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A INFILTRATION THROUGH VARIOUS 
TYPES OF WOOD FRAME CONSTRUCTION 

BY G. L. EARSON', D. \N. N C L S O N ~ A N D  C. BRAATZ~, MADISON, WIS. 
MEMBERS 

T k e  results coopemfive research between the University of Rr"(iconsin 
and the A M E X I ~ N  SOClETY OF HEATING AND VLNTILAT~NC ENGINEERS 

\ O R  the past three years, a program of cooperative research has been F ender way sponsored by the Ulziuersity of Wisconsi~ and the AMERICAN 
SOCIETY O F  HEATING X X 3  V E N T ~ L A T ~ N G  ENGINEERS for  the purpose of 

determining the relative a i r  tightness of various types of building construction. 
T h e  initial work of this program was confined to brick wall construction, the 
resuits of which are  presented in the paper entitled, Ai r  Infiltration Through 
Various Types of Brick Wall  Construction, p. 99. 

In  tile Summer of 1929, work was begun on a series of tests pertaining 
primari:y to wood frame construction under a cooperative agreecent  between 
the Society, the University and the Natiortal L ~ c ~ r ~ b c r  Pv~ntt~~frtcfilrers' Associa- 
. It is the results of the latter program with wlrich this paper is concerned. 

T h e  test apparatus shown in Fig. 1 consists briefiy of the preswre chamber 
.G, and the collecting chamber B, between which the panel to be tested is secured 
by means of C-clamps. Ai r  tight seais a re  obtained between the two sides of 
the panel frame and chanlbers A and B by means of a sponge rubber gasket 
nttached to the perimeter of tlre chamber openings. Artificial wind pressure is 
produced by a small motor-driven blo\i;er, shown at the extreme left of Fig. 1. 
T h e  blower is in communicatior. wit11 the pressure chamber through a n  adjust- 
able damper E by means of which the pressure drop through the wall is con- 
trolled. Other control dampers are  provided a t  D and on :he intake to  the 
blower itself. T h e  pressure difference in chanibers A and B, which is the pres- 
sure drop through the wail panel, is measured with an inclined draft gage, F. 

The amount of a i r  passing through a wall panel is measured by a set of 
interchangeable orifices ranging in size from g in. to 6 in, in diameter, mounted 
on the end of ori5ce box C. T h e  pressure drop through the orifice is deterrni~ed 
- 

1 Chai rman ,  Dept .  of lrfechanical Engineering,  Universi ty  of Wisconsin.  
"~ssistant Professor o f  Steam arrd Gas Engineering,  C'niversity o f  \Visconsin. 
2 i n s t ruc to r  of Steam a n d  Gza Engineering,  Universi ty  of \.Qisccnsin. 
Presented at  the Semi -Annua i  F e e t i n g  o i  the AXERLCAV S o c r ~ ~ u  O F  IIEAT:PIC A N D  VEX- 

T i l . h ? l N G  ENG:NEF.BS. hIinneapolis. M ~ n n . ,  June,  1930. 



Ily ;I LY;~lrlcn g:1gc, 6. To i:rcilil:ilc cx:~nii~~:i~ioe of a wall 11a11el lriter it has 
bcen clanipcd in pkicr, without disturbing tlie se;il between the test machine 
cl~anibers and the wall frame, a n~anhole is provided in each chamber on the 
side opposite that shown in IGg. 1. 

DESCKII'TION OF TESC PANEL FRAMES 

The test panels, described briefly in Tables 1 am1 2 and in detail in the 
~rppendix of this paper, were built into rectangular frames constructed of four 
1 X 8 air-dried Douglas fir timbers, in the manner shown in Fig. 15. The frame 
members were secured at the four corners by means of 6 X 6 X in. angle 
irons, and the joints at  these corners were thoroughly sealed with a plastic calking 
compound. 

All construction work was dotte by a local contractor, under the supervision 
of L. V. Teesdale of the U, S. Forest Products Laboratory, who also passed 
III)IIII tile s~litahility of all co~lstruction material, with reference to specificatiolls 
,l~.:iwn by the Noliortul L~r+rtbcr ~~fu~r~r fac l~r rc rs '  Associutiuw. Every effort was 
nude to have all construction con~parable to that ill actual building practice. 

TEST PROCEDURE 

Each test panel was subjected to wind pressure ratlgitlg from about 5 to 30 
mpli, for each of the test conditions as outlined in Tables 1 ancl 2. Except in 
tlie case of Panels 2B and 3B, the crack between the frame members and the 
test panel perimeter was conlpletely sealed with plastic calking compound, leav- 
ing only the surface of tlie panel, 51 sq ft, open to leakage. 

With the exception of the panel described in Item 34 of the appendix, all 
I seasoning pcriods took place indoors at  a temperature of approximately 70 F. 

The seasoning period for panel 60 ,  Item 34, consisted for tlie most part of 

1 s.11-zero iveather togetller wit11 one light s~iowfall and several days of ynsliine. 

DESCRIPTION OF TABLES 1 AND 2 
A brief description of the different co~lstructions built and tested is given in 

Tables 1 and 2. Cross-sections of the constructions listed in Table 1 are shown 
in Fig. 2 and for those listed in Table 2 in Fig. 3. More complete descriptions 
of the constructions built are given in the appendix. The  description in the 
;ippe~idix for any particular panel 11u111l1er may be located by referring to the' 
number in the co lu~l~n  headed Index to Sprcificatiorrs. 

Tables 1 and 2, in addition to giving a brief description of the constructions 
made and tested, list tlie standing periods from the date of construction to the 
(late of test. Figs. 4 to 15 are photographs of typical wall constructions that 
were built. The  columns headed Index to Figures in Tables 1 and 2 list tlie 
panel constructions for which photographs are included in this paper. These 
are the numbers appearing before the dash. 

DISCUSSION OF RESULTS 

The results of the tests on each one of the constructions made are given in 
Tables 1 and 2 under the headit~g of Air Infiltration in Cubic Feet per H o w  

! per Sqfrare Foot of IYall. The results are given at  wind velocities from 5 to 
30 mpli by 5-mile intervals. These wind velocities correspond to drops in pres- 

! w e  in i~iclies of water across the wall as observed during the tests. The  relation 
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between the drop in pressure in inches of water and the wind velocity is a s  
follows: 
I )I.<~I, i l l  I ' ~ C I S I I ~ C  ill  I I I C I I C ~  01 Wilter.. . . . . 0.012 0.048 0.108 0.192 0.300 0.431 
Wind Vclucity i l l  Miles per Hour .. . . . . . . 5 10 15 20 25 30 

The test results are shown grapliically in Figs. 16 to 25 grouped to show 
con~parisons between various important features. The column headed Index 
10 Figs. in Tables l and 2 shows the figures in which the test results of each 
pancl number appear. The  figure number before the dash is that of the photo- 
gmph of the wall construction, if any is included, and the numbers after the 
dash refer to the figures showing the test results graphically. Not all of the 
test results have been plotted but only those most useful in making comparisons. 
Tables 1 and 2, liowever, show the results of oll tests and any additional com- 
parisons may be made by referring to the results as tabulated there. 

The  results of tests on the various sheathings are shown grouped together 
in Fig. 16. Tlle four tests on air-dried end and side matched sheathing show 
considerable variation. The average of the four tests shows a leakage of 46.4 
cfh per square foot of wall at  15 niph. Of these four end and side matched 
sheathing panels, 4F, 9E and IOC, were of a uniform material and the aver- 
age of these would be 35.1 cfli per square foot at  15 nlph. As  compared 
to this average, the leakage through Panel 4A1 which was of a less uniform 
material was 80.3 cfh. The  lowest leakage secured for end and side matched 
sheathing was 28.3 cfh per square foot, the value obtained in tests of Panels 
4F and 9E. 
The air-dried side matched sheathina on Panel 2 A  showed a l ~ a k a * ~  nf 
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15.3 cfh per square foot and on Panel 3A a leakage of 9.3 cfh per square foot 
of wall both at  15 mph. This is a n  average leakage at  this wind velocity 
of 12.3 cfh per square foot. This figure of 12.3 cu ft for side matched sheathing 
is to be compared with the figure of 35.1 cu ft  for end and side matched sheath- 
ing for the same material. In the case of side matched sheathing, all end 
joints are butted on the studding, whereas many joints with end and side 
matched sheathing come in between studding. The  increase in leakage of 
end and side matched sheathing over side matched sheathing is considered to 
be due to greater leakage through the end joints. Figs. 5 and 6 show the air  
dried side matched sheathing used in Panels 2A irnd 3A. The end and side 
matched sheathing of Panels 4F, 9E and 10C was of this same material. 

The  leakage through green side matched sheathing, Panel l A l ,  was 
78.6 cfh per square foot at  15 mph. This is slightlJ less than the leakage 
through air dried end and side matched sheathing of like material. The  com- 
paratively low leakage secured indicates that even with green lumber the shrink- 
age is not ordinarily enough to pull the tongues and grooves apart and allow 

1 the free passage of air. A photograph of Panel l A l  is shown in P i g  4 .  
The leakage through fibre board as found in tests of Panels 6 A  and 7 A  was 1 12.6 cfh per square foot at 15 mph. This is about the same as through air  

l dried side matched sheathing as determined on Panels 2 A  and 3A. The 
variation in the infiltration found in the two tests of fibre board was due to a 
variation in the width of the horizontal joints. The  slieets were closely fitted 1 together on Panel 7 A ,  but a section of the joint on Panel 6 A  had a crack of an 
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nppreciablc ivicltl~. 1:ig. 11 \Iiu\vt ;i ~ I I ~ I O ~ I ; ~ ( , I I  uf 1';incI 6:l. IVIICII tlie Iicbri- 
~ [ i i ~ t n l  juinls werr h~iiled i l ~ e  1~iih:~gc fur I':~IIcIs 6.1 : I I I ~  7.1 \\,;is [lie S ~ I I I I C .  

' U I ~  1c:ik;igc t l i r ~ t ~ g l i  :I \\;fill , ~ i  l i l ~ t ~  IIL,:I~LI C I L , ~ I C I I C I ~  liirgcly U I I  ~ I I V  lit ui I I I L ,  
11uri~utit;iI jui11th :t11d 111:iy lie c u ~ ~ ~ i ~ l c ~ : i l ~ l ~  ~ v i t l ~  c:trcless \\orkiii:i~~sIii~~, 

IGg. 17 rlio\\.s the inliltr;ltiu~i resulting fl.0111 tcs:s of tlie various steps in t l ~ c  
bt~ildiug ui the outside constructiou of a \\,all. Tlie leakage tl~rougli tlie sl~e;irl~- 
ing only in P a ~ ~ e l  9E,  \r.liicli was end a ~ i d  side n~atclied was 28.3 cfh per 
square iout of w:ill a t  15 liipl~. Tlie ; i~~~~lic: i t i~i i i  of or~liiiiiry r c s i~ i - i i~cd  h l ~ i l t l i ~ ~ ~  
paper over tlie s l~eat l~ing wit11 the se;iilis 11:lilcd at 7-in. i~iterv:ils reduced 1111. 
leakage in Pnnel 9F to 2.9 cfli per square fout of wall a t  15 n~pli. Tlir addi- 
tion oi drop siding and paint in Panel 9G reduced the leakage to a ~iegligibly 
sn~all amount. This  reduction is due not only to tlie resistance to air flow oi  
tlie painted drop siding but also to tlie increased effectiveiiess of tlie sheathing 
paper because of being clamped between two tllicknesses of boards. 

VARIOUS APPLICATIOHS OF SIIEATIIIHC PAPER 

That tile effectiveness of sl~eatliing paper depoids to a considerable extent on 
the tnetliod of application is s l~own by the curves in Fig. 18. Paper nailed UII 

the sheathing with the laps nailed at  approain~ately 7 in. intervals iu Panel 91: 
showed a leakage of 2.9 cfli per square foot of wall a t  15 mph. Paper applied 
vertically between tlie studs and sheatlii~ig in Panel 4A showed a leakage 
of 0.31 cfh per scluare foot at  15 niph. I n  Panel 7C, paper was placed betwec~i 
two thicknesses of spaced boards and shingles which by themselves showed 
an extremely high leakage. Tlie extremely low leakage of 0.13 cili per scluare 
foot at 15 mph found in tile test of Panel 7C is attributable to tlie effectiveneaa 
of the paper when tightly clamped between two thicknesses. 

Tlie paper used on Panel 9F was a poor grade of resin paper. In Panel 9G 
drop siding and paint were added which reduced the leakage to a negligibly 
sn~al l  aniount just as  was the case wit11 a good grade of building paper. This 
is attributable to tlie reduction in leakage at the laps clue to tlie clatiiping of 
the paper between the two thicknesses of she:itlling and drop-siding. I n  the 
average building construction, a good grade of slieatliing paper would probably 
have a greater resistance to air flow than would a poor paper because of less 
tearing in application due to its greater tensile strength. Also i t  probably 
would maintain its resistance to air leakage better over a period of years against 
the effects of aging and weathering. 

In the construction of farm and other shelter buildings the application 
of paper in the proper way would seem to be worth while. There are  two 
ways of applying the paper between the studding and the sheathing, horizontally 
and vertically. Horizontal application between studding and sheathing would 
correspond in leakage to the results secured in test of Panel 9F where tlie 
slieatl~ing paper was applied liorizontally on the outside of the sheathing and 
nailed at  intervals. Vertical application between studding and sheathing was 
~nade  in Patiel 4A and showed considerably less leakage than horizontal appli- 
cation. 



, \ IK  INFII.THATION TIIXOIIGII VARIOUS TYPES OF SII INCLB CONSTI<LICL'IUN 

I7iK. I9 sllows the results of tests on v:u.ious sliingle cons~ructiot~s. The 
gl.eatest leakage wits secured with 24-ill. shingles nailed to 1x6 boards spaced on 
11-in, centers in Panel 78. This leakage was 122.5 cfh per scluare foot of 
wall at  15 mpli. The correspot~ding construction ior 16-in. shingles and 1x4 
I~r,;u.ds "11 5-in, centers in Panel 3C allowed a leakage of 69.5 cfll per square 

foot. I11 both of these constructions, the spaced boards act merely as pieces to 
nail the shingles to and play practically no part in the stopping of air leakage. 

The replacing of the spaced boards with shiplap in the case of 24-in. shingles 
in Panel 6C reduced the leakage to 43.8 cfh per square foot at 15 mph. The 
corresponding value for 16-in. shingle colistruction in Panel 4 8  was 15.3 cih 
per square foot. The use of shiplap in shingle roof and side wall construction 
would seem to be advisable in the reduction in infiltration. 

The application of sheathing paper to a 16-in. shingle construction using 



spaced boards in Panel 3 0  and to a 16-in. shingle construction using shiplap 
in Panel 70 reduced the air infiltration to the negligibly small amount of less 
than one-l~alf cubic foot per hour per square foot of wall. The great reduction 
secured by the use of paper in a shingle wall would make its use advisable in 
any construction where infiltration is objectionable. One construction where 
the use of paper would be highly desirable is in shingle roof construction on 
residences. 

ADDITION oa PAINT TO SIDING 

The infiltration of air through a wall having building paper properly applied 
is negligibly small. This amount was 0.28 cfh per square foot of wall at  15 
111pl1 for Panels 1 8 ,  2B and 3U. Fig. 20 sl~ows the results of these tests 
111otted to a very niucl~ enlarged scale. The application of paint to the siding 
on these panels resulted in a further reduction. 

In the case of Panel ZBl,,having drop siding, the reduction was very slight, 
I~u t  was an appreciable amount in Panels 1B1 and 3B1 having hevel siding. 
This indicates that paint seals tlie joints in bevel siding better than in drop 
sirling. This reduction in either case is extremely small since the sheathing 
paper clamped between the sheathing and siding by itself is very effective in 
preventing air infiltration. This reduction in leakage due to the addition of 
paint probably is not permanent since it would take very little movement due 
to weathering or to changes in. humidity to break the paint film suficielltly to 
allow air to reach the sl~eathing paper quite freely as compared to its passage 
through the paper layer. Paint applied to a weathered siding would of course 
reduce the size of the cracks at joints in the siding. 

A STUDY OF GOOD A N D  POOR CORNER CONSTRUCTIONS 

In the case of Panels ZB and 3 8  tests were first made with the joint between 
the wall and the frame calked on only three sides. On the fourth side, the joint 
at the depth of the sheathing only was calked. This allowed air to get under the 
siding and under the paper from this uncalked end joint. This is considered 
to be approximately the condition at the corner of a frame building or against 
window or door openings with poor construction. Here there is a chance for 
air to get under the trim, then to get under the siding and seek out openings 
in the layer of paper. Unless the paper is very carefully applied, there would 
:~lso 11e the ch:lnce for air to lint1 its w:ly under it directly at  the corner or 
; ~ t  tlie wilidow or door frame. 

Fig. 21 shows the results of these tests with one edge of the siding and 
paper not sealed. The results on Panel 3 8  showed a leakage of 1.70 cfh per 
square foot of wall at 15 mph for a wall equipped with bevel siding. The 
corresponding results on Panel 2 8  equipped with drop siding was 0.45 cu ft. 
This indicates that drop siding, since it presses down over the entire paper sur- 
face quite effectively, prevents air from getting under the paper from an end 
joint such as occurs at the corner of a building or at  window or door frames. 
The bevel siding, since it rliakes only line contact with the paper, is not so 
effective in preventing air from getting under t l ~ e  paper. This points to the 
need for carefully wrapping the paper around the corner of a builcling and for 
the tnaking of a tight seal in the paper layer at  window and door openings. 
In the case of bevel siding with the best paper application at  such locatio~~s, 
there is still the chance for air to travel horizontally in the air spaces under 
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llic sidiug and seek out defects in the paper. This calls for careful application 
not only at corners at openings but over the entire wall surface. It  is also im- 
portant that laps in the paper layer come under lines of contact when bevel 
siding is to be applied. 

When tlie fourth side of Panels 2 8  and 38  was sealed, the leakage was re- 
duced to the negligibly small amount of 0.28 cfh per square foot. Fig. 7 shows 
n photograph of these two panels. 

ADDITION OF PLASTEK TO ~VALLS HAVING SHEATHING PAPER 

The results of tests on Panel 1H1 made of sheathing, paper and bevel siding 
and Panel ?D consisting of shiplap, paper and shingles are plotted in Fig. 22 
to a greatly exaggerated scale. The leakages for these two constructions were 
0.18 and 0.17 cfh per square foot at  l 5  mph. These are extremely small leak- 
ages. The addition of plaster to these two collstructions in Panels 1C and 7 8  
resulted in a further reduction of this negligibly low leakage. 

Tests on plaster constructions alone in Panels 9A and 10.4 showed the 
negligible leakage of 0.17 and 0.23 cfh per square foot at 15 mph. 

H;iving practically air tight layers such as building paper and plaster at  
two points in a wall should reduce air movements within the wall and thereby 
exert a I~eneficial effect on he'at losses by transmission, 

AIIIJITION OF WALL PAPEK A N D  PAINT TO PLASTER 

I'laster by itself allo\vs only a 1iegligil)le amount of air leakage. The results 
of tests of plastered Panels 9.4 and 10A are plotted to an exaggerated scale in 
Fig. 23. The infiltration averaged 0.20 cfh per square foot at  15 mph. The 
tests were made with no cracks in tlie plaster and the panels were sealed com- 
pletely on all four sides. Had cracks been present or had imperfect sealing 
been made at an edge of the plaster sheet corresponding to poor sealing at the 
h:rseboard or at a witidow opening in actual construction, the leakage would 
I1;tvc been nlucl~ greater. To  obtain the effectiveness of plaster agaiilst air 
leakage good workmanship includes the proper sealing of the plaster sheet at 
the baseboard and window trim. The addition of wall paper in Panel 9R to 
the plaster in Panel 9A resulted in a considerable although unimportant reduc- 
tion in air leakage. The addition of sizing and flat wall paint in Panel 10B 
to the plaster in Panel 1OA tnade the wall practically air tight. The leakages 
of the plain plaster walls were negligibly s~iiall. The application of paint or 
paper under sucl? circui~istances would have to be justified by other reasons 
than a reduction in air infiltration. Probably the application of paint or paper 
to a badly cracked plaster wall would have a favorable effect on air leakage. 

INFILTRATION THROUGH VARIOUS TYPES OF COMPOUND WALLS 

A compound wall for the purposes of this paper is defined as one that has a 
finished construction on both sides of the studding. The results of tests on the 
four conlpound walls that were built are shown in Fig; 24. The three panels 
lC, 4E and 7E all had in their construction sheathing paper and plaster, 
although different types of siding were used. The leakages secured were 0.16, 
0.23 and 0.12 cfh per square foot at 15 mph or an aveiage for the three walls 
of 0.17 cu ft. 

Panel 10D contained neither sheathing paper nor plaster and had corrugated 





;~n(l tlle test franle h a s  c;ilked on all four sides cluritig the tests. Had air been 
nllowed to enter tlte c~ tds  oi  t l ~ e  corrugatio~~b at tlic top or hotto~lt of the wall, 
t l ~ e  1eak;~gc would Ilave b c c ~ ~  cxcee(Ii~lgly large. Sucll would be the condition 
in actual building construction unless special care were taken in the application 
to butt the sheets against wood construction. 

The tests on all of the single-surfaced walls show considerable leakage. The  
;ipplication of sheathing paper nailed vertically on tlle studding to any single- 
surfaced wall would greatly reduce the leakage. Tlie leakage of such an appli- 

cation was shown in the test of Panel 4.4 to be less than 1 cu ft per hour per 
square foot of wall at 15 1np11. 

CONCLUSIO~S 

Tlie air infiltration through a frame wall construction containing building 
paper or plaster properly applied is negligibly small. 

Tlie best application of building paper consists of tlie clamping of the paper 
between two thicknesses such as  slieatliing and drop siding or shingles. In  
a single-surfaced wall, the paper may be effectively applied vertically on the 
studding under the boards. Special precautions are necessary at the corner of 
a building o r  against door or window openings to make tlie paper effective. 

While no difference has been found in the value of a high and a low grade 
paper on these infiltration tests, likely the good gracle of paper will better 
maintain its efficiency against air infiltration over a period of years than will 
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tiv1.r its entire surface. 

litl<l 31111 side t~~;i tcI~ed hll~:itIli~lg l1i1.4 :L sutl~~\\.llat greater le;~k;~gc to air  than 
11:~s sillu ~~i;ilclrecl h1ie;ithillg. Tllc tliffcrrl~re is 111 no ilr~l~ort;i~lce \vllcn she:lthil~g 
Il:iprr is iliclu<le(l in the construction. 1':11(1 and side m;itclictl sllr:ltllilig presents 

11ie same desirable Rat surf;ice for application oi paper as does side nlatclletl 
zllratliing. There is 110 disadvantage from the infiltration standpoint to offset 
the advantages of the use of end and side nlatclied sheathing on the usual build- 
ing construction. With end and side matched sheathing, random lengtlis nl;iy 
he used, resulting in a saving in material and sawing labor. 

The application of building paper to single-surfaced frame walls such as are 
used for farm and other shelter buildings can be effectively and cheaply per- 
formed. The application of the paper vertically between the studding and the 
heathing and 5vitl1 the laps on the studding tllakes a very good construction 
frotn the infiltration standpoint. 

T o  obtain the full eficiency of a frame wall against air  leakage, special 
care must be used at  the corners of a building and against window and door 
openings. Building paper should be carefully wrapped around the corner 
so as to prevent air  getting through the wall construction at  this point. 

/N~ILTRAIION IN C.EM Pm Sq. F% o r  WALL 

FIG. 25. I N F I L T R A ~ O ~  TBROUCH SINGLE SURFACE WALLS USED IN FARM AND 
OTHER SHELTER BUILDINGS 
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In the case of bevel riding, there is tlie chance ior air to enter at a corner 
ronatruction ii~itl tr;ivel l~orizo~lt;~lly to beek out defects in the blleatllillg paper. 
This  rcquirea the c;ueiul al~plic;ition oi  :lie paper so as  to prevent defects 
(levcloping and tlie use oi  \vide laps ro :is to bring t l l rn~ under the contact lines 
of the bevel siding. Tlie use oi  a good grade of paper would be econo~nical 
clue to frecilot~i iron1 te;iritlg during apl~lication and tlie maintaining of a high 
dcgrce o i  c f f r c t i v c ~ i ~ ~ h  ~ l~roug l io~ t t  t l ~ e  liie of tlie buil[ling. 

1)rop siding (toes ~ i o t  prebent spdces iur air travel over the surface of the 
slleathing paper and very effectively llolds the paper against the slleathing. 
I'oor corner co~istructi~rn is a less serious factor ivith drop siding than with 
bevel siding. 

Tlie uae oi building p;ipcr ia ji:rtiliecl i ro~ i i  :l11 inhltr;ltion standpoint in any 
sliingle rooi or side \\.all conatruction. Tlie use of sl~iplap rather than spaced 
boards is desirable io tile clamping of tlie sheathing paper securely over its 
entire suriace. Tltis nii~iit~tizes tlie buckling of the pilper from agitlg. 111 
districts ~ I i e r e  he:~tirlg ~ e a s o ~ i s  are niild, tlie ~ I I C ~ U S ~ U I ~  of building paper and 
the use oi  shiplap rntlicr tlian spaced boards would be justified by the.reduction 
in infiltration. 

Plaster by itself allo\\,a tile Il;i,ragc of otlly :I n~:gligil~le anloutit of air when 
properly applied. l'roper ;ii~l~lic;ition Ille;llla tlie se;iling ;it tlie baseboard and 
tigainst window and door openings I1y running tlie plaster tightly against tlie 
Hoor or irarue coi1,truction of a11 opening. Tlie full effectiveness of plaster is 
prohably seldoni ubtaine(l. Tlie development of cracks reduces the efficiency 
of the plaster. Tlie npp1ic:ition of paint or wall paper is not justified from the 
standpoint of infiltration reduction 011 a plaater w;ill t l ~ a t  is fully effective, but 
011 :L cracked pl;l\ter surf;lce tile application of either pairit o r  paper nlay reduce 
inliltration conaideral~ly. 

Tlie cffcrtiveni.h\ ili l,l;l>tcr ~ ~ r u p c r l y  i111plinl ia t i ~  jurtitic;~tion for the use 
of low grade building p;rper us oi  tlic puor conatruction of the wall containing 
it. Not only is it difficult to secure itnd ni;~intai~i the full effectiveness of tlie 
]~l;ister but also it is Iiiglily desirable to have two points of Iiigh resistance to 
air  How \\.it11 an air  apace between tlieiii to keep ]?eat transniission losses a t  a 
niininiuni. 

APPENDIX 

DESCKIPTION OF TEST PANELS 

Itc~its 1 urtd 2. I:iglit tcbt 11;lnel i r a~nes  were I~uilt of 4x8 timbers as ilescril~cil 
ill the forel)nrt of t l ~ e  l~;ipcr. T o  the top ;in11 botton~ 11icn111crs of eacli of t11e.r 
frames single 2x4 plates were nailed 1% in. iron1 the face of the franie and 
extending froni end to end of the i r a n ~ e  opening. Vertical 2x4 studs were 
installed between these plates on 16-in. ceiiters, except that the end studs were 
spaced sucli a s  to bring end studs tiglitly against tlie vertical irame members. 
Studs were tirnily toe nailed to plates and ent! stnds to isante. A recess was 
nl;ide against the iranie ~ ~ i e o i l ~ e r s  in the 2x4 pl:itcs ancl etid studs on both sides 
of tlie frame illto whicli c:ilking contpound was p;icked to prevent air  leakage 
a t  this joint. 

Ite~rr 3. Over tile stud frame in patiel frariie No. 1, 1x6-in. dresaed and side 
nlatched slieathing was applied with ends butted over studs, fitted with ordinary 

C. ' ~ i c  . a  to securc tiglitneas ant1 face nailed twice at cac11 stud with 8d nails. Joints 
were brolieii over studs in every third course. This  material was green and of 
No. 1 Co~~inioii grade. Green sheathing, in this test, consisted of air-dried 
~11ea:lring that liad been soaker] in water for several days. Tlie panel was 
;~llowed to season 29 days before testing. 

Itcri~ 4. Over the studding in panel franies Nos. 2 and 3, 1x6-in. dressed 
iii~d ~ i d e  iiiiltcl~ed slieiitl~ing was i111plied. \l~orkniansliip was in all respects 
sinlilar to t11;rt ot Ileiir 3, except that the sheathing was thorouglily air-dried 
\\,lien applied. These panels were allowed to season 28 days before testing. 

Ifelt~ 5 .  Over the stud frame in patiel frame No. 4, a good grade of sheathing 
paper ternled, Building Paper A, was applied it1 vertical strips, lapped 2 in. 
uver studs and tacked to studs with roofing nails. Over the building paper, 
1x6-in. dressed, and end and side matched No. 1 Conimoii slieatl~ing was ap- 
plied. Worlimanship was siniilar in all respects to that required for Item 3, 
cxcept that no effort was made to 1i;lve the end joints between boards occur 
uvcl- studs. End joints were 1it:irle in not less than two-thirds of the courses, 
11ut e;tch board spanned a t  least two studs. Tlie panel was allowed to season 
29 days before testing. Inimediately after testing the paper and siding, the 
paper was cut out between studs with a knife and the panel re-tested. 

1lr111 G. Over the sl~e;~tliing oti panel frames Nos. 2 and 3 after test, Build- 
ing I'aper A was applied in ltorizo~ital strips lapped not less than 2 in. and 
with one vertical joint one strip wide, also lapped, in the center of the panel. 

Over tlie building paper 011 panel No. 2, 1x6 in. drop siding was applied. 
This  siding was air dry to the satisfaction of the inspector, and was nailed in 
accordance wit11 usual practice. The  panel was allowed to season 14 days and 
tlien tested. Three coats of good commercial white lead and zinc paint were 
tltcti :~l)plied to tlie sitling a t  custonlary intervals, ant1 6 days after the appli- 
ct~tion of the li11;il coiit, the p:lncl \\.:is re-tested. 

Over the building paper 011 p;inel i r a n ~ e  No. 3, 1x6-in. bevel siding was ap- 
plied lapped not less than 1 in. and nailed in accordance wit11 usual practice. 
Tlie panel was allowed to season 14 days and the11 tested. Three coats oi  good 
comtiiercial white lead and zinc paint were then applied to the siding at cus- 
toniary intervals, and G kiys after the ;ipplication of the final coat the panel was 
re-tested. 

l l o i ~  7. Over the stud frntiie in ]lane1 it::lnie No. 6, Insulation A sheathing 
Iboaril w:is applied, using one vertical joint butted over studdiiig and one liori- 
zontal joint clear across patiel. The panel was allowed to season 30 days before 
testing. 

l 8 Over tile stud ~ ~ E L I I I C '  ill I J : I I I ~ ~  frilllie No. 7, 11isulatioti R stantlard 
hlicatlting board was applietl in :I manner similar to the Insulation A (see Item 
7) nailed according to  manufacturer's specifications. The  panel was also allowed 
to season 30 days before testing. 

Itelir 9. Insulation A sheathing board was removed froin studding in panel 
frame No. 6 and 20-gage galvanized corrugated sheet steel siding applied. 
Sheets were allout 27 in. wide and 60 in. long and were lapped and nailed on 
to the studding ;lccording to manufacturer's specifications ior siding for farm 
or industrial buildings. No ititeiitioiial standing period was allowed for the 
corrugated steel siding, but 14 days elapsed between the date of construction 
and tlie date of test. 



, , -  
424 T N A N ~ A ~ ~ T I U ~ S  ; \ ~ I I I ~ I ~ . , % S  Sax 1b.r~ (11. I ~ ~ , A I I N I ,  , \NI>  VP.NIII , ,%,IIN,;  I$NC;INI,I:I~S 

Iferrt 10. Over the studding i l l  panel fr;uue No. 9, wood lath and gypsum 
were applied in accordancc with tlir apecilicatic~l~s given in the next 

paragraph. Latli waa Ro. 1 grade, soit pi~le, spaced at least in, apart and 
nailed to each atud wit11 a 3d 16-gage \\,ire nail. Joints were broken at every 
seventh course. Lntli w;is tliorouglily soaked before application and also well 
wetted (1o\r11 sever;il hours heiore p1;lstering. Wood grout~ds % in. tl~ick were 
nailed around the stud fr:ime and flusl~ witli the outside edges of tlie plates and 
tlie t\vo outern~ost studs. Tlie crevices between grounds and the panel franie 
were c:lrefully calked wir11 p1:istetl ctilking compound. A seasoning period of 
15 days was allowed before testing. 

"P la~ter  shall be a good three-coat job of gypsum plaster applied as follows: 
Scratcl~ coat shall be one part plaster, hair fibered, to not more than two parts 
(by wriglit) oi dry sa11~1. Bro\vn coat sl~all be of similar materials and pro- 
portions, but unhbered. The finial1 coat shall be four parts gypsum plaster, 
one part finishing lime, and five parts clean dry sand." 

I t o ~ ~ r  11. Aiter tlie plaster in Itein 10 on Panel No. 9 was tested, a good 
grade of wall paper was applied. This was allowed to dry for 10 days and the 
panel re-tested. 

1te111 12. Over the studding in panel frame No. 10, 11ieta1 lath and gypsun] 
Illarter were applied in ;~ccor<lance wit11 the following specifications: "The 
metal lath sliall be e x l ~ a ~ ~ d e d  metal loth weigliing not less than 2.5 lb per square 
yard, attnchcd to each stud wit11 6d nails spaced not over 6 in, apart. Clinch 
oi  nails to be upward. I.at11 to Ile I:lpl~ed at sides not leas t l~an  in. with lower 
sheet over the upper. Grounds slt;~ll be in. as for wood lath and plaster. 
There shall be at  least one veriic;rl illid one horizo~~tal  lap in the metal lath 
joint entirely across the panel. 

"Gypsuni plaster shall be used and applied in three coats, as follows: Scratch 
coat hliall be one part plaster, hair fibered, to not more than two parts (by 
weight) of dry sand. Scratch coat shall be applied with sufficient pressure to 
till all meshes and obtain good key. 

"Bro\vn coat s11all be one part plaster, unfibered, to not more than two parts 
(by weight) of dry sand. This coat shall be kept back sufficiently from grounds 
to allow for finishing coat and surface shall be roughened to receive finishing 
coat. 

"The tinis11 coat allall Ile four parts g y p s u ~ ~ ~  plaster, one part finishing lime 
and five parts clean dry sand." 

Ilcr~t 13. Over tlie rlletal lath and plaster on panel franie No. 10 (see IICIIL 
12) a coat of sizing and two coats of a good conmiercial Hat wall paint were 
applied. A drying period of 10 days was allowed, after which tlie panel was 
re-tested. 

Itern 14. The wood lath and plaster were removed froni panel fratne No. 9 
and tlie stud faces carefully cleaned. Over the stud franie Insulatio~~ A plaster 
latll was applied in commercial sheets; the sheets being broker] over studs 
twice vertically and once horizontally. Lath was nailed according to manu- 
facturer's specifications. Grounds were in. as for wood lath and plaster. A 
scratch coat and finish coat of stucco were then applied. 

Itet11 15. The bevel siding and building paper on panel frame No. 1 were 
removed. Over the matched sheathing, expanded metal stucco reinforcement of 

&-gage tliickness with openings % in, by 2 in., and weighitig 1.8 lb per square 
yartl, was applied. Stucco reinforcen~ent was placed horizontally and fastened 
to the sheathing witli saddle nails spaced about 8 in. apart over the surface. 
Vertical laps were made over studs and horizontal laps laced with wire. Stucco 
was applied according to the following specifications: 

"Scratch coat shall be of one part portland cement to three parts sand, applied 
in. thick and troweled well through the reinforcement. I t  shall be thor- 

ouglily dry before tlie brown coat is applied. The brown coat shall be in. 
thick, of the same proportions, and the finish coat from in. to g in. thick. 

Total thickness of stucco over sheathing shall be approxiniately 1% in. and 
shall be established by 1% in. grounds nailed around the outside of the stud 
frame." The panel was allowed to season 29 days before testing. 

Item 16. The bevel siding, building paper and sheathing were removed from 
panel franie No. 3. Over the stud franie 1x4-in. bntt-edged boards NO. 2 com- 
mon grade were applied spaced 5 in. on centers. Over tlie boards, edge grain 
5/2-16-in. red cedar shitigles were applied 5 in. to the weather using zinc coated 
s!iingle nails. The panel stood 69 days before testing. 

Item 17. The  sheathing and building paper nn panel franie No. 4 were 
removed. Over the stud frame, 1x8-in, shipl?p No. 2 common was applied 
butted over studs and face-nailed twice. Over the shiplap edge grain 5/2-16 in. 
red cedar shingles were applied 5 in. to the weather using zinc coated shingle 
nails. Tlie panel stood 14'days before testing. 

Ite~tr 18. The  Insulation B standard s l iea th i~ i~  board was removed from panel 
frame No. 7. Over the studs, 1x6-in, butt edged boards, No. 2 comniop .grade 
were applied spaced 11 in. on centers. Over tlie boards, edge grain strictly 
clear 24-in. red cedar shingles were applied, 11 in. to weather. The  panel was 
allowed to stand 15 days before testing. 

Item 19. The  corrugated sheet metal was removed from panel frame No. 6. 
Over the studding, 1x8 in. shiplap No. 2 common grade was applied. Over 
shiplap, 24-in. edge grain red cedar shingles, strictly clear, were applied, 11 in. 
to weather. The standing period was 14 days beiore testing. 

Item 20. The 24-in, shingles were removed from panel frame No. 7. All 
remaining nails were pulled or driven flat to avoid any projections on the 
l)oards. Building Paper B, a good grade of paper, was then applied over boards 
according to manufacturer's instructions. Over the paper, strictly clear edge 
grain 24-in. red cedar shingles were applied 11 in. to the weather, using zinc 
coated nails. The  panel was allowed to stand 67 days before testing. 

Item 21. The 16-in. shingles were removed from panel frame No. 3. All 
remaining shingle nails were pulled or driven Hat to avoid any projections -on. 
tlie boards. Building Paper B was then applied over the boards according to 
manufacturer's instructions. Over the paper, edge grain 5/2-16 in. red cedar 
shingles were applied 5 in. to the weather using zinc coated shingle nails. The  
panel stood 69 days before testing. 

Ifevn 22. .The matched sheathing was removed from panel frame No. 1 and 
butt-edged 1x6-in. sheathing, No. 1 Common grade, was applied over studs. 
The lumber was air dry and fitted with ordinary care. Over the sheathing, 
Building Paper B was applied according to manufacturer's specifications. Over 
the building paper, 1x10 red cedar bevel siding, B grade and better, was applied, 
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lapped 1%-in., and double nailed with 8d cenrent-coated box nails. The panel 
atood for 70 days beiorc tcstitig. 

Two coats ui good 11u;llity wl~itc ~xrint were tlici~ ;tppIied to tlte bevel ai~lir~g 
at the custonitiry il~tervala, and 6 days :liter :il~plicntion of the second coat the 
panel was re-tested. 

Iterrr 23. 011 the reverre aide oi  11:01c1 fr:itue Nu. 1, li~~iahe(l as specitiecl in 
Itt.rr~ 22, wc~o(l I ; l t l ~  attd g!lrhunl pl:~ster \\.ere appliccl i l l  col~iorltlity to specili- 
wtiotis for If~~rri  10. Tlie p;rnel ~ t o o d  68 (lays and \\.;IS again re-tested. 

1 1  4 All previous cotistruction was re~uoved ir11111 the 2x4 studa in 
panel iranle No. 9. Over atttcla :iir dry I s 6  No. 1 Co~i~nion end ;und side 
n~atched sl~eathing was applied. The pmel \\,as allowed to stand 2 days and 
then tested. 

I t  5 Over tile s l ~ c a t h i ~ ~ g  il l  Ifc.rri 24 ordi11;iry red ~.eain-bized buil~ling 
p;tlier wns applied wit11 laps I~orizontal, 11:lile~l with No. 3 ahingle niiils sp;~ced 
;q~proxin~;itcly 7 in. Tllc p;lncl \\.;is re-tested i t l l~nedi:~~~ly.  

1t,,rr1 26. Over the I~t~ilcIi~tg 11:ipl~r I I I C I I ~ ~ C I I I C ~ ~  in l t e , r r r  2.5, xir dry 1x6 (Irt111 
riding was applied, n:~iled in ;iccorda~rce \\it11 usu;il practice, ;III(I p a i ~ ~ t e d  
wit11 three coats oi  good con~n~ercial \\.bite lead ancl zinc paint applied at  
custonlary interval,. The panel \\.as nllo\ved to season 13 days and again 
re-tested. 

Itorr 27. .%l1 11revious constr~~ctioo \\*;is rcn~ovccl iron1 the 2x4 stu~ls it1 11:incl 
f ran~e  No. 10. Over the atuds I s 6  eitd ;~nd  side m;itcl~erl slleatlling was applied. 
The panel was allowed to season ior 7 tl;~ys and then tested. 

ltrrrr.28. Over the otl~er side of 11:i11el i r i ~ ~ ~ t e  No. 10 corrugated steel sillil~g 
\r.;ih rtpl~l~ecl as in Ill~rrt 9. T l ~ c  ~l;i~lcl re-tcstc(l i o ~ r  dilys I;iter, the bteel 
sidi~lg being exposed to the Ilrpsaure side of tebt III :IC~I~IIL' .  

Itrrrr 29. .All previous co t~s t ruc t io~~ \v;is ren~oved il.0111 the 2x4 studs in panel 
frame No. 7. Over the studs 1x6 air dry sl~iplap, double nailed, Building Paper 
H, and 16 in. red cedar shingles 5 / 2  thickness were applied 7% in. to the 
weather. The panel was alloived to season 7 days and then tested. 

Iterrr 30. Over the otl~er bide oi panel i ran~e  No. 7, \vood lath and pl;tster 
\rere applied according to tile sl~eciticatio~~s oi Ifc.rrr 10. The panel was allowed 
to season 14 days and re-teatecl. 

Iterr$ 31. All previous construction \\,as ren~ovcd i r o i ~ ~  the 2x4 studs in p;uiel 
irame No. 4. Over the 2x4 studs, Building Paper B lapped vertical on studs, 
and 1x6 air  dry Select drop siding were applied. Siding \+,as painted with two 
coats of commercial white lead and zinc paint. Aiter the application of final 
coat of paint, the panel was allowed to dry for 4 dnys am1 then tested. 

Iterrr 32. Over the other side of p:l~lel i r a n ~ e  No. 4, 1x6 air dry end and 
side n~atched sheathing \\.as applied. Panel was allowed to season 6 days and 
then re-tested. 

Iferrr 33. Drop siding and building paper (Ilorr 31) \\,ere re~noved froni 
panel frame NO. 4 and t l ~ e  panel imnlediately re-tested with t11e slleatliing it] 
1tcr11 32 exposed to the pressure side oi  the test ~nachine. 

I t e ~ r ~  34. All previous construction was re~tiovetl from p;inel franle No. 6, 
including inside vertical studs, leaving only the 2x4 plates nailed to top and 
bottom frame men~bers and the two end studs nailed to vertical frame mem- 

bers. Between the two end studs and perpe~ldicular to them two 2x4 girts 
were toe-nailed on 33-in, centers. Over the studs and girts and perpendicular to 
the latter, 1x10 boards were applied with a one inch space between boards 
nailed with 8d wire nails at  each side and in the middle of the boards at each 
girt. One heavy coat of good con~mercial paint was then applied. Immediately 
after painting, 1x4 battens were applied over the one inch spaces between the 
1x10 boards and nailed on one side only of the battens through one edge of the 
10-in. boards into the girts but not a t  other points. After the first coat of 
paint had dried, an additional coat was applied to boards and battens. The  
panel was allowed to season 14 days out-of-doors before testing. 

DISCUSSION 

A. P .  KRATL: This paper, taken in conjunction with the previous reports on 
the same subject, emphasizes the importance of proper wall construction. It 

brings out the fact that tlie major part of air leakage results from i~llproper 
or faulty construction, and that the proper use of buildit~g paper, plaster, and 
paint, reduces such leakage to a negligible amount. 

Since it is impossible to standardize faulty construction, it is difficult to 
choose, in spite of a wealth of inforn~ation, just what factors should be used 
in the case of a particular building, and the infiltration loss remains one of 
the most uncertain calculations in determining the predicted heat loss from a 
building. I t  would seem to the writer, from the evidence presented, that the 
next step in a future program should be a study of the actual infiltration in 
existing buildings in order to establish upper and lower limits for the factors 
to be used for given types of constructions in co~lju~lction with the factors 
now established for known conditions. 

D. R. BREWSTER: These tests emphasize the importance of building paper 
to such an extent that I thought it might be of interest in this connection 
to call attention to a study of building papers made by the Bureau of Standards, 
the results of which are recorded in a bulletin entitled A Study of Sheathing 
Papers, Research Paper No. 85, of the Bureau of Standards, published in 
the Jo16rnal of Resenrck, Vol. 111, July 1929. This can be bought separately. 

The  conclusions of the study made by the Bureau of Standards bear out 
the results reported in this paper to an interesting degree and point out that 
the importance of sheathing paper depends not so much upon its weight and 
thickness and cost as upon the method of application, the tightness of the 
joints and the care used in preventing tearing and damage to the paper in 
use. Thus the only justification for using a high grade paper in building 
construction is to provide a paper of sufficient strength so that in application 
it is not apt to tear and so that during the life of tlie building it will not be 
subject to deterioration from the influence of moisture and rain blowing in. 
I t  is evident that it really pays to use a high grade building paper from the 
standpoint of obtaining a n~aximutn length of life a f  the effectiveness of the 
constructioli in preventing infiltration. 

Among the conclusions of the U. S. Bureau of Standards study I might 
read the following sentences which a re  of interest: "The price range of 
sheathing papers is about ten-fold between the cheapest and the niost expen- 
sive. There is no very definite relation between the price of such papers and 



their value as  building ~apers ."  This  brings out the importance of the 
method of application rather than the qualiky of the paper itself. "Strength 
sufficient to insure getting the material in place, whole, water resistance suffi- 
cient to  insure against damage to plastering and inside finish, which sometimes 
occurs in severe storms, and irnperrneabiiity to air,  a re  apparently the requisite 
elements in a good sheathing paper." I t  is evident that high grade building 
papers will more nearly meet these requirements than cheap, low grade papers 
that are  made to meet price competition rather than to give definite standards 
of quality and performance. 


