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AIR LEAKAGE THROUGH VARIOUS FORMS 
OF BUILDING CONSTRUCTION 

T HE stutly of infiltration througl~ nlasoiiry walls was undertaken a t  the 
Research Lal~oratory of the AMERICAN SOCIETY OF HEATING AND 

VENTILATING ENGINEEKS ill 1925. The  tests were made in two pieces of 
apparatus (Fig.  1 )  designed for that purpose. Early in tile investigation it 
was discovered that the rate of infiltration through masonry walls increased for 
acvcr;kl n~ontlls iiftcr l)uil(lin~, iuid ;IS ir rcsult, tlie testing of different types 
of c o ~ ~ ~ t r u c t i o ~ i  ill tlic ;ivailablc app;lratus in the I'ittsburgh Laboratory became 
a very slow process. 

111 1927 tlic ill:~jor portion of the illfiltration stutlies of the I ~ b o r a t o r y  was 
trit~lsicrrctl to the U~iivcrsity of W i s c o i ~ s i ~ ~  under a cooperative agreement. 
17rofiting by the earlier experience in Pittsburgh, the apparatus a t  Wisconsin 
was so tlosignetl that a large number of walls could be built in steel frames 
wl~ich coul(1 1;rtcr I)c 11iovctl into the testing n~acliine from t i l l~c to  time as  
the walls aged. Tllis niatle possible a more rapid testing progranl, since 
the testing apparat 5 .  was not tied up by a single wall during the aging 
process. Y' 

Since 1926, the two pieces of apparatus a t  the Laboratory have been kept 
in constant use wit11 the result that there lias now accun~ulated data on several 
types of  construction wllicli a re  made tlie basis of this report. These data 
will help in extending the knowledge of the infiltration through different types 
of c o ~ ~ s t r l ~ c t i o n  ;mtl will also serve to indicate variations wllich may be found 
ill t l ~ e  rate of ail. leitkage tl~rougll tlifferel~t walls of tlie sallle type built 
by different n~ecllanics untler dilTerent conditions. 

All the walls tested a t  the Laboratory since 1926 and here reported were 
built by Prof .  C. W. Larkin, Head Instructor of hlasonry at  Carnegie Insti- 
tute of Technology. In  building these walls an attempt was made to follow 
as  nearly as possible the practice of the building inilustry. 
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Tlle ~~tct l iod of c u n d i ~ c ~ i l ~ g  the t c s ~ s  was identical wit11 tltat previously used 
and reported in det;~il i l l  e:lrlier Lal~oratory reports l,'. Tlle wall to be tested 
was built :is :L l ~ :~ r t i t io~ i  bctweet~ the prcssurc cl~anibcr and tlte collectiltg 
cl ia~~tber  of tllc teat np]);ll.:itus (sec Fig. 1 ). Except in cases where edge 
losses were the subject of investigation, the joi~l t  between tlte app:iratus and 
tlic \\,;ill \ u s  c a r e f ~ ~ l l y  sealc(l wit11 calki t~g co~npountl and then painted with 
an asplt:~lt base 11ailtl so as  to l iu~it  t l ~ e  le;lk:ige mensi~red to tltat t l~rougli  the 
6 x  10 ft. section of rv;lll u~ tder  test. 

The  desired \villll prcsaurcs were prolloccd in the prcssurc cl ia~t~ber by means 

of ;I Illower allcl tlic air Ic;ikil~g tl~rotlglt tlic w;~ll  illto tlic collecting clin~nber 
was n~easured as  it p;~ssed out tlit-ouglt tlte calibr;~tetl orifice. A Walilen gage 
ivas usetl to rne:tsllre the pressure drop through the orifice and a sensitive 
inclined gage \\.as usetl to nirasure the pressure drop tllrouglt the wall. In  
al~alpzing the data, the leak;ige per square foot of wall or per line:~r foot of 
crack was plotted ag:~ittst pressure drop through the wall and the equivalent 
wind velocity. 

Data are given in this paper on t l ~ e  followil~g types of construction: 
1. A 13-in, brick wall after plaster had been removed from the wall and the 

joints repointed. 
2. Same as ( I )  \\,it11 the application of paint. 
3. A frame wall consisting of siding, slleatl~ing, paper, lath atid lime plaster. 
4. Same as (3) with gypsum plaster. 
5.  Same as (4 )  with sizing and paper. 
6. 1-eaknge per foot of crack between plaster o r  stucco and wood frame. 

' . i i r  LIOXOOI T h r o ~ v h  lh0 O p ~ t ~ i w z  i* B ~ i l d i w r .  by B. C. llouphlera and C. C. Schrsdcr, 
(A.  S. I I .  V. E. Tnnarrcrta~s.  Vat. 30 1924). 

' I s l i l lm lwa  Through Plaslerrd and 6n Iarlrrod Brirb Wollr, by F. C. Houghton and hlsrparet 
Insrls. (A.  S. H. V. E. Tn*sr*crtonr. $01. 33. 1921). 

Wind \'elucily Miles per )lour 

I l ' 1  - 1 l I I I 

. . . . . .  2 A 134". plain brick wall 22 1.80 4.90 9.35 14.50 20.30 25.50 
2 C Same 19 2A, wilh plaster on . . . . . . . . . . . . . . . . . .  brick 183 0.006 0.016 0.031 0.054 0.084 0.121 
2 l3 Same ss ZC. plaster rentaved, .......... wailrepointed 384 1.35 3.25 6.15 10.20 14.95 20.00 
2 C Same ar 2B with one coat . . . .  ............. mint :. 387 1.25 2.85 5.10 8.00 11.60 15.65 
2 E Sime as 2B with three coats ................... paint 398 1.05 2.45 4.50 7.00 9.60 12.50 
2 F Same as 211, with six coats . . . . . . . . . . . . . . . . . . .  paint 406 0.02 0.06 0.10 0.15 0.20 0.25 
4 C Frame wall siding aper 

sheathing, studs, i a t i  and ............. lime plaster 156 0.25 0.60 1.10 1.90 2.95 4.10 
I D Frame wall riding, paper. 

s l~eat l~ing studs la th  m d  
gypsumd~arter.' ......... 145 0.25 0.45 0.75 0.95 1.10 1.35 

4 E Same a6 4 0 ,  wi th  sizing and 
paper .................. 266 0.10 0.22 0.42 0.60 0.75 0.95 

7 l3 % in. sheathinu. studding. 
paller, m e t a l  lath a i d  
SIUCEO . . . . . . . . . . . . . . . . .  0.12 0.25 0.40 0.50 0.70 0.90 

7 D 13 in. brisk and tile wdll.. 1.05 2.90 5.55 8.60 12.15 16.11 . 
8 H Average, c r a c k  b e t w e e n  Inliltration in cfh per fwt of crack 

frarnr and phrler or 
~ I ~ ~ E c u  . . . . . . . . . . . . . . . . . .  0 0 6  0.135 0.236 0.3bO 0.50 0.65 

7. A stucco wall consisting of s l ~ e a t l i i ~ ~ g ,  paper, metal lath, and stucco 
(without inside plaster finish): 

8. A 13-in. brick veneer hollow tile wall. 
Figs. 2, 4, 7 and 8, and Table 1 indicate tlie infiltration rates found for 

these types of construction. 

RESULTS OF TESTS 
Brick Woll 

The brick will1 on w l ~ i c l ~  leakage values for both tlie plastered and plain 
wall were reported in an earlier Laboratory report was tested after  the plaster 
had been carefully removed and the joints had been repointed. The  leakage 
is given in curve B, Fig. 2. This  leakage is found to be somewhat lower than 
that reported for  the sanie plain brick wall before plastering which leakage is 
s l~own in curve A for  comparison. This  reduction is probably due to better 
pointing of the joints af ter  tlie plaster was removed. One coat of paint was 
then applied to the inside brick surface with the result shown in curve C. 
Curve E gives the results after the application of three coats of paint. I t  was 
rather astonishing to those conducting the tests that the paint did not have 
a greater effect in reducing the leakage, but upon careful inspection of the 
surface, it was found that the pailit did not fill up and seal over the larger 
cracks and crevices in the wall and it was apparent that the greater portion 
of the leakage took place through these openings. - The  wall was then care- 
fully examined and calking material placed in all visible cracks o r  crevices, fol- 
lowed by an application of paint. This  was repeated three times, resulting 
in leakage indicated by curve F. I t  is apparent that careful calking and paint- 
ing of brick walls will give a reduction in leakage comparable to  the reduc- 
tion found for  plastering. Curve G indicates the leakape earlier reported 



Curves H, 1 : I I I I ~  h' renl~lti~lg ~ ~ O I I I  tests Ily I ~ I ~ R O I I  : I I I ~  iVe1so11 ilre also 
i~~cludrcl for Illlrlmws c u ~ ~ i p i i r i ~ o ~ ~ .  'l'l~rhc :,re ilir 13.i11. Irrick \v.~lls of the 
iullu\ving types: H, pcvrr \vo rk l~ i :~~~s l~ ip ,  li111c 1liurt:lr :ind [ K I ~ ~ I I S  I~r ick;  1, goud 

sevcriil I I I U I I ~ ~ I ? .  l ;~tcr ,  it was ol>ser\~ed t l ~ ; ~ t  the s l ~ e a t l ~ i ~ i g  hat1 shrunk showing 
crircks fro111 l% to M ill. i l l  w i~ l t l~ .  

1 T l ~ c  interior of the will1 was I;~tl~erl and plastered wit11 two coats of rough 
linie plaster and one lime ski111 coat. After  aging, the fra~i ie  wall with this 
plaster showed tlie leakage indicated by curve A, Fig. 4. However, a consid- 
cl.:~ble portion of this leakage took place through the joint between the plaster 
;incl the aurrou~~cli~lg wood frame as  indicated by the infiltration shown by 

l curve C, foulrll after sealing the joint. Fig. 5 is n cross section of the co~ i -  
struction s l rowin~  this cmck. ' h e  frarne construction on w l ~ i c l ~  tlrr lath and 
pl;lster was applied was built in a 1% X 8-in, board frame placed in the channel 
iron fr:~me forming p;rrt of the apparatus. The joint between the wood franie 
; ~ n d  the cl~annel f r ; ~ n ~ e  was carefully calked so that no leakage took place 

INFILTRATION IN C.FH.PER 5 Q . F T  OF  WALL 

I;II:. 2. INFII.TI~.ATIOX T I I I < ~ L X ; I I  13.1%.  NICK \V,~I.I. t l ~ r o u g l ~  this joint. Tlie leakage tllrougli the franie wall with gypsum plaster 
before sealing the crack between plaster and wood frame is given 11y curve B 
ancl t11;it t:~l;ing pl:~ce after this crack was sealed is give11 by curve D. This  

\vork111;11i~l1i11, C C I I I ~ ~ I I ~  I ~ I I I C .  I I I I J ~ I : ~ ~ ,  a11c1 ~ J C I ~ C J I I S  lwick; K, g ~ o c l  \ V O ~ ~ I I I : I I I S ~ I ~ ~ I ,  w;ill  IS tliel~ sized and papered :~nd again tested giving the leakage indicated 
cc~lle~l t  1i11ic rllorlilr illld I~i~rcl Lr i~k .  C I I ~ V C  J ili<lici~t~.s t l ~ e  lei~kage reported by curve E. 
for the 1 w:dl :~ f t e r  the ;~pplic:~tiol~ of three co;~ts of 11ili11t. 

l 
stllcco CVoll 

J ~ ~ U I I I L ,  IVull 1 The  details of construction of the outside stucco finish is shown in Fig. 

Tllc ilet;rila of c o ~ ~ h t r ~ ~ c t i o ~ ~  of the f r a n ~ e  \\!;111 arc s l io \ \ .~~  in Fig. 3. T l ~ e  
outside col i i t ruct io~~ cc~l~aistcd of 74 in. x 8 in. s l ~ e ; ~ t l ~ i ~ l g ,  11uildi11g p;~pcr, and 1;1p- 
i i g  l ' l~e  r l~e:~thing was purchased 011 the I I J ~ ; I ~  ~n :~rkc t  fur tllis purpose 
and was applieil inlnlediately with the butt edges firnlly ag ; l i~~s t  c :~c l~  other 
so as to allow no visible cracks. After  r e l~~ov ing  the first coat of plaster 

'A i r  InlilfrolQ~~ T18rou h V Y ~ ~ Y U I  Tspcr of Brick Il'ull Condrunbrr, by C. 1.. Lilrran, D. \V. 
Nelson a d  C. Brastz, A .  l. H. V. E. TIANIICTIUNI, "01. 36, 1930. 

6. Tllc ?/a x 8 in. unmatcl~ed sheathing was again purchased on the local market 
and in~nlcdi,~tely applied to the studding so a s  to give as  small cracks as  possible. 
Paper and ~~re tn l  netting was applied to tlie sheating on which two coats of 
cement plaster and one coat of finish stucco were applied. By using special 
spacing nails the paper was held firmly against the sheathing and tlie wire 
netting was held about % in, away which resulted in the netting becoming 
conipletely imbedded in the stucco. By the time the stucco had aged sufficiently 



for testing, it \\,;IS ag:ii~l observerl that tllc s l~ r ;~ l l~ i~ l l :  11:liI bl~rilllk SO as to 
leave frt)~li % to b i  i l l .  cr;~cks I I C ~ \ ~ I , I , I I  I I O : I ~ I ~ , ,  

Tlie stucco \v;111 \v;~s built in  tllc s4111c boilr~l ~ ~ : I I I I C  ( I ~ S C I I ~ S ~ ~  111i11cr tlie 
plastered wall and curve .-l (1:ig. 7)  gives h e  1e;ikab.c after a g i l ~ g  but before 
the crack between tlie stucco and the wood fr:i~ne was scnlcd up wllile curve B 

- F R A M E  WALL-GYPSUM PLASTER- C A L K E D  

INFILTRATION IN C.F.H. PER S Q . T T  OF WALL 

1;lli. 4 ,  ~ N t ' l l : ~ H ~ \ T I O N  ' ~ 1 1 1 1 ~ l l l ~ l l  ~~ll,\hll< wJ \ l . l .~  

gives the leakage for tile sallle \v:iII ;liter this cr;lck w;is sc;~led. llellce curve B 
represents the leakage per square foot of stucco w:~ll. 

The rates of leakage tlirougli t l ~ e  cr:ick bclu,ee~l tile p1;istt.r illid tlle wood 
frame in the two plastered w:llls, and bct\vt.cn tile stucco atid tile wood frallie 
in the stucco wall, are given in the curves, IGy. 8. In closi~ig ~ l l i s  crack for  
the first plastered wall the top 11orizo11t:il cr;lck \>,;is sealed first giving the  
reduction per foot of crack i~ldicated by cisrvc A.  Seeling tile two vertical 
side cracks gave the reduction per foot of crack sl~o\vr~ by curve B and sealing 
the bottoni horizontal crack gave the reductio~l sllown by curve C. Tlie average 
reduction per foot of crack found by se;ili~lg tile cr;ick around tile entire wall 
is given by curve E. 

Sealing the crack around the second plaaterecl wall gave the average reduction 
per foot of crack shown by curve F and sealing the entire crack around the 
stucco wall gave the reduction shown by curve G. Curve D gives the average 
leakage per foot of crack between plaster and wootl i r a n ~ e  or tlie average of 

curves E and F. Curve H gives the average leakage per foot of crack for  
tlie two plastered walls and t l ~ e  stucco wall or the average of curves E, F and C. 

I t  is tile opinion of  the authors that tllc leakage shown by the curves obtained 
by t l ~ c  reduction of tlie leakage for  tlie walls after sealing the joints is fairly 
representative of tlie leakage througl~ the joint between plaster or stucco and 
the frame wol-k of doors and windows and around the floor line of plastered 

THIS JOINT SEALED BEFORE TEST 

r n l s  JOINT SEALED AFTER FIRST S E R I E S  

OF TESTS TO OBTAIN CRACK LEAKAGE 

LATH ' / SIDING' 

walls. A very definite crack always appears a t  these points during the dry- 
ing and aging process. I t  should be pointed out, however, that in most types 
of construction the finish trim is applied in such a way as to cover this crack. 
While such trim will always reduce tlie leakage through the crack to some 
extent, it rarely eliminates it entirely unless special-pains a re  taken to close the 
joint between the plaster and trim. 

Details of construction of the brick veneer hollow tile wall a re  shown in Fig. 
9. Tlie joints between brick and tile were only partially filled with mortar in 
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INFILTRATION IN C F.H PER SQ F T  O F  WALL 

1:1(.. 7. ~ S Y I L T I ~ , \ . I ~ I ~ I N  TI IHOI . I ; I I  I:ni\hlli S.I'L'(.CO, ,AP;I )  I ~ K I C K  A N 1 1  ' ~ I I . E  
\Y>\LLS 
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INFILTRATION IN C.F.H.PER F T  OF CRACK 
FIG. 8. I N F ~ L T ~ A T ~ O N  THROUGH CRACKS I N  FRAME A N D  STUCCO WALLS 

:I I I I ~ I I I I ~ C ~  s i~~ l i l i i r  ~ I I  COIIIIIIOII p r a c t i c ~ .  T l ~ e  Icakage fo r  this  wall t h ree  months 
a f t e r  construction is given in  Fig. 7 by curve C, and  the  leakage a f t e r  13- 
11101ltl1s aging is given by cu rvc  D. 

DISCUSSION 
~ I A R I , A M I ~ .  INOEI.S (WKITTKN)  : I was especially glad to see the i~~forrnat ioi~ in this 

11alrcr conccrni~~g tlie air leakage around the edges of plastered walls. 

It should I I ~  horne in mind that the air leaking through a given wall of a building 
may i~o t  be t l ~ e  product of tlie cubic feet of air per square foot times the area of the 
wall. If there is a space within the wall where an air current may be set up, the 
infiltratio~~ may be considerably more than figured from the unit area value. Plaster 
is practically air tight but a plastered wall may not be, if there is a space between 
the plaslcr and the outside portion of the wall which permits a circulation of air 
withi11 the wall. The air leaking in tllrough t l ~ e  outside portion enters this space 
aod may flow into the i~~ te r io r  of the b~~ilding over baseboards, or escape into the space 
betweell ceilings and floors to leak ill around iuterior door frames. 

Tlle il~filtration ui a wall is the sun1 of 3 factors: 

( I )  Infiltration due to cracks of windows in the wall. (This factor may be 
obvaincd f r o u ~  the data publisl~ed by the Research Laboratory of the Society.) 

(2)  Iufiltratio~~ through walls. This factor may be obtained for several types of 
walls; also from the data of the Research Laboratory. 

(3) Illfiltratio~~ due to space within tlie wall which permits air flow between por- 
tions of the wall. If there is no air space, o r  if the air space is sealed, this factor 
becolnes zero. 

T l ~ e  curves in Fig. 4 show the effect of the air circulating back of the plaster and 
finding all outlet arouud the edges of the plaster. Curve A shows the leakage through 
a f ran~e wall wit11 l i n~e  plaster, the crack between the plaster and wood frame not 
calkcrl. Curve C shows the leakage through the same wall with the cracks calked. 
The rliffcre~~ce ill tl~ese two curves may be called the infiltration around t l ~ e  edges 
of plaster. Such edges would occur in actual installalions at tlie base boards, window 
frames and door casil~gs. A t  15 miles wind velocity the difference in  infiltration is 
shown as 12.5 cu ft per hour per square foot of wall. When estimating the leakage 
through a wall of this construction, should the wall area be multiplied by 13.5 cu it 



per hour, o r  1.0 cu ft per 11u11r to get a fair esti~iiate of the infiltration through 
the wall? 

In t l ~ e  data for stucco \valls the edges of plaster leaks are  shown, the top, side 
and bottom edges eacll liavi~ig a differe~it factor. The  average cubic feet per hour 
per foot of crack S ~ I C I W I I  i l l  Big. 8, Curve 11, is quite valuable in obtaining tlie third 
factor fur t l~is  type uf \v;tII for tile total i~if i l t ra l io~~ tIiro11g11 it. 

Tlle air space, I I L I ~  1bri11g sealed, tends to increase the i~lf i l t ra t io~l ;  the amount of 
i~icrease dc l~c~ lc l i~~g  ,111 tltc ~>ru l~a l~ le  lc~if i t l~  of plaster erlgcs, wl~ich niay be the perimeter 
of ehternal \r,;lll 1i111cr t l ~ e  ~ l l ~ ~ l i l ~ e r  of floors (each barelraar~l) plus the sun1 of the 
l~er i~neter  of all \ r ' i ~ ~ ~ l i ~ \ v  Ira111es anrl outside door casi~igs. Tlie additional infiltration 
clue to the lllaster erljies \vuuld be the total l e~ lg t l~  of the edge crack times tlie cubic 
fret per 11o11r 1,cr foot fcir ~ l i c  givcu wind \,clucity ancl diviclr,l by 2, as the possible 
~ i l ax i~ l l l~~ i i  crack, ehllo*cd lu llie wind \\'ill I)e '/L uf total for Iionie. 

T l ~ e  co~isi,ler:itio~l tli t l~e  sp:lce wllicll permits air circulalion within the walls is 
also 01 i r~~[ lu r t ; i~~cc  i l l  ( l c t e r ~ i ~ i ~ i i ~ ~ g  1 1 1 ~  11cat tr;r~isfer tllr011gl1 t11c wall. 

In bu i ld i~ l~a  ivi~li I;~rjie vu1u111e ill cunipariso~l to exter~ial wall surface tllis third 
suggested iactur is I I L I ~  su ini l~urt ;~~i t .  D I I ~ ,  ill f i g ~ ~ r i ~ l g  the licat load for residences 
it is important because tl~ure arc us~~a l ly  large a~iioullts of outaide wall in conlparison 
to e~~closcd volu~l~cs. 

I.. 11. I - E s , ~ ~  ( \ \ ' K I . ~ ~ E s ) :  11 111igllt be h ~ l l ~ f u l  to tl~use who migl~t  use these data 
in desig~l pruI)Ie~~ij tu 11oi11t out that the use of nz,crogc values derived from laboratory 
experinie~l~s 11i;i). I I O ~  lit the cnsc in I1:tnd and ~niglit be a source of error in exact 
calculatiu~~s. 

T o  be Inore specilic, co~~(l i t io~is  iou~ld in actual structures  nay be quite different 
fruni tl~ose prcselit ill the laborotary. 

]:or e x ; ~ ~ ~ ~ l , l c ,  it is at:ltr<l t11;tt in 1111ilcli11g t l ~ e  I~rick walls, attenll~t was ~nade  lo  
joll,r~ct us 11~~ul.lj1 us porriblc Ilir. pri~rti(.c o j  tllc br~ildi~ip i r ~ d ~ ~ r l r y .  Uut tllis practice 
varies \vidrly in di l ferc~~t  parts of tlie cuulltry and even in the same city, and tlie 
character and p e r f o r ~ ~ ~ a ~ i c e  of brick nlasonry is known to be greatly i~~fluenced by 
tl~is matter of \r~ork~nansliip. Also aged brick walls seemed to pass more air than 
new ones. 

Again, it was found that, ill t l ~ e  frame wall ~ia~lels ,  after several months, "the 
sheat l i i~~g had shru~ik sliowi~lg cracks from M to % ill, widtll." 

.And, that "leakage took place tl~rougli tlie joint between the plaster and the sur- 
r o ~ ~ ~ l d i ~ i g  wood ~ ~ P I I I C . "  

It woulcl tllcrcb~re ;xlqle;ir tll;~t, i l l  ; ~ l l  of t l ~ e  tylies of co~~struct ion exa~ni~led,  cull- 
(litiuns wliicl~ niigl~t greatly influe~~ce air i~lfiltraliun ill actual structures or structural 
parls 111igl1t vary greatly as between similar types a ~ l d  as between different ages of 
the same type. 

In other words, the conditio~i of a brick, fra~lle or slucco wall, a few years after 
co~~struct ion nligllt be e~ltirely different (as it affects air leakage) than when newly 
constructed; or, quite cliffere~lt fro111 the co~lditio~ls describecl in these tests. 

I-Ience, a lugical conc l~~s io~ l  would see111 to be that tlie data given ill this paper 
should be used with caulion. Tlie use of oz'crage values is sometinies da~~gerous .  

In this nlatter of air leakage t l~rough walls, however, the saving feature is that 
the amount uf leakage t l~ roug l~  tlie corive~itional types of walls is practically 11eg1i- 
g ~ b l e  and may be even desirable as furnishing the necessary ventilation. The  usual 
application of plaster o r  stucco on the wall surface cor~fines a i r  leakage to the cracks. 
It is these cracks, either structural cracks around wall openi~lgs o r  undesirable cracks 
in the walls themselves which really merit our co~lsidrratio~l. 

'Chief Enpinrcr, Curnt>m8~ Brirk  Alaaufor!ur..rr' i l r r o r ~ a l i o r ~  of Attwriso. 

I). W. NELSON (WRITTEN)  : I t  is iliteresti~ig to those of us at the University of 
Wisco~~s in  who are  engaged ill inliltratiu~l testiog, to review [lie excelle~it work done 
in the Research Laboratory of the Society that is rel)orted in this paper. This paper 
gives valuable additiorlal data on the subject and shows what variations may be 
expected from different constructio~is built u~lder different circumstances by different 
mechanics. 

The  13-in. plain brick wall tested after removing the plaster and repointing shows 
a leakage somewhat less tlian that of tlie poorest wall but more than that of the 
better walls built at Wisconsin. The fact that repointing reduced the leakage seems 
to bear out the belief that most of the air finds its way througl~ the mortar joints and 
that this is probably through a hair-line crack at the contact between the brick and 
the mortar. This crack is caused by a shrinking away of the mortar during the 
hardening period. A second aplilication of ~i ior tar  :IS in repainting, reduces the 
leakage through this crack. 

T l ~ e  application of 3 coats of paint to tliis brick wall showed about the sallie reduc- 
tion in leakage as we fou~ld for brick wall No. 4. Tlie application of 2 coats to this 
wall No. 4 ordinarily applied resulted in a 9 per cent reductiog. The  third coat was 
applied with exceptional care in an attempt to fill all pores and hair-line cracks. The  
result was a total reductio~l of 28 per cent for 3 coats of paint. This comparatively 
small reduction for careful application of paint seems to be due to the paint not hav- 
ing sufficie~lt body when dry to clog these hair line cracks. 

The application of 3 niore coats, 6 in all, to the Pittsburgh wall put on with special 
care and tlie use of calking material in all visible cracks reduced tlie leakage to a 
negligibly small value just as plastering would do. Due to the expense of this pro- 
cedure from both the material and labor standpoint sucli reduction of leakage could 
not be obtained at a reasonable building cost. 

Probably tlie al~plication of hot asphalt tu tile brick wall would be effective in 
the reduction of air infiltratio~l as well a s  in the prcve~~tiun of ~ ~ ~ o i s t u r e  entrance for 
which reason alone, it is usually justified. Tlie application of such a coat to the 
brick surface of a furred wall is to be recommended due to tlie loss of effectiveness 
of the plaster by leakage a t  the edges of the plaster sheet a t  window and door open- 
ings and at the baseboard. 

T h e  tests at Wisconsin on brick wall No. 7, which was equipped with a standard 
I~aseboard applied to tlie usual furred and plastered constrl~ction, sllowed that the 
efficiency of tlie plaster sheet in stopping air leakage was only about 50 per cent due 
to the crack a t  the baseboard. The  crack at the baseboard allowed the passage of 
12 cu it per hour per foot of length and if it had offered no resistance would have 
passetl 22.5 cu ft per Itour per foot of le~tgtli at 15 ~nlrh. 

This leakage is ~nucli larger tlian that f u u ~ ~ d  at the Pittsburgll Laburatory and 
reported in this paper for the crack around the plaster and stucco sheets. The  
average of all was 0.25 cu ft per hour per foot of crack and the rnaximuol was 0.85 
cu ft per hour per foot of crack a t  15 mph. 

Should the baseboard be made exceptio~ially effective by running the plaster en- 
tirely to tlie floor or by using calking material between the baseboard and the plaster, 
there would still be tlie chance for air to enter into the floor and ceiling construction 
from tlie wall space and find its way illto the roo~ii through ope~lings such as around 
the steam pipes. There is also tlie c l l a~~ce  for air to reach window frames in furred 
masonry and in frame walls. A t  this location, entrance to the room is not effectively 
resisted. In fact, the pulley holes and sash weight door cracks offer easy entrance. 
In  our opinion the effectiveness of the plaster in furred masonry and in frame walls 
should not be over 50 per cent. 

Because of the opportunity for air leakage a t  the edges of the plaster sheet, espe- 
cially a t  the baseboard and window openings, building paper must be largely relied 



upon for infiltra.tion effective~less in frame construction. T h e  tests at  Wisconsin 
reported to the Society in June, 1930, showed that all of the half dozen walls of 
sheathing, paper and siding or shingles and without plaster had a negligible leakage. 
The air resistance is due to the paper which was effectively clamped between the 
2 thicknesses of boards. 

The  leakage through the finished frame walls was less than W cu i t  per square 
foot per hour at  15 mph. The values secured in Pittsburgh as  shown in Fig. 4 are  
about 1.10 and 0.75 cu ft. These leakages are  extremely small and in either case 
would be neglected in ordinary heat loss calculations. This difference, though negli- 
gible, may be due to a difference in method of calking. A t  Wisconsin, a recess was 
made in the 2 x 4s against the 4 x 8 wood members of the frame into which the 
walls were built. This was filled with calking compound. In  addition a space of 
% to to in. was left on the 4 sides of the outer wall against the frame and this 
space was filled with calking compound against the siding, paper and sheathing 
down to the 2 x 45, so that air could not enter at  the ends of the test pane!. 

Fig. 5 of this paper does not show calking at  these locations and the slight addi- 
tional leakage secured may be accounted ior by this condition. I t  is a question 
which method of calking comes nearest to representing building conditions. I n  pre- 
liminary tests on frame walls 2B and 3B at  Wisconsin, one of these end joints of 
siding, paper and sheathing was left uncalked and the leakage resulting was 1.70 
cu ft as compared to 0.30 cu ft when sealed. This was considered to represent the 
condition at the corner of a house o r  against an opening. This crack leakage 
amounted to 0.20 cu ft  per foot o i  crack per hour, which is close to that of the 
average plaster and stucco cracks found a t  the Pittsburgh laboratory. 

The  13-in. brick and tile wail reported in this paper had an air leakage of about 
5.0 cu i t  per hour per square foot of wall at  15 mph arrived a t  by taking an average 
from the 2 curves shown in Fig. i. An  8-in. hollow tile wall tested at  Wisconsin 
had a leakage of.9.8 cu ft per square foot per hour a t  15 mph. T h e  tile itself then 
seemingly allows the passage of twice the air that the combined brick and tile wall 
does. There seems to be a great variation in workmanship on tile walls and some 
would have a much greater leakage than the foregoing figures would indicate. 

The test on this brick and tile wall a t  the end of 13 months showed something 
over 20 per cent more leakage than did the test at 5 months. There  n.as no indica- 
tion in the brick wall tests at Wisconsin that there was any change in leakage 
attributable to aging. The tests were made a: 5 months and then 2 months later. 
It would be interesting in the near future to again test these brick walls and the 
tile wall to look for an aging effect. 


