

Q ls the volu¡netrlc air f row through the from¡eter, cu.ft./¡nrn.
ltre specinen alr leakage ls thus given by:

Q = tt/D2 (3)

vhere

Q ls the speclmen air leakage, cu.ft./min.

H ls the mess flos of air into the charnber, Ibrn/¡nin.

D2 ls the denslLy of air at the specimen, lbn/cu.ft.
rhe denslty of the alr flowing through the speclnren is not the aame as the density of alrflorlry through the flouneter lf the apparatus ts a pressurlzed air systen. The flom¡eLer alrvllt be laboratory Elr at approxlnatety 70 F. The specinen,s extêrnai a¡nblent alr csn be anyteryerature; the data presented ln thls paper was obta-lned rlth the externar arr tenperaturesran6,ing, fron 0 F to lBO F. The equations above slnpllfy Lo:

QS = (DI x QF) /D2 (4)
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rtrcre

QS is the specinen alr leakage, cu.ft./nln.

D1 ls the florureter alr denslty, lbn/cu.fÈ.

QF ís the volunetric air flor through the flormeter, cu.ft./¡nin.

D2 is the air denslty at the specimen, lbn/cu.ft,

Itris equation further slnpltfíes to:

QS=(TS/TF)xQF (s)

It¡ere

1S is the absoluLe air tenperature flowing through the specinen, B

TF is the absolute air teryerature floving through the flonrmeter, R

the dlfference ln alr leakag,e perforrnanee of fenestraÈion proóucts uslng the curcent ASTII
8283-85 procedure and the ¡nodlfled ¡rethod ls as follows. ElevaÈed or depressed alr temperature
soaLing of the exterior surface of the specinen ceuses the ¡naterials of constn¡ctlon to e:çand
or contract aecordlngly. The interior surface of the specinen ls rnaintalned at approxlnately
roo¡ Leqerature. the crack Perimetèr, the location in operable rindors and doors wlrere a
sllding surface ¡neets a stationary surface and is sealed wíth weatherstripplng, undergoes
changes ln dl¡nenslon due to terryeratures. Thie location is also referred to as the rnountlng
óieLance foc the reather seal¡ desltn conpcesslon ratios for weabher seals are direct functlons
of æunÈlng dlstance.

ltrerefore, rtren the stn¡ctural members of the speclnen change ln length due to erçanslon or
contraction and therrnal bowin6,, the mounLing distance ls correspondingly enlarged or reduced.
ttris causes a change ln the effective leakage area of the specinen which alters the air leakage
aceordlng to whatever the differenÈial tempecabure is. Therefore the coefficient of thernsl
e:çansion of ¡naterlals used in constn¡ction of the wlndow plays a maJor role in how lt wlll
perforr in the field under real world conditions. Figure 5 lllustrates bhe changes that
occurred in crack perineter wtdth of an aluninum bilt-out double-hung window. The exterlor alr
tengerature of the window ranged from 0 F to 180 F. fhe interior temperature re¡nained at
approxinateLy 72F. The rnountlng distanee had a ¡neasured maxinum change of 0.026 inches on the
top sash and 0.065 inches on the botborn sash between the temperature extremes. Figure 6
illustrates the mounblng distance location of a double-hung tllt-out window, weather seal
terzrinoLogy and the crack perineter ridth locablons on the same window type.

Flgure 7 lllustrates the effect of exLernat alr temperature on sinóow air leakage. As the
exÈernal alr temperature increases, air leakage decreases due to the decrease ln the nountlng
disLance caused by therrnal enpansion. The effects of dlfferential air tempergtures on rlndow
alr leakag,e has been further substantiated by (Becsey and Green 1970). Their reseerch concludes
th¡t this relationshlp is a llnear functlon in the forn:

f = Io+sxIox AT (6)
rñere

I is infiltration rate at specifled A r, "fr/tf"
Io is the inflttratlon rate at 0 F À 1, cfn/tfc

S is a constant for given vindor types, leakage vs. terçersture
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A f fa the dtfferentlal alr teryerature, F

Itre researchers also suggest e nodtfled vereion of the overall coefflclent of heet treneferbased on conductlon and lnfiltretion.
Ht - Ut A (11 - Io) (7)

rtrere

H¡ ls the neesured heat flow, btu/hr.

U¡ Is the apparenÈ heat transfer bssed on
transfer, (BTU/Hr-Ft2-F)

speclnen alr leakage and conducbíve heat

A is the tross area of the specinen, Ft2

11 ls the inslde alr temperature, F

1o ls the outslde air ternperature, F

ft¡e current rndustry standards for the nethodolo6,y for heat transfer neesurements offenestratlon products, ArxA 1503.2 and Asrll c236 and cg76, does not take lnto account alrrerkage assoclated rrth speclnens durlng the test. The dlfferentlar pressure ecross thecpeelnen ls balanced to O.OOO lnches of reler colu¡u¡ (tn. u.c.) durlng the test,. ltriseli'nlnates the rnsss trensfer effects and, ln essence, provldes a lower overalr coefflclen' ofheat transfer, i.9., the test spectmen appears to be better at reóuclnt heet flor than ltectualry I's, cegardless of the ty¡e of ¡naterlal of wtrich the rlndor Is constn¡cted.

A nore reallstlc approach is Lo have e dlfferentrEl alr pressure ecross the speclnen at thetIæ of the heat tranefer test. rhis rtll account for the heal toss (or gain) due to conduction¡nd lnflltratlon and wlll provlde a more useful test end resurtant data to the archltect orspe c lfler.

TIEDOII FIBLD PERFORIIATCE OVER TI}IE

egainst shich wlndow ¡nanufacturers cen evaluaperfomnnce' rn order to address the problern of performance durabillty for fenestrEtionproducts, a rellable end repeatabre test nethod m¡st be readlly avallable to the industry.
astll is currently ln the Process of- developlng, a test procedure that rllr si¡trurate the typesof Leryerature cycllng that fenestrstlon procucts e:çeriänee currnf iielr llfetlnes. Ttre ÂsrüB6'22'02 task trouP ts uslng the Asrlt 8632, "standard Practlce For DÀveloprng AccelerEted rests1o Àid The Predlction of the servlce Llfe of Butldlnt conponents lnã Hateeials,.. standard todrvelop e short-te¡'m accelerated tenpereture agtn6, test for cindows. tt¡e reco¡mended procedurefor uein6, 8632 is shorn in Figure 8 along wlth Jllet of envlronmental degradatlon factors thaLoffcct butldlng eoryonents and ¡usterials, leble 2. The Eccelerated eging eoncept çlarLin 19g2)c¡n n¡thenatlcelly be stated as follows:

F"t (t) - t"o e(t;s,o) (E)
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I

rñece

c(Î;c,o)

le the llfe dlatrlbutlon of the accelEreted stress level

Ie the llfe at the ln-eewlce stress level

are tlne trensforratlon functlons.

thls nodel Is usually applled to phyelcal propertlee of neterlals, Ît¡e ASTIi task troup,
hovever, ls applylng the nodel to the problen of vlndor perfortance degradatlon over tlme.

Tt¡e flrst stèp in developing the accelerated aging test res to dEtermlne the range of
teqeratures thEt ruay be encountered ln the field by fenestratlon products of verious colors.
thl¡ rEs acconpllshed through daèa thet ras obtalned from the xatlonal Oceanlc and Atnospherlc
Adninlstratlon (ùOÂÂ). tleether data for the contlnental Uníted Stebes for a 30 year perlod ras
obtelned. ftrls data lncludes the hlgheet and lovest temperatur€s on record. The high ls 119 F
¡nd the lorest ls -52 F. The next step was to deternine the smount of solar heet bulld-up on
varlous colored naterlals, typlcally alumlnun, vlnyl and wood.

Besearch lnfornatlon End test date from ASTII (Koppes 1982), The Soclety of Plsstlcs
Industry, Inc, (SPI 1985), B.F. Goodrlch Co. (Reblnovltch, Qulsenberry, Surmers, 1983), anó ppG
(1981) vere conblned to produce the chart shorn in lable 3. lhls chErt shors the rel¡tlve
teryerafures that ere to be added to the ambient Èenperatures to obtEln the yorst case surfece
tcqeratures of verlous coloreó nateclsls. Besed on thls chart, the test Leryeratures for
pelnted bronze elunlnum and rtrlle vlnyl rlnóors rere obtalned. ltre test date ln thls paper on
elev¡ted and depressed ólfferenLlal Lerryerature elr leakage and acceleraLed aglng rere obtalneó
¡t ¡xterlor alr tenperatures of 180 F for the dark colored wlndows and 145 F for the llghter
colored rlndors (bronze and rtrlte). Ttre lor exterlor Lemperature for all tests reg O F. T[c
lntcrlor alr teqeratures wEre ¡nalntalned at coom condltlons, approxlnately 70-75 F-.

the seeond step ln developing thls teet res to deternlne a test cyele shoct enâugh to allor
n¡nuf¡cturers to use the procedure reellstlcally slth mlnl¡ral laboretory tlnre and erçense, but
long, enough to obtaln neanlng,ful óata.

In accelecated age Lesting the appllcatlon of the degradatlon mechanlsms should be
lntenelfled to obtaln rapid fallure wlthout causlng shock or destructlon. The tlne of naturel
e:(Posure ls shortened ln the laboratory to allow for multlple cycllng of the degradatlon
nechanlsms. Four eycle raLes rere evaluated, and these are lllusrated In Flgure 9. Each test
produced the same relative results; thEt ls, the air leakage of the wlndows gradually increased,
fro¡ the start of Lhe test when they were ner to the end of the test, after rmrttlpte temperature
eyellng. The alr leakag,e of the rlndows In many of the tests exhlblted lnltlal values Lhat rere
¡t or belor the nationally accepted standard of 0.5 cfn/lfc. At the terrnlnetlon of the tests,
horever, the same wlndows rere ebove the acceptEble Lhreshold, and some ¡rere substantlally ln
cxcess of lhls standard. fn some of the tests, alr leakage res neasured at varlous cycles and
¡t varlous dlfferent.lal alr teryeratures. Alr leakage durlng the accelerated aglng test
Indlegted the same general lncrease In overall sgecLnen alr leakage from starb to terminatlon of
thc test. Hotever, the elr leakege vs. teryerature profile thEt was exhlblted ln earller tests
prevrlled.

llgure 10 and L2 lllustreLe the dra¡natlc change ín wlndor alr leaka6,e as e functlon of
teryerature extrenes and cycllng (tl¡ue). lhe degredatlon ín rlndor alr leekage ls, however, not
¡ contlnuous functlon. AII of the tests perfor:neó by the task group lllustrEte that the effecte

ltr (r)
l"o

879



of lncreaged air leakage over. lime leveled off after a glven nr¡mber ofór yiâ¡ôt-àri-ieãiããã'1i-ãõ,riiõõtsbiã-ró th; -rì-"-ti"" seErs End orhercïåt"?i;ntllÈi"n#t3:iåîg
u¡ed In the rlndow assenbly. The weather seals have taken a colçression set fron the hlghteryerature end change ln ¡nountlng dlstance. other plastic naterials have been stress relleved8nd, therefore, shrlnkage has occurred. Thlg levellng off of the slndow alr leakage indlcatesth¡t the tests do not have to be very long In duration to achleve the deslred results. rn oróerto determlne the lnfluence that seather seal coryressLon eet has on the overall perfornance
dcaradatlon of ulndow alr leakage, the orlglnel veather seals rere replaced rlth e õontrol set¡t ttp end of one of the tests. Air leakage vas reneasured. Flguce ll lndícates that fully 491,of Lhe totel alr leakage degradation can be atLrlbuted to the yesther seals. The rernalnlng 51f1¡ Ût¡e to glazlng sealants and corner tlghtness. Ttre apparatus used to perform the dlfferentlaltc4erature alr leakage test and the accelereted aging tests can be one and the same. Exlstlng,ther'¡al testlng, faclllties ln the Unlted stetes cãn lasily acconunodate these types of tests.The insulated glass test apparatus Èhet is referenced in the ASTI{ 8773 standard was also used toperfora one of the accelerated aging tests,

DISGT'SSTOU

lvo b¡¡potheses have been presented as the cause for the discrepancies in the field performanceof fenestration products, nanely sindows and doors, rlth resplct to air leakage ¡nåas,rre¡uentsobtained ln the laboratory. rhe first is that èhe current laboratory test ¡nethod for Eirleakage measurenents of rindows and óoors does not account for differenilat terryeratures acrossthe specinen when these products are elçosed to varying environnenÈar ternperatures; thec:çanslon and contractlon of stn¡ctural nembers change the effective leakage aree, resultlng in¡n increase or decrease in air leakage rates.

Seasonal and diurnal exterior anrblent teniperature svings are the causes for the dl¡nenslonelchenges ln fenestration products of varíous colors; the darker the color of the product, thehl3her the exterlor surface temperaLure, due to the effects of solac heet gafn, Tl¡e heatcepecity of the ¡naterial of constn¡ction of the product, its abtllty to ifssfpate heat(conóuctance), and the exterlor/lnteri.or space tenperaLures all contriblte to a iåo,p"rat,rr.
3redlent across the product. High ternperature g,radients will produce more therrnat stresses onthe stn¡etural members, thereby creatlng eondltions of ther-mal bowing. This effect rtrr changethe dlnensional lnterrelatlonshlps between these me¡nbers causing cnãnges ln the ¡reather eesrnounting dlstances.

lbe naJorlty of the weather seals used ln resldential and comnerclal rindows in the UnltedStates are a ¡m¡ltlfilE¡¡ent porypropylene fiber seal generlcalty known es plre weatherstrlpplng.
These products are nanufactured in Lncrements of o.olo lnch in height. Therefore, the a¡nount ofchange ln weather seal nountlng óistance need not be very great Èo affect aoversety tt"'rãäitãiseal's abllity to ¡naintaín a design eompresslon ratlo.

Î!¡e second hypothesis deals sith the design llfe of fenestration products and thelr abitttyto naintain perforrnance over thls period. Thã condltions assocleted wlth ttre t¡vpotf¡ãis willaffect the rnaterials of constn¡ction of the products over their llfetlne. rf the materlals areadversely affected by envlronmental elements, they rltl be rnaJor contributors to the loss of theproduet's abillty to perform es orlginally designed. DtrrabtliÈy perfonnance of bullding¡n¡terials and con¡ronents ls cn¡cieI, slnce products that are destgned Èo perform speclflcfunctions in the bulldtng structure anó then falr or fall short of e:çected performance rllleffect the rest of a bullding's perforruance. Ttre inÈerrelatlonshtps of itr. performancefunctions of buildint coÍlPonents and systems are conplex in nature and cannot be taken lightlylf the bulldlng ls Lo operate as It ras designed. As can be seen In the tenperature cycllngd¡ta for alu¡nlnun and vlnyl rlndows, the tine necessar)r for a noticeable chang,e ln theseproduets' abilitles to ¡ralntain orlglnal air leakage values is not a long one, less than 200
houre. Ttris does not correlate sith a definite tirne perlod for ln-servlce use in the fleld, noris It intended so. The Puryose behind the development of ner tests for fenestcatlon products is
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to ¡llor ¡n¡nufacturcrE the abllIty to. evaluate coryonents rlthout havlng .to- go thr-ough the long¡nd ¡ooetlmea very erçenslve f leld testlng procesa ËtráC tã crã"ãttiï;d'totte-y-. --úirtrr''irie"€ n.rt¡¡t¡, rlndor deslgnecs can test thelr deslgns for performance longevlty, lhreshotd lù¡lt¡tlongrnd product fallure ln the laboratory, before assenbly llne n¡nufacture beglns.

PBOTX'CI BBPITNTETÎ SI'IüAil

The Sraph ln Figure 13 lndlcates the results in alr leaka6,e performance rt¡en varl.ous san¡rres ofroathcr seele lose thelr functlonal helght. lrro tests rere used to create the data for thls
3reph.

lhe flret test ls a coryression set lest for weatherstrlpplng. rn thls test, a sangle ofthe æather seel ls placed into a steel flxture that eompresses the seal to 50f, oi tt" helght.lhe fixture is then placed lnto a convectlve hot alr oven gt 158 F f,oc 22 hours. At the end ofthet tlne, the fixture ls removed fron the oven, and the seal reruoved fron the flxbure end¡Iloreó to recover at laboratory temperature for one half hour. The helght of the sear Isncssuced. and colpared to lts orlglnal height. The loss of helght is recorded as the percenteorycesslon.

lhe eecond test ls an air leakage test for weather seals. The seal ls pLaced lnto a fixturethat oeesures lts ablrlty to reslst alr leakage at a given p""""u"ã.- the ieakage ls reãorded Eacfu/linear foot. 1o produce the data in this graph, the veather seals were tested for alrleareg,e rates at 10' 20, 30 and 40 percent eorprl"Jion of thelr functlonal heights- The eearevere then renoved fron the air leakage appacatus and placed into the conpressron set flxture andlnto the oven for 22 hours. The seErs vere thrn renoved from the oven, allowed to recover andthetr coryression sets recorded. The eeals rere then placed back into the air leakage apparatueunder the same compresslon values. ltre elr leakages rere recordeó agaln as the lncrease due toeoqresslon eet. Itre dete were plotted and lhe rãsults are aE fotlois: each eeat exhlblted alose of functlonel he16ht. ftris ls the nature of thermoplastic naterlels. Ttre alr realcagelncreased Es the seare lost thelr helght and thelr ablllty to nelnteln contact rtth the nabrngsurface ln the flxture. The three seal specfunsna rere:

1. Ë¡ltlfllarnent polypropylene pile;

2. ltultlfllanent polypropylene plle vtth appurtenanee;

3. Polyethylene-clad pot¡rrethane foan.

tbe seel that shoned the least amount of compresslon set and, therefore, the lesser amountsof lncreased Elr lealcage ras the polyethylene clad pol¡rrethane foan seal; the next was the ptlerlth appurLengnce. Ttre hypothesis ior ihe seal's ierioro"nce seys that the polyurethane foam iee the¡¡oset naterlal, anó therefore, affected by eonpression and tenperature to a lesser degree
!l* the thermoprastlc neterlars. rt is th; polyethytene flrn ãe the Èhlrd seet that rstheruoglastlc and the reason for the sltght 

"ro,rtts or conpresslon set of this sear. rÈ¡PPears, hoïever, thet the performance of thls seal ls prinarliy tovel1led by the characterlstlcgof the pol¡rrethane foam.

co¡cLusrot

lttc ¡1r leakage perforrrance (and lndirectly rater and dust penetratlon, end sound trans-nl¡elon) of fenestretlon products ln the laboratory ls based on a single test pressure endteqeraLure. these same products rt¡en installed ln the butldlng envelofe are toi llkery topcrfom rlth sl¡nller reeults. The rante of envlronmental tenperatures anô pressures encounted
ln the ficld rrll' hsve slgnlflcanÈ i.npact on the nesr and long teru perfonnence of theseproducts.



DtfferentlaL alr tenperature-s lryosed on thes leboratory Indlcate ¡ Ioss of¡rcrfornance (tncreesed alr leakage) ln very - Further testing has Indlcatedth¡t mgt of the perforrnance degradation ls e yeather eeels; ln pertlculerr¡ltlflllnent golypropylene plle ãeals rlbh ln fln.
Îb¡ current test mthotl for neesurlng the ttr leakage of feneetratlon products, B2g3-E5, Isbclng mtllfletl to ¡rror for the effecte thst ólfferential teryeratures heve on alr lcarage.
â ¡econd teet ls aleo belng developed et Aslï thst rlll r¡EeEure the short-teru effect¡ of

products le extrenely lnportant lf such produ
reu'.In rlthln lnóustry threshold Etandardi for
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TABLE ].

Fleld Air-Leakage Rates of Commerclal prime t{indowe

BUILDING AGE
( YEARS)

PRETEST
CFM,/LFC

POST TEST
CîI'I/LFC

1í ÐECREASE

2. OO

5. 00
7.OO
7. OO
9. O0
9. 00

10. 00
10. oo
10.00
10. o0
10. o0
10. o0
10.00
11.00
11.00
11.00
11.00
t2. oo
12. OO
L2. OO
13.00
13. O0
14.00
15. O0
15. O0
16. O0
18. O0
18. OO
19.00
20. o0
20.00
20.00
20. oo
20.00
25. OO
26. O0
30.00
43. OO

77.Q
9L.2
57 .3
83. I
90.2
70,7
70.9
64. 5
85. I
93. I
88.2
64. 6
77 .5
83. I
65. 5
83. 4
83. 6
61.5
80.1
73. O

80.5
92. L

91. 3
47. L

67 .7
68. 5
58. 5
73.6
80.0
44.7
18. 6
70.9
8g .7
67 .2
72.3
36. 6
72.3
69. 0

0.61
o.22
0.38
0. 49
1. 13
0. 43
o.43
1. 08
0.86
L. 42
0.54
0.64
o. 45
0.36
0.30
o.26
o.32
0.45
0.34
0.51
0.60
o. L7
o.25
o. 73
0.85
o.52
1.32
2.85
o.37
2.7 L
o.92
0.88
o.44
0.94
0.89
o.7 L
0.90
o. ?t

2.6õ
2. 57
o.89
3. 05

11.50
L. 47
1. 48
3. 04
6. t2

23. O0
4. 56
1.81
2. OO
2.24
o. 87
L.57
1. 95
t. L7
I.7t
1. 89
3. 08
2. L5
2.86
1. 38
2.63
1. 65
3. 18

10.80
1. 85
4.90
1.13
3. 02
4.26
2.87
3.2t
L. L2
3.25
2.29

883



ÎABLE 2

DegradaÈion Factors AffecÈ1ng the Servtce Life of
Buildlng Components and Materials

Ie¡therlnr P¡ctort
l¡d¡tIon

sol¡r
Iucle¡r
il¡¡r¡¡l

lq6ratur€
ll¡v¡tcd
Dopr.¡sod
Cyclee

I¡t.c
Solld (a¡ch ¡¡, ¡nor, lcc)
Llquld (auch ¡r, r¡ln. conóGns¡tlon. eÈendtng rrter)
Y¡gor (ruch er, hl3h rol¡tlve hunl.ll.ty)

foro¡l 
^lr 

ConttlÈuent3
Oq¡t€n .nd otone
C¡rbon dloxlde

Alr Cont¡nln¡nts
G¡ge¡ (¡uch ¡g, oxldo¡ of nltogen ¡nd ¡ulfur)
tll3tr (such le, eeroaole, s¡lt, sctdr, cnó ¡tL¡lloc dl¡solved ln
vrter)

Freeze-th¡r
Ulnd

Blolorlcal Factora
lllcroorganleos
Fungl
B¡eÈerl¡

Stacat P.ctorr
Strers, gu¡talned
Strcss, gerlodlc

Phyrlcol Ectlon of u¡ter, ¡s r¡ln, h¡ll, sl€€t, ¡nd snou
Physlcel actlon of ylnd
Co¡blnetlon of phyrlcal ¡ctlon of yeter end ulnd
lov@ent alue to other f¡etocg, euch ¡s settl€ôônt or vehlcles

Incæstlbllltv !¡ctor¡
Cheolcal
Phyrlcrl

UBe l¡ctorr
Derign of eyeteo
IntÈell.tlon ¡nd B¡lntcnance proccdurcl
forr¡l yeer and te¡r
Àbuee by the usef

ÎABLE 3

Surface Temperature Heat Bulld-Up
of Colored Materlals

MATERIAL COLOR DELTA F

PVC

ALUMINUM

BLACK
GREEN
BLUE
GREY
IVORY
WHITE
BROf4N
RED
TAN
GOLD
OLIVE
YELLOf{

?4
50
56
49
45
45
52
49
45
50
50
36

FlELD MEASUREMENTS
lo5 r50
lbo 191

ll2 145

BRONZE
BLACK

I{H I TE

BLACK 776
NOTE: DELTA F IS THE TEMPERATURE TO BE ADDED TO THE AI,{BIENT AIR TEMPERATURE

TO OBTAIN THE MAXIMUM SURFACE TEMPERATURE OF EXTERIOR EXPOSED PVC.
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Design Sketchbook
Double hung tilt-replocement
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