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study as this ollgl~t to be based upon contlitions prevailing during a single (1;iy 
oi  I I I ~ X ~ I ~ I U I I I  or ~ x t r e l l ~ e  co~id i t iu~~s ,  or \vI~etl~er it s11o11111 be based, :is wc 11;lvc 
suggested Ilerc, I I ~ I I J I I  :I t11t;11 I J ~  ~evcrnl  I I O I I ~ S  dur i~ lg  ~4licI1 tllc \vitld velncily 
was up 10 or ;~l~rrvt. :i rc r t i i t~  s~~lc~rtcrl IcvcI, t l ~ i ~ t  i h  :it1 i t l ~ ] l o r l i ~ ~ ~ l  ( ] I I L . ~ ~ ~ I I I I .  li' 
you cotisider tllc situ;~tio~l fr1)111 tllc s ~ ; i ~ ~ d l ~ t i i ~ i t  ,if [ t ~ r l ~ ~ r ~ i ~ a ~ i ~ c ,  it \v0111d S C ~ I I I  

tliat you would 11;lve lo bare it ilpon sol~le sue11 :~rl)itvary factor o r  time, a s  
we have chosen. l i  !.ou \roulcl want to exanline an actual system that is 
already in oper;ition, then it would bc perfectly logical, of coursc, to observe 
during that day wlien the extremes prevailed. 

In answer to Professor Larson's question, we liave a record of the outside 
telnperature along wirli wind velocity, but there seemed to be no obvious re- 
lation between the two. Of course, with the lower temperature and the same 
velocity, the inertia or impact effect of'tlie wind is greater. The  amount of 
infiltration, however, is not different with the lower temperature and therefore 
higher density, but, of course, tlie weight of air  is son~ewl~at  different. Lye 
did not think this would make a great deal ot dirference. 

The  tube used was simply pushed thro11g11 a hole ill the wood strip under 
the sash, the end of the tube being flus11 with the outside surface of the Lioard, 
so that it collected, so to speak, tlie dynamic pressure tliat wbS ptocluce'tl @e 
wind. It did not of itself protluce or rcsult in :my 1ocaliic'~i' stal'ic picssiirk 
as a result of tile witirl blowing across it, or at  same an i le  to i't. I t  simply, 
a s  I see it, collected the static pressure that existed at tlie exterior of this win- 
dow due to the dynamic effect of the wind blowing, together with any natural 
static pressure that prevailed there. 

In  answer to Miss Ingels' question, we took no measurements of the quantity 
of air  flowing through the gravity flues. Wc simply took' :i record of pressurr 
differences as they existed in the two roonls i~~ial ,  these gravity flue5 would 
readily account for tlie displacement of those two pressure difference curves " 

in relation to the wind. They would account for the fact that at  zero velocity 
we found no vacuum on the outside with respect to that inside. 

Again, referring to Mr. Nicholl's question, there has already been done n 
very extensive amount of laboratory work in .the drter~rlination of tlie anlount 
of infiltration tliat will take place through openings or  cracks in windows hnd 
doors, with certain specified pressure differences applying, and curves and 
tables present tlie relation between the quantity of infiltration and the pressure 
differences. Ilowcver, I 110 !lot see how in any way you coultl i l l  t l ~ c  l;il~or;itory 
decide upon the c~uestion i ~ h  lo what wind velocity you were go i~ ig  to use in 
ipplying or nuking use uf tile tabular values resulting fi&u the laboratory 
experiments. I t  seems to nie that niust be obtained from statistical data with 
respect to the observatory records. 

MR. NICIIOLLS: YOU liave to do some intelligent guessing, you mean? 
PROFESSOR EMSWILER: Mr. Lewis and Mr. Harding presented very interest- 

ing phases of this same question and I am sure that we all look forward with 
anticipation to the results that a re  available when they have been finished. 
However, the only record which we were interested in was the pressure dif- 
ference across the window. W e  are  continuing this experiment and possibly 
may have some more to present at  some later time. 
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The results of ooopcrative researoll between the University of Wisconsin 
and the AMERICIN. .S~CIBTY OF HEATING AND VENTILATING ENGINEERS 

INTRODUCTION 

S I N C E  the fall of 1927, a program o i  cooperative research concerning air- 
infiltration through various types of brick wall construction, sponsored 
by the AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 

and the University of WiSconsin, has been in progress. The  first results of 
this research appekred a s  a paper entitled, Effect of Frame Calking and Storm 
Windows on Infiltration Arou~itl and Tl~rough Windows, which was presented 
at  the Semi-Annual Meeting of the Society in June, 1928. Preliminary to the 
report contained herein, a h d  paper entitled Air Infiltration Through Vari- 
ous Types of Brick Waj!'Construction, was presented a t  the Annual Meeting of 
the Society in January;'1929. 

This report is in c&ciusion to the latter paper and contains results obtained 
on plain, plastered, and  painted brick walls. 

DESCRIPTION OF APPARATUS 

The  test equipment used to determine air  leakage or infiltration is showti in 
Figs. 1 and 2. Briefly, it consists of the following: The  pressure chamber, A, 
atid tlte collecting chamber, tl, between which the wall is placed. The  joints 
IHween the steel channel frames, in which the walls are constructed, and the 
cliambers A and B, were made air  tight by clamping a rubber gasket between 
the flange of each chamber and the corresponding flange of the steel frame, 
ia a manner which is shown in Fig. 2. T o  facilitate setting up a wall for 
testing, the collecting chamber side of &he machine is mounted on a small four- 
wheel truck which can be moved back.about 10 ft  from the pressure chamber 
on a narrow gage track. 

Artificial wind pressure is produced by a sn~all  rndtor-driven blower, shown - 
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at  h e  extretlie left oi l:ix, 2. 'rliv I I I ' C ~ ~ ~ L I ~ C  cIro11 l l i r~n~gli  Ill<, w:III \V;IS cc~ri- . 
trolled by nieans of a danipcr on tlie intake of tlie bluwcr, :i relief damper, D, 
and a sliding damper, f i ,  located in tlie co~iiiectiun I:ctwee~i tlie blower a ~ i d  the 
pressure chamber, at right angles to tlie How of air. Tlie preasurc drop tl~rougli 
the wall, from which tlie corresponding wind velocity was cotii~~utcd, w:~s nte;ts- 
ured with an  i~iclir~ed dr:~it gage !'. 

The amount of air wl~ich liltered tlirougli a wall w ;~s  11ic:isurcd 11y inter- 
cliange;ible orifices nlounted ; ~ t  the end of oritice box, C, aiitl ra~lging ill sizc fro111 

in. to I$$ in. in diameter, :~ccurately niacliined in accord;i~ice \\,it11 I)urley3s" 
specihcations. A coeficieiit of 0.G was applied to all orifices, in confor~iiity 
rvitli Durley's results. Tlie :tccur;icy of tile s11i:~Il size oriiicz> \raa checked 
hy tile:ins elf  :I gas meter. A \V:~lileti g:lge, (;, w:~s u c i l  10 cletcrllliiic tlic 

FIG. I. GBSEXAL LAYUUT UP TLST EPUII~MENT 

pressure differrnce existing I~ctwee~i the orilice box and tlie a t~~ io~p l i c rc ,  iiilu 
which tlie measured air was discliarged. 

GENERAL DESCRIPTION OF \VALI.S 

All walls were built into fran~es cotistructrd of IS ill., 33 Ib steel channels as 
shown in Fig. 2. Tlie A-shaped fra~iie wliich al)pe:lrs i t1  the foreground, to- 
gether with a single roller jack arrangement, attached to the other end of the 
wall, provides a convenient liiealis of transportitig the walls between tlie test 
machine and the storage rack, slio\vn in Fig. 1. 

Two types of brick were used in the co~istroction of these walla-a hard 
face brick and a niore porous type, con~~iionly k ~ ~ o w n  ;IS C1iic;tgo clay brick. 
Water absorption tests were conducted on s;lniplcs of each type of brick by 
the National Bureau of Standards, tlie results of \vliicli are  tabulated in Table 1. 
The average dimensions of tlie hard brick in inches, ill tlie order: Length, widtli 
and thickness, were 836, 3:).i, 2l212, atid for tlie porous type. 8H11, 3%~.  2x0. 
The  average thickness of tlie vertical and liorizo~iral nlort:lr joints for all 
of tlie walls was approxiniately % aiid % in. respectively. 

Three of the walls were sluslied wit11 cenie~it-linic niortar; the others with - 
.On the Mmsurcmcnt of A i r  Flowin into tllc At lnor ihr re  Throuph Circular Oiiticer in 
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litiie Illortar. The  walls were constructed such as to differentiate between good 
;find poor workmanship. Each of these terms is defined a s  follows: 

Ceirrcst-li7iic storfar: One of cement, one of lime and six of sand by volume, 
' ;1nd e~iough water to make the mixture workable. 

I.iriic Irrorfnr: One of li~iie and three of sand by volutne and enough water 
to 111alie l l ~ e  ~iiixture workable. 

il'orkrriarrsi~ip: Good worl<~~i;~nsl i i l~ is distinguisliable froni poor workn~a~i -  
alii]) oiily in the tiianner of using the mortar. In good workmanship, the spaces 
l~etwecii tlie bricks are completely filled with mortar throughout the thickness 

! of the wall, resulting in a wall which is practically free from voids. In poor 
\\,orkniansliip, very little mortar is used between the two outside faces of 
tlte wall. The outside appearance of these walls is the same. Fig. 3 is in- 
tended to show this difference in workmanship. The poorer wall appears in 
tlte foreground. 

Tlie walls were constructed by, bricklayers from the Service Department 
of tlie University of \%'isconsin in a manner comparable to actual building 
ei~nhtruction ~)l.;tctice. Prior to tlieir constructio~i, which took place during the 
t t i o ~ ~ t l ~  of l ie l~rui~ry,  the bricks were stored out-of-doors. In the opinion of 
the I)ricklayers, tlie brick contained tlie proper aniount of moisture, and the 
addition of more moisture by soaking was deemed unnecessary. 

With the exception of Wall No. 2, the niortar joint between the bricks and 
tile steel channel frame was con~pletely calked with a plastic calking compound, 
on both sides of all walls. Fig. 4 ,shows the effect of calking one or hoth 
aides of this joint for Wall No. 2. The  net area of each wall, excepting No. 7, 
was 50 sq ft. 

PROCEDURE 

Eacli of tlie walls was subjected to wind pressures corresponding to wind 
velocities ranging froni about 5 to 30 mpli. With the exception of Wall 
No. 7, whicli stood for eight months before testing, the original tests of all 
plain brick walls were made after an aging period of five months. These tests 
were repeated at tlie end of two additional months. 

Walls No. 4 and No. 5 were later plastered, on metal lath and furring space, 
for further testing. After re~~ioval  of the plaster, Walls No. 4 and No. 5 
were used for tlie deterniination of tlie effectiveness of several kinds of paint 
011 infiltratio~i. 

Wall No. G was alsoie-tested with an application of plaster directly on the 
brick, without lath. 

Wall No. 7 was used only to determine the effectiveness of plaster, no tests 
being made on tlie plain brick wall. 

A 1110re detailed description of tlie conditions under which these tests were 
conducted relative to plaster composition, nature of paint, aging or drying 
~ ~ e r i o d s ,  etc., is to be f u i $  in the section on Addition of Plaster and Paint 
to Plain Brick Walls. <, 

DISCUSSION OP,RESULTS 0: PLAIN BRICK WALLS 

Fig. 5 shows the' results 'of the tests on the plain brick walls. The  in- 
filtration in cubic feet per hour per square foot of wall surface is plotted against . 



the pressure drop through the wall in inches of water. Each curve was de- 
termined from the points of two series of tests; one set of points from the 
original tests made five months after construction and the other from the check 
tests made two months 1;tter. The  difference in values of the original and 
check tests was found to be less tlian one per cent for \Yalls 3, 4 and 6. 
The  check tests on \\'all 2 sl~uwed 7.1 per cent lrss inliltration tli.an did tlie 
original tests and the check tests on Wall 5 resulted in 2.6 per cent more 
infiltration than did the original tests. T l ~ i s  seelns to show that there is no 
correlation between infiltration and the aging of the walls between the time 
of the original and check tests. Further, there seems to be no correlation 
between the hunlidity at tlie time of testing and the variation in test results. 
This coniparison is given in Table 2. 

The test results in cubic ieet per hour per square foot of wall as  shown in 
Fig. 5 are replotted in Fig. 6 against a uniform scale of velocity in n~iles  per 
hour instead of against n u ~ ~ i i o r ~ i i  scale of pressure drop in inc'les of water. 

\ V ~ I ~ I I  plotted in this way, tlie results show how rapidly infiltration increases 
with increase in wind velocity. t 

Table 3 gives the infiltration through the various plain brick walls for the 
range of pressures used in the tests and the corresponding wind velocities 
ranging iron1 5 nip11 to 30 mpli. This table also shows a summary of the work- 
niansliip, mortar and brick for each of the walls. 

The results show that Wall 6 is considerably poorer from the infiltration 
st;llidpoint than the other walls. Wall 6 was constructed of porous brick and 
lime mortar applied with poor workmanship. By improving the workman- 

Per Cent Absorption I Time to Wet Through 
-- 

I End I Face I Flat 1 End ~ a r e /  Flat 

I I 1 I 1 Greater 

ship and using cement-lime mortar rather than lime mortar in Wall 4, the 
infiltration loss is cut to a little less than 50 per cent. In  the case of the 

' 

hard brick walls, Wall 5, tlie poorest, allows the passage of 37 per cent as  
much air as  does the poorest wall built of porous brick. The best wall built 
of hard brick, Wall 2, allows the passage of about 70 per 'cent as  much air 
as does the poorest wall built of hard brick, Wall 5 .  The  comparison given 
here between the poorest and best walls for each type of brick is not strictly 
true, since the poorest of the two hard brick walls had cement-lime mortar 
as against lime mortar for the poorer porous brick-wall. 

Had a wall been built of hard brick, lime mortar and poor workmanship, 
its probable leakage would have been 4.59 cu ft per hour per square foot at  
15 mph. This  figure is arrived at  by adding to the leakage through Wall 5 
which was built of hard brick, with cement-lime mortar and poor workmanship, 
the difference between .the leakage of lime mortar and cement-lime mortar as  

13.7 
19.1 
10.4 

Greater t h h  1 h r  
Greater than 1 hr. : 
Greater than 1 hr. .  



applied to hard brick i\'alls 2 snd 3 (3.85 + 0.74 z 4.59). T l ~ e  true cu111- 
parison then between t l ~ e  1)ourekt : L I I ~  Lebt 11;ird l~rick \\,:ill5 w o ~ ~ l d  be th:rt the 
beat hard brick wall wu~~lr l  11:ruc ;I 1e;ikngc value ;L little lccs tl1:111 60 per cent 
of that of the  ourca cat 11;u.d ],rick w;lll. 'I'he currespo~~rlii~fi co~i~l~;irihoa fur 
l ~ ~ r c ~ u : ,  brick wnlli \y:ia 4ifil1tlv Ic3s 111:tn SO 11cr c c ~ ~ t .  !\I 15 1111111, t l~c  (liffcr- 
e ~ ~ c e  between the heat a ~ ~ d  of the 11:u.d brick w:llla \vould be 4.59-2.71 
= 1.M cu i t  per hour per srlu:irc ic,<~t o f  \v:~ll, ; r ~ i l l  iur t l ~ c  porou:, Ilricli \v:IIIs 
would bc 10.35 - 5.05 = 5.30 cu it licr I I O I I ~  per qil:Lre Lout of \\':ill. 

This c o ~ ~ ~ p a r i s o n  sho\vs that t l~erc is ;I gre:lter variatiun in inliltr;ition bc- 
t\\erll the hest and tlic poorest \\.ails built uf porous brick tli;ln between tllosc 

FIG. 4. E F ~ L C T  OF CALPIXC THE MORTAR JOINT BETIYEEN THE CHANNEL FRAME 
A K D  \VAL[. NO. 2 

- built oi l ~ a r d  brick. 'l ' l~i,  ni;ly t e  due to one uf several causes. One possilile 
cause is the variatiol~ due to cl~ance. \\'ere n s i~ l~ i l a r  set of walls to be built, 
the results likely \rould not check exactly the results of t l~ i s  series of tests 
because of a variation in materials and \ \ ,orkr~la~~sl~ip.  Also, there is n 
possible cause in t l ~ c  li~ycl~ology of good niateri;~ls. A \vorkman instructed 
to do equally poor work on two walls, one built of hard brick and the otlier 
of porous brick, might unconsciously do better work with the better material, 
the hard brick. It also S ~ C I I I S  logical to bclieve th;lt two ~valls of good work- 
nianship are more likely to 11e on n c o ~ ~ ~ p : l r a l ~ l e  basis from a workn~nnship 
standpoint than would two iv;~lls of poor \\,orkma~lship, i~lasmucl~ as  a com- 
pletely slushed wall is nlore easily duplicated. 

Since poor workmanship consists mainly in leaving voids between the bricks 
in the interior of the wall, X I I ~  S ~ I I C C  the porous brick is likely to be n ~ u c l ~  
less uniform in density, it nlay be that poor workn~anship allows passageways 

for air through short distances from the face of the porous brick to the voids, 
and then out on the otlier Face of the wall through a short distance of brick. 
This explanation would require that the hard brick wall passes most of the 

I total infiltration through the mortar joints. 
Anotl~cr proll;tlile cause for this greater variation between tlie best and 

poorest of porous Ilrick walls as  compared to the best and poorest of hard 
Brick walls is in the effect of the porosity of the Lrick on the proper setting 
of the n3ort:lr. It is ,likely that the porous brick draws the water fro111 the 

TABLE 2. COMPARISON OF H u h l l n l T ~  AND TEST RESULTS VARIATIONS 

~ ~ ~ ~ ~ ~ ~ , j  i n  Test Results Tertr Tests Per Cent Pcr Ccnt 

+ 13.4 - 0.27 
- 23.8 - 0.14 

65.4 31.7 - 51.6 + 2.62 
67.1 36.6 - 45.5 - 0.24 

mortar before it has time to set and consequently causes an opening of 
I pores and a shrinking away of the mortar from the brick surfaces. The  
I bricks, both hard and porous, were considered by the mason to contain the 

proper amount of moisture for the proper laying up in the walls. 
Table 1 shows the water absorption characteristics of the two kinds of 

brick used. I t  seems that the absorption test giving the hest indication of tlie 
drying out effect of the bricks on the mortar would be the total immersion 
test in cold water for 24 hours, since the bricks are about five-sixths im- 

I mersed in the mortar and 24 hours is near to the time required for proper 
setting of the mortar. For  total immersion for 24 hours in cold water, a 

I comparison of the figures in Table 1 shows that the hard bricks absorb 81 

No. 3 No. 4 No. 5 No.  6 

0.012 
0.018 I0 1.64 2.36 1.83 5.30 
0.109 15 3.45 5.05 3.85 10.35 
0.192 20 5.76 8.31 6.34 16.28 

Wall No, Ktnd of 
Workmanship 

Kind of 
Mortar 

2 
3 
4 
5 
6 

Kind of 
Brick 

Cement-lime 
Lime 
Cement-lime 
Cement-lime 
Lime 

Good 
Good 
Good 
Poor 
Poor 

Hard 
Hard 
Porous 
Hard 
Porous 



IJer cent as 111url1 \v:~tcr ;is the porous bricks. 111 the iibsorption tcsls, tllc 
1 r r ~ ~ h s  ' . . .  are dry to st:~rt with; in building the test walls, the bricks crme i l l  

co111act wit11 nlor1;ir \\.IICII  they are somewhere between the dry and aatur;ited 
condition. Also ime iace is exposed to the air. Under these altered condi- 
tions, it is 110t ] \ I ~ O \ \ I I  \vhether the ratio of absorption for the two type:, ~ ) i  
l~rickr  \voul(l ~ C I ~ I : I ~ I I  the hanle as under the absorptio~l teat condit i<l~~s.  T l ~ c  
tr,sti U I I  ;iir i ~ i l i l t r i ~ t i ~ ~ ~  WCII I  to intlicate a greater difference ill 1eali:ige thrc~ugh 
111tirt;lr ;lpplicd to I I : L ~ I I  a11d porous bricks t11n11 the ;tbsorption teats \vould 
iu(licate. 

The  hard Irricl, \v;iII, \\.it11 1i111r nlortar and poor a ,o rk~n: i~~s l~ i l )  syntl~esizetl 
i r u n ~  \Val1 5 a ~ ~ d  a cu1111iariho11 of \\';ills 2 and 3 woul~l have :I probable 

leakage of 4.59 cu f t  per llour per square foot at 15 mph. This  would be a 
wall built to the same specifications as Wall 6, except for the difference it1 

brick. \?:all 6 had a leakage of 10.35 cu it per hour per square foot at 15 n1p11. 
The  poorrst hard brick wall would then have a leakage of 44 per cent as great 
a s  that through the poorest porous brick wall. 

The  substitution of cement-lime mortar for  lime mortar in this poorest hard 
!>rick wall would reduce the leakage by 0.74 cu f t  per hour per square foot 
oi  wall at 15 niph, o r  a saving of 16 per cent. Tlie difference in leakage of 
\\'ails 5 2nd 2 gives the comparison of good and poor workmanship for liard 
Itrick walls. The  saving in using the better mortar is 1.14 cu f t  per hour per 
s juare foot, o r  a saving oi  about 25 per cent. The  total reduction in infiltra- 
tinn by u a i ~ ~ g  the cement-lime mortar applied with good workmanship in place 
of lime mortar applied with poor workn~anship is 1.88 cu f t  per hour per 
square foot ior hard brick walls, or a reduction oi 41 per cent. 

The  salile comparison of mortar and workn1an3hip cannot be made separately 
for porous brick walls, since only two \\.ails were tested. However, the best 

~'urous I~ricli w~ill o~!  w l ~ i c l ~  c e ~ ~ l c n t - l i ~ ~ ~ e  11ior1;ir was applied with good work- 
111:inship has n leakage of 5.30 cu ft per llour per square foot less than d w s  
the poorest porous brick wall, which uses lime mortar applied with poor 
\ \ rork~~lansl~i l) ,  or the reduction is 51 per cent. For  hard brick, this reduction 
w;is 41 per cent. This  E ~ ~ I I I S  to indicate that it is more important to use the 
lrest nlortar and worLn~; l~~s l~ i ] )  on porous brick walls than on hard brick walls. 
l ' l~is  is indicicted Iroth 11). t l ~ c  greater sav i l~g  in cubic feet'of infiltration and by 
lhe l~ercellti~ge saving. 111 actual construction, the item of cost would also 
enter in choosing material and worLn~anship. T h e  hard brick lis more ex- 
~ ~ c ~ ~ s i v e  ;ind the adtletl cost of cement-lime mortar over 'lime mortar, and good 
worknia~~ship over poor, would result in a smaller percentage increase in the 
wall cost than in the case oi  porous brick walls. 

A liard brick wall witli lime mortar applied witli poor work~nansl~ip,  i t  was 
found, would have a leakage oi  4.59 cu it. Tlie porous brick wall with cement- 
l i n ~ e  1110rtar and good workmanship has a leakage of 5.05 cu ft. Then  the 
poorest liard brick wall has a leakage 91 per cent a s  large as that of 'the best 
porous brick wall. 

ADDITION OF PLASTER A N D  PAINT TO PLAIN BRICK WALLS 

With the completion of tlie original and check tests on the plain brick 
walls, the results oi  w11ich are shown in Table 3, plaster and paint were 
applied to some of tlie walls. T h e  walls used for these additional tests were 
r~urnbers 4, 5 and 6, and were selected because of their relatively high leakage 
as  plain walls. The  same wall was used for both plastering and painting in 
the case of Walls 4 and 5. The  work was done by plasterers and painters 
from the Service Department of the University of Wisconsin. 

The  first step taken with Walls 4 and 5 was the application of metal lath 
and plaster with a furring space. The  thickness of the plaster was % in, and 
the furring space was about the same. T h e  plaster used was a gypsum plaster 
applied in three !coats. T h e  scratcl~ coat consisted of two parts of sand to 
one part of plaster wit11 hair. The  brown coat was proportioned two and 
one-half parts of sand to one part of plaster with hair. T h e  sand finish coat 
was made of equal parts of sand and plaster without hair. On  Wall 6, three 
coats of gypsum plaster were applied directly to the brick. T h e  total thick- 
~rcss of the plaster and the coniposition of the coats were the same as  for 
Walls 4 and 5, except that the brown coat was proportioned three parts of 
sand to one part of plaster with hair. T h e  walls were allowed to stand three 
weeks or longer after plastering before testing. The  joint between tlie steel 
frame and the plaster was sealed with roofing cement. 

After the tests of Walls 4 and 5 with the plaster applied were completed, 
the walls were stripped of the furring, lath and plaster, so that they were 

I in their original plain condition except for the nail holes iemaining in the 
mortar joints from the nailing of furr ing strips. The  walls were re-tested 
for  air  infiltration and paint was then iipplied. All painting was done with 
a brush. 

Three coats of exterior white lead and oil paint were applied to Wall 4 
directly on the bricks. This  paint was mixed in the proportions of ,100 Ib 
of white lead paste to 4 gal of linseed oil and % gal of turpentine. T h e  wall 
was tested after the application of each coat. The  first aud second coats were 



applied wit11 just ~ ~ l - d i ~ ~ i i r y  c:ire \vitl~ I I O  :lttcllllrt tu till :111 crevice,. T l ~ e  \v;iII 
;ippeared well j ~ i ~ i ~ ~ t c d  i~fter ~ I I Z  a j~p l i c :~ t iu~~  11f t l l ~  tirst t\vu cuiith. '1'11~ t l~ird 
coat was put on \\.itl~ pcci:il effort tu heal all purcs :i11<1 crevices. This cwat 
\pas applied \vith I I I L I C ~ I  111orc t l~ i i l~  urdi~l:~ry C:L~C. i\ drying pcriutl uf one 
week was allowcrl after cacl~ co;it bcfurc l c s t i~~g .  

One hravy cu:it of cold \v;~tcr 11ili11t \I.:IS :ilq~lii.d directly to tllc I~ricks uf 
\\'all 5 upon ren~u\.:~l oi thv i i~ r r in r  hrrilla, ~nct;ll l:1111 :~nd [~l:rhtcr. T l ~ c  w;ill 
was tested after :I ~lr! ing period ui tllr~.e \vceka. )liter Ll~c \\.all \r.;~s testeil, 
t l~ i s  coat was wiirl~ed o f  :IS col~lpletely aa pus i l~ lc  wit11 :r stiff brusl~ and \v;iler: 
first by llard scrr~l~llini: to lousen t l ~ c  p a i ~ ~ t ,  :LIIII t11,:11 by Husllil~g off ivitl~ \vatcr. 

An effort was nlade to relllove it f r o ~ n  the Illurtar joi~its. T l ~ e  \\!all \%,as then 
tested again after st;rll(li~~g one n ~ o n t l ~ .  

Wall 5 was tllcn g i v r ~ ~  two coiits oI :I ~ ~ r c l ~ ; ~ r c d  linseed oil p a i ~ ~ t  contxil~ing 
bariun~ sulphatr and ziilc sulphidc n~ i sed  svitll turpentine for interior use. A 
test was made after the applicatiol~ of each coat. The first coat dried for 
two and one-half weeks before testing; the second, five days. 

No tests were made of paint applied to pl;~ster. 
The results of the pli~htcr and paint tests are shown in Table 4 for \\'all -1, 

Table 5 for \Val1 5 and Tahle 6 for \\'all 6. The  results are shown grapl~ically 
in Fig. 7 for \\'all 1, Fig. 8 for \Vall 5 ,  ;ind in Fig. 9 for Wall 6. The  plain 
wall results heforc pl:i>tcr \\;is applied :ind Lifter plaster was removed Ilave 
been included in these t:ll~lcs : I I I ~  OII t l ~ c  curve slleets for colnparison. The 
one exception to this \\,:IS in the c:lae of Wall 4, wl~ere  the plain wall results 
before plastering \%!ere left out, since the curve w:is alnlost identical to C, the 
curve for one coat of \rllitc lead and oil. 

The results 5Ilow that in encl~ case pl:~steril~g ~.etluced the infiltrntioli to a 

vcry I U W  v:~Iue. At 15 1111111, 11l:~hlerill~: ~ ~ ' I I U C C I I  tl1r Ii~i~li:igc t l ~ r c ~ u g l ~  Wall 4 
by 94 per cent, through Wall 5 by 96 per cent, and through \Val1 6 by 98 
per cent. It is to be expected that plaster applied directly to the brick would 
be tnure effective in preventing infiltration than plaster applied on lath with 
:I furring sp~rce, since tlie furring spnce acts as a distributing chamber for  

TALILK 6. RESULTS OF TESTS ON WALL 6 

Wind Vel. / U1.o , III l'ressure 1 Plan  I Plr i terrd Directly 
mph Wall on Hrick 

air coming through passageways in t l ~ r  brick and nlortar. Plaster applied 
directly, it seems, would tend to close the passageways in the brick and 
nlortar. The percentage figures given above seen1 to indicate that this is 
true, since the percentage reduc t io~~  wiis the greatest (98 per cent) for Wall 6 
which had plaster applied directly. Not too much reliance can be placed on 
the difference in these percentage reductions because of the small quantity of 
air being measured in the tests of plastered walls. For  example, a t  15 mph 
for Wall 5, a reduction in leakage of 0.03 cu ft per hour per square foot of I 

wall would change the percentage reduction by one per cent. It would seem ' ! 



that the most difficult condition in wl~ich to securc a large reduction in leakayc 
would bc by pl:~stering OII  the wall liavi~lg the greatest le;ikage :is a plain 
wall. \\':ill 6 I~all co~~siderably the I~ighest Ic;ih:igc ;I> ;I plain wall, w l ~ i c l ~  
seellls to i~ldicate that tile greater per cent rcrluctio~~ for plartcr ;ipl~lied directly 
to the I~rick is real. 111 service, however, a furred w:ill \\'1111I11 probably have 
less tendelicy to crack from any se t t l i~~g  occurri~ig i l l  the I~rick wall and 
would, therefore, better maintain its resistance to air leakage. 

The application of one coat of interior cold water paint reduced the leakage 
at 15 mph of L\'all 5 by 52 per cent. The wall iace was co~npletely covered 
by this coat and no seconrl coat was al~plie~l. Tlie rcrluction in le:~kage on 

painting with cold water paint is considered to be due to the clogging of 
pores and crevices in the brick and more especially in the nlortar joints Ly 
the paint which was applied as a thick paste. The surface appearance was 
dull and chalky and gave no indication of effecting a considerable reduction 

I in leakage. Upon testing aiter the re~noval of all cold water paint from the 
surface by scrublling with a brush and water, the leakage was found to de- 
crease sligl~tly over the leakage secured when the cold water paint was applied. 
This further bears out the belief that the leakage was reduced by filling open- 
ings below the surface. The scrubbing action with water apparently carried 

1 additional paint material into pores a ~ ~ d  crevices. 
Wall 5, then in the condition oi a plain wall with cold water paint washed 

off, was treated to two coats of a white oil paint. It would seen1 that the 
cold water paint, althougll filling the crevices, would still be porous and that 
the oil from the oil paint would bind this porous material together and further . reduce the leakage considerably. The first coat gave a reduction in leakage 
at 15 mph of only 2 per cent and the second coat an additional 4.5 per cent, or 

a total reduction of 6.5 per cent. The application of two coats to the hard 
Ilrick scct~~cd to give ;i s111ou1h i i~~r l  li11i~11ed burface. T l ~ e  surface was lesa 
~~cr fcc t  on tile nlortar and it would seem that the oil paint was incapable of 
stol111i1lg the leak;tgc througl~ pores a ~ l d  crevices that the cold water pa in t l~ad  
not already lilled and stopped completely. Wl~i te  lead and oil paint applied to 
the bare brick surface of Wall 4 after the furring strips, n~etal  lath and 
plaster were removed gave a reduction measured at 15 ~npli of 5 per cent for 
one coat and 9 per cent for two coats. The brick of this wall was a porous 
brick and it was observable that two coats did not cover all the imperfections 
in the brick, altliough the appearance of the suriace was excellent from a 

- . -  
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distance. An additional coat applied with extreme care in an attempt to cover 
all imperfections resulted in an additional 19 per cent reduction or a total 
reduction of 28 per cent for the three coats. 

The nail holes made by the nails holding the furring strips in place in- 
creased the leakage considerably more on the poor workmanship wall, No. 5, 
than on the good workmanship wall, No. 4. The test of Wall 4 after the 
furring strips, metal lath and plaster were removed showed an increase in 
leakage over that in the original tests attributable to the nail holes of 3.5 per 
cent measured at 15 mph. The corresponding increase for Wall 5 was 20 per 
cent. The type of mortar was the same for the two walls In  the case of 
Wall 4, the joints were completely slushed, whereas in the case of Wall 5, 
they were not and the nail holes penetrated into the void space in the interior 
of the wall. 

IMPORTANCE OF SEAI.INC PLASTER 

The tests show that plaster is very effective in reducing leakage to a , 
negligible value. The condition of the plastered walls tested was most fnvor- 
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able to low leakage. No cracks cxistcrl i l l  tltc pl:i\tcr, iltld t l ~ c  I I C ~ ~ I I I C ~ C . ~  

against the steel frame channel nienlbers \v;is cut~ll,lctcly scaled. 111 or(Ii11:iry 
Iruilding construction, it waa di)ulltiul i f  tllc Lull eilicicl~cy ui tile 1~1;lster in 
atopping leakage is ever realize(1. Tilere is oliportunity in the c:ise of a iurrcd 
wall fur the ;iir to tr;ivcl in the furri~ifi >p:lcc to cdges oi tile 1)laster sheet 
and enter tlie ~ I I O I I I  ;it t11e ~ ~ l f i e  (I! the \vo~tl  trill1 S U C I I  :IS I~ ;L~CII~I : I~LIS ,  :IIIII :ilm 
to get into the Hour cunrtruct iu~~ ;lt~d cllter the ~ O U I I I  t l~ roug l~  tlle Hvoring 
joints or through opcoings made in it sucl~ as :ire nl:lclc fur Ileating pipes. 
T o  obtain the full elficie~~cy ui the plaster ill stopping ;iir le:ikage, the plaster 
sheet should be se:lled a t  1111 e(lges. . i t  tlic l~i~selro:~r~J, t l~is  \v~u ld  11iea11 the 

running of the plaster coats down to the rough floor and also lilling the space 
hetween the plaster sheet and the brick wall suriace with plaster. Any cracks 
or imperfections clue to uneven settling of the building would tend to destroy 
the effectiveness of the plaster in stopping air infiltratio~~. 

T o  study the effect of inlperfect sealing at tlie baseboard, IVall 7 was 
plastered and equipped with an 8-in. baseboard. 'TI:e wall was built of porous 
brick, lime mortar and poor workmanship and \\,:is equipped with a window 
ooenine. Gvosum   laster in %-in. thickness was allplied on metal lath in . - .. . . . . . 
three coats, and a furring space of about the s:illle tl~ickness was provided. 
The  plaster coats were stopped irregularly within all itlch or two of the 

li~~iallcd pl:~ster. In  this case, the end and bottom joints between the base- 
Iroard :ind wall were completely sealed. The bdseboard was routed out or  
relieved i l l  the center so that the bearing OII the wall was over a width of 
1M in. at the top and bottom. In test run A,  the fit to the wall was such 

FIG. 10. PLASTER AN11 BI\SEBOAKO CONSTXUCTIUK ON   ALL 
No. 7 

bottom channel, which correaponds to the Hour level in I~uilding constructiu~~. 
The baseboard was then al1pli~4 in the usual manner, except it was screwed t11;it ;it 110 place could a %-in. gage be slipped between the baseboard and 
to the grounds inatead of nailed. The wall w l s  allvwed to dry one week the plaster. 
before testing. Fig. 10 shows Wall 7 after plastering. I t  is estimated that the average clearance was almost %z in., allowing for 

Three tests were made of the plastered wall equipped with the baseboard. the roughness of the sand-finished plaster. In  test run B, the baseboard was 
In test run A,  the baseboard was fitted as  closely as could be against the sand completely sealed on the top as  well as  on the bottom and ends. This cor- 



rcspunds then fairly closely to a test of tlie wall when cooipletely plastered and 
ccaled at tlie joint against the steel frame niembers. In test run C, the base- 
board was re~iiovcd con~pletely and the furring space was open to the collecti~lg 
cli:~~i~licr or 1.00111 side ~i tlie testing tiiachi~ie tlirougli tllc i~irll or t w t ~  of 
irrt.gul;~r \[';ire :it t l ~ c  I,otrr,ni of tlic pliister sheet. This rill1 t l l t ~ l i  cu~.I'lf~ll(~lld~ 
to ii test of tlic pliiili wall not plxstered, since all parts of tllc brick atid mortar 
surioce have access to the furring space. 

Fig. I1 shows tlie results of these three test runs in graphical fornl. The 
reaults ;ire giveti in tot31 infiltration tl~rougli the wall in cubic feet per minute. 

The difference between the values on Curves C and B gives the reduction 
in leakage tliat is due to plastering colnpletely, allowing no leakage around 
the 1~;iseboard. The difference between the values on curves C and A shows 
tlie reduction in leakage occurri~ig wlie~i the plaster is not perfectly sealed at 
the bottom and a baseboard is applied. The reduction in leakage for plaster- 
ing completely ( C - B )  is 2.27 cfm a t  15 mph for the entire wall. The recluc- 
tion in leakage over tliat of the plain brick wall for the conditiotl where the 
plaster is not perfectly sealed at the baseboard is C-A, equal to 1.06 c f ~ n  at 

i 
1 15 niph for the entire wall. The effectiveness of the imperfectly sealed plaster 

C - A  
and baseboard is then nieasured by the ratio of ----, wl~ich is about 47 C-H 

i per cent. Then, the plaster and baseboard as built reduced the leakage roughly 
one-lialf as much as would the best plaster coat. This seems to bear out the 
i~iiportance of sealing the edges of tlie plaster sheet as at the baseboard, if 
tlie value of plaster in stopping air infiltration is to be realized in building 

T o  study the relative i~~iportance of intiltratioti through brick walls as 
compared to other factors involved in heat loss calculations, the following 
exan~ple has been worked out. The comparison was made on a ten-story 
office building omitting tlie basement. The total boiler load figured 12,200 
2 q  f t  of direct radiation for a temperature difference of 70 deg and an emissivity 
of 240. T l ~ e  wall area, exclusive of window atid door openings, was 37,860 
sq ft and in this example was considered as all 13-in, brick wall with furring 
space, metal lath and %-in. plaster. The  infiltration factors used on the 
windows and doors averaged about 110 Btu per hour per foot of crack. 

An effectiveness of plaster of 50 per cent was used in accordance with the 
baseboard tests on Wall 7 included in this paper. For Wall 4, this would be 
an infiltration value of 8.46 cu ft per square foot per hour, or a heat loss factor 
of 10.7 Btu per square foot per hour for 70 deg temperature difference a t  
15 mph. For Wall 5, tlie corresponding values are 2.00 cu f t  and 2.5 Btu. 
Assuming one-half of tlie wall area exposed to wind a t  one time, the calculated 
radiation to overcome infiltration through the brick on Wall 4 would be 
926 sq f t  or 7.6 per cent of the total calculated radiation, and for Wall 5 would 
be 220 sq ft, or 1.8 per cent of tlie total calculated radiation. 

The infiltration heat loss through the brick, based on tlie results of tests on  
Wall 4, was 25 per cent of the infiltration through windows and doors, and 
the corresponding figure for Wall 5 is 6 per cent. 

The comparisotis probably represent conditions in a building where care 
has not been taken in sealing the plaster sheets at the baseboards and other 
wood trim. For a case where the sealing of the plaster is perfect, the amount 
of infiltration through the walls would be greatly reduced. 

Based on the test results for Wall 4, the heat loss due to the infiltration 
through the walls would be 2.7 per cent of the infiltration loss through the 
windows and doors and the corresponding loss using the results of Wall 5 
would be 0.5 per cent. Expressed in terms of the total heat losses for the 
building, the heat loss due to infiltration through the walls would be 0.8 per 
cent for the type of construction corresponding to Wall 4 and 0.14 per cent 
for Wall 5. 

This indicates the importance of reducing infiltration for brick walls furred 
and plastered hy tlie proper sealing of the plaster sheet at the baseboard and 
other wood trim. 

Plain brick walls vary greatly with respect to ail infiltration. Of tlie three 
factors-brick, rnortar atid workmanship-workmdnship seems to be of most 
importance, the composition of the mortar a s  to cement and lime content next 
in importance, and the brick the least important. The  infiltration for the 
13-in. plain brick walls tested ranged from 2.71 to 10.35 cu f t  per hour per 
square foot of walls. 

Gypsum plaster, when properly applied, stops almost all infiltration. The 
results show that plastering stopped about 96 per cent of the leakage of the 
plain brick wall. Plastering directly on brick seemed to be slightly better 
than on metal lath with a furring space. The difference is small and the 
saving due to plastering directly on the brick would be negligible as com- 



pared ti] the s:ivi~ig i l l  11e:it tr;ina~~li>bion efieclecl 11y the furring space in 
the other co~istruction. 

Tile ~ f f e c l i \ ~ e ~ ~ c ~ s  I I ~  lil:i~tc,r i l l  \to1111i11x ii~Iiltr:itiol~ i l l  :tct11:11 l~ t~ i ld i~ ig  CCJII-  

t r u c t i o l ~  Is 1~r1111i1ld.1 I I I ~ I C ~ I  lc,, I I I : I I I  tlliil ( O I I I I ~  i l l  ~ I I C I I C  1 ~ ~ 5 1 4 .  C ~ i c l < i ~ ~ g  01 
the lil:iatcr, inilicri<,ct rc;ilil~g cii tllc pl:i~lc~r slicct :it 111c wuorl  trill^, sucli as  
at tlie I~:~relioarrl, \ \ - C I ~ I I I I  ~Icc~<.:Isc  the effrctive~~e\s grei~tly. .A tcbt 111:ide of 
;I l~iihel~uard eq11ippe~l \v:ilI, i t 1 1  :I furri11g sl~:ice, s l ~ o \ \ ~ c ~ I  ;ill etiecti\,e~iess oi 
o111y 50 per ccl~t  oi  tll:it iiI~t.~il~cd \\-it11 a ~~er iec t ly  healed  laster w:ill. 

Two ordiliary co:it- :r lil~iccrl t i i l  p:~i~lt :ipplicd directly to the suri;lce oi  
;I porour brick \\-;ill rcclucetl the leak:rjie 11y 9 per cent. A tllird coat applied 
wit11 estl-cnle c:ire 111:iclc 111c tot;~l reduction in intiltration 28 per cent. 

One Ileavy cri:lt oi  c1iIi1 \ \ ; ~ t ~ , r  11iiil1t :~pplied directly to the sur1:ice of a I~arcl 
Ilrick ~vall recluccll tllc Ir;~hnjic by SO per cent. 

A rtolly 111:1<1c 011 :I tylllci~l 10-story ufficc bui ldi~~g,  col~sidcri~ig all \viills 
to lie 13-in brick wit11 i u r r i ~ ~ i :  sp:lcr, lnctal lath :111rl liliister, incliciitcs that tlie 
in1iltr:ition Ileal I I M  ~ I I ~ I I I I ~ ~ I  111e Ilrick \v0111~1 ri111ge iri1111 6 to -75 per cent of 
the i ~ ~ t i l t r i ~ t i o ~ ~  Iiciit 1 1 1 1 ,  t11r<111gll t l ~ e  \\-i~~du\\-b ; I I I ~  (lours \vIiere the pl:istcr 
is not ~~ropcr ly  >c:LIcII. 1:o1. ~ ) ~ r i e c t  s<.:ili~~g 01 till: pl;tstcr, tllelc percctltafies 
\r.uuld be reduceil to 0 5 to 2.7 rcslicctivcly. Tliis \\,0111[1 i~ldicate tl~:it tlie ill- 
filtration loss tllr<rugli I)rick walls \\-itli properly se;iled pl:ratcr at the baseboar(l 
:ind other \rood trill1 is ncgligil)lc i l l  nl:iking c;~lcul.itio~~s Lor Iie:~t loss. 

DISCUSSION 

EDWIN C. EY.~SS (\\ 'KI.IYEs): l ' 11 ih  cutire 111;itter oi buildi~ig wall leakage 
is so vitally important to all I IUI~I ;~ I I  Ileil~gs, affucting as it does the majority 
af building trades a ~ l d  nlanufacturers of building ~iiatcrials, I hope tlle Com- 
mittee on Research will request a continuation 3L this investigation by Pro- 
irasor Larson. 

I'orosity is a natural c11e111y oi pmctically all of tlie engineering professions 
i111d Proiessor Larsu~l  has sliorvn IIO\\. far-rcacl~illg is the porosity of 13-in. 
I~rick walls and he, 110 doubt, illtends to further illvestig;ite a ainiple nle:ills 
or r ~ ~ e t l ~ o d  of elin~in:~til~g it, per11;ips 11y a p p l y i ~ ~ g  C O I I ~ I I I O I I  leiid or zil~c j1:iilit 
]ii~111c111, wit11 h]~c,ci;il :i1tc11li1111 11;1id to t l ~ c  :i]qili~,i11011 I I I  t l ~ c  lirht ;i11(1 ~co11(1  
coats: t11;it is, t11c lirbt co:it sI1n111d 11e tl1i1111e{1 nit11 t11r~ic111i1ie :11111 ;1]111Iied 
\vitliout driers to : I S ~ U ~ C  pel~ctr:itiol~ 01 the paint l~ig111cnt to solne g i v e ~ ~  deptl~ 
l~elow tlie suriace. T l ~ e  second coat sl~ould be :ipplied wit11 less turpentine, a 
little linseed oil and very little drier, while the third coat should be of the 
proper consiste~~cy with the addition oi the correct mnount of turpentine, 
lil~sced oil, anil drier, \\ell-known to t l ~ e  tr;~<lc. This t rci i t~~ie~lt  i eq~~nlly 
adaptable to concrete a11d h:~s frequelltly lieell used wit11 succeas to Iirevellt 
loss wit11 pressures Iiclow % Ib per srl in. 

I 'rule~sor I . ; I ~ ~ U I I  ,lvx.ril~r> !jib I I I ~ I I I O ~  of :ippIic:itio~~ : I I I I ~  lki1111 IJI 11:1i]1t 
togctl~er wit11 tliv ~ ~ r o l i i ~ r t i o ~ ~ s  UI oil ; I I I ~  t l ~ r l ~ e ~ ~ ~ i l ~ e ,  : I I I ~  i l l  Tiilile 4, reslllts 
;ire s11ow11 t l~at  \ v ~ u l d  nut juhtify the use of oil and lead paint to kill porosity. 
However, ii o further htudy of the :ipplicatio~i oi oil and lead paint can be 
made, it will be found t11;it painting in this nlanner will hc iar cheaper than 
plaster with even better results than arc s l~own in Fig. 8. 111 t l ~ c  c:ise of the 
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water paint, porosity of tlie water paint itself, is very rradily detected (see 
Table 5) but water paint could have been made to serve its purpose with 
better results, 11ad the first coat Ihcen suficiently dilutcd to permit it to flow 
illto lllc outer surface of t l ~ c  w;ill. 

In the foregoing, I 11:ivc :~asuliied that all the w:~llh wcrc treated \vitl~ hot11 
paint ;ind plaster on the pressure side without tlze ian in operation. This  
poiut should be brought out, as the pigment or plaster would have the backing 
of the wall which, in the case of sonle pigment nlateri~~ls, could readily be 
judged as ineffective ior the qurpose intended. 

Applied to brick pent house walls, Professor L:irson's paper should be very 
closely studied by architects and heatiug and ventilating engineers, some of 
wllon~, I regret to say, continue to use the pent llouse room as an exhaust 
cl~:i~nber with a l~oused fan oper:~ting as an exhauster at  a pressure oi in. 
uf water and lligl~er wllich, due to wall leakage, n~akrs  inlpossible either a 
re;~snn;il~le close 11e;it and Ilunli<lity c o ~ ~ t r o l  or ;I clean air systcnl. Such pent 
house designs sl~uuld Ile disc;~rdcd, especi;illy so wlien studying the tables 
of air Ie;~kage s l~own by Professor Larson even tl~ough he has used wind 
[ I ~ C ~ ~ I I ~ C I  011ly up to nncl illcluding 30 111pl1, w11ereiis I I I ~ I I I Y  of US have ire- 
q u c ~ ~ t l y  I1:i(1 to work with pressures equ:il to wind velocities ;la l~ igh  as  85 mph. 

Proiessor Larson h i s  s l~own the effectiveness of Lurrerl lath and plaster 
wall ~lrotection against porosity but only, of course, of gypsuu~ plaster and 
these values, very likely, will not liold if soft acoustic plasters are used. 

Where both the architect and engineer are called upon to contend with 
air 1e;ik;igc tl~rougli the wall itself and acoustics umitl~in tlie room or rooms 
themselves, the reiison for iur t l~er  research is apparent and to date, we have 
only the work of Professor Larson's laboratory to thank for the best known 
progress. Especially valuable are  the results sl~o\vn in Fig. 11 as  regards 
sealing the baseboard, also his description for the benefit of tlie architect 
and trade of running the plaster down to tlie floo:. 

The brick mason must use water, and tlie Bureau of Standards table, show11 
as Table 1, gives plenty of room for thought on the part of the heating and ven- 
tilating engineer and especially the heating contractor who, in an  8 roonl resi- 
dence built of 13-in. brick walls, nus t  contend with excess water contained in the 
liricks ;ind  nort tar joints. T ~ I ~ I I  [llc ~, l :~strrcr  c o l ~ ~ e r  ;11o11g wit11 :I considcr;~ble 
; I I I I ~ ~ I I ~  of ; i~ l~ l i t iu~~o l  waler a ~ ~ c l ,  wllilc. this puint is not new to tiny heating 
engineer or heating contractor, one 111ust at least be parti:illy surprised when 
reading the figures on t l ~ e  anlount of water that such a residence starts out 
with. Evaporation of this water, due to outside wind pressure and radiant 
heat iron1 the sun, will always be all unknown quantity but after a fashion, 
tliis job is fin;illy licked wit11 s ;~ l ;~~~~anc lc r s  or sonlc kind of tenlporary heat. 

How often do we hear con~plaints againat a lleati~lg system in a new building 
\vhich proves to be entirely satisfactory after thc building is dried out to 
normal water content. The 11e:lting engineer should 11e;ir this point in mind 

protect t l ~ c  11c;1ting co~ltr;ictur W ~ I C I I  tl~ih 111:ittcr LI[ Iiuildil~g water is 
overlooked in the con~plaint oi the ;ircl~itcct or owner. 

I want to  conin~end Professor Larson and his co-workers on this very 
valuable and interesting paper which shows the results oi  a tremendous amount 

work, time and study, and I an1 sure that ;ill who have studied the charts, 



tables and ilescriptiotis will join 111e in tliis ~ C I I I I I I I ~ I I ~ ~ ; ~ ~ ~ U I I  illid 1101)~ for :i 

culltinuation oi  this researcll. 
Were the test w;t11s weighed \ i l ~ c ~ i  first built ;ilid :it t l ~ c  tinic tliey wcrc url<Icr 

test? I i  so, wl~at  \rp;is the loss of w:itcr wcigllt :!nd wli;~t was the additio11:tl 
loss of weiglit at the end of tlie test? 

Were the paint and plaster applied to the i rol~t  or pressure side of tlie wall? 
\Yhat were the dry-bulb and wet-hulb teli~pcratures of tlie air entering the 

I:III from the room ? 
\Vill tests be run wit11 I~ ig l~er  wind pressures up to GO ni1111, or s:ly-IM 

in. of water? 
L. B. LENT (WHITTEN):  If iltiy (liscubsioli of Ll~is C S C ~ I I C ' I I ~  pal~er is \v:tr- 

ranted, it may be worth while to call attentior1 t~ so111e of tile points w l ~ i r l ~  
~ltiglit, in my ol~i~iioli, be wortl~). of sl~ecial e111p11:t~is. 

I think we should bear in 111i1id that a total of only seven walls were built 
;ind teated and that each of tlirse seven walls were l~nrposely built to reprc- 
bent a certain set of cot~ditions. It is iniportalit to rcnir~i~ber that :ill brick 
are not alike, but there are I I I ~ I I ~  grades varying over ;I colisiderable range in 
physical properties, atid there are also many grades of brickwork. 

It is quite impossible to constrnrt brick !iia>ouly so that what might be 
called average conditions are rrpresrnted in a single wall. .4verage values 
can only be obtained by averaging tlie results of the tests of many walls. 

In a discussion of a fornier paper on this subject presented a t  the annual 
n~eeting in Chicago, I offered some iniormation which came from investiga- 
tions on the same subject made in Germany, and in which it was shown that 
the amourit of air passing through a niortared wall is far in excess of that 
whic11 one calculates iron1 the data on a single brick; the ratio being ap- 
proxi~r~ately 380 to 1. In otlier words, the arnount of air whicl~ could be 
actually forced through a single brick, or througl~ :dl of the bricks constitutitig 
a wall cot~struction, would probably be very n ~ u c l ~  less tl1a11 that which passes 
tllrougl~ tlie mortar joiltts. Hence, the physical properties of the brick wliicl~ 
co~~sti tute the wall may be assuri~ed to be of minor importance. 

111 tliis paper tile average absorption of the hard brick, ~iieasured by a 48- 
liour irnniersion, was 14.8 per cent and that of the more porous brick n~easured 
by the same method, 18.2 per cent. The percentage of absorption for tlie 
I~ard  brick is relatively high as compared with that for other Iitird bricks from 
other parts of the country. 

I am of the opinion that, in any case, absorption percentage has little or no 
bigtiificance in the amount of air which may pass tl~rougli the bricks, but that 
it may influence the adhesion of bricks and mortar and, therefore, the tiglit- 
ness of the mortar joint. 

\Vithout discussing tlie results stated in the paper, it would appear, as niight 
be expected, that joint filling and adhesion of mortar to bricks are the ini- 
portant factors affecting tlie infiltration of air through any brick wall. 

Since only one wall of each kind was tested, the results reported niay well 
be considered as  indicative rather than conclusive, for reasons already stated. 
~t is also sometimes dangerous to deduce other results than those observed by 
mathematical calculations, for the actual phenomena may be different from 
those imagined. 

T O  me, an important conclusion given in the paper is tliat the tests show 
that plaster is very effective in reducing leakage to a negligible value. This 
is important because it would seen1 to be always desirable to plaster the sur- 
face of ally brick wall in any structure where heating costs are of any con- 
siderable amount. The  cost of a plaster coating should much more than offset I the cost of any heating equipment plus the annual fuel bill. One can hardly 

1 imagine a case where a plaster coating would not be more than justified. 
I The experience of other research workers in the field of masonry wall 

strengths, sound resistance, and heat transmission, indicates that niuch care 

1 
sliould be exercised in using the results of tests from only one,  salr~ple of 
wall construction. 

If the results of this investigation are published in T H E  GUIDE for tlie in- 
formation of designers, I think a word of caution should be inserted to the 
effect tliat they represent the result of only a siii,gle test and, therefore, are 
11ot conclusive. 

JUDSON VOGDES: W e  of the Brick Association have been conducting a lot 
of tests on subjects very closely allied with the infiltration oi  air through brick 
walls. This is covered mainly in our investigation of leakage oi  moisture 
through walls. W e  have found that i t  is  very hard to duplicate conditions 
by taking the same materials and the same workmen and building two walls. 
There are many factors which enter into the leakage, and I believe it also 
applies to leakage of air through these walls. As  far as the passing of air 
o r  water through the individual bricks is concerned, I do not believe that it 
is a very important consideration, but that workmanship, kind of mortar, ,are 
of great importance. W e  are constantly trying to educate the masons and 
contractors to build better walls and I believe when they do that there will 
be less infiltration of air  through those walls. 

L. A. HARDING: There is one sentence in Mr. Lent's comments on Pro- 
fessor Larson's paper which I question and that is to the effect that one 
niight infer from Professor Larson's paper that all brick walls in buildings 
which are to be heated should be plastered. I doubt very much wl~ether that 
is so, particularly in the case of a single story factory building having a large 
percentage of the wall surface constituted of glass. The outside curtain walls 

I are on the average 42 in. high. The ii~filtration can only take place on the 
windward side of the building and, a s  the infiltration through the wall is an 
exceedingly small percentage of the total heat loss of building I doubt very 
rnuclt the economic soundness of applying a plaster finish under those condi- 
tions. Of course, It is not customary practice. 

F. D. MENSING: Professor Larson calls attention to the loss that is likely 
to result through poor baseboard construction. I think there is a possibility 
of connection with the Fire Undemi ters .  They are vitally interested in the 
travel of air from basements up to upper stories. They find a great deal of 
that is caused by a lack of sealing of vertical construction a t  the floor lines. 
I know of many instances where poor cotistruction h a s  happened, and I guess 
others have also come in contact with it. The Society might make a note 
of this to make a contact with the Fire Undenurifers' Laboratories. 

E. K. CAMPBELL: I t  has been pointed out a good many times in the dis- 
cussions at these meetings that there is apt to bc a considerable difference 
between laboratory conditions and field conditions. Professor Larson has 



, n .- 
120 T ~ ~ ~ s n r ~ l n s s  :\LIEIOI. , IN SUL,II:T\. 01: I l l~n~lls l ,  \sit l ' l . . ~  I ' ll .\~rlu~, I<NI:INKI;II~ 

pointed out tlie i~iiportance of sealing t l ~ c  juii~ts bctwecli tlie ivall s ec t iu~~  ~ I I I ~  

the steel frame, also the importance of sealing tlie iu r r i~ ig  ;it the tluur line I)y 
~iieans of a baseboard or other means. Thnt has I;roufilit to lily 1nil11l an cx- 
perience that I had a number of years ago. I w ; ~ s  c;illcrl UI I  :I 1:irnc Iruildi~iy 
tllat was sotlie 25 or 30 years old. T l ~ e  11e:ltillg pI:t~~t \!.;IS i l l  ]rr~'lty i:~ir c011- 
[lition 11ut was ~ i o t  giving s;rtisf:ict~~ry rcrvirc. \vi~i,lo\\,< we!-c i l l  1x111 
shape, as far as the winduw co~latructio~l itbell ~ x r  C I I I I C C ~ I I C ~ ;  I)ut t11c Ijiggeht 
thing that I did to lielp out tlie condition in that buildiiifi w:ls to 11ut a 11:111 
a bale of cotto11 in the joints betrveen the wood fra~iies and the brick due to 
the shrinkage of the wow1 frames in tliat tinie. So that very frequently in tlle 
lield conditions ).ou will find a conditio~i tli;~t Iiiay not h:lvc existed wlien the 
I.uilrling was erected, :und the importance of it, I think, is ~ ~ i l i n t c ~ l  out vcsry 
clei~rly by Professor Larson's i i~ rn t io~ l  of tllnsc tn'o things. 

H, hl. NOBIS: Proiessor Larson ougllt to be coiiglntul;~ted nu the co~ii~l lo~i  
sense manner in which lie handled a practical subject. I would like to know 
ii it would be pos5ible to ascertain at some tinie i f  the \\,,:ill, :liter it i i  ~~l :~stered,  
be covered with tinfoil. 

C. C. HAKTPESCE: S O I I I ~  years ago wliile building sonle g :~s  purifyillg 
boxes, I decided to build them of brick and I usell nvo coats of neat cenleiit 
wash on the faces of the 8-in. brick walls. I used cen~ent niortar, two parts 
of sand and one part of cement, but was very careful to see tllat the joints 
were entirely filled. There was no odor of gas in the roo111 and ;ipparently 
no leakage of gas through the walls of tlie purifying boxes, tliougll thcy were 
under several inches of water pressure. Tlie gas had been cleane~l of water 
and oil mist, but had high relative Iiunlidity. 

W. C. RANDALL: The point brought out by Mr. L:~rsotl tlint the :~nlount of 
air coliiing through the brick wall, particularly if plastered, is oegligil)le, is 
slightly beside the point in a lot of buildings whicli are  being I~uilt today oi 
walls less than 12-in. thick, of a type of workma~~sliip th:~t I tliiilk is poorer 
tlian the type of work~iiansliip wl~ich I'rofessor 1.nrso11 calls 11u11r workn~:~n- 
ship. I t  is particularly apparent not in tlie leakage of ;rir but in the leaknge 
of water directly through tlie face of the building, especially in the multi-story 
type of buildings. I n  some of the taller buildings in New York, I find a 
tendency to go to thinner walls tlian the 8-in. brick wall, practically only 
some form of a filler to get an  appearance on tlie outside of the brick. I hope 
that while Professor Larson has indicated that liis tests are  about tllrough the 
discussion that llas been made today will stimulate further work along this 
line. 

J. 1). CASSELI.: In that respect, might I suggest tliat i f  you cunduct these 
tests any further you will include wall plasterilia on the insi~le, proballly 
waterproofed, and then plastered directly agai~lst the brick, not furred. Tliere 
is a very considerable aniount of that character of construction l~eing done, 
and when the workmanship is poor, as  I have had occasion to see in our 
own work, there will be spots of dampness on a panel, dotted all over, where 
the moisture drives directly through. A test of that kind would be very 
henefirial alone the line that has been explained here today. " - . . - . . - . - 

J. E. EMSWILER: I want to congratulate Professor Larson on this very tine 
piece of work, together with his associates. I know that the paper must rep- 
resent an enormous aniount of tedious experime~ital work behind it. 
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S. K. LEWIS: Do not forget the cliilnney ill tlie outbillc w:ill. I was culled 
in on a tall, cooperative :ipartnient building in which thcy I~uilt their fireplace 
Hues into tlie masonry of the outside wall. Tlie fireplaces served by these 
chi~nneys consistently had a backdraft whenever they liallpencd to be on the 
windward side. The  owner installed the biggest fans Ile could get, with the 
biggest motors lie could put 011, up in tlic attic but cunl~l not overcome the 
trouble. Tlie next ap:~rt111~11t like tliis t11:1t I built, I 11:1d tllc111 build tlie out- 
side wall; tlien do things to that outside wall tliat were paraniount to putting 
plaster on ;  and then build the cliitliney inside tlic wall. \l'c Iiad no trouble 
due to unauthorized chimney leakage on the rtpin;lrrjard aide bvlien rve did this. 

G. L. LARSON: I do not know whether I got all these points. Mr. 
Evans asked some direct questions that I cannot answer. H e  asked wlletlier 
tlie walls were weighed before a1111 after testing. I \r,ill say that we did not 
\veigli the n ~ ~ l l s .  T l ~ e  walls we]-e :rllowcd to starid for five 111onths before the 
tests were made and then check tests were run  gain two months after the 
first tests and the difference between tlle cliecl; tests and the previous ones, 
with an interval of two months between, ahowe11 no direct correlation of 
changes one way or the other. In  some cases the leakage was more and in 
some cases the leakage was less. S o  we couldn't find any direct correlation 
there. Apparently, all the drying out had talien place before the tests were 
made. 

We took records, of course, of the wet- and dry-bulb temperatures during 
all of the tests, but made no attempt \vhatever to keep tliese at any constant 
quantity. They averaged up and down day after day. So we h a v e  no rela- 
tion there. I n  fact, we could find no relation between the results and the 
wet- and dry-bulb temperatures tliat we got dur i~ jg  tliese particular tests. 1 
believe that if tlie walls were mai~ltaine~l under n ccrtain co~idition of llu~nidity 
for certain periods of time we probably would find SOIIIC difference, but tliese 
walls stand there and take the changes as  they conie :in11 that may vary a 
great deal over :I period of two ~ i ~ ~ ~ i t l i s .  

MR. EVANS:  YOU would the11 expect niore leak:lge? 

PROFESSOR LARSON: Well, I can not say what might happen. Of course, 
there is one test that we have not been able to perform yet and tliat is to 
expose one side of these walls to tlie outside weather conditions and then 
test them after a few months of that kind of exposure. We  may get into 
that later but that is not on our program at  the present time because we are 
not equipped to do it. 

There was anotlier question on higher wind pressure tests, etc. We  have 
not planned on going to liiglier wind velocities. In fact the last time we re- 
ported on tliis work, it wtls suggested we keep down to about 25 mph because 
it was felt that it was not necessary to go  beyond that. 

MR. EVANS: That  has to do with pent house work? 

PROFESSOR LARSON: Yes. I will take it up with our committee and we 
will be very glad to go to higher wind pressures, if there is a definite request 
for that. I can see it is of great importance in the work you have mentioned. 
I also think we can follow. out your other suggestion, Mr. Evans, of trying 
different methods of painting the wall. What we did was just to  take an  
ordinary paint and paint the wall as  is done in common practice. 



MR. NICHOLLS: One coat? 
PROFESSOR LARSON: W e  tried three coats. h great deal niay be brought 

to light as to how walls should be painted by trying other methods and 
cleaning out the paint, as you have suggested. W e  will be very glad to 
consider that question also. 

The  other suggestion about waterproofing the wall by Mr. Cassell-I 
think that is a good suggestion and we are very glad to get it. W e  want 
to get any suggestions that will be of any value in bringing out important 
points in the construction of buildings. 


