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Vapor Transmission Analysis. 
of 

Structural Insulating Board 

CONDENSATION IN WALLS 

Condensation of moisture on cold walls or within them is a very 
old problem. Fundamentally, it may be explained by one of the well
known laws of thermodynamics: the maximum amount of vapor that 
can be contained in a given space depends upon the temperature. If, 
for a given space which is saturated with water vapor, the temperature 
is decre~sed, some of this water vapor will be condensed out in the 
form of water. If the temperature of the same space is raised, the capa
city for water vapor will be increased. 

RELATIVE HUMIDITY 

In practice the water vapor which is always in the air is spoken of 
as "humidity," and the percentage of vapor present as compared with 
the maximum which could be contained within a given volume of air 
is spoken of as "relative humidity." Thus, if the space contained only 
one half of the maximum amount of vapor possible for the space at a 
given temperature, the air would be 50 per cent saturated. The relative 
humidity would then be expressed as 50 per cent. In any event, if a 
mixture of air and water vapor is cooled, the capacity for water vapor 
will be decreased until a temperature is reached at which the mixture 
will be 100 per cent saturated. This is known as the dew point tempera
ture. Any lower temperature will cause condensation of the vapor. In 
the air of any ordinary building there is always water vapor. If this 
water vapor comes in contact with surfaces of materials whose tem
peratures are below its dew point temperature, condensation will t~ke 
place. The cold interior surfaces of an ordinary building are the interior 
surfaces of outside walls, roofs, windows; and doors. However, ma
terials "within" outside walls are even colder than these interior sur
faces. In many cases, the vapor may penetrate the interior surfaces and 
come in contact with materials whose temperatures are below the dew 
point temperature of the vapor. Condensation is the result. 

CONDITIONS AGGRAVATING CONDENSATION 

Condensation problems may be aggravated by carrying excessive 
relative humidities within buildings, by using poorly insulated walls, 
or·by using a permeable type of interior construction. Excessive rela

. tive humidities cause high moisture content of interior air, allowing 
moisture to contact and pass into the walls having interior finish of 
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, low-vapor resistance. Poorly insulated walls cause low-surface tem
peratures to be exposed to the humidity of the interior air; and perme
able interior construction allows vapor to penetrate walls and contact 
cold surfaces within the walls. The remedies are (1) to reduce the rela
tive humidity of the inside air; (2) to use sufficient insulation in the 
cold walls; and (3) to use a type of interior surface constructioR through 
which the vapor cannot penetrate. 

So far as inside relative humidities are concerned, there has. been a 
tendency in recent years to increase these. This has been brought about 
partially by the many advocates of higher relative humidities for health 
purposes. It has resulted both in artificial humidification for many 
buildings and in the use of better construction, such as weatherstrips, 
which reduces ordinary air filtration in to a .building. Lack of air fil
tration allows the relative humidity to build up from natural sources 
within a building. 

So far as poorly insulated walls are concerned, there has been a 
marked increase in the use of insulation in recent years, thus reducing 
the possibilities of surface condensation on interior surfaces of exposed 
walls. A point which has often been obscured is that the addition of 
insulation to walls warms inner surfaces, but cools the materials in the 
exterior section of walls. If the vapor is allowed to penetrate into the 
wall, there may be greater possibilities for condensation within insu
lated than within uninsulated walls. This fact has .often led to the 
criticism that insulation is the cause of condensation. Insulation is not 
the cause of condensation but merely conserves the heat and prevents 
it from being used to warm up the materials of exposed building walls. 
The addition of insulation does, however, mean that more care should 
be taken to prevent vapor from entering the cold walls. 

So far as permeable interior construction is concerned, there is 
proof in actual structures that condensation of moisture is not peculiar 
to any one type of construction. However, because the use of new types 
of building construction has been concurrent with the aggravation of 
condensation problems, the tendency has been to lay the blame on the 
construction. 

RESEARCH PROGRAM TO STUDY INSULATING BOARD 

Among the products that have had to meet the challenge is struc
tural insulating board. Structural properties of the board make it a 
desirable form of insulation to use and the Insulation Board Institute 
in 1941 proposed a comprehensive research program to investigate the 
occurrence of condensation when insulating board was used in walls. 
This program was carried out in co-operation with the University of 
Minnesota in the Engineering Experiment Station Laboratories. The 
program proposed to determine the most effective methods of applying 
insulating boarq to building construction and preventive measures that 
should be taken to eliminate condensation within walls, either with or 
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Figure 1. Typical uses of different types of structural insulating board 
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without insulating board applied. The program is now advanced enough 
to draw conclusions. The present bulletin gives the results of those sec
tions of the program that have been completed. 

The method of approach to the problem was (1) the basic vapor 
permeability properties of the various insulating boards were deter
mined; (2) these boards were coated with various types of surface 
finish and the effect of these coatings on the permeability was deter
mined; (3) the materials with and without surface coatings were used 
in various combinations in complete wall structures, and the vapor 
permeability of these structures was investigated. The materials and 
the walls were all investigated'under severe conditions of temperatures 
and humidities to determine what could be expected of them under 
adverse operating conditions. 

SUMMARY OF RESULTS 

Although the work is still in progress, it has been carried far e11ough 
to demonstrate conclusively that insulating board or walls built with 
insulating board may be used under severe humidity conditions with
out danger of condensation if proper. precautions are taken to incor
porate vapor barriers on the warm side of the wall. It has been demon
strated that there are several types of vapor barriers that will give 
satisfactory results. As a general principle, these barriers should be 
applied as close as possible to the warm surface of the wall. In no case 
should they be applied so that their temperatures would be below the 
dew point temperature of vapor in contact with them. 

It is not necessary to add vapor barriers to all types of buildings 
and in all localities. If, however, there is any doubt, it is preferable to 
add the barrier as a part of the structure since it usually calls for little 
expense and is a safety factor. 

For the purpose of rating the effectiveness of different types of 
vapor barriers, it is necessary to establish a limiting value. As a result 
of these tests, a unit transmission rate of 1.25 grains per square foot 
per hour per inch of mercury vapor pressure difference is recom
mended. A material having a permeability rate of 1.25 or less consti
tutes a good vapor barrier. The use of such a barrier on the warm side 
of a wall in residential constructions has been found to reduce the 
problem of condensation within the walls to a safe minimum for ordi
nary temperature and humidity conditions. 
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THEORY OF VAPOR TRANSFER 
The following discussion has been included to give a brief explanation on the theory 

of vapor and its diffusion through materials. It is intended to assist those who wish to 
make an analysis of vapor diffusion through materials or combinations of materials ·as 
discussed later in this bulletin. This section is an excerpt from University of Minnesota 
Engineering Experiment Station Technical Paper No. 9 entitled, A Theory Covering the 
Transfer of Vapor Through Materials, by F. B. Rowley. The paper was published originally 
in Heating, Piping, Air Conditioning, ASHVE Journal Section, in 1939. A limited number 
of reprints containing the full discussion is ava~lable at the Engineering Experiment Station. 

For convenience it has often been assumed that the laws for vapor 
transmission are similar in form to those governing the flow of heat 
through the walls of a building, and that coefficients of vapor transmis
sion may be developed for materials or combinations of materials that 
may be applied in the same manner· as coefficients of heat transmission. 

COMPARISON OF VAPOR TRANSMISSION AND HEAT FLOW 

Before accepting a complete analogy between the two problems, 
an analysis should be made to determine those elements that are 
similar and those that may be conflicting. Heat is a form of energy 
having no physical properties, and unless it is changed from sensible 
to latent, or vice versa, it will be transferred through a wall without 
change of state. Vapor is a substance with physical properties and in 
the course of its transfer through a structure may change its state 
several times. Heat may be transmitted by radiation, conduction, and 
convection. Vapor may be transmitted by molecular diffusion and con
vection, and the condensed vapors may be transmitted by capillarity 
or other means. 

Water vapor in the air is steam and has the same physical properties 
that it would have if the air were not present. If air at a given tempera
ture is saturated with water .vapor, the density of the vapor in the air 
is the same as the density of saturated steam at the given temperature, 
and the , pressure of the vapor in the air corresponds to the boiling 
pressure of water at the given temperature. If the temperature is raised 
the vapor is. superheated, but the vapor pressure is not changed. If the 
temperature is lowered, some of the vapor is condensed and the vapor 
pressure and density are reduced to values corresponding to saturation 
at the new temperature. 

EFFECT OF MATERIAL AND TEMPERATURE 

The method by which water vapor travels from one point to another 
depends partly upon the material through which it travels and partly 
upon the temperature along its path. Insofar as its transfer through 
building construction is concerned, the materials through which it 
travels may be classified as air and solids. The cond~tions of air that 
seem to be of greatest importance are temperature, pressure, and air 
movement The properties of the solids that apparently have the great
est significance are permeability to gases and power to absorb and 
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condense water vapor from the air. These two properties of solid 
materials, together with temperature, largely determine the state of 
the mo~sture as it travels through them. 

If the temperature of air is above the dew point temperature of 
vapor, the vapor may be transmitted through the air by turbulence and 
by molecular diffu~ion. The transfer of vapor by convection currents is 
similar to the transfer of heat by convection currents. The resistance 
to the flow of vapor through air by molecular diffusion is a function of 
density and temperature of the air through which it passes. For a given 
temperature and density of air vapor mixture, the rate of vapor travel 
by molecular diffusion between two points may be considered as di
rectly proportional to the differen~e in vapor pressure and inversely 
proportional to the distance between the points. Thus under ordinary 
conditions it may be substantially correct to assume that the laws gov
erning the rate of vapor travel through air by either convection cur
rents or molecular diffusion are similar in form to those governing the 
flow of heat through air by conduction and convection. 

TYPES OF MATERIAL 

When vapor passes through a solid material, there are at least three 
types of materials that seem to be of importance: (1) those that are 
permeable to air or gas and will not absorb water vapors (non
hygroscopic); (2) those that are impermeable to gas but will absorb 
water vapor (hygroscopic); and (3) those that are permeable to gas 
and will also absorb water vapor. Temperature is also an important 
factor. 

If a non-hygroscopic material is permeable to water vapor and its 
temperature at all parts is above the dew point temperature of the 
vapor in contact with those parts, the vapor will travel through the 
material without change in state. If the static pressure on the two sides 
of the material is balanced, the vapor transmittance should be by mo
lecular· action, and the rate of transfer should be proportional to the 
vapor pressure difference and inversely proportional to the distance of 
travel. The unit vapor resistance of the material should depend partly 

. upon arrangement of cells or open spaces through which the vapor may 
travel, and it should be higher than the unit resistance for still air. 
If the temperature at some point along the path is below the dew point 
temperature of the vapor at that point, condensation may occur, form
ing either water or ice depending upon the temperature. The uniform 
transfer of vapor will be disturbed, new vapor pressure gradients will 
be established, and there will be a tendency to accumulate moisture 
within the material. 

If a material impermeable to water vapor is hygroscopic, it will 
condense water vapor and establish a moisture equilibrium when in 
contact with air vapor mixtures. The percentage of moisture absorbed 
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by the material will depend somewhat on the temperature, but largely 
upon the relative humidity of the air with which it is in contact. The 
transmission of moisture through materials of this character will be 
by capillarity or some similar process and will not depend upon vapor 
pressure difference. Under certain conditions it appears that vapor may 
be absorbed from a mixture of low vapor pressure, transmitted through 
the material, and delivered to a mixture of high vapor pressure. If 
the temperature of either surface of the material is below the dew 
point temperature of the vapor in contact with it, some of. the vapor 
will be condensed, forming either free water or frost, depending upon 
the temperature. Free moisture or water may disturb the normal 
moisture equilibrium that would have been established by the water 
vapor in contact with the material and thus change the rate, and 
perhaps direction, of moisture flow through the material. 

If a material is hygroscopic and permeable to water vapor, it may 
transmit water vapor and free moisture-the net result depending upon 
-several factors. For instance, a condition might be set up in which 
vapor would be transmitted in one direction due to vapor pressure 
differences and the permeability of the material, and moisture would 
be transmitted in the opposite direction due to the hygroscopic proper
ties of the material and the relative percentages of vapor saturation 
on the two sides of the material. 

TERMINOLOGY 

The study of vapor permeability through different types of materi
als has been carried on in recent years by various investigators who 
have expressed their results in different units. A list of terms used in 
the separate studies by different investigators is given in Table I. A 

·standard unit for expression of results in these studies has not yet been 
adopted so that it is difficult to compare findings from different labora .. 
tories. The Technical Committee of the Insulation Board Institute and 
the authors of this bulletin have agreed upon a terminology to be used 
for expressing the results of this research program. This terminology 
will be followed throughout the entire bulletin. 

VAPOR PERMEABILITY (V,) 

Vapor permeability is the rate of vapor travel' through individual 
materials or combinations of materials, and is expressed in grains per 
~quare foot per hour per inch of mercury vapor pressure difference 
between the two sides of the material (grainsjsq ft/hrfin. Hg). ·It is 
:t:J.Ot, however, based upon a unit thickness of material but on the thick
ness as tested or under consideration. 



Table I. Permeability Units Used in the Study of Water Vapor Transmission through Different Types of Materials 

Authors 

Abrams and Brabender 
Abrams and Chilson 
Babbitt 
Barre 

Birdseye 

Brabender 
Carson 
Charch and Scroggie 
Edwards and Wray 

Gardner 

Harvey 
Kline 

Miller 
Rowley, Algren, and Lund 
Schumacher and Ferquson 

Taylor, Hermann, and Kemp 

Teesdale 

Thomas and Reboulet 

Tressler and Evars 
Wilson and Lines 

Wooley 
Wray and Van Verst 

National Mineral Wool 
Association 

TAPPI 

Publication* 

PTJ, April, 1936 
PTJ, October, 1930 
HP and AC, November, 1938 
ASTM Proceedings, 1939 

Ind. and Eng. Chem., June, 
1929 

PTJ, January, 1939 
PTJ, November, 1938 
PTJ, October, 1935 
Ind. and Eng. Chem., May, 

1936 

National Paint, Varnish, and 
Lacquer Association, Inc. 
Circular No. 560 

PTJ, June, 1924 
NBS Journal of Research, 

RP 974 
H and V, November, 1938 
ASHVE Journal, January, 1939 
Ind. and Eng. Chem., 

February, 1929 
Ind. and Eng. Chem., 

November, 1936 
U. S. Forest· Service Bulletin, 

February, 1939 
Ind. and Eng. Chem., Analyti

cal Edition, October, 1930 
PTJ, September, 1935 
Ind. and Eng. Chem., 

June, 1925 
NBS Report BMS 63, 1940 
Ind. and Eng. Chem., 

Auqust, 1935 
Stc:lndard 

Type of Material Tested 

Paper 
Paper 
Building materials 
Concrete 

Meat wrapper 

Sheet materials 
Discussion on apparatus 
Cellulose wrappers 
Paint films 

Paint 

Board 
Synthetic resin finishes 

for aircraft 
Walls 
Building construction 
Rubber 

Insulating materials 

Building construction 

Waxed papers 

Papers and boards 
Leather 

Building materials 
Paint films 

Vapor barriers 

Tentative Standard T338 m-40 Paper 

* Abbreviations to designate publications are as follows: 
ASHVE=American Society of Heating and Ventilating Engineers 
HP and AC=Heating, Piping, and Air Conditioning 
Ind. and Eng. Chem.=Industrial and Engineering Chemistry 

Vapor Transfer Units Test Conditions 

Grams/sq m/24 hrs 21 C at 50% and 100% HR 
Grams/100 sq in./24 hrs Various temperatures and humidities 
Grams/24 hrs/sq m/mm Hg per em 
Grams/sq ft/hr For 1Vz" specimen at 0.215 psi 

vapor pressure difference 
Grams/sq m/24 hrs 38.83 Cat 0% and 100% HB 

Grams/sq m/24 hrs 
Grams/sq m/24 hrs 
Grams/100 sq m/hr 
(Reciprocal of permeability used) 

m gram/sq cm/hr based on 
0.025" film 

Per cent 

Per cent 
Grams/hr/sq m/mm Hg for 1 mil 

thickness 
Grains/sq ft/hr 
Grams/sq ft/24 hrs 
M gram/hr/sq em calculated 

for 0.130 em thickness 
Grams/hr/em/mm Hg 

Grains/sq ft/hr 

Grams/2 hrs/6 sq in. 

21 C at 0% and 65% HB 
21 C at 0% and 65% Hn 
39.5 C at 1% and 100% Hn 
80 F at 0% and 95% HB 

100%, perfect 
0%. failure 

100% indicated no penetration 

1lb/sq in. vapor pressure difference 
Various temperatures and humidities 
Constant pressure head 

80 F at 30% and 100% HB 

30 C at 0% and 100% HB 

Grams/sq m/day 21.1 C at 50% and 100% HB 
Ratio of permeability through leather to that of free space at various 

temperatures and 0% and 100% Hn 
Grains/hr/sq ft/lb/sq in. For a given thickness 
M gram/sq em/hr 27 C at 0% and 95% 'HB 

Grams/sq ft/24 hrs 70 F at 40% HB and -10 F 

Grams/sq m/24 hrs 21 C at 65% HR and 0% or 100% H:t. 

NBS=National Bureau of Standards 
PT/=Paper Trade Journal 
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VAPOR TRANSMISSION (Vt) 

Vapor transmission is the rate of vapor travel across individual 
materials or combinations of materials and is expressed in grains per 
square foot per hour for a vapor pressure drop as of test conditions. 
Thus, vapor transmission is similar to vapor permeability except that 
it is not based upon any unit vapor pressure drop but only upon the 
vapor pressure drop as of test. 

RESISTANCE (R) 

For the purpose of calculation it is necessary to add the resistances 
of certain materials in order to obtain the overall resistance or the 
overall permeability. The resistance js the reciprocal of vapor per-

meability or R1 == _!_ , and the reciprocal of vapor transmittan~e or . vi 
Rc ==~c. Thus it may be seen that a material or combination of ma-

terials having a high vapor permeability has a low resistance. For 
example, for material having a high-vapor permeability 

v, = 90.09 then 

·the resistance R, =-1-= .0111 
. . 90.09 

However, materials of low vapor permeability will have a high resist
ance against vapor transfer. For example, for a material having a low
vapor permeability 

V, = 0.44 then 

the resistance R, =-1-·= 2.2947 
0.44 

The resistance of the· material in the latter case is approximately 200 
times greater than the resistance in the former case. 

CONVERSION FACTORS 

To facilitate test procedure, the rate of vapor travel through dif
ferent types of materials is obtained in the laboratory in grams per 
square foot per 24 hours based upon test conditions. The quantity of 
moisture or vapor traveling through a material or combination of ma
terials is weighed in grams, a metric unit, because of the laboratory 
apparatus available to measure very small quantities. To express all 
units in the customary English system, it is necessary to make certain 
conversions as follows: 

1 pound = 7000 grains 
1 pound = 453.6 grams 
1 gram = 15.43 grains 

grains/sq ft/hr = .643 X grams/sq ft/24 hrs 
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ABBREVIATIONS 

Abbreviations throughout the bulletin conform to those recom
mended by the American Standards Association, with minor excep
tions. These exceptions are abbreviations which are clear, convenient, 
and particularly adapted to the topic under discussion. 

TEMPERATURES 

Unless otherwise specified, all temperatures discussed throughout 
the bulletin are dry bulb Fahrenheit temperatures with other tempera
tures specifically identified as either wet bulb or dew point tempera .. 
tures. 

MATERIALS* 

Materials investigated are known as structural insulating board of 
various types. These types are as follows: 

1. Uncoated structural insulating board lath-¥2-inch insulating board used 
as a base for the inside plaster finish. Classified under U. S. Department 
of Commerce commercial standards 42-43 as Class B lath. It may also be 
obtained with on,e surface treated with a highly vapor resistant coating. 
The coated surface is installed toward the cold side, on the inside surface 
of the 2 x 4 stud. 

2. Interior finish insulating board-lf2 -inch interior finish board with one 
surface factory coated. Classified under U. S. Department of Commerce 
commercial standards 42-43 as Class D interior board factory finished. 
Usually installed as an interior finish on the warm side of the wall. 
The purpose of the surface coating is to furnish an interior finish without 
any special provisions for protection against vapor transmission. 

3. Structural insulating board sheathing-25/32-inch insulating board used 
as part of the exterior construction in place of the wood sheathing. 
Classified under U. S. Department of Commerce commercial standards 
42-43 as Class E sheathing. Provided with special moisture resistant 
treatment, either by treating the fibers integrally throughout the board, 
or by coating both surfaces with an asphalt or similar material. 

For convenience, throughout the bulletin the complete descriptive 
phrase for each type of board has been abbreviated to the essential 
terminology. Thus, structural insulating board sheathing is referred to 
as "sheathing." 

TEST APPARATUS 

Test apparatus that would subject either individual materials or 
materials in wall sections to condensation conditions equivalent to 
severe conditions of operation was necessary for this investigation. 
The material under investigation was submitted to moderately warm 
air and high humidity on one side and to cold air on the other side. 
Measurement of the amount of vapor that would pass through or be 
condensed within the test specimen under these conditions was neces-

• Roof insulation classified under U. S. Department of Commerce commercial standards 
42-43 as Class C was not included in this investigation. Values for Class A, building board 
(natural surface) will correspond very closely to those of structural insulating board lath. 
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sary. Two types of test apparatus were used, one consisting of small 
test panels for individual test specimens approximately 15" x 16" and 
the other for complete wall sections four feet square~ 

SMALL TEST PANELS 

The test apparatus for the individual test specimens can best be de
scribed by referring to Figures 2, 3, and 4. The test apparatus proper 
consisted of a sealed fram·e 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 sepa
rated by two inches with a 134-inch insulating pad between them. The 
test sample, the insulating pad, and the aluminum panel were all sealed 
around the edges to prevent the passage of vapor through these chan
nels. In making a test the sample was exposed to warm air, usually at 
70 F and 40 per cent relative humidity, and the aluminum condensation 
panel was exposed to cold air at -10 F. The insulating pad was placed 
between the test sample and the aluminum panel in order to give 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 alu
minum panel is removable and may be weighed at regular intervals to 
determine the rate at which vapor passes through the test sample, 

Figure 2 shows a four-foot square frame which provides room for 
four of the small test panels. In the lower left-hand corner is a sectional ' 
view of the complete test panel. Figure 3 is a photograph of one of the 
test frames. On the left the exposed surface of the test panel is shown 
and on the right, the frame with the aluminum condensation panel 
removed. 

In some cases the special test panel was modified by removing the 
insulating pad. This was particularly true for many of the thicker 
insulating board samples. Therefore it was .unnecessary to use addi
tional insulation to give a reasonable temperature drop ·between ·the 
test sample and the aluminum condensation panel. 

Figure 4 shows an interior view of the cold room with_ four of the 
special test panels in place. This room was usually maintained at -10 F 
throughout the test period. The aluminum panels were removed and 
weighed each forty-eight-hour period, and this process was continued 
until a constant weight of moisture was condensed for each period. 

FULL-SCALE WALLS 

The apparatus for testing full-scale wall construction may best be 
explained by referring to Figures 5 to 8, inclusive. This apparatus 
consists of a cold room, provided with cooling coils, and a refrigerating 
machine capable of holding its temperature at -20 F to -25 F. Open-
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Figure 20 Arrangement of four test panel assemblies for 
testing of individual materials 



TEST APPARATUS 13 

Figure 3. View of warm and cold side construction of individual test panel assembly 

Figure 4. Four individual test panels installed in cold room 
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ings are provided in the side walls of the cold room into which the 
test walls are sealed. On the outside of these openings are vapor-proof 
boxes or compartments, within which the air may be controlled to any 
reasonably desired temp~rature and humidity. The five exposed sides 
of the boxes are lined with metal and sealed against the passage of 
vapor. The sixth side which opens into the cold room is sealed by the 
test wall. Under these conditions, the only path by which vapor may 
leave the test box is through the test walls. 

Figure 5 is a sectional plan of the test apparatus with a low
temperature room, three temperature and vapor control boxes, each 
designed for four-foot square walls, and two large temperature and 
vapor-control test boxes for walls approximately seven feet square. 
Figure 6 is a vertical section view through the test apparatus of Figure 
5. This shows a sectional view of two of the four-foot cubical test boxes, 
the one at the left being provided with the special test apparatus for 
individual small samples, and the one at the right with the standard 
four-foot square walls. It also shows the cooling coils at the top of the 
cold room through which air is recirculated within the room. 

Figures 7 and 8 are exterior views of the test apparatus. In Figure 
7 one· of the four-foot cubical test boxes is shown at the right and one 
of the seven-foot square test boxes at the left. The refrigerating ma
chine is shown at the right of Figure 8 and the test panel with selector 
switches for thermocouples at the left. 

The cold room is cooled by a seven and one-half ton Freon com
pressor which is automatically controlled to maintain the desired tem
perature within the cold room. It is cooled by recirculating the air 
within the room through cooling coils placed in the top of the cold 
room (Figure 6). 

TEMPERATURE AND HUMIDITY CONTROL 

The temperature and humidities within the test boxes are auto
matically controlled-the temperature by electric heating elements 
and the humidity by an electric boiler and humidistat. The thermostat 
and humidistat are designated by the letters T and H (Figure 6). The 
electric boiler is also indicated. The water is supplied to the boiler from 
a water reservoir, shown at the right in Figure 7. The amount of water 
used. is determined periodically by the amount required to fill the 
reservoir which is measured from a pipette located above the water 
reservoir (Figure 7). 

All temperatures are 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 of. 
Figure 8. · 
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Figure 5. Sectional plan view of test apparatus showing low-temperature room with 
temperature and vapor control boxes 
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Figure 6. Sectional elevation of test apparatus showing high- and low-temperature 
control room with control apparatus 



Figure 7. Exterior view of test room with 4' cubical test box at right 

Figure 8. Exterior view of test room with a refrigerating machine and 
temperature control panel 
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TEST RESULTS 

VAPOR PERMEABILITY AND PHYSICAL PROPERTIES OF 
STRUCTURAL INSULATING BOARD 

Summary of resul:l:s 
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The initial phase in this investigation was to determine vapor per
meability and physical properties of different types of structural in
sulating board. Results show that ¥2-inch uncoated structural insulating 
board lath and ¥2-inch interior finish insulating board coated on one 
surface have high vapor permeability rates. They transmit vapor very 
readily and are not effective vapor barriers. Their low resistance per
mits vapor to enter interior parts of the wall. These boards, however, 
are primarily intended to provide insulation for reducing heat transfer 
through a wall with no special emphasis on the vapor permeability of 
the product. The uncoated 25/32-inch structural insulating board 
sheathing also has a low resistance to vapor permeability. 

Practically no reduction in vapor transmission was effected through 
the application of surface coatings by the manufacturer to ¥2-inch 
interior finish board. Again, the purpose of these coatings was to pro
vide an interior finish with no special provision against vapor perme
ability. 

Four types of ¥2-inch coated insulating board used as vapor sealed 
lath were submitted. Only one satisfied the requirements of a good 
vapor barrier, but all coated boards had lower vapor permeability 
rates than similar uncoated boards. In one case the rate was reduced 
64 per cent, in a second 90 per cent, and in a third 97 per cent. The 
fourth board had a very low permeability rate. 

The coatings on these boards are similar in appearance, but the 
variable results they give indicate that it is necessary to have a definite 
rating of each type of board to determine whether or not it is an ac
ceptable barrier against vapor transmission through walls. However, 
it should be noted that the addition of coatings to boards does reduce 
the permeability rate over uncoated boards but in some cases not suffi
ciently to reduce the possibility of moisture accumulation within the 
wall structure. 

Types of material 
Standard stock materials as manufactured were submitted in suffi

cient quantities to complete the major part of this investigation. 
Samples from this stock were selected in the laboratory for conducting 
the investigation. A list of materials submitted is as follows: 

A. ¥2" structural insulating board lath (uncoated) 
B. 1!2" structural insulating board lath (coated on one surface) 
C. ¥2" interior finish insulating board (factory finished on one surface) 
D. 25/32" structural insulating board sheathing (uncoated) 
E. 25/32" structural insulating board sheathing (coated on both surfaces) 
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The %-inch uncoated insulating board· lath is to be used as a plaster 
base on the interior surface of the wall with the plaster applied directly 
to the insulation. This board with a nominal thickness of ¥2 inch has no 
special surface coating and is used as part of an interior finish .. 

The ¥2-inch coated insulating board lath has practically the same 
application as the %-inch uncoated insulating board lath except that 
the one surface is coated with asphalt to provide a seal against vapor 
transmission. This coating, on the cold side of the installed lath, reduces 
the vapor permeability of the board, thereby preventing excessive 
moisture from entering the interior part of the wall. A comparative 
photograph of uncoated and coated insulating board lath is shown in 
Figure 9. 

The %-inch interior insulating board is similar to the ¥2-inch un
coated insulating board lath except that the interior surface has been 
coated by the manufacturer to provide a finished surface with no spe
cial emphasis on sealing against vapor. However, this coating differs 
from that on the ¥2-inch coated insulating lath in that the coating is 
on the warm side and not on the cold side. The only purpose of this 
coating is to provide a finished wall surface. Practical application of 
this type of board is shown in Figure 10. 

The 25/32-inch uncoated insulating board sheathing is similar to the 
¥2-inch uncoated insulating board lath except in thickness. No coating 
is provided on the surfaces of this board; its main use is to provide a 
structural insulating board instead of a wood sheathing on the cold 
side of the wall next to the siding, stucco, or any other type of exterior 
finish. 

The 25/32-inch coated insulating board sheathing is similar to the 
uncoated insulating board sheathing except that various types of coat
ing have been applied to both surfaces of the board. These coatings in
clude an asphalt application or some other similar coating that tends to 
reduce the vapor transmission. The application of uncoated and coated 
insulating sheathing boards are shown in Figures 11 and 12. 

Test methods 
A set of four 14%:'' x 153,4" samples was selected from each type 

of material to obtain a representative cross section of the materials. 
The samples were prepared for test by coating the edges with paraffin 
prior to installation in the test apparatus. The apparatus used in these 
tests is described in Figures 2, 3, and 4. The boards were carefully 
sealed with paraffin onto one face of the test apparatus and the as
sembled unit installed in a special frame in the cold room with the 
sample exposed to the air on the warm side. A conditioning test period 
of 24 to 48 hours was allowed to insure equilibrium conditions of mois
ture throughout the assembly before the aluminum weighing panel 
was installed. The air on the warm side was carefully maintained at 



Figure 9. Structural in
sulating board lath with 
coated surface shown at 
left and uncoated sur-

face at right 

Figure 10. Application of ~nterior finish insulating board 



20 VAPOR TRANSMISSION 

Figure 11. Application of uncoated structural insulating 
board sheathing in new construction 
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Figure 12. Application of coated structural insulating board sheathing 
in new construction 

21 
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the required conditions which, in most cases, was 70 F and 40 per cent 
relative humidity on the warm side and -10 F on the cold side. Frost 
accumulation on the aluminum panel was weighed every 48 hours 
until a constant rate had been reached. After three or four rates 1n 
close agreement had been obtained, the test was concluded. All results 
were obtained in grams per square foot per 24 hours for the test condi
tions with the final results converted into grainsjsq ftjhr /in. Hg vapor· 
pressure difference. The vapor pressure drop was determined as the 
difference between the vapor pressure ·on the warm side at 70 F and 
40 per cent relative humidity and the vapor pressure at the aluminum 
condensing panel which corresponded to the temperature of the alu
minum panel and 100 per cent relative humidity. Saturated air may be 
assumed for the latter condition as condensation in the form of frost 
is taking place on the inside surface of the aluminum panel. 

Board symbols 
For identification purposes, a set of symbols has been applied to the 

different types of boards. These symbols are designated by letters indi
cating the type of board and by numbers indicating the manufacturer. 
Small letters-a, b,' c, and so on-indicate duplicate samples of boards 
of the same type and manufacturer. Since ten manufacturers supplied 
material,' the manufacturers' numbers run from one through ten. The 
symbols used for the various types of boards are as follows: 

P-lh" structural insulating board lath (uncoated) 
T-lh" structural insulating board lath (coated on one surface) 
F-lh" interior finish insulating board (coated on one surface) 
S-25/32" structural insulating board sheathing (uncoated) 
R-25/32" structural insulating board sheathing (coated) 

For example, sample No. P-1-a indicates lh-inch uncoated insulating 
board lath submitted by manufacturer No. 1, and (a) designating the 
first test sample in the series. 

Test results 
Results of tests are given in Table II. These results have been 

grouped into five divisions according to the type of board. Column 1 
gives the sample number with the physical properties given in columns 
2 and 3. The density in pounds per cubic foot is based upon the oven 
dry weight of the sample. The oven was maintained at a temperature 
of 160 F during these tests. The thickness of the material was measured 
by special apparatus consisting of an Ames dial attached to a base 
plate. Column 4 gives the vapor pressure drop for the test conditions 
in inches of mercury between the vapor pressure of the air on the 
warm side of the test sample and the vapor pressure corresponding to 
the temperature of the aluminum condensing panel on the cold side of 
the sample. This is the total vapor pressure drop over the test sample 
and the insulating pad used in the test apparatus. It is ·based upon test 



Table D. Vapor PermeabiHty and Physical Properties of Structural Insulatinc;r Board 
(Air conditions: warm side, 70 F, 40 per cent HR; cold side, -10 F) 

Physical Properties Actual Test Values* 

Average vapor Grains/sq ft/hr 
Permeabilityt 

Identifica- Grains/Sq Ft/Hr /In. Hg 
tion No. Density, Thickness, pressure 

lbs/cu ft inches drop, in. Hg a b c d Avg. V1 R! 

2 3 4 5 6 7 8 9 10 11 

Group 1-lh" Structural Insulating Board Lath (uncoated) 

P-1 20.38 .513 .2574 6.28 5.99 5.80 6.13 6.01 84.03 .0119 
P-2 15.15 .499 .2572 4.56 4.50 5.15 4.91 4.78 43.67 .0229 
P-3 18.53 .535 .2504 5.65 ....•.... 5.33 5.63 5.54 69.93 .0143 
P-4 15.8.7 .529 .2508 5.70 ......... 4.95 4.84 5.16 56.50 .0177 
P-5 16.18 .496 .2537 5.68 5.50 6.12 5.62 5.73 74.63 .0134 
P-6 17.54 .527 .2513 6.40 ......... 5.49 5.13 5.67 74.63 .0134 
P-7 19.07 .477 .2581 6.00 5.33 5.57 6.43 5.83 74.63 .0134 
P-8 15.98 .512 .2539 5.54 5.75 5.93 6.26 5.87 80.65 .0124 
P-9 19.12 .508 .2505 6.25 ......... 5.69 5.88 5.94 88.50 .0113 
P-10 16.16 .474 .2505 5.55 ......... 6.04 6.33 5.97 90.09 .0111 

Group 2-V2" Sructural Insulating Board Lath (coated) 

T-2 17.01 .494 .2562 0.80 0.95 1.13 1.10 1.00 4.43 .2255 
T-3 18.42 .530 .2533 4.60 4.76 4.36 2.68 4.10 32.36 .0309 
T-5 18.53 .539 .2538 0.03 0.02 0.14 0.11 0.07 0.28 3.5405 
T-9 19.66 .498 .2558 0.64 ···-··· 0.23 1.12 0.66 2.80 .3567 

Group 3-V2" Interior Finish Insulating Board (factory finish on one side) 

F-1 20.66 .478 .2574 6.26 6.08 5.89 5.48 5.93 80.00 .0125 
F-2 17.25 .462 .2558 4.97 5.01 5.04 4.87 4.97 48.55 .0206 
F-4 16.78 .499 .2496 5.59 -.·-···· 5.28 4.87 5.25 59.89 .0167 
F-5 18.35 .474 .2592 5.67 5.74 5.83 5.45 5.67 67.57 .0148 
F-6 19.05 .497 .2485 6.20 --····· 5.30 5.60 5.70 78.74 .0127 
F-7 21.21 .513 .2584 4.92 5.27 5.02 5.02 5.05 49.26 .0203 
F-8 16.12 .505 .2553 5.59 5.44 5.87 6.03 5.74 73.53 .0136 
F-9 19.34 .493 .2524 5.93 ......... 5.68 6.36 5.99 89.29 .0112 
F-10 17.17 .478 .• 2558 5.93 ......... 5.84 5.48 5.75 73.53 .0136 

* Actual test values include resistance of insulating pad in test apparatus. 
t Average values of samples corrected for resistance of insulating pad in test apparatus. 



Identifica-
tion No. 

S-3 
S-5 
S-6 
S-7 
S-8 
S-9 

R-1 
R-2 
R-3 
R-4 
R-6 
R-7 
R-8 
R-9 
R-10 

Table ll. Vapor Permeability and Physical Properties of Structural Insulating Board-Continued 
(Air conditions: warm side, 70 F, 40 per cent Hu; cold side, -10 F) 

Physical Properties Actual Test Values* 

Average vapor Grains/sq ft/hr 
Density, Thickness, pressure 
lbs/cu ft inches drop., in. Hg a b c d Avg. 

2 3 4 5 6 7 8 9 

Group 4-25 /32" Structural Insulating Board Sheathing (uncoated) 

17.12 .816 .2520 3.49 ......... 3.36 3.40 3.41 
17.30 .789 .2546 5.29 .......... 4.84 5.09 5.07 
16.62 .854 .2536 5.18 ......... 4.67 5.00 4.94 
22.06 .773 .2497 4.62 ......... 4.30 4.30 4.40 
16.35 .798 .2502 4.93 ·······•· 5.09 5.20 5.06 
17.20 .806 .2531 5.70 ·····-·· 5.34 5.14 5.39 

Group 5-25/32" Structural Insulating Board Sheathing (coated) 

17.20 .796 .2565 0.17 ......... 0.02 0.14 0.11 
18.92 .802 .2538 0.66 ......... 0.77 0.92 0.78 
18.88 .801 .2544' 0.57 0.24 0.95 1.04 0.70 
16.40 .736 .. 2556 0.21 ......... 0.41 0.42 0.35 
17.33 .836 .2532 1.07 ......... 0.80 0.64 0.84 
17.48 .779 .2497 0.48 ......... 0.43 0.50 0.47 
17.28 .803 .2547 1.82 ········· 2.87 1.56 2.68 
19.78 .770 .2555 1.02 ......... 0.67 0.91 0.87 
18.85 .796 .2558 ········· ......... 0.24 0.41 0.56 

* Actual test values include resistance of insulating pad in test apparatus. 
t Average values of samples corrected for resistance of insulating pad in test apparatus. 

Permeabilityt 
Grains/Sq Ft/Hr/ln. Hg 

Vt Rt 

10 11 

23.26 .0430 
51.81 .0193 
49.02 .0204 
38.61 .0259 
53.76 .0186 
62.50 .0160 

0.44 2.2947 
3.39 .2948 
3.01 .3327 
1.43 .6990 
3.70 .2703 
2.00 .5010 

10.92 .0916 
3.81 .2624 
2.35 .4257 
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conditions of air on the warm side at 70 F and 40 per cent relative 
humidity and on the cold side at -10 F. 

Columns 5-8, inclusive, give test results for individual samples with 
the averages in column 9. These results are given in grains of moisture 
per square foot per hour as condensed on the aluminum panel under 
test conditions. They are the vapor transmission rates for the combined 
sample and the insulating pad of the test assembly. As noted in the 
table, in some cases only three results are given for each sample, 
whereas in other cases four have been obtained. Only in those cases in 
which the three results were not in close agreement was a fourth test 
made.· 

The vapor permeability of the individual sample as the average of 
three or four tests is given in column 10 in grains of moisture per 
square foot per hour per inch of mercury vapor pressure drop across 
the test sample only. This value has been corrected for the insulating 
pad and represents the vapor permeability of the material only. The 
results in column 11 are the reciprocals of those in column 10 and repre
sent the vapor resistance of the insulating board. 

Discussion of results 
Results for Group 1, %-inch uncoated insulating board lath, show 

that these boards have relatively high vapor permeability rates and 
are not good vapor barriers. Vapor is readily transmitted through these 
types of materials to the interior parts of the wall. 

Results for Group 2, ¥2-inch coated insulating board lath, show some 
varjation in vapor permeability. Only one of these materials (T-5) meets 
the requirements of a good vapor barrier. Two materiais showed rea
sonably low vapor permeability with a third showing about one third 
the permeability of the plain material. These materials, of which there 
are only four, have a continuous asphalt coating on one side of the 
board with the coated surface applied next to the studs as a part of the 
cold side of the plaster board. The variation in results indicates that 
coating a board does not always provide an acceptable vapor seal. 

Group 3, %-inch interior finish insulating board, consists of insulat
ing boards with one surface factory coated and may be used either 
directly as an interior finish or as a base for paint or other finish. This 
coating is not intended for vapor-proofing the board but rather to give 
it a surface acceptable as an interior finish. The test results for these 
.boards were substantially th~ same as those for the uncoated insulat
ing board lath in Group 1, indicating that the surface finishes had very 
little effect upon the vapor permeability of the boards and are not 
acceptable vapor seals. 

Results of boards in Group 4, 25/32-inch uncoated insulating board 
sheathing are comparable to those in ·Group 1 consisting of %-inch 
uncoated insulating board lath. However, the vapor permeability rates 
for the boards in Group 4 are slightly less than those in Group 1 be-
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cause of the increase in thickness. This reduction in permeability rate 
is negligible with the vapor transmission being high through these 
materials. 

Results of boards in Group 5, 25/32-inch coated insulating board 
sheathing, show a considerable variation in permeability rates. This 
variation is undoubtedly due to the type and application of the surface 
coating used. 

A coated board does not always indicate a high vapor resistance or 
efficient vapor barrier. It is important that the coating, to form an 
effective vapor barrier, is applied in a continuous sheet or coating over 
the entire surface of the board. In many cases coatings may be of such" 
nature that they strike. into the surface of the board or may be absorbed 
by the fiber, and thus the continuity of the surface coating will be 
broken, even though the coating in itself may be a good barrier. Al
though surface coatings on boards may appear to be identical, this 
does not indicate that they have the same vapor permeability. Thus, 
it is important that accurate ratings be obtained on the various ma
terials and that they meet the required limiting conditions before 
concluding that they are acceptable vapor barriers. 

The various types of insulating 'board may be grouped according 
to their vapor permeability characteristics and customary location 
given in Table III. 

Table III. Vapor Permeability Ratings of Structural Insulating Boards 

Group Type of Board 
Permeability 

Rates as of Test Value as a Vapor Barrier 

Insulatinq Boards Used on Warm Side of Wall 

1 1/2" uncoated insulatinq board lath 
2 1/2" coated insulatinq beard lath 

3 1/2" interior finish insulatinq board 
coated on one surface 

Realtively hiqh None 
Variable If they do not exceed limitinq 

value of 1.25 qrains/sq ft/hr/ 
in. Hq vapor pressure differ
ence 

Relatively hiqh None 

Insulatinq Boards Used on Cold Side of Wall 

4 25/32" uncoated insulatinq sheathinq Realtively hiqh None-because of location 
5 25/32" coated insulatinq sheathinq Variable None-because of location 

COMPARISON OF VAPOR PERMEABILITY BY TWO DIFFERENT 
TEST METHODS 

Summary of results 
Permeability rates of insulating board with and without an insulat

ing pad placed in the test apparatus were obtained for comparison of 
results between the two different test methods. When the pad is used, 
it is placed between the sample and the aluminum condensing panel 
of the special vapor barrier test apparatus (Figure 13). 
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Figure 13. Individual test panel assembly with and without insulating pad 
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Results indicate some correlation between the two test methods for 
lh-inch uncoated insulating board lath and interior finish insulating 
board. A variation in results appeared for the coated insulating board 
lath and the uncoated insulating board sheathing. This variation may 
be attributed to the different temperature drops through the test 
samples for the two test methods. 

One of the specific findings from this group of tests is t~at the vapor 
permeability of a given material is directly proportional to the vapor 
pressure drop over the material, providing there is no change in the 
state of moisture in passing through the material and that excessive 
absorption of moisture by the material through hygroscopic action is 
not taking place. Thus, calculation of vapor permeability for different 
materials under different conditions may be made if there is no change 
of state and if vapor is only diffused through the material. 

Test methods 
The original tests were. made with the individual insulating boards 

installed in the small test panels with an insulating pad placed between 
the sample and the aluminum panel (Figures 2, 3, and 4). As mentioned 
before, the purpose of this pad was to provide a high temperature and 
vapor pressure drop across the sample with a low resistance to vapor 
travel through the auxiliary material, which is the insulating pad. 
The first series of tests (Table IV) was made with the insulating pad 
in place. The second series of tests were made with the same test 
apparatus with the exception that the insulating pad- was omitted. 
The temperature drop across the test set-up was that which ,was ob
tained through the test sample only, as compared with the temperature 
drop across the combined test sample and the insulating pad in the 
first series of tests. One sample of each of the materials as previously 
tested, with the exception of the coated insulating board· sheathing, 



Table TV. Comparison of Vapor Resistance of Structural Insulatlnq Board by Two Different Test Methods 
(Air conditions: warm side, 70 F, 40 per cent Hre; cold side, -10 F) 

Without Insulating Pad With Insulating Pad 

[dentifi- Actual test results Actual test results 
cation Net resist- Net resist-

No. Transmis- V. P. drop, Permea- Resist- anceR1t Transmis- V. P. drop, Permea- Resist- anceR1:l: 
sion, Vt* in.Hg bility, Vc* ance,Rc sion, Vt* in.Hg bility, V c* ance, Rc 

2 3 4 5 6 7 8 9 10 11 

P-1-d 11.00 .2210 49.76 .0200 .0091 6.13 .2566 23.91 .0418 .0107 
P-2d 7.39 .2210 33.46 .0299 .0190 4.91 .2514 19.54 .0512 .0201 
P-3-d 10.02 .2572 38.95 .0257 .0148 5.63 .2539 22.16 .0451 .0140 
P-4-d 7.01 .2258 31.04 .0322 .0213 4.84 .2583 18.72 .0535 .0224 
P-5-d 9.97 .2258 44.14 .0227 .0118 5.62 .2596 21.65 .0462 .0151 
P-6-d 10.29 .2~39 45.95 .0218 .0109 5.67 .2513 22.56 .0443 .0132 
P-7-d 11.96 .2282 52.41 .0190 .0081 6.45 .2501 25.78 .0387 .0076 
P-8-d 11.64 .2188 53.19 .0188 .0079 6.26 .2501 25.04 .0400 .0089 
P-9-d 9.19 .2192 41.95 .0238 .0129 5.88 .2524 23.31 .0429 .0118 
P-10-d 10.03 .2192 45.76 .0218 .0109 6.33 .2511 25.22 .0397 .0086 

F-2-d 7.78 .2210 35.20 .0285 .0176 4.89 .2472 19.77 .0505 .0194 
F-4-d 6.94 .2258 30.75 .0325 .0216 4.87 .2547 19.11 .0523 .0212 
F-6-d 10.10 .2239 45.09 .0221 .0112 5.70 .2485 22.94 .0436 .0125 
F-7-d 7.33 .2282 32.12 .0311 .0202 5.02 .2566 19.55• .0512 .0201 
F-8-d 9.90 .2188 45.25 .0221 .0112 6.03 .2524 23.89 .0418 .0107 
F-9-d 9.71 .2192 44.30 .0226 .0117 5.99 .2524 23.73 .0421 .0110 
F-10-d 9.14 .2572 35.55 .0281 .0172 5.48 .2582 21.22 .0471 .0160 

S-3-d 5.49 .2641 20.79 .0481 .0372 3.40 .2539 13.37 .0748 .0437 
S-5-d 6.11 .2592 23.59 .0423 .0314 5.09 .2596 19.62 .0510 .0199 
S-6-d 6.67 .2592 25.75 .0389 .0280 5.00 .2501 19.98 .0499 .0188 
S-7-d 6.14 .2641 23.25 .0423 .0314 4.30 .2501 17.17 .0582 .0271 
S-8-d 8.26 .2641 31.29 .0319 .0210 5.20 .2511 20.69 .0484 .0173 
S-9-d 8.99 .2646 33.97 .0294 .0185 5.14 .2511 20.46 .0488 .0177 

T-2-d 2.70 .2282 11.83 .0844 .0735 1.10 .2472 4.45 .2247 .1936 
T-3-d 6.05 .2572 23.53 .0425 .0316 2.68 .2539 10.56 .0947 .0636 
T-5-d 3.05 .2282 13.36 .0748 .0639 .11 .2547 .43 2.5537 2.5226 
T-9-d 5.39 .2192 24.61 .0406 .0297 1.12 .2524 4.43 .2257 .1946 

* Vt = grains/sq ft/hr, Vc = grains/sq ft/hr/in. Hg. 
t R1 = Re- Ra where Ra = .0109 the average resistance of the 2-inch air space. . 
:1: R1 = Rc- (Rp + Ra) where Rp = .0304, the average resistance of the insulating pad and one Ve-inch air space and Ra = .0007, the avera9e res1~-

ance of the lfs-inch air space. 
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was installed in the test apparatus. for both test methods. The rate of 
vapor travel through the test sample and the air space was obtained 
by weighing the aluminum panel every 48 hours until a constant vapor 
transmission rate had been obtained. 

Tes:l: resul:l:s 
The results of these tests are given in Table IV. A comparison of 

results by the two different test methods are given in columns 2 to 6, 
inclusive, when the insulating pad was omitted, and in columns 7 to 
11, inclusive, with the ·insulating pad in place. Column 1 gives the 
identification number. Only one sample of each type of material was 
tested. The results without the insulating pad have been corrected 
for the 2-inch air space between the sample and the aluminum con
densing panel. Column 2 gives the vapor transmission results as of 
test conditions based on the vapor pressure drop in column ·3. This 
vapor pressure drop is obtained from the difference between the 
vapor pressure of the air on the warm side and the vapor pressure 
corresponding to saturation at the temperature of the aluminum 
condensing panel. Column 4 gives the vapor permeability for the 
material and the air space based on a pressure drop of one inch of 
mercury. The reciprocal of the vapor permeability is given as resist
ance in column 5 and is the combined resistance of the lfs-inch air 
space and the material. Based upon 23 tests, the average resistance of 
the 2-inch air space was found to be .0109 and is designated as Ra in 
the dagger (t) footnote to the table. However, this air space resistance 
may vary somewhat, depending upon the temperature drop across the 
space and the amount of convection taking place within the space. The 
net resistance, Rh as noted in column 6, was obtained by the.differences 
between the overall resistance, Rc, in column 5, and the 2-inch air space 
resistance. 

The vapor transmission, based upon test conditions, is given in 
column 7 for the combined insulating pad and two lk-inch air spaces 
which separated the insulating pad from the test sample on the warm 
side and the aluminum condensing panel on the cold side respectively. 
These results are based on the vapor pressure drop as of test shown in 
column 8. The vapor permeability rate for the combined materials 
based on one inch of mercury vapor pressure drop is given in column 9 
and includes, as previously stated, both the i:q.sulating pad and the two 
lfs-inch air spaces. In column 10 the overall resistance for the combina
tion of materials or the reciprocal of column 9 is given. These results 
have been corrected to obtain the net resistance in column 11 and are 
corrected for the pad insulation and one lfs-inch air space. The insulat
ing pad resistance was determined by running a series of tests without 
an insulating board sample in the test assembly to obtain the average 
resistance of both the 134-inch thick insulating pad and the lfs-inch 
air space separating the pad from the condensing panel. To this must 
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be added the resistance of the air space which is provided between the 
test sample and the insulating pad on the warm side when the test 
sample is installed. As noted below the table, the average resistance of 
the insulating pad and the lfs-inch air space is equal toRt== .0304 and 
the resistance of lfs-inch air space Ra == .0007. All tests were made at 
inside air conditions of 70 F and 40 per cent relative humidity with 
the air on the cold side at -10 F. 

Discussion of results 
An analysis of test results shows a reasonably close check between 

permeabilities by the two different test methods for '12-inch uncoated 
insulating board lath and '12-inch interior finish insulating board. For 
the uncoated insulating board sheathing, however, the check between 
the two test methods was not as favorable. In general, the net rate of 
transmission appears to be higher or the net resistance lower with the 
insulating pad than without. This may be caused by moisture condens
ing in the board when no insulating pad is used. An analysis showed 
that the surface temperatures on the cold side of the sample were lower 
when the insulating pad was omitted than when it was in place. The 
analysis also indicated that the surface of the insulating board sample 
on the cold side facing the air space was below the dew point tempera
ture of the air on the warm side of the board. It is not definitely known 
whether these temperatures were lower than the dew point tempera
ture of the air on the cold side of the sample as the dew point would 
naturally drop from the warm to the cold side of the sample. There
sults obtained from the uncoated insulating board sheathing, however, 
make comparisons between the two methods difficult and indicate that 
it is inadvisable to calculate the net resistance for one condition and 
apply the results to other conditions because of temperature and vapor 
density conditions. 

An analysis of the test results for coated insulating board lath 
showed that the resistance of the sample under test was higher in each 
case when the insulating pad was used than when it was omitted. In 
other words, the vapor transmission was higher without the insulating 
pad. When the coated insulating board lath samples were installed in 
the test apparatus, the vapor seal in all tests was placed on the cold 
side of the sample, thus exposing it to the cold temperature of the air 
space and the aluminum condensing panel. The surface temperature 
of the vapor seal when the insulating pad was omitted was about 22.6 F 
whereas in tests with the pad in place, it was 55 F. It is thus probable 
that in those tests without the pad, condensation was taking place 
within the insulating material on the warm side of the seal. Previous 
experience has shown that under these conditions vapor transmission 
through the material is increased unless conditions are such that ice 
may be formed, in which case it may actually decrease the vapor per
meability of the material. It is difficult to make comparison between 
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test methods where there is a change in state of a vapor as it passes 
through the material. When tests were made with the vapor seal on 
the warm side of the asphalt-coated insulating lath, the results by the 
two test methods were more consistent. 

EFFECT OF TEMPERATURE ON PERMEABILITY OF MATERIALS 

Introduction 
When the temperature of a vapor and air mixture is changed, the 

relative humidity is changed; and as the relative humidity approaches 
100 per cent, hygroscopic materials absorb more moisture from the 
vapor. When the mixture of ai~ and vapor reaches 100 per cent, con
dem;ation takes place and either free water or frost will be formed, 
depending upon the temperature. Any one of these conditions will 
affect the rate at which vapor is transmitted through a material. For 
hygroscopic materials, the permeability rate appears to be little af
fected by the hygroscopic absorption of moisture until high satura
tion points are reached, and most affected when condensation is taking 
place above 32 F. After frost begins to form, it may increase the per
meability or, if the vapor pressure drop over the sample is disturbed, 
it may even decrease the permeability. 

A factor which must also be considered is the method of measuring 
the permeability. If the amount of moisture entering the sample is 
used as a measure, the apparent permeability may be increased; but 
if the amount of moisture leaving the sample and condensing on the 
aluminum plate is considered, the apparent permeability may be de
creased. The difference is caused by accumulation of moisture within 
the test sample and shows up in a comparison of test results by the 
individual test panel method and by the vapor box 'method. 

Barrier fused on surface of one-half inch coated insulating board lath · 
In one series of tests, samples were constructed with several layers 

of ¥4-inch sanded fiberboard of low density and one layer of ¥2-inch 
coated insulating board lath. These materials were so arranged in the 
tests that the vapor seal on the coated insulating board lath was pro
gressively transferred from the warm side to the cold side of the 
sample. The various samples were sealed into the special test apparatus 
without the insulating pad in place, and the vapor transmission was 
determined for air on the warm side at 70 F and 40 per cent relative 
humidity and on the cold side of the panel at approximately -10 F. 
The results of the tests and diagram of the arrangement of materials 
are shownin Table V and Figure 14. · 

The results of this ~nvestigation show that as the temperature of the 
vapor barrier is decreased, the permeability is gradually increased until 
a point between 45 F and 50 F is reached, where the permeability rises 
very rapidly until 32 F is reached, after which it decreases. It appears 



Table V. Vapor Permeability of :Vz-Inch Coated InsulatiDq Board Lath 

Teat Results for Positions Shown* 
Item Item 
No. A B c D E F 

Warm side air temperature, dry bulb, F ···············································-· ... ······-·· 70.0 70.1 70.2 70.0 70.1 70.0 

2 Warm side air temperature, dew point, F ......................................................... 44.8 44.8 44.2 44.2 44.5 44.6 

3 Warm side vapor pressure, in. Hg ·····-········································-····························· .2981 .2981 .2914 .2914 .2947 .2958 

4 Temperature of condensation panel, F .................................................................... -1.3 -5.8 -0.9 -2.2 -2.2 -0.6 

5 Vapor pressure at condensation panel, in. Hg ............................................. .0353 .0278 .0360 .0367 .0336 .0365 

6 Vapor pressure drop, in. Hg ··································································-······························· .2628 .2703 .2554 .2547 .2611 .2593 

7 Temperature of asphalt seal, F ......................................................................................... 63.5 48.7 43.3 39.1 31.9 17.8 

8 Transmission (V t), grains/sq ft/hr ·········································-········································· 0.24 0.42 1.20 2.35 2.53 1.99 

9 Permeability (Vr), grains/sq ft/hr/in. Hg ····························································-· 0.91 1.55 4.70 9.23 9.69 7.67 

10 Resistance (R1) ............................................................................................................................... ·-········ 1.10 0.65 0.21 0.11 0.10 0.13 

11 Resistance of four 1,4-in. sanded boards ··················································-·············· .0261 .0261 ············ .0261 .0261 .0261 

12 Resistance of five ¥.4-in. sanded boards .................................................................. ............ ............ .0328 

13 Resistance 0~2-in. fiberboard insulation ·········································-············ ... ·· .0143 .0143 .0143 .0143 .0143 .0143 

14 Resistance of V2-in. air space ····························································-····························· .. .0028 .0028 ............ .0028 .0028 .0028 

15 Resistance of 1,4-in. air space ............... ·······-······································································· ............ ············ .0014 

16 Total resistance (Items 11-15, inclusive) ..................................................................... .0432 .0432 .0485 .0432 .0432 .0432 

17 Net resistance (Rs) of asphalt coating·····························································-············ 1.0568 0.6068 0.1615 0.0668 0.0568 0.0868 

18 Vapor permeability (Vi) of coating, grains/sq ft/hr/in. Hg ·····-····· .9463 1.6480 6.1920 14.9701 17.6056 11.5207 

* See Figure 14. 
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that the first moderate increase is that caused by the hygroscopic action 
of the material and absorption of ~oisture from this action. The rapid 
rise appears to be caused by absorption of moisture by condensation. 
This rise continues until moisture begins to freeze, after which the 
transmission is decreased with further drop in temperature. A curve 
showing the effect of temperature on the permeability rate is shown in 
Figure 15. 

It should be noted that these results are for the moisture which 
actually passed through the barrier. It thus seems apparent that the 
fibers in contact with the vapor seal increase the rate of transmission 
through the seal. This explains why it is impossible to check transmis
sion results by test method and by calculating methods when there is a 
~hange in the state of the vapor. 

Barrier applied to uncoated insulating board sheathing 
As a second series of tests to determine the effect of temperature 

on the rate of vapor transmission through a barrier, samples of 25/32-
inch uncoated insulating board sheathing were used. To one surface of 
two of these samples, 30-30-30 duplex paper was applied with hot glue. 
Asphalt-saturated and surface-glazed vapor barrier paper was ce
mented to the surface of two of the samples with hot asphalt. These 
samples were then tested in the individual test panels without the in
sulating pad by the following method. Each sample was first tested 
with the barrier on the warm side and then reversed and tested with 
the barrier on the cold side. For the second series of samples, each was 
tested first with the barrier on the cold side and next with the barrier 
on the warm side. The results of these tests are shown in Table VI. 
The air on the warm side of the test apparatus was maintained at 70 F 
and 40 per cent relative humidity and on the cold side at -10 F. The 
temperature of the barrier on the warm side of the sample was approxi
mately 63.3 F and on the cold side it was 20.8 F. 

For the 30-30-30 duplex sealed sample, the rate of transmission 
through the vapor seal is higher with the seal on the warm side than 
on the cold side. For the asphalt-saturated and glazed paper, the rate 
was higher for one test; but the difference was so small that it did not 
show up in the second test. The difference in the figures for the two 
columns, total grains per square foot and absorbed moisture, represents 

, the actual amount transmitted through the barriers only. When the 
barrie_r was on the warm side, the initial moisture in the sample passed 
onto the condensing panel without passing through the barrier. When 
it was on the cold side, moisture passed into the test sample and con
densed, forming frost and ice within the sheathing board next to the 
barrier. This moisture did not reach the condensing panel. The trans
mission results in the next to the last column represent only that mois
ture which passed through the barrier and condensed on the aluminum 
panel. 
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Table VI. Effect of Temperature on Vapor Permeability of Barriers Applled to 25/32-Inch Uncoated Insulatinq Board Sheathinq 
(Air conditions: warm side, 70 F, 40 per cent HB; cold side, -10 F) 

Dura- Total Trans-
Sample Description Method of Position tion Grains/Sq Ft Absorbed mission Visual 

No. of Barrier Application of Barrier* of Test, Condensed Moisture§ Grains/ Inspection 
Days duringTestt Grains Sq Ft/24 Hrs after Test 

S-5-E-2 30-30-30 Hot glue Warm side 21 306.13 298.78 .35 No moisture or frost 
accumulation 

Cold side 11 21.29 20.30 .09 Frost between barrier 
and board 

S-5-E-1 30-30-30 Hot glue Cold side 11 20.68 19.58 .10 

Warm side 30 2490.09 2463.69 .88 

S-5-F-1 Asphalt saturated Hot asphalt Warm side 7 0.0 0.0 0.0 

and glazed Cold side 8 2.47 2.47 0.0 Frost between barrier 
and board 

S-5-F-2 Asphalt saturated Hot asphalt Cold side 7 0.0 0.0 0.0 
and glazed Warm side 42 969.78 966.0 .09 

*Surface temperature, warm side, 63.3 F; cold side, 20.8 F. 
t Total grains of frost accUm.ulated on condensing panel during entire test (surface temperature of condensing panel, -3.1 F). 
§ Total grains of moisture in board .prior to equilibrium transmission rate. 
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The significant facts brought out in these tests are that if the vapor 
barrier is below the dew point temperature of the vapor, moisture and 
frost may form back of the barrier. In this case frost accumulated when 
the barrier was on the cold side and the net transmission rate was 
less than it was with the barrier on the warm side. This might have 
been due to several causes. First, the formation of frost instead of free 
moisture might have reduced the rate, as shown in the test results of 
Table V. Second, when the vapor barrier was· on the cold side of the 
sample, the actual vapor pressure drop across the barrier was very 
much less than when it was on the warm side of the sample. Therefore, 
the transmission rate would be reduced because of the lower transmis
sion vapor pressure head across the sample. 

Effect of low temperatures on ¥2 -inch coated insulating board lath 
As a third arrangement to determine the effect of temperatures 

on the rate of transmission through a barrier, a sheet of "¥2-inch un
coated insulating board lath and a sheet of coated insulating board lath 
were separated by 1 ~-inch air space. The boards were so arranged that 
the uncoated lath was on the warm side of the test assembly and the 
coated lath on the cold side, coated surface out. In one case the air space 
between the two insulating laths was supplied with an insulating pad 
and in the other case it was left as an air space. The purpose of this 
arrangement was to bring the coated surface of the lath into a cold 
temperature area. The samples were tested in the individual vapor 
barrier test assembly. . 

Results of tests on these two samples, together with diagrams show
ing the arrangement of insulating lath for each sample, are given in 
Table VII and Figure 16. The rate of transmission as indicated by the 
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Figure 16. Test assembly used to locate the vapor barrier of coated 

insulating board lath in low-temperature zone 

1 
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collection of frost on the condensing panel was 1.29 grains for Sample 
1, with the insulating pad in place, as compared with 2.46 grains for 

. Sample 2, without the insulating pad in the air space. The tempera
ture of the barrier was -4 F for Sample 1 as compared with 20.2 F for 
Sample 2. An inspection of the sample after test showed that frost had 
accumulated on the warm side of the test specimen in Sample 1 and 
had extended i~to the insulating pad for approximately lf2 inch. For 
Sample 2 no visible frost was found; however, the moisture content of 
the coated board had increased to 51.3 per cent during the test; whereas 
for Sample 1 it had increased only to 23.0 per cent. 

Item 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Table VII. Effect of Temperature on Vapor PenneabWty of ¥z-Inch Coated 
Insulatinq Board Lath 

Item 
Warm side air temperature, dry bulb, Fahrenheit .................. .. 
Warm side, relative humidity, per cent ............................................... . 
Cold side air temperature, dry bulb, Fahrenheit ....................... . 
Temperature of test specimen, warm side, Fahrenheit ..... . 
Temperature of test specimen, cold side, Fahrenheit ........... . 
Temperature of condensinq surface, Fahrenheit ....................... . 
Duration of test, days .................................................................................................... .. 
Moisture in test specimen before test, per cent .......................... . 
Moisture in test specimen after test, per cent ................................ . 
Transmission, qrains/sq ft/hr ............................................................................. . 

Sample 1 

70 
40 

-9.9 
12.9 

-4.0 
-8.2 
38 

3.3 
23.0 

1.29 

Sample 2 

70 
39.8 

-10.4 
31.7 
20.0 

-0.8 
35 

5.0 
51.3 

2.46 

NOTE: An inspection of test samples after test showed that for Sample 1 frost had accumulated 
on warm side of test specimen and extended approximately l/2 inch into the insulatinq pad. No 
visible frost was detected in the insulatinq board. For Sample 2 there was visible frost on surface; 
however, the moisture increase in sample durinq test indicated that moisture had accumulated 
within the insulatinq board. 

It is probable that more moisture actually entered Sample 1 than 
Sample 2. However, there was less moisture passing through the coat
ing for Sample 1. The temperature of the warm side of the coating in 
Sample 1 was sufficiently low to cause condensation and accumulation 
of frost which would prevent the transfer of vapor and reduce the 

. actual vapor pressure drop across the sample below the drop ·across 
Sample 2. A further condition which increased the vapor transmission 
for Sample 2 is the amount of free moisture found in the sample. 
These tests have shown that when asphalt-coated insulating board 
becomes saturated with free moisture and the coating is located on the 
cold side of the board in a low temperature region the rate of vapor 
transmission is increased~ 

Effect of surface coatings on plaster 
As a fourth series of tests to determine the effect of temperature 

on the rate of vapor transmission through the barrier, two samples 
were constructed with ¥2-inch plaster on ¥2-inch uncoated insulating 
board lath. The surface of the plaster was coated with hot asphalt 
to form a vapor barrier. These samples were tested in the individual 
test panels without the insulating pad by the following method. 
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One sample was first tested with the asphalt on the warm side and 
then reversed and tested with the asphalt on the cold side. The 
second sample was first tested with the asphalt on the cold side and. 
then reversed and tested with it on the warm side. The results of these 
tests are given in Table VIII. For the first sample with the barrier on 
the warm side, the rate of transmission was .32 grains per square foot 
per hour and when reversed with the barrier o~ the cold side, it was 
1.88 grains per square foot per hour. At the end of the test, it was found 
that the ·plaster contained 11.3 per cent moisture and the insulating 
board lath contained 32.3 per cent total moisture. For the second 
sample, the first test with the barrier on the cold side gave a rate of 
1.84 grains, which was substantially equal that obtained by the first 
sample when tested with the barrier on the cold side. When this sample 
was reversed, however, and tested with the barrier on the warm side, 
the rate was 1.22 grains as compared with .32 grains for the first sample 
when first tested with the barrier on the warm side. These were the 
results after equilibrium conditions had been established and may be 
e~xplained by the fact that for the second sample the barrier had been 
subjected to low temperatures on the cold, side. This had caused fine 
hair cracks to develop in the barrier which destroyed its effectiven.ess. 
The moisture content of plaster and insulating board lath after the test 
was 4.59 per cent and 8.16 per cent, respectively. The values were lower 
than those obtained for Sample 1 as would be expected, since the last 
test on this sample had been with the barrier on the warm side. 

Table VID. Effect of Temperatur~ on Vapor Transmission throuqh Asphalt CoaUnq 
Applied to Plaster• 

(Air conditions: warm side, 70 F, 40 per cent HR; cold side, -10 F) 

·Item 

Temperature of asphalt coatinq, F ....................................... .. 
Temperature of uncoated insulatinq board lath, F 
Temperature of condensinq surface, F ............................. . 
Vapor transmission, qrains/sq ft/hr ...................................... . 
Per cent moisture in material, end of test: 

Plaster ........................................................................ : ......................... . 
Insulatinq board lath ........................................................ . 

• Test made without insulatinq pad. 

Test No.1 Test No.2 

Warm 
side 

58.0 
30.5 

-0.4 
.32 

Location of asphalt coatinq 

Cold Cold 
side side 
30.5 30.8 
58.0 58.3 

-1.2 -0.4 
1.88 1.84 

11.3 4.59 
32.8 8.16 

Warm 
side 

57.7 
25.3 

-1.2 
1.22 

NOTE: An inspection of samples after tests indicated that the exposure of asphalt coatinq to 
low temperatures resulted in hairline cracks in surface. When the asphalt coatinq was on the 
~~r~efJ:h~ature side of the sample, frost and moisture accumulated in the plaster and insulatinq 

An examination of both samples showed that. fine hair cracks from 
% inch to lf4 inch in length had developed and were noticeable when 
the sample was tested with the barrier on the cold side. These cracks 
did not appear when the sample was first tested with the barrier on 
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the warm side. An examination of the plaster for Sample 1 showed 
it to be wet and soft with a poor bond between plaster and plaster 
base. For Sample 2, in which the plaster had been dried out during 

. the second test, tpe plaster seemed to be of normal color and there 
was no noticeable effect on the bond except for one corner which 
was not thoroughly dried out. In each case after the plaster had been 
dried in the oven at 160 F, it became soft and disintegrated, indicating 
that it had been affected by the moisture and the low temperature to 
which it had been subjected when tested with the barrier on the cold 
side of the sample. 

VAPOR TRANSMISSION THROUGH WALLS 

Summary of resul:ts 
According to results for the various types of wall construction 

tested, interior finishes of vapor resistant qualities are advisable. A 
wall with a vapor transmission rate of 1.25 grains per square foot or 
more may be approaching the danger line for temperatures and hu
midities used in these tests. 

Under air con.ditions that promote condensation, vapor will pass 
readily through an unprotected wall. Such air conditions are high hu
midity inside and low temperature outside, a state likely to be present 
frequently in winter weather. An "unprotected" wall may be described 
as an ordinary frame wall finished on the outside with wood sheathing 
and siding and on the inside with a finish having no specific vapor 
resistant qualities. A photograph of a section of a typical unprotected 
wall is shown in Figure 17. Vapor present in the humid inside air leaks 
through the nonresistant interior finish to the spaces within the wall. 
If not vented to the outside at this point, the vapor builds up to a dew 
point temperature equal to the surface temperature of the sheathing, 
and condensation occurs. This condensation may be in the form of 

·excess moisture or frost, depending upon the temperature. Such con
densation may react in one of several ways, depending on other factors 
of construction and succeeding air conditions. It may be a contributory· 
cause of exterior paint failure if a certain combination o.f factors is 
present. 

By the proper arrangement of insulating board materials, it is pos
sible to obtain a wall in which the likelihood of condensation is re
mote. A typical arrangement of materials is shown in Figure 18, in 
which a 1/2-inch coated insulating board lath is used as a plaster base 
with plaster as a final interior finish. Uncoated insulating board sheath
ing and siding are used as the exterior finish. The ¥2-inch coated in
sulating board lath is shown with the coating placed next to the stud 
where it prevents excessive vapor from entering the walL 
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Figure 17. Frame wall with uncoated insulating 
board lath and wood sheathing I building paper I 

and lapped siding on outside surfaces 
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Figure 18. Frame wall with coated insulating 
board lath with insulating board sheathing and 

lapped aiding on outside surface 

41 
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Isotherm division 
Condensation within a given wall is dependent upon both the inside 

air conditions and the outside air temperature. As the outside air tem
peratures thruoghout the United States vary for different parts of the 
country, it is necessary to set a line of demarcation. At temp~ratures 
less than that of the line of demarcation of 35 F precautions should be 
taken against condensation under ordinary inside air conditions while 
at temperatures greater than 35 F such precautions are unnecessary. 
The experience of industry and various investigators indicates that the 
35 F isotherm line is a reasonable division. Figure 19 shows a weather 
bureau map of the United States with isotherm lines for normal J anu
ary temperature. These lines are based upon the mean temperature 
for a normal January as determined by the U.S. Department of Com-:-
merce Weather Bureau. . 

The division at 35 F should not be construed to indicate that con
densation is apt to occur within the wall if the outside temperature is 
35 F. In obtaining the mean temperatures above or below 35 F may be 
expected d:uring the month. The section above the 35 F line may be 
described generally as a northern zone and that below the line as a 
southern zone. Based upon the information available to date, it is advis
able in the northern zone to use vapor barriers which do not exceed a 
vapor permeability rate of 1.25 grains per square foot per hour per inch 
of mercury vapor pressure difference. These barriers should be incor
porated in the structure of the warm side of the wall and placed as 
close to the inside air as possible. The closer the barrier is to the inside 
air, the less possibility there is for vapor to form condensation by com
ing in contact with materials at temperatures below the dew point 
temperature of the vapor. 

In general, residential constructions in the southern zone are not 
apt to have trouble from condensation except under unusual condi
tions. Unreasonably high humidities on the interior part of the con
struction may be caused by excessive moisture from ordinary living 
conditions or from artificial appliances for humidification. Under these 
conditions, when the outside temperature drops, the excessive moisture 
may cause some difficulties. 

The 35 F isotherm line is recommended as a precautionary measure 
and may be modified or changed as additional information is obtained. 
However, it has been demonstrated that the need for barriers in the 
northern zone is an essential part of the construction in order to avoid 
excessive condensation within the wall. 

Highly permeable sheathing-Generally, walls are constructed with 
an interior finish of plaster and a plaster base, and an exterior finish of 
sheathing and some type of weatherproof exterior covering, which may 
be siding, brick, stucco or other similar material. Wood sheathing may 
be classified as a hygroscopic material-that is, it absorbs moisture 



Figure 19. Map of the United States with isotherm lines for normal January temperatures 
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in almost direct proportion to the relative humidity of the air, but it 
has a high resistance to the passage of vapor, and therefore a low 
permeability. · 

A sheathing of high permeability transmits vapor very readily. 
Such sheathing may be an uncoated insulating board sheathing, as 
shown in Table II and discussed under "Vapor Permeability and 
Physical Properties of Structural Insulating Board," page 17. 

If a highly permeable sheathing replaces wood sheathing where no 
vapor barrier is used with the interior fini~h, vapor will either condense 
on the inner surface of the sheathing or pass through, depending upon 
temperature conditions. Two actions are then possible: 

1. If the temperature of the sheathing is above the dew point temperature 
of the air, the vapor will pass through the sheathing and may condense 
on the inner surface of the siding, depending upon its temperature. 

2. If the temperature· of the sheathing is below the dew point temperature 
of the vapor, condensation may take place on the sheathing. Water will 
be formed if the temperature is above freezing and may be adsorbed by 
the sheathing and pass on out to the siding. Frost will be formed if the 
temperature is below freezing and may remain on the inner surface of 
the sheathing until the wall warms up. As moisture, it will then either 
penetrate the sheathing or drain off to the lower part of the wall. Pene
tration may result in moist siding, and drainage may result in wet in
terior construction such as the two by four plates. Moist siding may 
cause exterior paint failures or staining, whereas wet two by four plates 
and other similar members ·may cause deterioration of the basic frame 
structure. 

High permeable interior finish-With interior finish of high perme
ability, vapor will pass readily through to sheathing and may pene
trate to the siding, depending upon the permeability of the sheathing. 
Thus a protective, vapor resistant sheathing lessens the possibility of 
damage to the exterior finish from vapor which leaks through an un
protected interior finish; however, condensation may occur on the 
warm surface of the sheathing. 

Low permeable interior finish-With an acceptable coated insulat
ing board lath or some other type of barrier which is highly vapor re
sistant applied to the interior surface of insulated walls, the possibility 
of vapor reaching the inner part of the wall is greatly reduced. Even 
under severe temperature and humidity conditions, the possibility of 
condensation forming within the wall is reduced to a minimum, regard
less of the type of outside finish used. 

Test methods 
Tests on walls were conducted to determine the effect of interior 

and exterior finish on the vapor transmission through a wall and on 
condensation within a wall. Two groups of walls with the following 
construction were tested: 
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Group No. 
1 

2 

Interior Finish 
High vapor permeability 

Low vapor permeability 

Exterior Finish 
High vapor permeability 
Low vapor permeability 
High vapor permeability 
Low vapor permeability 
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In some cases, test results for a wall are included in more than one 
group for the purpose of comparison and correlation. One special wall, 
shielded with a wool blanket to simulate effect of bookcases or cup
boards was tested. 

Walls in the two groups were tested by the vapor box method as 
previously described with air on the warm side at 70 F and 40 per cent 
relative humidity, and air on the cold side at -10 F. Test procedures 
were those discussed under "Test Apparatus," page 11. 

Wall construction-Walls were constructed with different combina
tions of insulating materials and investigated to verify results obtained 
on these materials when investigated individually in the small test 
panels. The walls were four feet square witli two by four studs placed 
sixteen inches on center and with a single top and bottom two by four 
plate. On some walls 1f2-inch plaster was applied to 1/2-inch insulating 
board lath. In every case except as noted, the insulating board lath 
was applied with two horizontal shiplap joints across the wall. The 
plaster was applied in· two coats-scratch and finish, according to 
standard practice. The scratch coat consisted of one part of gypsum 
fiber plaster by weight and 21f2 parts of sand passing a No. 10 sieve. 
The finish coat consisted of 75 per cent hydrated finishing lime which 
had previously been set for a period of 48 hours, and 25 per cent gaging 
plaster added to the mixture at the time the walls were plastered. 
A drying period of at least four days was allowed between the appli
cation of the first and second coats and at least thirty days' drying 
time before a test was made. 

The outside construction in all cases consisted of the exterior ma
terial applied to the nailing strips fitted snugly into special grooves 
constructed in the outer surface of the studs as shown in Figure 21. 
The grooves in the studs were provided with special rubber seals to 
prevent any leakages from within the wall to the outside air and be
tween individual stud spaces. The assembled outside wall section was 
applied with screws and could be removed at any time for inspection. 

The exterior construction may be classified into two groups: 
1. 1" x 8" fir shiplap sheathing, building paper, and lh" x 6" pine lap siding. 
2. 25/32" insulating board sheathin~ applied in full sheets without joints, 

no building paper, and lh" x 6" pme lap siding. 

The building paper consisted of an asphalt-saturated rag· felt paper 
weighing 73 pounds per 500 square feet. In each case the siding was 

·painted with two coats of exterior paint consisting of one coat of 
primer and one coat of outside white paint. The composition of these 
paints are given on the following page. 
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Primer 
Per Cent 

Pigment by weight .................................... 64 
Vehicle by weight ....................................... 36 

Composition of pigment by 
weight 

*Ozlo lead zinc pigment ............ 30 
White lead carbonate .................. 36 
Titanium magnesium .................. 34 

Composition of vehicle by 
weight 
Linseed oil ............................................. 64 

~i~~~a~r~~frits .. :::::::::::::::::::::::::::::::::::: ~~ 
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Outside White Pain! 
Per Cent 

Pigment by weight ........ :..................... 65 
Vehicle by weight ................................. 35 

Composition of pigment by 
weight 

*Ozlo lead zinc pigment ......... 45 
*Basic sulfate white lead 16 
*Zinc oxide....................................... 29 

White lead carbonate............... 18 
Titanium dioxide ........................ 5 
Titanium magnesium ............... 32 

Composition of vehicle by 
weight 
Linseed oil .......................................... 89 
Japan drier ....................................... 11 

• Basic sulfate white lead, 12 per cent; zinc oxide, 18 per cent. 

Figure 20. Test wall, 4' x 4', in cold room viewed from cold side of wall 
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Test procedure-The walls were installed for tests in the four-foot 
square opening of the vapor-proof test cells with the interior finish 
on the warm side facing the tesf cell (Figure 20). All edges of the walls 
were carefully sealed with paraffin to prevent end losses and to provide 
a vapor-tight seal between the box and the edges of the wall, thereby 
allowing vapor to pass only through ·the wall section. The inside air 
conditions in all cases were maintained at 70 F and 40 per cent relative 
humidity with the outside air at -10 F. The tests were for a period of 
at least ten days or longer, depending upon the time required to attain 
equilibrium conditions. At regular intervals during the test, readings 
were recorded of the inside air and relative humidity, the outside air, 
interior wall temperatures, and the quantity of water required to 
maintain the proper inside humidity conditions. Preliminary inspec
tion of walls during the tests, a final inspection at the conclusion of 
the test, and other necessary final data were also obtained. Figures 21 
and 22 show how walls were constructed in order to facilitate inspec
tion. 

Figure 21. Test wall showing type of stud construction used to facilitate removal of 
outside section for inspection purposes during test 
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Figure 22. Interior and exterior views of test wall with part of 
siding boards removed from exterior surface 

Test results 
Group 1-Test results for walls having interior finishes of high 

vapor permeability and exterior finishes of different permeabilities are 
given in Group 1 of Table IX. Each of the four walls of this group 
(Walls 1, 2, 7 and 8) was designed to allow vapor to enter through its 
interior construction, and each has lf2" x 6" pine lap siding with two 
coats of paint as the final exterior finish. 

The variable element in the construction was the sheathing. In each 
case it was as follows: 

Walll: Fir sheathing. Under average conditions fairly vapor resistant. 
Wall 2: 25/32" uncoated insulating board sheathing (S-6). Under normal 

conditions the vapor would be expected to vent through this type of 
sheathing to the outside or condense on any exterior finish of low per
meability such as siding which might be poorly vented to the outside. 

Walls 7 and 8: 25/32" coated insulating board sheathing (R-1 and R-8, 
respectively). · 

Results of the investigation bore out the theory of the tests regard
ing the vapor permeability of different materials. For Wall 1 with fir 
sheathing, a rather heavy frost accumulated on the warm side of the 
sheathing with traces of frost on the warm side of the siding. 



Wall No. 

2 
7 

8 

3 

5 

4 
6 

12 
12N 
15 
17-I 
14 
13 
13A 
13B 
13N 
16 

Table IX. Vapor Trcmsmisslon throuqh Frame Walls of Different Interior and Exterior Construction• 
(Air conditions: warm side, 70 F, 40 per cent HB; cold side, -10 F) 

Exterior Construction 

Surface Temperature, F 

Cold side 
insulating 

lath 

Sheathing 

Warm side Cold side 

Transmission 
Grains/ 

SqFt/HB 

Group 1-Interior Finish, V2" Plaster on lf2" Uncoated Insulating Board Lath (P-5) 

1" fir sheathing ···-······························································--·····-·····........ ...... .. 30.0 15.0 2.10 

25/32" uncoated insulating sheathing (S-6) .............. . 
25/32" coated insulating sheathing (R-1) .................... . 

25/32" coated insulating sheathing (R•8) .................... . 

36.1 
38.4 

38.5 

10.2 
11.8 

12.2 

2.21 
1.25 

1.74 

Group 2a-Interior Finish, lf2" Plaster on lf2" Coated Insulating Board Lath (T-2) 
1" fir shiplap sheathing .................................................... ·-·-··- ......... 28.3 11.4 1.24 

25/32" uncoated insulating sheathing (S-6) .............. . 38.4 11.3 1.11 

Group 2b-Interior Finish, lf2" Plaster on lf2" Coated Insulating Board Lath (T-5) 
1" fir shiplap sheathing ................................................................. ......... 31.6 13.5 0.80 
25/32" uncoated insulating sheathing (S-6) ............... ......... 37.9 10.0 0.98 
25/32" uncoated insulating sheathing (S-9) .............. 46.3 32.5 ......... 1.41 
25/32" uncoated insulating sheathing (S-6) ............... 47.2 34.9 6.6 0.43 
25/32" uncoated insulating sheathing (S-9) .....•..•... 46.3 32.5 ......... 1.41 
25/32" uncoated insulating sheathing (S-5) ...•......... 44.3 32.1 8.4 1.17 
25/32" coated insulating sheathing (R-1) ..................... 45.9 35.0 ......... 0.72 
3J4" x 4" novelty siding .............................................................. __ 34.5 15.9 ......... 1.41 
IJ4" plywood only ................................................................................... 32;1 9.9 ......... 1.40 
double thickness red resin paper only ........................ 36.9 15.3 ......... 1.38 
3J4" x 4" novelty siding ................................................................... 34.6 14.6 ......... 0.87 
25/32" uncoated in.Ulating sheathing (S-5) ············- 47.5 34.2 8.2 1.43 

Remarks 

Frost on warm side of sheathing 
Frost on siding 

Frost on siding only 
Frost on . warm side of sheath

ing near lower part of wall 
only 

Frost on siding only 

Frost on warm side of sheath
ing at lower part of 'wall 

No frost 

No frost 
No frost 
Frost on siding only 
No frost 
Frost on siding 
Frost on siding 
Frost on sheathing only 
Frost on siding 
Frost on siding 
Frost between layers of paper 
No frost 
Froat on siding 

* All walls finished on the outside with lf2" x 6" pine lap siding unless otherwise noted. 
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The total vapor transmitted for Wall2 was slightly higher than for 
Wall 1 because of the higher permeability of the uncoated insulating 
board sheathing in Wall 2. The more highly permeable the sheathing, 
the greater the vapor pressure drop from the inside air to the line of 
condensation. This line occurs at the inside surface of the sheathing 
for WaHl and at the inside surface of the siding for Wall 2. A heavy 
frost collected on the warm surface of the siding next to the sheathing 
for Wall 2 with no frost accumulating on the inner surface of the 
sheathing or within the interior parts of the wall. 

For Walls 7 and 8, each with coated insulating board sheathing, 
the permeability was less than for Walls 1 and 2. Wall 7, with lower 
permeability sheathing than Wall 8, had the lower vapor transmission 
rate, but revealed an accumulation of frost on the warm side of the 
sheathing at the lower part of the wall. No frost had accumulated on 
the interior surface of the sheathing for WallS, but a trace of frost had 
appeared on the warm surface of the siding. 

These differences between the four walls that have identical in
terior construction but exterior construction with different vapor per
meabilities may be analyzed by referring to Figure 23. This figure 
represents actually three walls-all with an interior construction of 
high permeability, but each part with sheathing of a different permea
bility. 

The sheathing material in Part A of the diagram has high permea
bility. Vapor is transmitted in-this case from the inside air through 
the interior construction, the air space, and the sheathing of high per
meability at a greater rate than can be transmitted through the siding. 
The vapor condenses on the inside surface of the siding, which is the 
first point of high resistance, and consequently the condensation line. 

In Part B of the diagram, the sheathing has very low permeability. 
Vapor is transmitted from the inside air and through the wall at a 
greater rate than it can be transmitted through the sheathing, which in 

INSIDE 

T 

A SH£ATHING OF HIGH 
PERMEABILITY 

8 SHE;.fHING OF LOW 
PERMEABILITY i>ERIIIEABILITY 

Figure 23. Diagram representing vapor travel through walls having interior finish of 
high vapor permeability and exterior finish of different permeabilities 
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this case is highly resistant. As a result, conditions are such that con
densation forms on the inside surface of the sheathing. At temperatures 
lower than 32 F, frost is formed. The highly resistant nature of the 
sheathing results in the condensation line on the inside surface of the 
sheathing with no moisture passing through it to the inside surface of 
the siding.· 

In Part C of the diagram, the sheathing is semipermeable to vapor 
transmission, with vapor permeability rate somewhere between A and 
B. In this case, if vapor transmitted through the interior part of the 
wall is less than that which can be transmitted through the sheathing, 
no condensation wiil occur on the inside surface of the sheathing, but 
may occur on the inside surface of the siding. If conditions are such 
that vapor transmitted into the wall is greater than that which can be 
transmitted through the sheathing, the vapor may condense both on 
the inside surface of the sheathing and on the inside surface of the 
siding. All of the above cases are governed, however, by temperature 
and humidity conditions of inside and outside air. 

Group 2-Test results for walls having interior finishes of low 
vapor permeability and exterior finishes of variable permeability are 
given in Groups 2a and, 2b in Table IX. Walls in Group 2a are con
structed with insulating board lath T-2 and in Group 2b with insulating 
board lath T-5. Not all the T-5 latli was supplied on the same date, 
however; and results indicate that some of the later lath apparently 
had vapor permeabilities more nearly equal to T-2. Where this is 
probable, it has been noted in' the test results here discussed. 

Again the variable factor in the construction of each wall in the 
separate groups was the sheathing. In Group 2a, with insulating lath 
T-2 as interior finish, it was as follows: 

Wall 3: 1" x 8" fir shiplap sheathing. 
Wall 5: 25/32" uncoated insulating sheathing (S-6.) 

Wall3 had lightly higher transmission than Wall 5 and showed a trace 
of frost on the warm side of the sheathing at the lower part of the wall. 
Wall5 showed no frost within the wall or on the interior surface of the 
siding. Wall 5 probably had the lower vapor transmission of the two 
because of its higher sheathing surface temperature. The condensation 
line in this wall is at the inner surface of the siding so that the sheath
ing adds additional resistance. However, the difference in vapor trans-
mission between the two walls is small. · 

Before discussing Group 2b the mechanics of vapor diffusion or 
transmission through walls with materials of· different permeabilities 
for the interior and exterior finish may be explained by referring to 
Figure 24. 'This figure has been drawn to illustrate the five different 
combinations of material with interior and exterior finishes of different 
vapor permeabilities .. The temperature and vapor pressure of the air 
on the warm sid~ of the wall is assumed to be high~r than that of the 
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INSIDE AIR 

INTERIOR FINISH OF 
LOW PERMEABILITY 

INTERIOR FINISH OF 
HIGH PERMEABILITY 

A 

c 

SHEATHING OF INTERIOR FINISH OF 
VARIABLE PERMEABILITY SEMI· PERMEABILITY 

SHEATHING OF 
HIGH PERMEABILITY 

INTERIOR FINISH OF 
HIGH PERMEABILITY 

E 

IIIIT!RIOR FINISH OF 
HIGH PERMEABILITY 

SHEATHING OF 
LOW, PERMEABILITY 

B 

0 

VAPOR TRANSMISSION 

SHEATHING OF 
HIGH PERMOBII.ITT 

SHEATHING OF 
SEMI· PERMEABILITY 

OUTSIDE AIR 

Figure 24. Diagram showing tendency for vapor distribution through walls 
having interior and exterior finishes of variable vapor permeabilities 

air on the cold side. Referring to Part A of the figure, the interior finish 
consists of a material which meets the requirements of 1.25 grains per 
square foot per hour per square inch of mercury pressure difference 
for an acceptable vapor barrier. In this case, as shown, the vapor is 
retarded at the surface on the warm side of the wall which is above 
the dew point temperature of the air and minimizes the passage of 
vapor into the wall and exterior construction. Under these conditions. 
no condensation will occur within the interior parts of the wall regard-
less of the type of exterior finish used. -

Referring to Part B, a sheathing of high permeability is used with 
an interior finish not meeting the limiting value of 1.25 grains. This 
interior finish may be assumed to be reasonably resistant to vapor 
transmission but not sufficiently resistant to prevent a certain amount 
of vapor from entering the wall. 
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. As illustrated, part of the vapor will be stopped at the interior part 
of the wall and part will leak through into the air space and through 
the sheathing. In this case the vapor leakage is low enough so that it 
may be absorbed or vented out through the siding and sheathing 
without any evidence of condensation taking place on the interior 
surfaces of the sheathing and siding. At this point it may be said that a 
vapor barrier placed on the interior surface does not necessarily have 
to be 100 per cent effective as there is a certain amount of venting tak
ing place within the stud space through the sheathing and siding which 
is not absolutely tight. 

Part C is similar to Part B, except that a greater vapor leakage is 
occurring through the interior surfaces of Part C. This may be caused 
either by the vapor seal having a slightly higher vapor permeability 
or by vapor leakage into the interior section of the wall through the 
cracks or joints of the material. In the latter case, part of the vapor 
will be stopped at the surface, and part will pass through to the interior 
parts of the wall at a rate which is greater than that which can be 
taken care of by ventilation. However, the sheathing having a high 
permeability will allow a certain quantity of vapor to pass through 
to the inside surface of the siding .and condense. As a result, the con
densation line is established between the sheathing and the siding on 
the inside surface of the siding. Moisture or frost· will accumulate, 
depending upon the temperature. The quantity of frost which collects 
is dependent upon the temperature and humidity conditions of the 
air, together with the length of tim~ this condition exists. · 

In Part D the interior construction has a high vapor permeability 
similar to Part C with a sheathing semipermeable to vapor. In this 
case the vapor leakage into the wall is greater than that which can be 
transmitted through the sheathing so that a part may condense at the 
inside surface of the sheathing and part on the inside surface of the 
siding. The sheathing in ,this case may be semipermeable and classified 
somewhere between the uncoated and the coated sheathing. If vapor 
leakage continues for some time, moisture or frost may condense both 
on the inside surface of the siding and on the inside surface of the 
sheathing, depending upon the temperature and humidity of the air. 

PartE consists of interior finish similar to that in Part D, through 
which vapor may be transmitted to the interior part of the wall. The 
sheathing in this case has a lower permeability to vapor transmission 
than that in Part D and, therefore, does not permit vapor to pass 
through to the siding. The vapor is then stopped at the interior surface 
of the sheathing and will condense as moisture or frost depending upon 
temperature conditions. 

The above discussion may be brifiy summarized as follows: 
Part A: The vapor seal on the inside surface meets the specific re

quirements of 1.25 grains per square foot per hour per inch of mercury 
vapor pressure difference, and no trouble may be expected with a wall 



54 VAPOR TRANSMISSION 

of standard construction regardless of the exterior finish construction 
used. 

Part B: Some vapor may leak into the wall but may not be suffi
cient to cause any trouble as it may be vented through the sheathing 
and siding. 

Part C: Vapor may leak into the wall through the more highly 
permeable interior construction at a greater rate than in B. It is then 
transmitted through the high vapor permeability sheathing and con
densed on the inside surface of the siding. In this case vapor trans
mitted into the wall is greater than vapor which can be vented through 
the siding, but less than that which will be transmitted through the 
sheathing. 

Part D: Similar to Part C, except that the sheathing has a vapor 
permeability lower than that in Part C. The vapor will condense partly 
on the interior surface of the siding and partly on the interior surface 
of the sheathing. In this case the vapor transmitted into the wall is 
greater than that which can be vented out through the siding and also 
greater than that which can be vented through the sheathing. 

PartE: Similar to Part D, except that a sheathing of very low per
meability is used which does not permit vapor to pass through to the 
siding. In this case frost may accumulate on the interior surface of the 
sheathing with none condensing on t~e inside surface of the siding. 

In Group 2b with coated insulating board lath T-5 as the interior 
finish, only two of the walls were constructed with material of the 
original lot of T -5. These are Walls 4 and 6. Walls 12-N and 13-N were 
constructed with insulating lath received at a later date but having 
permeabilities similar to the original lot. Other walls in this group were 
constructed with T-5 lath received later and with higher vapor per
meabilities than those previously received. In the results given below, 
a comparison of the different kinds of wall construction and their vapor 
resistant qualities are shown. 

Low transmission rates and absence of frost were found for Walls 
4., 6, and 12-N. Wall4, with one-inch fir shiplap sheathing, had a rate of 
.80. Walls 6 f}nd 12-N, both constructed with uncoated insulating sheath
ing (S-6), had rates of 0.98 and 0.43, respectively. This difference may be 
due to the variation in the joints of the insulating lath. 

Comparing the fir sheathing of Wall4 with low permeability coated 
sheathing of Wall 14, results indicated that substantially more vapor 
was vented out of Wall 4 through the cracks between the individual 
wood sheathing boards. No frost in Wall4 contrasted with fairly heavy 
frost on the warm surface of Wall14 coated sheathing. 

For the different types of uncoated insulating board sheathing used, 
transmission rates varied from 0.98 for Wall 6 to 1.41 for Walls 12 and 
15. Both the latter walls used 25/32-inch uncoated insulating board 
sheathing (S-9), and in both cases frost had accumulated on the warm 
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surface of the siding. Wall 17-1 used 25/32-inch uncoated insulating 
sheathing (S-5), which resulted in a rate of 1.17 and is slightly less than 
that for Walls 12 and 15. 

Novelty siding on Wall,13 and plywood on Wall13-A gave rates of 
1.41 and 1.40, respectively-the same as for Walls 12 and 15 with plain 
insulating board sheathing. However, the frost accumulation on the 
siding, was greater for Walls 13 and 13-A, indicating that there was 
less resistance to the transmission of vapor when the high permea
bility sheathing is omitted. Wall 13-N, however, with construction 
identical to that of Wall13, except for the use of the low permeability 
lath T-5, had lower vapor transmission rate of 0.87 as ~ompared with 
1.41 for Wall 13. Wall 13-B, with a double thickness of red rosin paper 
on the outside, had a vapor transmission of 1.38 with heavy frost ac
cumulating between the two layers of paper. 

The effect of the application of plaster tb the interior finish can be 
seen from a comparison of results for Walls 16 and 17-1. These two walls 
were of similar construction, except that no plaster was applied to 
Wall16. It had a vapor transmission of 1.43 and Wall17 ... I of 1.17. The 
unplastered wall also showed rather heavy frost on the siding, and the 
plastered showed only a trace. 

Special wall-A single wall was tested with its interior surface 
shielded to simulate conditions for an exterior wall fronted by a book
case or cupboard. Wall6 was used with a blanket placed over the entire 
wall surface. The blanket was spaced 11h inches from the interior 
surface o~ the wall over a wooden frame to prevent air circulation 
between the blanket and the surface of the wall. Inside relative hu
midity was raised to 45 per cent for this test in order to make test 
conditions slightly more severe than normal. 

· Test conditions were as follows: 
Inside air ........................................................................................................................... · 70.4 F, 45% HB 
Outside air ........................................................................................................................ -9.7 F 
Inside surface temperature of plaster ................................................ 50.6 F 
Surface temperature of insulating lath on cold side ...... 38.6 F 
Surface temperature of sheathing on warm side ............ 27.9 F 
Surface temperature of sheathing on cold side........................ 1.1 F 
Transmisson rate, grains/sq ft/hr ...................................................... 1.54 

The transmission rate for this same wall without the blanket and at 
40 per cent relative humidity was 0.98 as compared to 1.54 for this test. 
No frost or moisture appeared within any part of the wall·under either 
set of conditions. The higher transmission rate in the shielded wall 
may have been partially caused by the higher relative humidity and 
partially by a slight amount of condensation occurring on the surface 
of the plaster. This condensation has been included in the amount of 
water used to hold the relative humidity within the test box and, 
therefore, added to the vapor permeability figure for the wall. As will 
be noted from the test data, the inside surface temperature of the 
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plaster at the center of the wall was 50.6 F, whereas the dew point 
temperatures of the warm air was 48.5 F. However, the upper and 
lower surfaces of the wall as well as the edges are somewhat lower 
in temperature because of a greater heat loss at the outer edges of the 
test panel. For this reason surface condensation was noted in these 
sections. 

Discussion of results 
A transmission rate of 1.25 for the interior finish walls is indicated 

by a study of the results as the critical point for operating conditions. 
Three walls with rates of 1.00 or below (Walls 4, 6, and 13-N) showed no 
frost accumulation at all. However, Wall 14 with a rate of only 0.72 
showed fairly heavy frost on the warm surface of the sheathing, which 
was a coated material of low permeability. The rate is, therefore, not 
an absolute guide to absence of frost, and other factors must be taken 
into consideration. 

For the temperature and humidities used in these tests, transmis
sion rates of 1.25 or above for walls seem to be approaching the danger 
line for maximum safe operating conditions. This is shown by compari
son of Walls 16 and 17-I. Wall 16, with a transmission rate of 1.43, 
showed heavy frost on the siding, whereas Wall 17-I, with a rate of 
1.17, showed only a trace. 

INTERIOR PAINT AS A VAPOR SEAL 

Summary of results 
Paint as a barrier-In new structures, vapor barriers should be part 

of the interior construction of a wall. In the form of a specially treated 
paper or other form of seal, they are applied with the insulation at 
time of construction. Where construction has been completed without 
including a vapor barrier in the wall, paint as an interior finish may 
serve the purpose of a barrier. Even in new construction where interior 
painting is preferred, the proper paints should be selected to supple
ment the action of the barrier within the wall. 

Some paints investigated in this series of experiments were found 
to be effective as moisture barriers. On interior wall surfaces they act 
as a seal against vapor and perceptibly decrease permeability. Trouble 
with wall areas showing damp blotches can be largely avoided through 
use of the proper combination of materials and good construction for 
the wall, plus an effective vapor-proof paint applied as an interior 
finish to the wall. 

Varnish effective seal-The University of Minnesota Engineering 
Experiment Station tests showed that varnish provides an effective 
seal on interior finishes and that paints with a good varnish vehicle 
are the best seals among the primers and finish types of paint. Water 
emulsion paints showed poor results as vapor barriers. Both flat and 
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glossy paints gave good results. Second coats were foq.nd to be worth
while in reducing the amount of moisture entering the wall. 

Types of coaliDS{S 
The aim in t}lese tests was to determine the effectiveness of paints 

in general as _yapor barriers when applied to interior wall surfaces. 
No attempt was made to select a sample of every different type of paint 
manufactu,red, and -it is probable that there are untested paints which 
would be better vapor barriers than the tested paints. Emphasis, there
fore, in the results is on the vapor permeability of those paints selected 
when applied to interior insulating board in the various combinations J 

tested. Other properties of the paints are only considered insofar as 
they may affect the rate of transmission. Coverage comes under this 
category. 

Composition~Paints selected were representative of different types 
of paint commonly used on interior walls. These paints are listed in 
Table XIV, and the symbols applied in that table are used throughout 
the bulletin. The composition of paints as it is shown in this table
first by weight of pigment and vehicle and then by per cent of each in
gredient in the pigment and vehicle-is found on the hibel on standard 
brands of paint. Most states have laws requiring this i:J;lformation to 
appear on the label, and in states without such laws manufacturers 
often include this information so that their paints may be sold iri other 
states. The consumer may thus purchase paints having similar com
positions to those listed and expect results similar to those shown in 
the tests. 

War has had some effect on paint composition, and ingredients 
may have changed slightly in some cases. The tests at the University 
.of Minnesota Engineering Experiment Station, however, were con
ducted using the original composition of paints as shown, and results 
cannot be interpreted at any time to apply to substitutes. While war
time substituted ingredients may be found desirable and replace per
manently the original raw materials, it is likely that many paints will 
revert to their original composition when raw materials are again 
available. This would be only natural, since the original selection is 
usually made after much research and experimentation to find the 
material giving the best results for the purpose of the paint. 

Paints studied may be classified. generally in three groups: (1) 
primers and sealers, (2) emulsion, and (3) finish. In addition to paints, 
other finish coverings were tested, and results are given for these in 
the next section, "Interior Wall Coverings As Vapor Seals." 

Test methods and results 
Paint was tested first on panels and then on walls. In the panel 

tests paint was applied to different. types of 1/2-inch interior insulating 
board which had previously been tested for vapor permeability (V1), 
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and ¥2-jnch plaster over .¥2-inch insulating board lath. In the wall tests 
paint was applied to different combinations of construc:tion, all of 
which included insulating board. Details of construction for individual 
walls are given later in this section. Combinations for both panel and 
wall tests were selected as representative of likely actual construction. 
Symbols designating various boards used in panel tests are listed on 
page 22 and are used throughout the bulletin. Comparison is made in 
every instance between painted and unpainted combinations. 

For the panel tests, all samples were tested in the special test appa
ratus with the insulating pad in place. In the first series of tests, two 
typical ¥2-inch interior finish insulating boards, F-5 and F-9, with 
permeability rates of 67.57 and 89.29, respectively, when unpainted, 
were selected as the base for application. As a natural corollary 
to the experiment, coverage in square feet per gallon and general 
characteristics of application were noted for each type of finish. A 
representative number of primers, sealers, and finish coat paints was 
used, and results are shown in Table X. Rates are give.n for one and 
two coats of each primer and sealer; for emulsion paints, except B ... 20, 
B-21, and B-23 emulsion paints which had a very high rate ·of vapor 
permeability; and for various combinations of primers and finish 
paints. In some instances single applications of a finish paint were 
rated. Capital letters following coverage figures are decoded below the 
table. 

In the second series of panel tests, a typical primer (A-21) and 
finish coat (C-20) were selected from the group listed in Table X, and 
together with a typical varnish (A-27), they were applied in various 
combinations to all interior finish boards submitted. Vapor permea
bility rates are given for both first and second coats in Table XI and 
coverage is again noted. 

In the third series of panel tests, four different primers and sealers 
and the A-27 varnish were used in combination with finish paint C-20 
on the plastered samples. In these, %-inch plaster was applied to a 
typical ¥2-inch uncoated insulating board lath, the plastered surface 
was painted, and the panels tested in the special test apparatus with 
the insulating pad in place. Permeability rates are given for these com
binations in Table XII but coverage was not noted for the plastered sur
faces. This coverage is generally known by paint manufacturers. 

The tests for vapor transmission rates of painted interior wall sur
faces may be divided into groups as shown in Table .XIII. Overall 
transmission rates are shown for the combination of wall and paint and 
may be compared with the rates for the same unpainted walls given 
in Table IX. Accumulation or absence of frost, as well as the effect of 
joints, were noted. 

Walls 1-A and 2 ... A were constructed with ¥2-inch plaster applied 
to ¥2-inch insulating board lath covered on the interior surface with 
a coat of sealer (A-20) and finished on the outside surface with 1" x 8" 



Table X. Vapor Transmission throuqh Painted and Unpainted ¥2-lnch Interior Finish lnsulatinq Board 
(Air conditions: warm side, 70 F, 40 per cent HR; cold side, -10 F) 

Sample 
Number, Type, and Coverage of Paint 

Vapor Permeability.l: Transmissiont 
No. First coat Second coat Grains/Sq Ft/HR Grains/Sq Ft/HR/in. Hg 

No. Type C.lverage* No. Type Coverage* Painted Unpainted Painted Unpainted 

Group 1: Primers and Sealers 

X-5- 1 A-20 Sealer 961.5-C ............ None .. ................ 0.33 5.67 1.35 67.57 

X-9- 1 A-20 Sealer 724.6-A ......... _, .. None . ................. 0.57 5.99 2.40 89.29 

X-9- 2 A-20 Sealer .................. A-20 Sealer 892.9-A 0.41 5.99 1.67 89.29 

X-5-2 A-21 Primer 447.4-B ............ None . ................. 0.36 5.67 1.46 67.57 

X-9-12 A-21 Primer 724.4-A -····-··· None ···-·-·-··· 0.35 5.99 1.42 89.29 

X-9- 3 A-21 Primer ·······--······· A-21 Primer 712.3-A 0.31 5.99 1.25 89.29 
-

X-5-13 A-22 Primer 721.2-D. . ........... None . ................. 0.28 5.67 1.14 67.57 

X-5-14 A-22 Primer ················- A-22 Primer 618.1-D 0.26 5.67 1.05 67.57 

X-5-15 A-23 Primer 634.4-E ............ None ·················· 0.57 5.67 2.40 67.57 

X-5~16 A-23 Primer ········-········ A-23 Primer 931.1-E 0.51 5.67 2.13 67.57 

X-5-17 A-24 Primer 438.4-B ··········•· None .................. 0.49 5.67 2.04 67.57 

X-5-18 A-24 Primer .................. A-24 Primer 900.0-C 0.26 5.67 1.05 67.57 

X-5-19 A-25 Sealer 377.9-B ............ None ·········-······· 0.48 5.67 2.00 67.57 

X-5-20 A-25 Sealer .................. A-25 Sealer 935.9-C 0.23 5.67 0.92 67.57 

X-5-23 A-26 Sealer 925.0-A ..........•. None ················- 0.37 5.67 1.50 67.57 

X-5-24 A-26 Sealer .................. A-26 Sealer 973.7-A 0.30 5.67 1.21 67.57 

X-5-25 A-28 Sealer 280.2-A ··-·····- ·········--··········· ·············-··· 0.40 5.67 1.63 67.57 

X-5-26 A-28 Sealer ·········-·-···· A-28 Sealer 588.8-A 0.21 5.67 0.85 67.57 



Table X. Vapor Transmission through Painted and Unpainted ¥2-lnch Interior Finish Insulating Board-Continued 
(Air conditions: warm side, 70 F. 40 per cent HR; cold side, -10 F) 

Number. Type. and Coverage of Paint 
Sample 

No. First coat Second coat 

No. Ty-pe Coverage* No. Type Coverage* 

Group 2: Emulsion Paints 
X-5-8 B-20 Emulsion ·················· B-20 Emulsion ·················· 
X-9- 5 B-20 Emulsion ·················· B-20 Emulsion .................. 
X-5-9 B-21 Emulsion ·················· B-21 Emulsion ·················· 
X-9- 6 B-21 Emulsion ···········-····· B-21 Emulsion ·················· 
X-5-21 B-23 Special ·················· B-23 Special .................. 
X-5-27 A-29 Water emulsion 514.8-A ············ ························ ·················· 
X-5-28 A-29 Water emulsion ·················· A-29 Water emulsion 675.6-B 
X-9-15 A-29 Water emulsion 433.9-A ············ ---·······-····· .................. 
X-9-16 A-29 Water emulsion ·················· A-29 Water emulsion 529.9-B 

Group 3: First Coaters and Finish Paints 

X-9-11 A-21 Primer 708.3-A C-21 Soft gloss 
X-9- 9 A-20 Sealer 800.0-A C-21 Soft gloss 
X-9- 8 A-20 Sealer .. ,. ...... C-20 Flat 
X-9- 4 A-21 Primer 791.9-A C-20 Flat 
X-5-11 C-20 Flat 613.9-B ············ None 
X-9- 7 B-22 Flat .................. ············ None 
X-9-10 B-22 Flat .................. B-22 Flat 
X-5-10 B-22 Flat .................. B-22 Flat 
X-9-14 B-21 Emulsion 541.4-A C-20 Flat 
X-9-13 B-21 Emulsion 556.3-A C-21 Soft gloss 
X-5-22 B-24 Soft gloss 469.6-E B-24 Soft gloss 

* Coverage in square feet/ gallon. 
t Tests made with special test panels with the insulating pad in place. 
:f: Corrected for insulating pad. 
Code: A-Easily applied and not quickly absorbed. resulting in uniform finish. 

B-Difficult to apply, quickly absorbed, quick drying. 
C-Easily applied, quickly absorbed, quick drying. 
D-Heavy and difficult to apply. 
E--Heavy and difficult to apply, very rapid drying. 

1016.9-A 
1120.3-A 

················· 
946.9-D 
.................. 
. ................. 
. ................. 
. ............... 

478.8-D 
548.5-A 
862.0-D 

Transmissiont Vapor Permeability:l: 
Grains/Sq Ft!HR Grains/Sq Ft/HR/in. Hg 

Painted Unpainted Painted Unpainted 

4.98 5.67 49.3 67.57 
5.99 5.99 85.6 89.29 
3.98 5.67 30.1 67.57 
5.84 5.99 78.2 89.29 
4.86 5.67 42.6 67.57 
5.15 5.67 35.0 67.57 
4.44 5.67 37.7 67.57 
4.58 5.99 40.7 89.29 
4.30 5.99 35.3 89.29 

0.21 5.99 0.85 89.29 
0.24 5.99 0.97 89.29 
0.39 5.99 1.61 89.29 
0.26 5.99 1.05 89.29 
1.20 5.67 5.52 67.57 
2.15 5.99 10.50 89.29 
1.12 5.99 5.09 89.29 
0.70 5.67 3.00 67.57 
1.04 5.99 4.68 89.29 
0.43 5.99 1.78 89.29 
0.40 5.67 1.65 67.57 



Table XI. Vapor Transmission throuqh Different Types of ¥z·Inch Interior Finish Insulatinq Board. Painted and Unpainted 
(Air conditions: warm side, 70 F, 40 per cent HR; cold side, -10 F) 

Number and Coveraqe of Paint Vapor Transmission, Grains/Sq Ft/Hrt Vapor Permeability, Grains/Sq Ft/ln. Hq:l: 

Board First coat Second coat Painted Painted 
No. Unpainted Unpainted 

No.§ Coveraqe* No. Coveraqe* First coat Second coat First coat Second coat 

F-1 A-21 435.9-B C-20 576.2-A 0.64 0.42 5.93 2.72 1.74 80.0 
F-1 A-27 285.9-C A-27 522.6-C 4.35 3.42 5.93 36.49 23.04 80.0 
F-2 A-21 438.0-B C-20 639.8-A 0.41 0.23 4.97 1.69 0.93 48.55 
F-2 A-27 376.7-AC A-27 714.2-A 2.12 0.95 4.97 11.23 4.22 48.55 
F-4 A-21 414.6-B C-20 633.9-A 0.52 0.37 5.25 2.18 1.52 59.89 
F-4 A-27 255.7-C A-27 348.4-C 4.38 2.67 5.25 36.90 15.55 59.89 
F-5 A-21 539.1-B C-20 670.6-A 0.35 0.30 5.67 1.43 1.12 67.57 
F-5 A-27 379.3-C A-27 579.4-A 3.20 0.51 5.67 20.62 2.13 67.57 
F-6 A-21 638.8-A C-20 586.3~A 0.46 0.31 5.70 1.91 1.26 78.74 
F-6 A-27 432.2-A A-27 680.3-A 0.80 0.42 5.70 3.48 1.74 78.74 
F-7 A-21 777.4-A C-20 601.4-A 0.30 0.25 5.05 1.22 1.01 49.26 
F-7 A-27 541.2-A A-27 739.0-A 0.48 0.25 5.05 2.00 1.01 49.26 
F-8 A-21 518.3-C C-20 882.6-A 0.37 0.21 5.74 1.52 0.84 73.53 
F-8 A-27 407.1-AC A-27 471.0-A 0.41 0.20 5.74 1.69 0.80 73.53 
F-9 A-21 565.4-C C-20 711.8-A 0.66 0.42 5.99 2.82 1.74 89.29 
F-9 A-27 333.8-C A-27 529.2-A 3.26 0.91 5.99 21.23 4.02 89.29 
F-10 A-21 328.4-B C-20 861.1-A 0.36 0.27 5.75 1.06 1.10 73.53 
F-10 A-27 320.4-AC A-27 382.7-A 0.80 0.30 5.75 3.48 1.22 73.53 

* Coveraqe in square feet per qallon. 
t Tests made with special test panel with the insulation pad in place. 
:j: <;orrected for insulatinq pad. 
§Paint A-21 =primer; Paint C-20 =flat interior; .Paint A-27 =varnish. 
Code: A-Easily applied, not quickly absorbed, resultinq in uniform finish. 

B-Difficult to apply, quickly absorbed, and quick dryinq. 
C-Eaaily applied, quickly absorbed, and quick dryinq. 



Sample 

Table XII. Vapor Transmission through Painted and Unpainted ¥z-Inch Plaster on ¥z-Inch Insulating Board Lath 
(Air conditions: warm side, 70F, 40 per cent HR; cold side, -10 F) 

Number and Type of Paint 
Vapor Transmission, 

Grains/Sq Ft/Hr* 
Vapor Permeability, 

Grains/Sq Ft/Hr/In. Hgt 

First coat Second coat Painted Painted 
No. Unpainted Unpainted 

No. Type No. Type First Coat Second coat First coat Second coat 

X-P-3 A-20 Sealer C-20 Flat 
X-P-5 A-27 Varnish C-20 Flat 
X-P-6 A-23 Primer C-20 Flat 
X-P-7 A-24 Primer C-20 Flat 
X-P-9 A-25 Sealer C-20 Flat 
X-P-10 A-26 Sealer C-20 Flat 

* Tests made with special test panels with insulating pad in place. 
t Corrected for insulating pad. 

0.60 0.39 2.65 2.42 
0.68 0.53 2.65 2.81 
0.85 0.57 2.65 3.72 
1.19 0.59 2.65 5.47 
1.03 0.70 2.65 4.62 
0.80 0.39 2.65 3.47 

Table XIII. Vapor Transmission through DiHerent Types of Frame Walls with Interior Surfaces Painted 
(Air conditions: warm side, 70 F, 40 per cent HR; cold side, -10 F) 

Surface Temperature 

1.61 
2.22 
2.40 
2.49 
3.01 
1.61 

15.38 
15.38 
15.38 
15.38 
15.38 
15.38 

Wall No. Exterior Construction* Cold side 
insulating 

lath 

Sheathing Transmission, 
Grains/Sq Ft/Hr 

Remarks 

Warm side Cold side 

Group 1: Interior finish, 1 coat sealer (A-20) on '12-inch plaster applied to '12-inch uncoated insulating board lath (P-5) With 2 horizontal joints 
lA 1" fir shiplap sheathing ......... 26.8 10.8 0.14 No frost 
2A 25/32" uncoated insulating sheathing, (S-6) ......... 37.8 11.6 0.11 No frost 

Group 2: Interior finish. 1 coat primer (A-22) on '12-inch interior insulating board (F-9) with no joints 
9 1" fir shiplap sheathing ......... 29.7 

11 25/32" uncoated insulating sheathing, (S-5) ......... 38.5 
10 25/32" coated insulating sheathing, (R-1) ......... 35.3 

14.7 
14.9 
9.7 

Group 3: Interior finish, 1 coat primer (A-22) on '12-inch interior insulating board (F-9) with 2 horizontal butt joints 
19 25/32" uncoated insulating sheathing, (S-5) 48.3 35.3 11.4 

0.35 
0.39 
0.48 

0.89 

No frost 
No frost 
No frost 

Frost on siding 

Group 4: Interior finish, 1 coat primer (A-22) on '12-inch interior insulating board (F-9) with 2 horizontal butt joints and 4 ft of vertical butt joints over studs 
20 25/32" uncoated insulating sheathing, (S-5) 47.5 34.3 8.0 1.15 Frost on siding 

Group 5: Interior finish, 1 coat primer (A-22) and 1 coat interior paint (C-20) applied to interior insulating board (F-9) with no joints 
lOA 25/32" coated insulating sheathing, (R-1) ......... 35.1 8.8 0.27 No frost 

* All walls have '12" x 6" pine lap siding covered with two coats of paint as the outside finish. 
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shiplap sheathing and 25/32-inch uncoated insulating board sheathing 
and siding, respectively. 

A second group of walls was constructed with %-inch interior finish 
insulating board applied without joints and with one coat of primer 
(A-22) applied to the interior surface of the board. The exterior sur
faces for Walls 9, 10, and 11, were fir sheathing, plain insulating board 
sheathing, and coated insulating board sheathing, respectively, with 
pine lap siding as the outside finish for each wall. 

Wall19, a third type of construction, had %-inch interior insulating 
board covered with a primer (A-22), with two horizontal butt joints in 
the interior insulating board. The exterior finish consisted of 25/32-inch 
uncoated insulating board sheathing and siding. . 

In the fourth group of walls, four feet of staggered vertical butt 
joints were added to the two center studs in Wall19. 

Wall 10-A in the fifth division had the same construction as Wall 
10, except a coat of finish paint .had been added over the primer (A-22). 

Discussion of results 
The application ef paint to interior wall surfaces in general bore out 

the results indicated by application on panels: paint (with the excep
tion of emulsion paints) provides a reasonably good barrier on interior 
wall surfaces. Of the coatings investigated, varnish (A-27) gave excel
lent results with a vapor transmittance rate of only .80 grainsjsq ft/ 
hrjin. Hg vapor pressure for two coats (see Table XI).1 

As an arbitrary selection, and based on previous studies on vapor, a 
permeability rate of 1.50 grainsjsq ftjh:r;-jin. Hg was taken as the divid
ing line between paints which are effective as vapor seals and those 
which are not. However, paints having values slightly above 1.50 
should probably not be dismissed from consideration. 

An analysis of Table X, which gives the results for the first series 
of panel tests in which a variety of paints was tested shows that anum
ber of paints and paint combinations met the above standard. In order 
of effectiveness, primers and sealers from this group are listed below: 

Paint No. 
A-28 
A-25· 
A-24 
A-22 
A-26 
A-21 

A-20 

Board No. 
F-5 
F-5 
F-5 
F-5 
F-5 
F-5 
F-9 · 
F-5 
F-9 

Vapor Permeability 
One coat Two coats 

1.63 0.85 
2.00 0.92 
2.04 1.05 
1.14 1.05 
1.50 1.21 
1.46 
1.42 1.25 
1.35 
2.40 . 1.67 

Difference in coverage for the same paint on different insulating 
boards pointed to another variable factor~ Referring to Table XI, it 
will be noted that for boards F-2, F-6, and F-.7, coverage increased for 

1 These results should be compared with results for miscellaneous wall coverings. 
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the second coat and permeability decreased. For boards F-8, F-9, and 
F-10, coverage for the second coat of varnish was not particularly good, 
but the permeability was reduced, giving good barriers for F-8 and 
F-10. 

Where paint was applied to interior insulating board in the wall 
tests, the vapor transmission proved to be slightly higher than for walls 
covered with plaster but still low enough to be entirely satisfactory 
for practical purposes. These results will, of course, apply only to the 
combinations tested, but paints having similar composition may be 
expected to give similar results. 

Paint on plastered surfaces-Certain paints provided a good vapor 
barrier on plastered surfaces,· both for panels and for walls tested as 
shown in Tables XII and XIII. For all combinations of paint tested on 
plaster-covered panels, the lowest rate of permeability was 2.42 for the 
first coat of sealer, A-20. Lowest rate where two coats were applied 
was 1.61 for sealer A-20 and sealer A-26. This rate is probably close 
enough to the standard of 1.50 to be considered acceptable. The second 
coat of paint lowered the rate considerably, the reduction ranging from 
.59 for A-27 to 2.98 for A-24. These reductions indicate that a third coat 
would probably bring the permeability rate down sufficiently in most 
cases to meet the standard. On plaster-covered walls the paint lowered 
the vapor transmission perceptibly and eliminated frost accumulation 
within the walls, as shown in the results for Wall 1-A and Wall 2-A 
given in Table XIII. Wall 1-A was constructed with %-inch plaster 
applied to 1/2-inch insulating board lath covered on the interior surface 
with a coat of sealer (A-20) and finished on the outside surface with 
lfs-inch fir shiplap sheathing and siding. Wall 2-A was constructed 
identically except for outside surface finish of 25/32-inc~ plain in
sulating board sheathing and siding. Transmittance rates through un
painted walls were 2.10 and 2.21 as compared with rates through 
painted walls of .14 and .11. 

Joints in interior wall surfaces-Another variable factor affecting 
vapor transmission of walls is the inclusion of joints in the wall. A 
comparison of results for Wall 19 and Wall 11, walls of identical con
struction and paint application except for two horizontal butt joints 
in the interior insulating board across Wall 19, shows vapor trans
mission of .89 grains for Wall 19 and .39 grains for Wall 11. No special 
precautions were taken to seal the JOints when painted. Examination 
after test showed frost accumulation on the siding for Wall 19 and no 
frost for Wall 11. 

Testing further the effect of joints in the wall on vapor transmis
sion, Wall 20 was built like Wall 19 but with four-foot vertical stag
gered butt joint over two of the studs. Vapor transmission for Wall 
20 was 1.15 as compared with .89 for Wall 19. Frost had accumulated 
on the warm surface of the siding. · 
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However, in Wall 1-A and Wall 2-A, where joints were covered 
with plaster, the difference in rates for painted and unpainted walls 
was relatively greater than the difference for walls not covered with 
plaster. In the latter, paint was applied directly to the board surface. 
These results, plus observation, indicate that the plaster provides a 
smooth surface which allows the paint to form a more effective seal 
due to continuity of surface .. In unphistered walls, then, greater care 
should be taken to seal the joints and provide a continuous paint 
surface. 

INTERIOR WALL COVERINGS AS VAPOR SEALS 

Summary of results 
Coverings other than paint which may be applied to interior wall 

surfaces are numerous. They include different kinds of treated cloth, 
linoleum, and liquid or plastic mixtures. Cloth and linoleum materials 
are commonly used like wallpaper over interior surfaces of walls. Liq
uid and plastic mixtures are used directly over plaster to give a rough 
finish. · 

Coverings tested in this program were dull and glossy surface 
coated cloth, two types of wall linoleum, plastic powder, and blending 
and glazing liquid. Of this group all but the plastic powder were good 
barriers. 

Types of coverings 
Surface coverings listed in Table XIV are described generally as 

dull surface coated cloth; glossy surface coated cloth; Wall Linoleum A, 
and Wall Linoleum B. ·composition of these materials was not spe
cifically analyzed. However, the cloth is similar ·to ordinary oilcloth 
except in surface finish. The linoleum is similar to floor linoleum, but 
thinner and more pliable. Both are applied with a special adhesive 
to the surface of the rna terial. 

The composition of dry plastic powder as it appears on the container 
label is given in Table XVI. It can be applied with a paint brush to 
any desired thickness. 

Test methods 
All miscellaneous wall coverings were applied to %-inch interior 

insulating board. Cloth and linoleum coatings were also tested on a 
%-inch plaster over 1/2-inch insulating board lath. All tests were made 
in the special test panels with the insulating pad in place. 

The plastic finish was applied in three different thicknesses: 1/32 
inch, 1/16 inch, and lfs inch. The blending and glazing liquid was tested 
for one- and two-coat applications. 



Table XIV. Type and Composition of Interior Finishes 

Composition by Weight 

Paint No. Type Pigment, Vehicle, Pigment Composition, Per Cent Vehicle Composition, Per Cent 
per cent per cent 

Group I: Primers and Sealers 

A-20 Sealer 40 60 Titanium calcium 80 Resins 14.4 
Calcium carbonate 20 Vegetable oils 25.0 

Mineral spirits 54.7 
Turpentine 1.9 
Drier 4.0 

A-21 Primer 58 42 Titanium dioxide 10 Vegetable oils 84.8 
Silica 20 Drier and thinner 15.2 
Metro-nite 70 

A-22 Primer 42 58 Lithopane 70 Treated vegetable oils 30.0 
Titanium oxide. 12 Mixing varnishes 55.0 
Magnesium silicate 18 Japan drier 2.0 

Mineral spirits 13.0 

A-23 Primer 41 59 Titanium white 100 Vegetable oils 37.0 
Mineral spirits and driers 63.0 

A-24 Primer 65 35 Titanium barium piqment 37.3 Processed linseed and tung oils 54.1 
Basic lead carbonate 37.8 Resins 4.1 
Magnesium silicate 24.9 Mineral thinners and driers 41.8 

A-25 Sealer 60 40 Lithopane 44 Linseed oil 30 
Zinc sulfide-magnesium 7 Varnished* 30 
Silica and silicates 49 Drier 15 

Mineral spirits 20 
Water 5 

A-26 Sealer 24 76 Titanium dioxide 63.6 Treated drying oils 43.6 
Magnesium silieate 36.4 Mineral spirits 36.4 

A-27 Varnish ...... 100 Resin 19.0 
Drying oil 30.0 
Mineral spirits 50.0 
Drier 1.0 

A-28 Blending and glazing liquid 28 72 Magnesium carbonate 67 Processed drying oils 45.5 
Magnesium silicate 33 Resins 5.0 

Mineral spirits 49.5 



Table XIV. Type and Composition of Interior Flnishe&-Contlnued 

Paint No. Type 

A-29 Water emulsiont 

B-20 Water emulsi~ 

B-21 Water emulsion; 

B-22 Wall paint§ 

B-23 Wall paint 

B-24 Wall paint 

C-20 Flat 

C-21 Soft gloss 

C-22 Enamel 

Composition by Weight 

Pigment, Vehicle, 
per cent per cent 

Pigment Composition, Per Cent 

Group 2: Miscellaneous Wan Paints 

60 40 Titanium dioxide 
Titanium barium 
Silica 
Mica 

63 37 Titanium dioxide 
Lithopane 
China clay 
Casein 

66 34 Titanium calcium 
Asbestine (magnesium silicate) 

57 43 Lithopane 
Calcium carbonate 

70 30 White lead carbonate 

Group 3: Interior Finisb Paints 

59 41 Titanium calcium 
Magnesium silicate 

57 43 Zinc suHide-barium 
Silica 

40 60 Titanium ~xide 

*Resins 19 per cent, vegetable oils 17 per cent, mineral spirits, 64 per cent. 
t Unable to obtain composition from manufacturer. 

33.3 
33.3 
25.0 
8.4 

7.4 
76.2 
13.1 
3.3 

87.5 
12.5 

80.0 
20.0 

100 

72.2 
27.8 

97.0 
3.0 

100 

Vehicle Composition, Per Cent 

Emulsified alkyd resin 
Water 

Linseed oil 
Thinner 
Water 

Varnishl 
Drier 

Purified soya protein solution 
Refined vegetable drying oils 

Linseed oil 
Japan drier 

Vegetable oils 
Resins 
Drier 
Turpentine 
Mineral spirits 

Vegetable oils 
Resin 
Drier 
Mineral spirits 

Vegetable oils 
Resins 
Aliphatic hydrocarbons 
Drier 

t Not recommended to b8 repainted with oil paint. 
§ Paint to be thinned with 1 quart mineral spirits to a gallon. Not recommended for repainting with ohter types of paints. 
t Resins 10.7 per cent, vegetable oils 34.2 per cent, mineral spirits 55.1 per cent. · 

50.0 
50.0 

17.2 
4.1 

79.7 

92.0 
8.0 

95.2 
4.8 

94.0 
6.0 

22.1 
7.9 
3.2 
2.7 

64.1 

30.8 
14.2 

4.0 
51.0 

36.0 
12.0 
44.0 
8.0 



Table XV. Vapor Transmission throu9h Different Types of Wall Surface Coverin9s Applied to ¥2-Inch Insulalinq Board 
(Air conditions: warm side, 70 F, 40 per cent HB; cold side, -10 F) 

Vapor Transmission, Vapor Permeabilit{i 
Type of Surlace Grains/Sq Ft/Hr. • Grains/Sq Ft/Hr/In. crt 

Panel No. Type of Surlace Coverinq Applied 
Coated Uncoated Coated Uncoated 

WP-1 ~,plaster Dull surface coated cloth .28 2.65 1.14 15.38 

WP-2 ~"plaster Glossy surface coated cloth .24 2.65 .97 15.38 

LP-1 V2" plaster Wall Linoleum A .14 2.65 .56 15.38 

LP-2 ~,plaster Wall Linoleum B .0'! 2.65 .28 15.38 

WF-1 V2" interior board (F-5) Dull surface coated cloth .21 5.67 .85 67.57 

WF-2 ~" interior board (F-5) Dull surface coated cloth .27 5.67 1.20 67.57 

WF-3 V2" interior board (F-5) Glossy surface coated cloth .24 5.67 .97 67.57 

WF-4 V2" interior board (F-5) Glossy surlace coated cloth .21 5.67 .85 67.57 

LF-1 V2" interior board (F-5) Wall Linoleum B .07 5.67 .28 67.57 

LF-2 ~" interior board (F-5) Wall Linoleum B .09 5.67 .36 67.57 

-
* Tests made in special test panels with the insulatinq pad in place. 
t Corrected for insulatinq pad. 
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Discussion of results 
Cloth and linoleum when applied directly to the board had permea

bilities ranging from .28 for Wall Linoleum B to 1.20 for dull surface 
coated cloth, as shown in Table XV. When applied to a %-inch plaster 
on the insulating lath, the permeabilities were almost identical, rang
ing from .28 for Wall Linoleum B to 1.14 for dull surface coated cloth. 
These are obviously well below the critical point of 1.50. Only ·one 
type of lh-irich interior finish insulating board, F -5 with permeability 
of 15.38 when uncoated, was used in the tests. The application to other 
types of boards should give similar results. 

Plastic powder as shown in Table XVI had a high vapor permea
bility rate which was not lowered sufficiently by thicker applications 
to warrant its recommendation as a vapor seal. For all three thick
nesses the rate was approximately 40 grainsjsq ftjhrjin. Hg vapor 
pressure difference. This coating consisted of a dry plastic powder 
mixed with water to a consistency of dry putty and allowed to stand 
for 40 minutes. Water is then added to secure a thick, creamy consist .. 
ency and the mixture applied to the board to thicknesses desired. 

Composition of Powder 
Metronite ........................................................................................................ . 

Calcium magnesium silicate 
Calcium magnesium carbonate 

Casein ............................................................................................................. .. 
Asbestos ........................................................................................................... . 
Lithopane ..................................................................................................... . 
Lime ................................................................................................................... .. 

PerCent 
80 

3 
8 
6 
3 

The mixture was applied to three %-inch interior insulating boards in 
thicknesses of 1/32 inch, 1/16 inch, and lfs inch and tested in the special 
test panels with the insulating pad in.place. 

Table XVJ. Plastic: Coatlnq AppUed to ¥2-Inc:h Interior Insulatlnq Board 

Vapor Transmission, 
Sample Thickness Grains/Sq Ft/Hr* 

No. of Finish 
Coated Uncoated 

1 1/32 4.20 5.73 
2 1/16 4.40 5.73 
3 ¥a 4.04 5.73 

• Teats made in special· test panels with insulating pad in place. 
t Corrected for insulating pad. 

Vapor Pel'llleability, 
Grabia/Sq Ft/Hr/In. Hqf 

Coated Uncoated 

41.5 74.63 
46.6 74.83 
38.4 74.63 

Blending and glazing liquid should provide a good vapor seal, ac
cording to test results. For one coat the transmission of A-28 (symbol 
applied to the liquid for the tests) when applied to %-inch interior 
finish :irisulating board F-5 was 1.65. For two coats, the rate was almost 

·cut in half to 0.85 as shown in Table X. Either application would pro
vide an acceptable barrier; however, two coats are recommended. 



70 VAPOR TRANSMISSION 

CONCLUSIONS 

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 penetrate them. 

The prime causes 9f 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. 

The amount of water vapor or relative humidity that can be carried 
in combination with any type· of building construction without con
densing 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 condition favorable to condensation. The relative 
humidity carried within the building is only partially subject to con
trol and to some extent may be regulated after the building is con
structed. 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 outside 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 minimum during cold 
weather periods, automatically raises the relative humidity within the 
building due to natural causes, thus increasing the possibility of con
densation during the colder periods. When condensation occurs within 
a building, the relative humidity carried should be 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 
construction 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 obtained by testing its degree of permeability. All building materials 
have a certain amount of resistance to the passage of vapor. It is, there
fore, 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 permeability of an acceptable barrier 
to be used in building construction should not exceed. 1.25 grains of 

• 
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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 w.ith 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. 1 

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 Jn order to prevent condensation on the surface of 
the barrier .. When the vapor barrier is incorporated in a material u~ed 
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 propor

tional to the vapor pressure drop over the material providing there is 
, no change in the state of the moisture in passing through the material. 

Excessive hygroscopic absorption of moisture may change the permea
bility rating. 

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 January isotherm is a reasonable divid
ing 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 
isotherm is selected only as a guiding line as many other factors be
sides outside air temperatures are to be considered. 

The methods of preventing condensation difficulties may be sum
marized 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 of the warm side of out
side walls and ceilings which has a high resistance to vapor transmis
sion to reduce the possibility of water vapor penetration. 

4. Venting of attic·or loft spaces is recommended as a precautionary meas
ure. The vents should be distributed so that venting is effective through
out the area. 

' .. ,·,',,; 
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