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Vapor Resistant Coatings for Structural 
Insulating Board 

INTRODUCTION 

Cooperative Research Program 

In 1941 the Insulation Board Institute and the Engineering Experi
ment Station of the University of Minnesota entered into a cooperative 
research program to investigate the occurrence of moisture condensa
tion in buildings and means of its control. Structural insulating board 
is one of the common building materials used in construction. This 
study is one of importance to the entire building industry. 

This is the second report describing and discussing the results of this 
investigation. 

The first report under the cooperative research program discussed 
the vapor transmission characteristics of structural insulating board 
under atmospheric conditions prevailing in residential structures. Spe
cifically, these conditions were 70 F and 40 per cent relative humidity 
on one side of the test specimen and -10 F on the opposite side, simu
lating inside and outside air conditions in low temperature weather 
zones. Investigations were conducted on the vapor permeability and 
physical properties of structural insulating board, a comparison of 
vapor permeab_ility by two different test methods, the effect of tem
perature on the permeability of materials, vapor transmission through 
walls, interior paints as vapor barriers, and interior wall coverings as 
vapor barriers. 

To supply the reader with the results of tests previous to this pub
lication, the conclusions of the first report are reprinted here. 

Conclusions1-Condensation takes place when water vapor, that is present 
in all air, is cooled below its dew-point temperature. In buildings, it usually 
takes place on the surface of materials, the temperatures of which are below 
the dew-point temperature of the vapor. Condensation may take place on the 
interior surfaces of exposed windows or walls, on the interior surfaces of attic 
spaces, or within the structure of exterior walls, if the vapor is allowed to pene
trate them. 

The prime causes of condensation within buildings are: 

1. Water vapor within the air. 
2. Cold interior building surfaces. 
3. Cold unventilated attic spaces in which the vapor may enter. 
4. Types of construction which will allow the vapor to penetrate into the cold 

sections of outside walls. 
1 F. B. Rowley and C. E. Lund, Vapor Transmission Analysis of Structural Insulating 

Board, (University of Minnesota Engineering Experiment Station Bulletin No. 22, 1944) 
pp. 70-71. 
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The amount of water vapor or relative humidity that can be carried in 
combination with any type of building construction without condensing vapor 
within the building depends upon the climate in which it is located. Cold 
weather lowers the temperature of the exposed walls and thus creates a condi
tionfavorable to condensation. The relative humidity carried within the build
ing is only partially subject to control and to some extent may be regulated 
after the building is constructed. The type of wall and ceiling construction 
should be taken care of at the time the building is built. 

Excessive and uncontrolled relative humidity in combination with low out-
side air temperature has been one of the most common causes of condensation 
troubles within buildings. The tendency to cut down all infiltration losses and 
reduce ventilation to a minimu·m during cold weather periods, automatically 
raises the relative humidity within the building due to natural causes, thus 
increasing the possibility of condensation during the colder periods. When con
densation occurs within a building, the relative humidity carried should be 

1 investigated. If this is brought under control the problem of condensation may 
be greatly reduced. 

It is impossible to guard against all condensation problems in the construc
tion of a building, but it has been demonstrated that good building construction 
requires a vapor barrier on the warm side of exposed walls in northern climates. 
In southern or warmer climates, the barrier is required only under unusual 
humidity conditions. 

The resistance of any material to the transmission of water vapor is ob
tained by testing its degree of permeability. All building materials have a 
certain amount of resistance to the passage of vapor. It is, therefore, necessary 
to set up a limiting value of vapor permeability in order to classify a material 
as an acceptable vapor barrier. Based upon the studies thus far made, the perme
ability of an acceptable barrier to be used in building construction should not 
exceed 1.25 grains of moisture per square foot per hour per. inch of mercury 
vapor pressure difference between the two sides of a material. 

When a vapor barrier is incorporated in the wall construction, it may be in 
the form of a membrane which is applied separately as a part of the interior 
finish of the wall or it may be in the form of surface coatings which are applied 
to the interior surface of walls or ceilings. Interior finish surface coatings, such 
as approved paints, will usually be satisfactory with a permeability rate not 
exceeding 20 per cent more than the above mentioned limit as explained in the 
text. Surface coatings to be effective must be continuous. Small cracks or pores 
not readily discernible may materially increase the permeability of the coatings. 
Vapor barriers should be rated by accurate test methods before being accepted, 
and surface coatings rated in combination with the materials to be covered. 

A vapor barrier should always be placed as close as practical to the warm 
surface of the wall, and in a temperature zone which is above the dew-point 
temperature of the vapor in contact with the barrier. This is important in order 
to prevent condensation on the surface of the barrier. When the vapor barrier is 
incorporated in a material used as part of the interior finish, caution should be 
taken that all joints of the material are well fitted. 

The vapor permeability of a given material is substantially proportional to 
the vapor pressure drop over the material, providing there is no change in the 
state of moisture in passing through the material. Excessive hygroscopic absorp
tion of moisture may change the permeability rating. 
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It is impossible to draw a definite line of demarcation that will designate 
all locations in which the climate requires a vapor barrier to be used. Experience 
of industry and of the various investigators indicates that the 35 F normal Janu
ary isotherm is a reasonable dividing line. Vapor barriers should be used in all 
types of construction north of this line as a precautionary measure and in the 
extreme north as an absolute requirement. South of this line, vapor barriers may 
be omitted except under unusual humidity conditions. The 35 F January iso
therm is selected only as a guiding line as many other factors besides outside 
air temperatures are to be considered. 

The methods of preventing condensation difficulties may be summarized as 
follows: 
1. Control the water vapor content or relative humidity of the inside air to 

reasonable lower limits. 
2. Use multiple glazing on windows and sufficient insulation in outside walls 

and ceilings to prevent condensation on the interior surfaces. 
3. Provide a type of material in the construction on the warm side of the out

side walls and ceilings which has a high resistance to vapor transmission to 
reduce the possibility of water vapor penetration. 

4. Venting of attic or loft spaces is recommended as a precautionary measure. 
The vents should be distributed so that venting is effective throughout the 
area. 

Purpose of Investigation 
The second series of investigations, as reported in this bulletin, .on 

vapor resistant coatings applied to structural insulating board were 
planned to subject the materials to extreme humidity on the warm 
surface of the test specimen. The air conditions were adjusted on both 
sides of the test specimen so that condensation occurred continually 
on the warm surface of the specimen during the course of the test, thus 
assuring a wet surface condition. The purpose was to determine 
whether or not materials which were vapor resistant under average air 
conditions would maintain their effectiveness under severe humidity 
conditions. 

This investigation was prompted by the increasing use of structural 
insulating board in potato storage warehouses, where the desirable 
air conditions are 40 F and 90 per cent relative humidity. These con
ditions are considered necessary to maintain the quality of the prod
uct during an extended storage period which may be from late fall to 
early spring. Many of the larger potato storage structures are located 
in zones where freezing and subzero temperatures are frequently 
encountered. Requirements of high humidity are met in other types 
of storage structures, such as for apples and certain other fruits and 
vegetables. A good vapor barrier is essential to good construction as it 
prevents any serious accumulation of moisture on or within framing 
members and the interior and exterior finish materials. 

Po:ta:to Storage Warehouses 
While there js no standard method of construction for potato storage 

structures, the storage area is usually below grade to aid in maintain- · 
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ing the desired temperature and humidity. Two photographs showing 
the interior and exterior construction of a recently built warehouse are 
shown in Figures 1 and 2. Figure 1, an interior view of the warehouse 
during construction, shows the application of the interior finish to the 
ceiling, or inner roof, of the warehouse. In this case the material being 
applied is structural insulating board sheathing. Figure 2 shows the 
exterior view of this warehouse. The concrete walls extend approxi
mately room height into the ground onto a concrete floor, which pro
vides the below-grade space for storage. 

In this type of structure there is need for a vapor resistant coating 
on the ceiling surface which would provide sufficient resistance against 
vapor passage to prevent any serious accumulation of moisture or frost 
on the rafters or roof boards. The treatment must protect the ceiling ~ 
interior finish against any damage caused by condensation of moisture 
on its surface which may occur during certain periods of the season. 
Also, by reducing the vapor passage through the ceiling, the high 
humidities required to maintain the quality of the product will be more 
easily con trolled. 

Although the main concern of this investigation was the protection 
of the structural rna terials in a storage warehouse against the effects 
of excessive moisture, the occurrence of condensation on the ceiling 
surface should be controlled so that it will not result in water dripping 
upon the stored contents of the warehouse. Complete control of surface 
condensation on the ceiling inner surface would be difficult to attain. 
When relative humidities are extremely high, there is only a little 
difference between the dry-bulb and dew-point temperatures. For ex
ample, at the desirable storage conditions of 40 F and 90 per cent rela
tive humidity, the dew-point temperature would be 37.5 degrees or 
only 2.5 degrees below the dry-bulb temperature. Thus, if the surface 
temperature is 37.5 For lower, condensation will occur. The application 
of insulation in the ceiling construction will aid considerably in main
taining the ceiling surface temperature above the dew-point tempera
ture, but it is not likely that these precautions would always cope with 
the extremes in outside temperature and inside humidity. Conse
quently, a good vapor resistant treatment on the ceiling surface is con
sidered necessary to protect the surface finish, in addition to prevent
ing vapor passage through the ceiling. 

During the past decade a considerable amount of research has been 
directed toward the development of economical vapor resistant coat
ings for various materials, such as structural insulating board, building 
paper, wood, plaster interior finish, etc. New coatings are continually 
appearing on the market. Those included in this investigation represent 
some of the recent developments in paint and aspha~t plastic vapor 
resistant coatings. 



Figure 1. Potato storage warehouse from interior during construction. showing application of 
structural insulating board as ceiling interior finish 

Figure 2. Potato storage warehouse from exterior. showing typical appearance of 
this type of structure 
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PLAN OF INVESTIGATION 

The plan of this investigation was to test coatings and combinations 
thereof which were known to have reasonably low permeability rates 
from previous investigations. The procedure of the tests was as follows: 
1. To apply all of these surface coatings .to one type of plain sheathing board, to 

study the application characteristics including ease of application, drying 
time and general surface conditions as well as surface coverage, and then to 
conduct vapor transmission tests on this group of samples under dry surface 
conditions wherein the warm or coated surface remained dry during the 
course of the test period. 

2. To select those coatings from the tests which showed promise of offering a 
high degree of vapor resistance and to conduct vapor transmission tests of 
this group under wet surface conditions where the warm surface of the speci
men remained continuously wet during the course of the test period, simulat
ing conditions which may occur in vegetable storage warehouses. In this 
second part of the plan, the coatings were again applied to a plain type of 
sheathing board to provide a comparable basis for determining the more 
vapor resistant coatings. 

3. To select a typical vapor resistant coating from those coatings which main
tained a high vapor resistance under wet test conditions and to apply it to 
the various types of plain and treated sheathing boards. Vapor transmission 
tests were to be conducted under wet surface conditions to ascertain whether 
or not a comparable degree of vapor resistance was provided when a typical 
good treatment was applied to all types of structural insulating board 
sheathing. 

4. · To conduct vapor transmission tests under wet surface conditions on two 
membrane or paper vapor barriers applied over structural insulating board 
sheathing. 

APPARATUS AND TEST METHOD 

Test apparatus were required that would subject the test sample 
to the severe conditions of operation specified in this investigation. The 
air on one side of the test panel was to be maintained at a very low 
temperature and the opposite side at a moderately warm temperature 
with adjustments for medium to high humidities. Apparatus to measure 
the amount of vapor that would pass through the test specimen under 
these conditions were necessary. 

Test Panels 
The test apparatus for the individual test specimens can be de

scribed best by referring to Figures 3, 4, and 5. Figures 3 and 4 show a 
sealed frame with one surface covered by the test sample and the other 
by an aluminum condensing panel, often referred to as the weighing 
panel. The test specimen and aluminum panel were two inches apart 
with a 134-inch insulating pad between them. The test sample, the in-



LOW TEMPERATURE 
AIR 

Figure 3. Arrangement of four test panel assemblies for 
testing of individual materials 

Figure 4. View of warm and cold side construction of individual test panel assembly 
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Figure 5. Four individual test panels installed in cold room 

sulating pad, and the aluminum panel were all sealed around the edges 
to prevent the passage of vapor through these channels. In making a 
test under dry surface conditions, the sample was exposed to warm 
air, usually at 70 F and 40 per cent relative humidity, and the alu
minum condensing panel was exposed to -10 F. The insulating pad 
was placed between the test sample and the aluminum panel to create 
a greater temperature drop between the two. Under test conditions the 
vapor passes from the warm, moist air through the test sample and the 
insulating pad and condenses on the aluminum panel. The aluminum 
panel is removable and may be weighed at regular intervals to deter
mine the rate at which vapor passes through the test sample. 

In making a test under wet surface conditions, the relative humidity 
on the warm side of the panel was raised to 70 per cent. The insulating 
pad was removed, which had the effect of lowering the surface tem
perature of the test specimen to slightly below the dew-point tempera
ture of the air. These conditions of 70 F and 70 per cent relative hu
midity on the warm side and -10 F on the cold side maintained a wet 
surface on the warm side of the test specimen during the test period. 

Figure 3 shows the type of frame in ·which the test panels were 
sealed before being placed in the test cells. In the lower left-hand 
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corner is a sectional view of the complete test panel, showing the test 
sample, insulating pad, and aluminum weighing panel. Figure 4 is a 
photograph of one of the test frames with the exposed side of the panel 
on the left and the aluminum panel removed from the frame on the 
right. Figure 5 shows an interior view of the cold room with four of the 
test specimens in place. 

Construction of Test Rooms 

Two sectional views of the low and warm temperature rooms are 
shown in Figures 6 and 7. The low temperature room is centrally lo
cated with the warm temperature vapor control cells placed on all sides. 
The temperature of the cold room is maintained by cooling coils at
tached to the ceiling which are operated by a 71f2-ton Freon compressor 
capable of sustaining temperatures as low as -20 F to -25 F. The large 
fan near the cooling coils recirculates the air within the room through 
the coils. 1 

The temperature and vapor control boxes attached to the cold room· 
are of different sizes to accommodate the testing of many different
sized panels. The panels used in this investigation were approximately 
143)t inches by 153/t inches. These could be framed in groups of four 
to fit in the openings of the 4-foot cubical test boxes. The five exposed 
sides of the boxes are lined with galvanized iron and sealed against 
the passage of vapor. The sixth side which opens into the cold room 
is sealed by the test panel. When the temperature and humidity have 
been adjusted to the desired quantity, the only means of vapor escape 
is through the test specimen. 

The temperatures and humidities within the test boxes are auto
matically controlled by means of electric heating elements for tempera
ture and electric boilers and humidistats for humidity. Figure 7 shows 
the position of these apparatus within the test box. Water is supplied 
to the boiler from a water reservoir; the amount of water used is de
termined periodically by measuring with a pipette the amount required 
to fill the reservoir. · 

Figures 8 and 9 are exterior views of the vapor transmission appa
ratus. In Figure 8, the compressor is shown at the far right; the test 
rooms with a temperature and vapor control box facing are shown in 
the center; and the control panel is shown at the far left. Figure 9 
shows a Close view of the 4-foot cubical test cell. The large door on 
the cold room is for entering the room. 

All temperatures were taken with copper constantan thermocouples 
and Leeds and Northrup potentiometers. These couples were brought 
to the operator's station outside of the test box shown at the left in 
Figure 8. 
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Figure 8. Vapor transmission apparatus from exterior showing the warm side test 
cells extending from cold room, refrigeration machine and 

temperature control panel 

Figure 9. Vapor transmission apparatus from exterior showing 4-foot cubical test cell 
within which the warm side conditions of specimen are maintained 
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PROPERTIES OF STRUCTURAL INSULATING BOARD 

In order to evaluate the effect of any given treatment on any par
ticular sheathing, it was necessary to know the vapor. transmission 
properties of various structural insulating board sheathings before 
being coated. This information was available from the previous inves
tigation and is reproduced here in Table I. The vapor permeability 
rates shown in Table I were for tests under dry surface conditions 
where the inside air conditions were 70 F and 40 per cent relative 
humidity, and the cold room conditions were -10 F. The table shows 
the density and thickness of the sheathings as well as the vapor trans
mission and vapor permeability of nine treated sheathings and five 
plain sheathings. 

Table I. Vapor Permeability and Physical Properties of Structural Insulating Board 

Physical Properties Vapor Vapor 
Transmission Permeability 

Identification Density, lbs Thickness, gr per sq ft per hr gr per sq ft per hr 
Number per cu ft inches . as of Test per in. Hg 

Treated Sheathing • 

R-1 17.20 .796 0.11 0.44 
R-2 18.92 .802 0.79 3.39 
R-3 18.88 .801 0.70 3.01 
R-4 16.40 .736 0.35 1.43 
R-6 17.33 .836 0.84 3.70 
R-7 17.48 .779 0.47 2.00 
R-8 17.28 .803 2.08 10.92 
R-9 19.78 .770 0.87 3.81 
R-10 18.85 .796 0.56 2.35 

Plain Sheathing 

S-3 17.12 .816 3.41 23.26 
S-5 17.30 .789 5.07 51.81 
S-6 16.62 .854 4.94 49.02 
S-7 22.06 .773 4.40 38.61 
S-9 17.20 .806 5.39 62.50 

Plain shea thing S-5 was taken for the panel specimen to be tested 
with the various coatings applied. This sheathing was selected on the 
basis of its availability rather than its comparative vapor permeability. 
The effects of a typical vapor resistant coating when applied to the 
various treated and plain sheathings are discussed in the test results. 

DESCRIPTION OF COATINGS INVESTIGATED 

A description of the type and composition of each coating investi
gated is compiled in Table II. All coatings tested were submitted by 
authorities in the field whose experience had proved these coatings to 
possess a high degree of moisture resistance in actual use~ With the 
exceptions of A-1 primer and D-7 paint, all coatings contained asphalt. 



Table II. Description of Coatinqs Investiqated 

Composition by Weight 
Pigment Composition, Code No. of Type Color Vehicle Composition, 

Coating Pigment, Vehicle, per cent per cent 
per cent per cent 

AI Primer Cream 58.4 41.6 Titanium dioxide 10.0 Processes drying oils 69.2 
Silica 20.0 Resin 14.0 
Metronite 70.0 Drier and thinner 16.8 

A2 Paint Black 100.0 None Asphalt 54.0 
Mineral . spirits 46.0 

A3 Paint Black 100.0 None Gilsonite 36.8 
Linseed oil 13.7 
Drier and thinner 49.5 

B4 Paint Metallic gray 21.0 79.0 Aluminum powder 65.0 Synthetic resin and gilsonite 13.6 
Volatile thinner 35.0 Vegetable oils 37.1 

Volatile thinner 45.0 
Liquid drier 4.3 

C5 Emulsion Primer Black 2.0 98.0 Clay 100.0 Water 40.0 
Asphalt 60.0 

C6 Paint Black 100.0 None Solvent 37.5 
Asphalt base 62.5 

D7 Paint Cream 29.0 71.0 Titanium dioxide 67.0 Solids 56.5 
Blanc fixe 33.0 Mineral spirits 43.5 

E8 Paint Black 52.0 48.0 Blended asphalts 100.0 Petroleum naphtha 100.0 

E9 Plastic Black 65.0 35.0 Blended asphalts 100.0 Petroleum naphtha 100.0 

FlO Plastic Black 40.0 60.0 Fiber 100.0 Volatile 33.0 
Asphalt 67.0 
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TEST RESULTS 

The results of all tests conducted for this investigation may be 
divided into five separate stages: 
1. The results of the application of the various coating materials which would 

include observations made pertaining to ease of application, drying time and 
condition of final finish. 

2. The results of vapor transmission tests on various coatings applied -to a single 
type of insulating board sheathing when tested under dry surface conditions; 
that is, the board surface exposed to the warm, humidified air or inside con
ditions remained dry during the course of the test. 

3. The results of vapor transmission tests on various coatings applied to a single 
type of plain sheathing board under wet surface conditions. In these tests 
the proper balance between inside surface temperature of the test specimen 
and the relative humidity and temperature of the inside air was obtained 
to permit condensation on the surface of the test specimen so that it remained 
wet during the course of the test. 

4. The results of vapor transmission tests on a typical vapor resistant coating on 
various plain and treated sheathing boards under wet surface conditions. 

5. The results of vapor transmission tests on two membrane type vapor bar
riers under wet surface conditions. 

The results will be given and discussed in the order enumerated 
above. In analyzing the test results it is necessary to consider that the 
investigation was exploratory in nature in an attempt to separate from 
a comparatively large number of surface coatings those that offered 
the highest resistance to vapor transmission. Due to the large number 
of specimens, only single tests were conducted for each particular 
surface coating. Variations from the results shown may be expected 
from any change in the composition of the coating materials or in the 
amount and method of applying them. 

Application of Surface Coatings 

Some of the important factors to be considered in the application 
of a surface coating are the comparative ease of application, the time 
required for the coating to dry and the condition of the final finish. In 
the first test series, which included the application of various types of 
surface coating to one plain sheathing board, observations were made 
covering the above factors. The results of these observations are in
cluded in Table III. In this table, column 4 refers to application notes, 
explained in footnotes at the end of the table. In all cases the paints 
were applied by brush and the plastic cements by trowel. Observations 
were made on whether or not the coating was readily absorbed by the 
board, whether or not the coating was easily applied, and whether or 
not a uniform coating was obtained. Column 5 contains the drying time 
in hours. These values are approximate; and where certain paints did 
not dry within 48 hours, notations were made in a footnote at the end 



TEST RESULTS 

Table m. Appllcatlon and Dryinq Characteristics of Various Coatinqs on 
Plain Sheathlnq (S-5} 

Drying Characteristics 

15 

Sample No. Code No. of No. of Coats Ap\fllcation Approximate Condition 
Coating Applied otes drying time of final 
(TableD) in hours finish 

Paints from Source A 
2 A-1 1 coat A 4 I 
3 A-2 1 coat B 2 II 
4 A-3 1 coat c 2 II 
5 A-1 1 coat 

A-2 1 coat B III 
6 A-1 1 coat 

A-3 1 coat B III 
7 A-2 2 coats B 30 II 
8 A-3 2 coats c 48 II 
9 A-2 3 coats B III 

10 A-3 3 coats c III 
Paints from Source B 

1a B-4 1 coat B 2 n 
2a B-4 2 coats B 4 II 
3a B-4 3 coats D 4 IV 
4a A-1 1 coat 

B-4 1 coat D 4 IV 
Sa A-1 1 coat 

B-4 2 coats D 4 IV 
Paints from Source C 

1b C-5 1 coat 
C-6 1 coat c III 

2b C-5 1 coat 
C-6 2 coats c m 

3b C-5 1 coat 
C-6 1 coat c m 

4b C-5 1 coat 
C-6 2 coats c m 

Paints from Source D 
1c D-7 1 coat B 1 II 
2c D-7 2 coats B 3 II 
3c D-7 3 coats D 3 III 
4c A-1 1 coat 

D-7 1 coat D 3 III 
Paints and Plastic Cement from Source E 

1d E-8 1 coat c 2 II 
2d E-8 2 coats c 4 II 
3d E-9 1 coat 

E-8 1 coat F t III 
4d E-8 3 coats c 8 II 
Sd E-9 1 coat F 24 I 

Plastic Cement from Source F 
1e F-10 1 medium coat F 24 v 
2e F-10 1 heavy coat F 48 v 

Application notes for condition of final coat only: 
A-Thin paint, absorbed quickly, uniform coat obtained with some difficulty. 
B-Thin paint, absorbed quickly, uniform coat obtained easily. 
C-Thick paint, applied with some difficulty, uniform coat obtained easily. 
D-Thin paint, applies easily, not readily absorbed, uniform coat obtained easily. . 
E-Thick paint, must be thinned with water, applies heavily, even coat difficult to obtain. 
F-Thick plastic Ql)plied quickly with trowel. 

Condition of Final Finish 
I-Dull continuous surface. 

II-Dull porous surface. 
III-Glossy continuous surface. 
IV-Briqht aluminum surface. 
V-Dull, semi-rough surface. 
* Surface tacky for two to three weeks. 
t Surface tacky after 24 hour~. thoroughly dry in 48 hours. 
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of the table. Column 6 describes the condition of the final finish. Five 
different classifications were used, ranging from a dull, porous surface 
to a glossy, continuous surface. The final appearance of the surface 
coating is an indication of its vapor resistance. For example, a dull, 
porous surface usually indicates that the coating is permeable to water 
vapor, whereas a glossy, continuous surface indicates that the coating 
lies in a continuous sheet over the board surface and that a high degree 
Df vapor resistance can be expected. Attention is called to note V, indi
cating a dull, semi-rough surface. This note applies to plastic cement 
which was applied with a trowel to form a relatively thick coat, thus 
assuring a continuous layer of plastic over the board surface, even 
though it did not take on a glossy appearance. 

In general, the various coatings investigated were not difficult to 
apply. The time of application did vary somewhat among the different 
types, though no attempt was made to take an accurate record of time 
because only small panels were coated, and it was doubtful whether 
such data would be of practical value for estimating field application 
time. Notations concerning thin paint, absorption into the board and 
uniformity of the coating are relative comparisons among the various 
coatings tried. 

The drying time varied considerably among the various types of 
coatings investigated. For one coat of D-7 paint applied to the plain 
sheathing board, one hour sufficed. This was a thin paint, and as it 
was absorbed readily by the board, a quick drying time would be ex
pected. Certain asphaltic paints required up to three weeks for the 
surface to dry thoroughly. For these paints, the surface, although ap
pearing to be dry, possessed a tackiness for this extended period. 

Information on cost of the various surface coatings and surface 
coverages are included in succeeding tables covering the test results 
where the total cost of a given surface treatment can be compared 
easily with the vapor resistant qualities of the coatings. 

Various Coatings on Single Sheathing-Dry Surface Conditions 

The 29 different specimens listed in Table III were next tested for 
vapor transmission under test conditions of 70 F and 40 per cent rela
tive humidity, inside air, and -10 F outside air. Under these condi
tions, the surface of the sample remained dry during the test period of 
three weeks. The purpose of this first test series was to compare the 
various surface coatings on an equal basis and to determine which of 
them were most resistant to vapor transmission. The results of these 
tests are shown in Table IV, where, in addition to the vapor transmis
sion properties, information is listed on coverage and cost of the 
coating. 

Ten different coatings from six manufacturers are included in 
this table. A total of 29 tests, each on a different type of surface coat-
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ing, was conducted. The vapor permeability of the . plain sheathing 
board used, listed as sample 1, is given in the table for the purpose of 
comparing the vapor permeability of the various coated boards with 
that of the uncoated board. This comparison will show the amount of 
vapor resistance added to the board by the coating. 

Referring to Table IV, column 4, where the coverage in square feet 
per gallon is listed, the values represent results from treatment of a 
small-sized test panel. The coverage was determined by weighing the 
paint including brush and container before and after the application 
of each coat. Where a two-coat application is indicated, as in column 2, 
the coverage value is that of the second coat only. Columns 5 and 6 list 
the cost of the same material per gallon and per 1,000 square feet, 
respectively. The values listed here include the material cost only, 
exclusive of application time and are based on the 1942 retail price of 
the various surface coatings. Column 7 lists the vapor transmission in 
grains per square foot per hour as of test conditions, and column 8 con
tains the vapor permeability rates in grains of moisture per square foot 
per hour per inch of mercury vapor pressure difference. The permea
bility rates listed in column 8 have been corrected for the vapor re
sistance of the insulation pad used in the test panel. 

The test results show that there were comparatively wide differ
ences in permeability rates among the various treatments, ranging from 
0.48 to 25.36 grains per square foot per hour per inch of mercury vapor 
pressure difference. The selection of an effective vapor resistant coat
ing depends upon the requirements of a particular construction. For 
conditions occurring in residential construction, an interior barrier 
having a permeability rate equal to or less than 1.25 grains per square 
foot per hour per inch of mercury has been found effective in control
ling condensation problems. A lower limiting permeability rate may be 
necessary for the interior finish of vegetable storage warehouses. How
ever, in order to separate the higher vapor resistance coatings from the 
29 treatments investigated, those applied to an uncoated board which 
showed permeability rates near 1.25 were taken for inclusion in further 
tests. There were 12 coatings in this group, and they are summarized in 
the succeeding paragraphs. 

Four treatments from Source A, samples 5, 6, 9 and 10, showed per
meability rates below 1.25. In this group, three coats of A-2 asphalt 
showed the lowest vapor permeability of 0.48 grains per square foot 
per hour per inch of mercury vapor pressure difference, and also the 
lowest material cost of $10.71. One coat of A-1 primer plus one coat of 
A-2 asphalt, sample 5, at a total material cost of $16.73 showed a per
meability rate of 0.66. Sample 6, treated with one coat of A-1 primer 
plus one coat of A-3 asphalt at a total material cost of $20.42 showed a 
permeability rate of 1.14; and sample 10, treated with three coats of 
A-3 asphalt at a total material cost of $25.58 showed a permeability 
rate of 0.87. 



Table IV. Results of Tests on Various Surface Coatinqs Applied to Structural Insulatinq Board Sheathinq (S-5)*-Dry Surface Conditions 

Cost of Paintt Vapor Vapor 
Sample No. Code No. of No. of Coats Coverage Transmission, Permeability, 

Coating Applied sq ft per Per Per 1000 gr per sq ft per hr, gr per sq ft per hr 
(Table II) Gallon (1) gallon sq ft (2) as of Test per in. Hg 

Plain insulating 
sheathing board (S-5) 5.07 51.81 

Paints from Source A 
2 A-1 1 coat 158.8 2.45 15.42 0.76 3.13 
3 A-2 1 coat 152.4 0.85 5.58 3.52 22.19 
4 A-3 1 coat 143.5 1.70 11.85 3.81 25.36 
5 A-1 1 coat 

A-2 1 coat 648.1 0.85 16.73 total 0.18 0.66 
6 A-1 1 coat 

A-3 1 coat 338.3 1.70 20.42 total 0.19 1.14 
7 A-2 2 coats 272.2 0.85 8.70 0.82 3.50 
8 A-3 2 coats 241.6 1.70 18.88 1.00 4.40 
9 A-2 3 coats 422.5 0.85 10.71 0.129 0.48 

10 A-3 3 coats 253.5 1.70 25.58 0.233 0.87 

Paints frqm Source B 
1a B-4 1 coat 162.2 6.70 41.30 2.33 12.19 
2a B-4 2 coats 534.2 6.70 53.85 total 0.46 1.81 
3a B-4 3 coats 698.7 6.70 63.54 total 0.33 1.31 
4a A-1 1 coat 

B-4 1 coat 834.0 6.70 23.45 total 0.33 1.31 
Sa A-1 1 coat 

B-4 2 coats 948.7 6.70 30.51 total 0.28 0.981 

Paints from Source C 
1b C-5 1 coat 252.5 1.50 5.94 

C-6 1 coat 191.3 1.50 7.84 
--
13.78 total 0.39 1.6 

2b C-5 1 coat 252.5 1.50 5.94 
C-6 2 coats 229.0 1.50 14.39 

-
20.33 total 0.36 1.47 

(1) Coverage refers to final coat of paint. 
(2) Cost per 1.000 square feet includes total cost of coating only. 

* Plain sheathing boards (S-5) used in all tests except samples 3b and 4b which were submitted coated. 
t Material cost based on 1942 prices. 



Table IV. Results of Tests on Various Surface Coatinc;rs Applied to Structural Insulatinc;r Board Sheathinc;r (S-5)*-Dry Surlace Conditions-Continued 

Cost of Paintt 
Sample No. Code No. of No. of Coats Coverage 

Coating Applied sq ft per Per Per 1000 
(Table II) Gallon (1) gallon sq ft (2) 

Paints from Source c-continued 
3b C-5 1 Coat 392.5 1.50 3.82 

C-6 1 coat 176.7 1.50 8.49 
-

12.31 total 
4b* C-5 1 coat 392.5 1.50 3.82 

C-6 2 coats 201.0 1.50 15.95 
--

19.77 total 

Paints from Source D 
lc D-7 1 coat 115.9 2.57 22.17 
2c D-7 2 coats 239.5 2.57 32.90 t~tal 
3c D-7 3 coats 443.4 2.57 38.60 total 
4c A-1 1 coat 158.8 2.45 15.42 

D-7 1 coat 522.5 2.57 4.90 
--
20.32 total 

Paints from Source E 
ld E-8 1 coat 129.1 .75 5.81 
2d E-8 2 coats 176.7 .75 10.05 total 
3d E-9 1 coat 100.5 .90 8.95 
4d E-8 3 coats 276.4 .75 12.76 total 
5d E-9 1 coat 100.5 .90 

E-8 1 coat 396.7 .75 10.84 total 

Paints from Source F 
le F-10 1 medium coat 33.3 .90 27.27 
2e F-10 1 heavy coat 20.0 .90 45.00 

(1) Coverage refers to final coat of paint. 
(2) Cost per 1.000 square feet includes total cost of coating, only. 

* Plain sheathing boards (S-5) used in all tests except samples 3b and 4b which were submitted coated. 
t Material cost based on 1942 prices. 

Vapor Vapor 
Transmission, Permeability, 

gr per sq ft per hr, gr per sq ft per hr 
as of Test per in. Hg 

0.26 1.03 

0.24 0.95 

2.92 16.3 
0.39 1.54 
0.20 0.76 

0.29 0.87 

3.82 25.3 
1.96 9.41 
0.31 1.20 
0.30 1.16 

0.42 1.65 

0.24 0.86 
0.20 0.75 
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Two coatings from Source B applied on samples 4a and 5a, respec
tively, were included in the group of vapor resistant coatings. Sample 
4a consists of one coat of A-1 primer plus one coat of B-4 paint at a 
total material cost of $23.45. This coating showed a permeability rate 
of 1.31, while sample 5a, consisting of one coat of A-1 primer plus two 
coats of B-4 paint at a total material cost of $30.51, showed a permea
bility rate of 0.981. Attention is called to sample 3a, consisting of three 
coats of B-4 paint and showing a permeability rate the same as sample 
4a; because the material cost was comparatively high, this coating was 
not included as one of the group for further investigation. 

Two coatings from Source D, samples 3c and 4c, showed permea
bility rates below 1.25. Sample 3c consisted of three coats of D-7 paint 
at a total material cost of $38.60. This ·sample showed a permeability 
rate of 0.76, while sample 4c, consisting of one coat of A-1 primer plus 
one coat of D-7 at a total material cost of $20.32, showed a permeability 
rate of 0.87. 

Two surface treatments from Source E, samples 3d and 4d, were 
included in the list. Sample 3d was treated with one coat of E-9 plastic 
and showed a permeability rate of 1.20. This plastic is applied with a 
trowel, and, as noted by the low coverage of 100.5 square feet per gal
lon, a relatively thick coating is obtained. Sample 4d was treated with 
three coats of E-8 paint and showed a permeability rate of 1.16. Ma
terial cost was only $12.76 total for the three coats which were neces
sary in order to obtain the lower permeability rate. Sample 2d, treated 
with two coats of this paint, showed a comparatively high permeability 
rate of 9.41. 

Two surface treatments from Source F, listed as samples 1e and 2e, 
showed permeability rates below 1.25. Sample 1e was treated with a 
rnedium coat of F-10 cement, applied by troweling, and showed a per
meability rate of 0.86, while sample 2e was treated with a heavy coat 
of F-10, resulting in a slightly lower permeability of 0.75. As noted by 
the coverages of 33 square feet per gallon and 20 square feet per gallon 
for the medium and heavy coats respectively, a relatively thick layer 
of coating is obtained. The material costs were $27.27 and $45 for the 
medium and heavy coats, respectively. The application as well as the 
material cost may not prove objectionable. Also, it is possible that a 
lighter coat may prove practical, depending upon the degree of vapor 
resistance necessary for a specified construction. 

The twelve surface treatments referred to in the above discussion 
were selected as the best of the 29 treatments investigated and further 
tests were conducted on this group, the results of which are included in 
the next section. It must be understood that this group does not repre
sent the only list which could be recommended, but that it is merely a 
segregation from the original lot of coatings submitted. There may be 
other coatings or surface treatments which could be applied to insula-
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tion board which would provide an equally high degree of vapor 
resistance. 

Various Coatings on Single Sheathing-Wet Surface Conditions 

The third part of the investigation was to select those surface treat
ments which proved to offer a substantial degree of resistance to water 
vapor transmission as determined by vapor transmission tests under 
dry surface conditions, and to subject this group to more severe test 
conditions. In the regular vapor transmission test, the warm side 
surface temperatures of the specimen, where the air is at 70 F and 40 
per cent relative humidity, are substantially higher than the dew
point temperature and, therefore, remain dry. In vegetable storage 
warehouses where the relative humidities are comparatively high and 
where there is little difference between the dry-bulb and dew-point 
temperatures, there is the possibility of having the temperature of the 
various inside surface materials coincide with the dew-point tempera
ture of the air during certain periods of the storage season. When the 
surface temperature and the dew-point temperature coincide, moisture 
is condensed out of the air onto the surface material. It is important, 
therefore, to know the effect of the wet surfaces caused by this con
densation on the vapor resistant qualities of the material and any other 
detrimental effect such as objectionable odors or pronounced fungus 
growth. 

By removing the insulation pad which is customarily used in con
ducting regular vapor transmission tests for the purpose of maintain
ing the metal condensing panel at a low temperature and by adjusting 
the inside air conditions to 70 F and 70 per cent relative humidity, it 
was possible to obtain an inside surface temperature of test specimen 
slightly below the dew-point temperature of the air itself, assuring a 
continuous condensation of moisture upon the specimen surface and 
causing it to be wet during the course of the test. 

The results of vapor transmission tests on the twelve selected speci
mens when tested with a continuously wet inside surface are shown 
in Table V. In order to provide a common basis for comparison, the 
various coatings were applied to the same type of plain sheathing 
board. For purposes of quick reference, the coverage and cost of paint 
included in columns 4, 5 and 6 have been repeated from Table IV, and 
as previously noted, the coverage refers to the final coat only where 
more than one coat was applied. The cost refers to the total cost of 
coating material. Column 7 contains the vapor transmission in grains 
per square foot per hour as of test conditions. In this test, the vapor 
pressure differential between the inside air and outside air was .492 
inches of mercury as compared to .272 inches of mercury for the regular 
test. In short, the vapor pressure differential in the wet test was 1.8 
times that in the dry surface test. For typical storage conditions of 



Table V. Results of Tests on Various Surface Coatinqs Applied to the Same Type of Plain Board (S-5)-Wet Surface Conditions 

Cost of Paintt Vapor Vapor 
Sample No. Code No. of No. of Coats Coverage Transmission, Permeability, 

Coating Applied sq ft per Per Per 1000 qr per sq ft per hr, gr per sq ft J;,er hr 
(Table II) Gallon (1) gallon sq ft (2) as of Test perm. g 

Paints from Source A 
5 A-1 1 coat 

A-2 1 coat 648.1 0.85 16.73 1.44 2.73 
6 A-1 1 coat 

A-3 1 coat 338.3 1.70 20.42 0.61 1.16 
9 A-2 3 coats 422.5 0.85 10.71 1.01 1.93 

10 A-3 3 coats 253.5 1.70 25.58 0.71 1.36 

Paints from Sources A and B 
4a A-1 1 coat 

B-4 1 coat 834.0 6.70 23.45 0.80 1.64 
Sa A-1 1 coat 

B-4 2 coats 948 .. 7 6.70 30.51 0.54 0.84 

Paints from Sources A and D 
3c D-7 3 coats 443.4 2.57 38.60 1.37 2.78 
4c A-1 1 coat 

D-7 1 coat 522.5 2.57 20.32 0.63 1.27 

Paints from Source E 
3d E-9 1 coat 100.5 .90 8.95 0.57 1.16 
4d E-8 3 coats 276.4 .75 12.76 0.93 1.88 

Paints from Source F 
1e F-10 1 light coat 33.3 .90 27.27 0.16 0.33 
2e F-10 1 heavy coat 20.0 .90 45.00 0.07 0.15 

(1) Coverage refers to final coat of J::!int only. 
(2) Cost per 1,000 square feet inclu es total cost of coating material only. 

t Material cost based on 1942 prices. 
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40 F and 90 per cent relative humidity and assuming winter outside 
conditions of 0 F, the vapor 'pressure difference would be approxi
mately 0.223 inches of mercury. 

Column 8 shows the vapor permeability rate in grains per square 
foot per hour per inch of mercury vapor pressure difference. All 12 
specimens included in Table V showed permeability rates of 1.31 or 
lower when tested under dry surface conditions. Reference to column 
8 of Table V shows that 6 of these 12 coatings showed permeability 
rates above this value when tested under wet surface conditions. 

The six coatings which maintained a fairly high degree of vapor 
resistance through the wet test are samples 6, 5a, 4c, 3d, 1e and 2e. Of 
these six, three are paints applied with a brush, samples 6, 5a and 4c; 
and three are asphalt plastics applied with a trowel, samples 3d, 1e 
and 2e. 

Sample 6 is a two-coat paint application consisting of one coat of 
A-1 primer plus one coat of A-3 asphalt at a total material cost of $20.42. 
This sample had a permeability rate under wet conditions of 1.16 as 
compared to a rate of 0.84 for the three-coat application, sample 5a, 
consisting of one coat of A-1 primer plus two coats of B-4 paint at a 
material cost of $30.51. Sample 4c is a two-coat application costing 
$20.32 which showed a permeability rate of 1.27. 

The plastic cement coatings on samples 3d, 1e and 2e showed a com
paratively high degree of vapor resistance. As previously described, 
these cements were easily applied to a relatively thick layer to form a 
continuous surface coating of high vapor resistant quality. 

Observations as to odor and fungus growth at the conclusion of the 
three-week test period during which time the warm treated surface of 
the test specimens were continuously wet at a temperature of 70 F 
may be summarized as follows: 
1. No unusual or objectionable odor from the 12 surface treatments subjected 

to this condition. 
2. Slight fungus growth covered less than 1 per cent of specimen surface. This 

growth also occurred on paraffin-coated wood panels into which the speci
mens were sealed. 

Comparison between Wet and Dry Surface Conditions 

In order to facilitate a direct comparison between the results . of 
vapor transmission tests under the dry conditions with results on cor-

- responding test specimens when tested under the wet conditions, the 
permeability rates shown in column 8 of Tables IV and V were repro
duced in Table VI. An analysis of the comparative results shown in 
Table VI indicates that the vapor transmission as affected by a wet 
surface is not consistent among the various types of surface treatments. 
For example, three of the 12 specimens shown as samples 5, 9 and 3c. 
show permeability rates under wet conditions approximately four 
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times greater than under the dry test. Three specimens, samples 10, 
4c and 4d, show permeability rates under wet test conditions of ap
proximately 1.5 times greater than under the dry condition test; and 
four samples, 6, 4a, 5a and 3d, showed only slight differences between 
vapor permeability rates under the wet and dry test conditions. The 
plastic cement applied in a medium coat to sample le and in a heavy 
coat to sample 2e showed lower permeability rates under the wet test 
than under the dry test conditions. 

Table VI. Comparison of Permeability Rates Throuqh Sample Tested under 
Dry and Wet Surface Conditions 

Dry Surface Wet Surface 
Condition Condition 

Code No. of No. of Coats Permeability Permeability 
Sample No. Coating Applied Rates, gr per Rates, gr per 

(Table II) sq ft per hr sq ft per hr 
per in. Hg per in. Hg 

All Coatings Applied to (S-5) Plain Sheathing 
5 A-1 1 coat 

A-2 1 coat 0.66 2.73 

6 A-1 1 coat 
A-3 1 coat 1.14 1.16 

9 A-2 3 coats 0.48 1.93 

10 A-3 3 coats 0.87 1.36 

4a A-1 1 coat 
B-4 1 coat 1.31 1.64 

Sa A-1 1 coat 
B-4 2 coats 0.98 0.84 

3c D-7 3 coats 0.76 2.78 

4c A-1 1 coat 
D-7 1 coat 0.87 1.27 

3d E-9 1 coat 1.20 1.16 

4d E-8 3 coats 1.16 1.88 

1e F-10 1 coat (medium) 0.86 0.33 

2e F-10 1 coat (heavy) 0.75 0.15 

Typical Vapor Resistant Coating on Various Sheathing Boards--Wet 
Surface Conditions 

Plain sheathing boards--All previous test results have been con
cerned with segregating from a comparatively large number of differ
ent surface treatments those that would possess a high degree of vapor 
resistance under both dry and wet surface conditions. In order to ac
complish this separation, it was necessary to apply all the various 
treatments to one type of sheathing material. It was equally important 
to know if those coatings showing a high degree of vapor resistance 
would also maintain this effectiveness when applied over other types 
of boards, including both the plain and factory-finished materials. 
Therefore, the coating applied to sample 6, consisting of one coat of 
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A-1 primer plus one coat of A-3 asphalt, which proved to possess a rela
tively high degree of vapor resistance both in the wet surface ·condi
tions test and the dry surface conditions test, was selected as a typical 
vapor resistant treatment to be applied over a group of plain sheathing 
boards. This coating was applied with a brush to five plain sheathing 

Table VII. Results of Tests on Typical Vapor Resistance Coating* Applied to Various 
Plain Sheathing Boards-Wet Surface Conditions 

Vapor Vapor 
Coverage, Cost of Paintt Transmission, Permeability, 

Sheathing sq ft per gr per sq ft gr per sq ft 
Sample No. Gallon (1) Per Per 1.000 per hr, as of per hr, per 

gallon sq ft (2) Test in. Hg 

6S-5 158.8 2.45 15.42 
338.3 1.70 5.00 0.61 1.16 

20.42 total 

S-3 131.3 2.45 18.66 
365.0 1.70 4.66 0.28 0.58 

23.32 total 

S-6 215.0 2.45 11.39 
321.8 1.70 5.28 0.26 0.56 

16.67 total 

S-7 442.9 2.45 5.53 
386.4 1.70 4.40 0.22 0.48 

9.93 total 

S-9 224.3 2.45 10.92 
355.2 1.70 4.78 0.23 0.49 

15.70 total 

(1) Coverage refers to final coat of paint. 
(2) Cost per 1,000 square feet includes total cost of coating only. 

* Typical vapor resistant coating was one coat of A-1 primer plus one coat of A-3 paint. 
t Material cost based on 1942 prices. 

boards, and the results of vapor transmission tests under the wet sur
face conditions are shown in Table VII. Also included in the table are 
data regarding coverage in square feet per gallon and the cost of the 
paint, both per gallon and per 1,000 square feet. These data are shown 
in columns 2, 3 and 4, respectively. The results for sample 68-5 are 
taken from previous test data for sample 6 of Table V. 

Referring to column 6 of Table VII, showing the vapor permeability 
rate, it is apparent that this coating, when applied to the four different 
sheathing boards, showed a substantially higher degree of vapor re
sistance in all cases. This would indicate that the surface coating should 
be effective in providing a vapor resistant surface when applied to most 
plain sheathing boards. 

Column 4, showing the cost per 1,000 square feet, indicates that the 
rnaterial cost will vary depending upon the type of board. Differences 
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in cost shown are largely due to the difference in coverage of the wall 
board primer among the various sheathing boards. For example, the 
coverage for sample S-7 was 442.9 square feet per gallon as compared 
to 131.3 square feet per gallon for sample S-3. The fact that a large 
difference in surface coverage existed among the various sheathing 
boards did not seem to effect the permeability rate. For this particular 
group of boards, the sample S-7 possessed the highest degree of vapor 
resistance as represented by the lowest permeability rate, even though 
the actual amount and cost of coating were considerably lower than 
that for the other boards. 

Treated boards-Many structural insulating board sheathing prod
ucts as commercially sold possess factory-applied coatings. The vapor 
resistant qualities of different types of sheathing boards as factory
finished have been determined in a previous test series as relisted in 
Table I. Reference to Table I shows that the vapor resistance of the 
various coated sheathing boards vary considerably and range from a 
permeability rate of 0.44 for board R-1 to a high of 10.92 for board R-8. 
This list includes nine different types of sheathing material. The results 
shown in Table I are based on tests under dry surface conditions, and 
variations from these may be expected under wet surface conditions. 
Since the permeability rates of many of the coated sheathings may be 
considered high, it is of importance to know whether or not one of 
the typical vapor resistant coatings selected from these test investiga
tions would provide a higher degree of vapor resistance when applied 
to the factory-coated sheathing boards. 

Because the permeability rates of the coated sheathing boards were 
considerably less than those for corresponding uncoated boards, it was 
not considered necessary to apply a primer to these materials. The 
typical coating treatment selected for these boards was the separate 
application of both one and two coats of A-3 asphalt. The results of 
these tests are shown in Table VIII where, in addition to the vapor 
resistant qualities, coverage and cost of paint are also included. 

Sheathing R-1 from Table I, which showed the lowest permeability 
rate in the factory-finished state, was not included for additional treat
ment along with the eight types of treated sheathing shown in Table 
VIII. This particular board possessed a high degree of vapor resistance 
under dry test conditions, and a test conducted under wet surface con
ditions showed that the board maintained its vapor resistant qualities. 

Referring to column 7 of Table VIII, showing the vapor permeability 
rates, it is apparent that some of the coated sheathing boards require 
at least two additional coats of A-3 paint in order to achieve a high 
degree of vapor resistance. In general, five of the eight coated boards, 
listed as R-2, 4, 7, 9 and 10, do possess a comparatively high resistance 
after a one-coat application of A-3 paint, while the remaining boards, 
R-3, 6 and 8, required at least two coats of this asphalt paint in order to 



Table VIII. Results of Tests on Typical Vapor Resistant Coatinq (A-3) Applied to Various Treated Sheathinq Boards-Wet Surface Conditions 

Cost of Paint* Vapor Vapor 
Sheathinq No. of Coats Coveraqe Transmission, Permeability, 

Sample No. Applied sq ft per qal Per Per 1,000 qr per sq ft per qr per sq ft rar 
qallon sqft hr as of Test hrper in. q 

R-2a 1 coat 250.3 1.70 6.79 0.49 1.03 
R-2b 2 coats 210.4 (a) 1.70 14.87 total 0.30 0.63 

R-3a 1 coat 355.2 1.70 4.79 8.71 18.35 
R-3b 2 coats 227.5 (a). 1.70 12.26 total 0.40 0.85 

R-4a 1 coat 274.9 1.70 6.18 0.21 0.44 
R-4b 2 coats 300.8 (a) 1.70 11.83 total 0.05 0.11 

R-6a 1 coat 278.2 1.70 6.11 1.33 2.88 
R-6b 2 coats 300.8 (a) 1.70 11.77 total 0.15 0.31 

R-7a 1 coat 335.8 1.70 5.06 0.38 0.80 
R-7b 2 coats 344.7 (a) 1.70 10.00 total 0.24 0.51 

R-Sa 1 coat 255.1 1.70 6.66 1.63 3.45 
R-8b 2 coats 310.9 (a) 1.70 12.12 total 0.33 0.71 

R-9a 1 coat 231.5 1.70 7.34 0.60 1.26 
R-9b 2 coats 340.8 (a) 1.70 12.32 total 0.20 0.42 

R-10a 1 coat 304.8 1.70 5.58 0.15 0.31 
R-10b 2 coats 289.5 (a) 1.70 11.45 total 0.08 0.17 

(a) Coveraqe refers to final coat only. 
*Material cost based on 1942 prices. 
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attain comparable vapor resistant qualities. _The extremely high value 
of 18.35 for specimen R-3a, which consisted of one coat of A-3 paint 
over one of the factory-coated boards, appeared to be erratic and a 
recheck test was conducted which again yielded the identical high 
results. A probable reason for this high result may be that the first ap
plication of asphalt paint actually dissolved the factory coating and 
together the paints were absorbed by the sheathing board. This evi
dently provided the necessary sealer as a second coat, represented by 
sample R-3b, did result in a coating of high vapor resistance. 

The material costs for applying this asphalt type of paint to the 
factory-coated board amounts to an average of approximately $6 for 
one coat and $12 for a two-coat application. In general, this is less than 
the cost of a similar treatment to uncoated boards where it is first 
advisable to use a good primer. 

Membrane Type of Vapor Barrier-Wet Surface Conditions 

There are many types of asphalt-saturated and surface-coated 
papers which have a high degree· of resistance to the transmission of 
water vapor. These may be termed a "membrane" type of vapor bar
rier. Most of the data available on this type of vapor barrier have been 
those obtained in tests where the surface conditions were dry, but 
should this type of material be considered for use as an interior sur
face covering for potato and vegetable storage warehouses where the 
surfaces are likely to be ·wet from condensation, it is of importance to 
know the effect of such wetting over extended periods of time on the 
water vapor transmission qualities of the paper. Therefore, tests were 
conducted on two types of membrane vapor barriers which were typi
cal of those possessing a low vapor permeability rate. These papers 
were fastened to a piece of plain sheathing board and inserted in the 
test apparatus. The permeability rates thus obtained are for a com
bination of plain sheathing and membrane vapor barrier. The results 
of these tests are shown in Table IX. 

·Table IX. Vapor Transmission of Two Membrane Barriers on Plain Sheathing (S-5) 

Specimen 
No. 

G-1 

H-1 

Type of 
Membrane 

Barrier 

H 

G 

Vapor Permeability, gr per sq ft per hr, per in. Hg. 

Dry surface 
conditions 

typical value for 
paper alone 

0.38 

0.32 

Wet surface 
conditions 

paper fastened to 
sheathing board 

0.59 

0.52 

These results indicate that the two types of membrane barriers ap
plied to a plain sheathing board possessed a high vapor resistance when 
tested with the surface continuously wet. Both barriers were asphalt-
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saturated and asphalt-coated papers. The vapor permeability of speci
men G-1 showed a rate of 0.59 and a typical value for the paper alone 
when tested in a dry condition is 0.38. In the case of specimen H-1, the 
permeability rate of the combination under wet conditions was 0.52, as 
compared to a typical permeability rate for the paper alone under dry 
test conditions of 0.32. In both cases there was a slight increase in the 
permeability rate in the wet condition. However, the rates were low 
when compared to other building mater~als. 

Although a membrane type of barrier does prove to .be one offering 
a high degree of water vapor resistance, and though the cost of this 
type of material may be comparatively low, there are complications in 
the application of this material as a wall covering. As it usually comes 
in roll form, it would have to be fastened directly over the interior wall 
and ceiling surface by means of nailing or cementing, and there would 
be many joints which would have to be carefully sealed with an im
permeable material. Moreover, caution would have to be exercised in 
the application so that the material would not be damaged. Any tears 
or unsealed joints would always provide a way for vapor to escape 
freely, thus reducing the overall vapor resistance of the interior wall 
surface. 

SUMMARY 

The purpose of this investigation was to determine the vapor per
meability of various surface coatings when applied to structural insula
ting board sheathing and used under severe moisture conditions as 
experienced in potato storage warehouses where very high relative 
humidities are necessary to retain the quality of the potato. If a good 
economical vapor-resistant coating, or several coatings, could be found, 
application of this material to the upper walls and ceiling surfaces of a 
storage warehouse structure would reduce the passage of vapor through 
this area. Thus, it would retard the deterioration of structural mem
bers and interior and exterior surface finishes caused by moisture 
andjor frost accumulation; and, in controlling the vapor passage 
through the ceiling, the coating would aid in maintaining the required 
humidities within the storage space .. 

The plan of the investigation was to apply the various paint and 
asphalt plastic coatings (described in Table II) separately and in com
bination to one type of structural insulating board sheathing. Nota
tions were made on their physical characteristics of drying time, ease of 
application, and condition of final finish (Table III). Vapor transmis
sion tests were conducted under dry surface conditions to determine 

. the vapor permeability of the coatings under average air conditions 
(Table IV). Those coatings which showed high vapor resistance were 
tested under severe high humidities, or wet surface conditions, simu-
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lating air conditions in potato storage warehouses (Table V). A coating 
which maintained its high vapor resistance, or low permeability rate, 
under wet surface conditions was selected to be applied to the various 
types of plain and treated sheathing boards (Table I). Vapor transmis
sion tests were conducted on these specimens under wet surface condi
tions to determine whether a good typical treatment was effective as a 
vapor barrier for all types of insulating sheathing boards (Tables VII 
and VIII). Two membrane barriers were also tested under wet surface 
conditions to determine their vapor resistance (Table IX). 

Several economical vapor resistant coatings for structural insula
ting board sheathing were found. These coatings are listed in Table X. 
The results considered in this table are a summary of data appearing 
in previous tables and include total material cost of the completely 
applied coating and the vapor permeability under wet surface condi
tions. The table is divided into two parts. The first part includes coat
ings applied to five types of plain sheathing board-three brush-applied 
paint coatings and two trowel-applied plastic coatings. The second part 
includes coatings applied to eight types of treated sheathing boards. 

Table X. Summary of Vapor Resistant Coatinc;rl Showinc;r Approximate Material Cost and 
Vapor Permeability Rate under Wet Surface Conditions 

Code No. of 
Coating 

(Table II) 

A-1 
A-3 

A-1 
B-4 

A-1 
D-7 

E-9 
F-10 

A-3 

A-2 

No. of Coats 

Approximate 
Material 
Cost per 

1.000 sq ft 
($total)* 

For Application on Plain Sheathing Boards 
1 coat 
1 coat 20.42 

1 coat 
2 coats 30.81 

1 coat 
1 coat 20.32 

. 1 coat 8.95 
1 coat 27.27 

For Application on Treated Sheathing Boards 
1 coat 5.06 to 7.34 

Applied to boards R-2,4,7 ,9,10 

2 coats 
Applied to boards R-3,6,8 . 

11.77 to 12.26 

* Material cost based on 1942 prices. 

Permeability 
Rate, gr per sq ft 
per hr, per in. Hq 

Wet Surface 
Condition 

1.16 

0.84 

1.27 

1.16 
0.33 

0.44 to 1.26 

0.31 to 0.85 

Many of the sheathing boards currently on the market are factory 
coated; economical coatings for this group are shown in the table. It 
will be noted that for the eight treated boards, five required only one 
coat of A-3 paint while the remaining two required two coats of A-2 
paint to provide a high vapor resistance. In general, the factory coating 
served as a reasonably good primer for the application of additional 
coats. 
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The results of this investigation give the relative vapor permeabili
ties of various types·of coatings as applied to the surface of insulating 
hoards. The coatings given in Table X are the best, as found by this in
vestigation. There no doubt are other coatings not included in this study 
which would give equal results when properly applied. The values 
as given are based on a construction with sealed joints. No barrier is 
perfect; and its success or failure when applied to a potato storage 
warehouse will depend upon its method of application and the severity 
of operating conditions. 

The reader may obtain coatings comparable to those recommended 
by referring to Table II, which describes the composition of the coat
ings tested in this investigation. Many states have laws which require 
the manufacturers of paint to list the composition of paints on the 
label. 
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