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Introduction

Under certain conditions condensation may collect within walls and attic or
roof spaces during cold weather and cause damage to the building. Water vapor
generated within the house from normal activities may move through a wall or
ceiling to some cold surface where it condenses, collecting generally in the
form of ice or frost. During mild weather the frost melts. In attic and roof
spaces it may drip back to the ceiling below causing water stains and sometimes
loosening plaster or other covering material. Some of the water may soak into
roof members and set up conditions favorable for decay. In walls the water
may run out from the back of siding and stain the outside wall. Or it may soak
into the siding and cause paint blisters or peeling. Water held in the wall
may cause decay in studs and sheathing. Efflorescence may occur on brick or
stone because of such condensation.

The condensation problem is not new. It has always been rather common in stock
barns during severe winter weather, but was not common in houses as they were
built before 1930. Such houses were so constructed that air infiltration and
leakage would carry away moisture generated in the house and relative humidities
would be low during cold weather.

There has been a remarkable change in construction methods and materials since
the depression. Infiltration has been reduced through the use of new types of
weather-stripped windows and storm sash, and the use of sheet materials for
sheathing, lath, and other wall coverings. Fireplaces, an important source of
ventilation, have been eliminated from most new houses. Homes have become
smaller and more compact with less atmosphere to hold moisture. Heating systems
have been equipped with efficient evaporators to increase the humidity in the
house. Home owners make more extensive use today than in the past of water and
appliances discharging water vapor into the house atmosphere. Because of these
factors, the relative humidity within newer houses is generally higher than in
houses built before the depression.

1Report originally published February 1939.

?Maintained at Madison, Wis.,* in cooperation with the University of Wisconsin.
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Insulation is used in walls and ceilings to reduce heat loss and to make the
house more comfortable, but it also causes the outer parts of the construction
to be colder, and moisture is attracted toward such cold surfaces. The more
efficient the insulation in retarding heat transfer the colder the outer sur-
faces and the greater the attraction for moisture.

Fortunately, effective, inexpensive methods of preventing condensation are
available for houses under construction and for existing houses.

Relative Humidity and Condensation

Most condensation troubles occur in homes where the relative humidity during
very cold weather is 35 percent or higher, in which case there may be evidence
of condensation after every cold snap. On the other hand, many homes only show
evidence of condensation during or after periods of excessively low temperature,
such as occur once in 3 or 4 years.

When outdoor temperatures are low -- about zero, for example -- air will hold
very little water vapor and the vapor pressure is low. At the same time water
vapor is being added to the atmosphere within a home from many sources, such
as cooking, laundry work, bathing, respiration, and evaporation from plants.
The normal vapor pressure may be further supplemented by evaporating water in

a furnace pan, water containers in radiators, or some similar system. As a
result, the vapor pressure inside a house is greater than that outside. It is
this difference in vapor pressure that provides the force to move vapor from
high pressure to low pressure zones.

There is, of course, a constant leakage of water vapor from a house, the amount
depending upon the tightness of windows and doors, the permeability of wall
materials, and other factors:' Older homes usually were so constructed that the
vapor leaked out and low humidities prevailed during cold weather. In modern,
tightly constructed houses there is less leakage and relative humidities are
generally higher than in the older houses.

Winter air conditioning means, among other things, maintaining a minimum rela-
tive humidity in the home at some established value higher than the normal min-
imum humidity. The humidity may be controlled automatically with a hygrostat
through devices that add moisture to the atmosphere.

The normal relative humidity in homes varies widely depending upon a variety of
factors, principally outdoor temperatures and type of construction. The aver-
age humidity for various outside temperatures as determined from the average
moisture content of wood samples is shown in figure 1. This illustrates how
the relative humidity or vapor pressure inside the house varies more or less
directly with the outdoor temperature. It also shows that where automatic
humidity control capable only of raising the humidity is used, the minimum hu-
midity is fixed during cold weather, but humidity may be higher than the mini-
mum when outside temperatures are mild.
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The amount of water evaporated from furnace pans in mild weather is small, but
as the outdoor temperature drops the amount increases. For example, in one
case only about 1 quart was used per 24 hours when the outdoor temperatures
averaged 45° F., but 2-1/2 gallons were used when outdoor temperatures were
about zero. The amount required to maintain a fixed minimum humidity of 40
percent at zero would be very much greater, as figure 1 shows.

To understand the phenomenon of condensation requires a knowledge of certain
physical laws. Some water vapor is always present in the atmosphere. The
maximum amount of water vapor that can be present depends upon the temperature
of the air and is greater at higher temperatures. By definition, air that is
completely saturated with water vapor is at its dewpoint temperature, and its
relative humidity is 100 percent. Adding water vapor to unsaturated air with-
out changing the temperature of the air will increase the relative humidity
and raise the dewpoint temperature. Removing water vapor will have the opposite
effects. Raising the temperature of air without changing the amount of water
in it will decrease its relative humidity. Lowering the temperature without
changing the amount of water vapor will increase the relative humidity till the
dewpoint temperature and saturation are reached. Further lowering of the
temperature will cause water vapor to condense from the air.

Relative humidity is not always a satisfactory measure of the amount of water
vapor present in a given atmosphere because it varies with temperature. It is
often more practical to use the vapor pressure of water vapor for this purpose,
since it is a direct measure of the amount of vapor present in the air. This
property is commonly expressed in terms of inches of mercury or pounds per
square inch.

Condensation will take place on a solid surface that is below the dewpoint
temperature -- for example, on the surface of a window. Condensation can also
take place on materials permeable to vapor if the surface is below the dewpoint
temperature.

If adjacent surfaces in a comparatively confined space are at different tempera-
tures, all below the dewpoint of the atmosphere in the space, the coldest sur-
face may, through condensation, reduce the dewpoint to its own temperature.
The temperatures of the adjacent surfaces will then be above the new dewpoint
and therefore incapable of condensing moisture. Eventually, under these con-
ditions, all the condensation would be on the coldest surface. Such conditions
may take place in an open stud space in a frame wall where convection currents
move upward on the warm side and downward on the cold side. The inside face
of the sheathing on the cold side may temporarily be below the dewpoint tempera-
ture of the stud space at all points, but the temperature of this face will be
lowest at the bottom. As a result, that point establishes the dewpoint tempera-
ture for the stud space and is the position where condensation will ultimately
collect.

The movement of water vapor is largely independent of air movement, and no
general circulation of air is necessary to carry the vapor from its source to
the condensing surface. Vapor actually moves by diffusion from regions of high
vapor pressure to regions of lower pressures.
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Most building materials, including plaster, wood, concrete, most kinds of
brick, and various building papers, are permeable to vapor. The rate of vapor
movement from one point to another is more or less proportional to the differ-
ence in vapor pressure between the points and inversely proportional to the
resistance of the interposed materials. Walls of conventional house construc-
tion are composed of a variety of materials varying in permeability. Also, the
temperature gradients through a wall drop step by step according to the thermal
properties of the material and the difference in temperature between the warm
interior and the cold exterior. Should the temperature at any point within the
wall -- as, for example, the inner face of the sheathing -- fall below the dew-
point temperature of the room side of the wall, condensation would take place
at that point.

Effect of Vapor Barriers and Insulation

A house wall typical of many insulated forms of construction is illustrated in
figure 2A. This wall has lath and plaster on the inside and sheathing, paper,
and bevel siding on the outside. Fill insulation occupies the entire stud
space. Indoor conditions are assumed to be: temperature 70° F. and relative
humidity 40 percent; the dewpoint for these conditions is 44° F. and the vapor
pressure 0.295 inch of mercury. Temperature gradients through the wall are
shown in solid black for three outdoor temperatures -- 20° F., 0° F., and -20°
F. Actual gradients in any individual wall of this type may be expected to be
similar. Under the assumed conditions (outside temperature 0° F.), the tempera-
ture of the inner face of the sheathing controls the dewpoint within the stud
space. Condensation on this face, which is well below the dewpoint of the
atmosphere in the room, serves to lower the dewpoint within the stud space, and
the dewpoint temperature throughout the stud space becomes the temperature of
the inner face of the sheathing. The relative humidity gradient corresponding
to the illustrated dewpoint gradient is shown as a dot anddash line in figure
2A.

The amount of condensation that can develop within a wall depends upon the re-
sistance of intervening materials to vapor transfusion, differences in vapor
pressure, and time. Ordinary plaster and lath have comparatively low resistance.

_If the plaster is finished with paint, the resistance is increased. High in-
door vapor pressures are associated with high relative humidities and high
temperatures. Low outdoor vapor pressures always exist at low temperatures,
since even the saturate vapor pressures are low at low temperatures. Weather
conditions are not static, and the duration of critical conditions varies widely
with the time of year and severity of the weather. During long-continued cold
spells the condensation problem becomes acute, and a large number of homes are
affected. Though fewer homes are affected by condensation during mild weather,
many cases are reported. Where information is available, it appears that the
minimum humidities in the affected homes are 35 percent or higher.

A vapor barrier between the studs and the lath greatly reduces the rate of
vapor movement through the wall (fig. 2B), and thus materially reduces the
possibility of trouble from condensation. Some leakage through or past the
vapor barrier may be expected. What actually happens to the vapor that finds
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its way through the barrier depends largely upon the vapor resistance of that
part of the wall outside the studs. If, for instance, the sheathing paper is
an excellent vapor barrier, most of the vapor may condense on the sheathing or
sheathing paper, just as it did under the conditions pictured in figure 2A.
If, on the other hand, the vapor resistance of sheathing paper and siding is
very low, most of the vapor may escape to the outside without condensing..

In figure 2B the dewpoint temperature (the dotted line) is always below the
atmospheric temperature. Obviously as close an approach as possible to this
ideal condition is desirable from the moisture standpoint, and high vapor re-
sistance on the warm side of the wall is recommended, together with low vapor
resistance on the cold side.

Figure 3 shows the calculated temperature gradients through an uninsulated wall
and through a wall having 5/4-inch fiberboard sheathing in place of wood sheath-
ing. As the heat loss through walls of these types is greater than through
walls containing fill insulation, the sheathing temperatures are higher than
those shown in figure 2A and, as a result, the vapor pressure differences are
lower. This in turn means that less condensation would occur at the same out-
side temperature in walls of these types than in walls filled with insulation,
other factors being equal.

The water vapor permeability of many types of asphalt-coated paper and other
materials has been determined according to the dry method given in the American
Society for Testing Materials Tentative Standard Procedure C 214-48. A partial
list of the materials tested is given in tables 1 and 2. A more complete list
of the paper products was published in Heating, Piping, and Air Conditioning,
December 1950, under the title "Water Vapor Permeability of Building Papers and
Other Sheet Materials." Many of the materials listed in these tables have been
tested under actual exposure conditions in Laboratory test-house wall panels.

Moisture accumulation in the sheathing has been found to be an excellent measure
of condensation conditions. In the test house, sections of sheathing were in-
stalled in such a way that they could be removed at regular intervals for
moisture determinations and observation. Before the test was started in the
fall, the sheathing was conditioned to 6 percent moisture content. The inflow
and outflow of moisture in the wall were determined by recording the moisture
content of the sheathing. Readings were taken at the top and bottom of each
panel, since it has been found that in uninsulated walls more moisture collects
at the bottom than at the top of stud spaces, while the opposite is true for
insulated spaces.

Figure 4 shows the moisture content of the sheathing in three sets of typical
wall panels. The walls were of conventional frame construction -- gypsum lath
and plaster, stud space, wood sheathing, tarred felt sheathing paper, and bevel
siding painted with two coats of typical exterior paint. Three of the panels
had no insulation in the stud space; three had fill-type insulation; and three
had fill-type insulation and a vapor barrier consisting of an asphalt-coated
paper weighing 50 pounds per roll of 500 square feet. The temperature in the
test house was maintained at 70° F. and the relative humidity at 40 percent.
Outside temperatures varied as shown in figure 4. The tests covered a complete
heating season, October to June, at Madison, Wis.
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In all panels the moisture content of the sheathing increased during October ,
and November, but late in December the sheathing at the bottom of the insulated
panels with vapor barriers, reached a fairly uniform balance at about 12 to 13
percent moisture content. By the end of January an equilibrium was reached at
the tops of these panels at about 17 percent moisture content. The panels with-
out vapor barriers or insulation leveled out at a somewhat higher moisture con-
tent. The moisture content of insulated panels without vapor barriers continued
to increase until a peak was reached late in March, after which a rapid and con-
stant decline took place as' the weather warmed.

The results of these tests, and others made in similar panels at various times,
show that vapor barriers limit the amount of moisture that accumulates in the
sheathing. Much more moisture may accumulate in unprotected walls, particularly
where insulation is used.

The permeance of a vapor barrier should not exceed 1 perm; that is, under stan-
dard test conditions it should not permit more than 1 grain of water to pass
through an area of 1 square foot in 1 hour at a vapor pressure difference of 1
inch of mercury on opposite sides of the test material. Many vapor barriers
have permeance values much lower than 1 perm.

A vapor barrier resists the movement of water vapor, and, since it is located
on the warm side of the wall, the water vapor cannot condense into water. For
this reason there is no danger of water forming behind the plaster or other in-
terior wall finish. The barrier also prevents moisture from getting into the
wall or attic space during construction, particularly during plastering.

For new construction, vapor barriers of highly resistant paper are effective and
economical. They should be applied vertically on the inside of exterior walls
with edges lapping on the studs, after the insulation is installed and before
lathing. Horizontal joints should be made only where they can be backed up
with a plate or header. The barrier should be brought up tight against electric
outlets, air registers, door and window. frames, and similar openings. If wood
lath, metal lath, or other types of construction requiring a plaster key are used,/
the paper should be applied slightly loose so that the plaster can push the
barrier back to form the key. Where the ceiling below the attic or roof is
insulated/ the barrier should be applied in a similar manner.

Walls finished with such materials as gypsum board, plywood, or fiberboard
should also have a vapor barrier. Sheathing paper, when used outside sheathing
in combination with moisture barriers, should be water resistant, but not very
vapor resistant so that the small amount of water vapor that may leak through
the barrier can escape outward. The 15-pound tar or asphalt felts are commonly
used for sheathing paper.

Some kinds of mineral wool absorb very little water; others are treated to make
them water resistant. This property, while desirable, does not make these
materials resistant to the passage of vapor, and they should not be considered
protection against condensation.
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Some blanket and batt types of insulation have vapor-resistant paper backs
attached to them. The insulation is made to fit standard stud, joist, and
rafter spacings. Tabs on the paper extend out from the batt and are tacked
to the studs or rafters. The insulation may be cut or forced back to obtain
tabs at the top and bottom of the stud space. It is important that these types
of insulation be carefully installed, so that vapor cannot work through around
the edges or at the top and bottom of the stud space. The tabs should be nail-
ed to the face of the studs with the insulation looping loosely inward away
from the inner face of the wall; or, if installed between the studs, it should
be fastened in place with wood strips. Where the spaces are not standard be-
tween the, studs, as around windows, doors, and dormers, particular care should
be taken to obtain good joints, even if it is necessary to use one of the,
barriers previously described.

Fiberboard sheathing, often used as a substitute for wood sheathing, may be
used either with or without other insulation. In either case, the suggested
methods of protection from condensation should be followed. Fiberboard sheath-
ing may be obtained with or without surface coatings, usually of asphalt, but
vapor barriers should be used regardless of the type selected.

Some types of reflective insulation make excellent vapor barriers. One type
having metal foil attached to both sides of a heavy sheet of paper is very
resistant to vapor. Another type composed of a strong paper faced on both
sides with metal oxides is also effective.

It is also possible to construct walls in such a way that vapor could pass
outward through sheathing and sheathing paper and escape through openings in
the outside wall covering or be carried away by ventilating the space between
the sheathing and the outside finish. Standard construction, however, does
not lend itself to this method of moisture elimination. Tests of one such
method were made on a 1-story structure at the Forest Products Laboratory using
1- by 2-inch furring strips over the sheathing and under the siding to obtain
a vertical ventilating space about 3/4 of an inch open to the outside at both
the bottom and top of the wall so that air could enter at the bottom and pass
out the top. The openings were concealed behind but not covered by moldings
at the water table and cornice. With this method the sheathing paper should
be of a type that passes water vapor readily. During long periods of cold
weather, moisture accumulated in the wall as frost, closing off the ventila-
tion. Although the full possibilities of wall ventilation have not been thor-
oughly investigated, it does not offer much promise for protection of walls of
conventional construction.

Insulation in Older Homes 

Insulation is being installed in many older houses, some of which have been
built for many years. Condensation seldom occurs in these older houses, even
after they are insulated, largely because such houses are not so tight as new
houses, windows fit less snugly and probably have no weather strips. Under
such conditions the normal indoor humidity is low.
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Occasionally, however, these older insulated homes will also show evidence of
moisture accumulation -- generally when the occupant has made an effort to
increase the humidity above normal. 'Some companies that insulate existing
houses take off part of the outer wall covering, cut several openings in the
sheathing, and blow in the insulation. They then replace the outer covering"
.without filling the holes • n the sheathing. These openings are supposed to
allow some ventilation and relief of trapped moisture, but the area benefited
is limited to a small zone around the hole. 'It is doubtful if such holes offer
any real protection against moisture accumulation. Some companies include
some form of attic or roof ventilation as.part of their contract, a practice
that should be encouraged.

To protect existing buildings that have moisture problems or are being equipped
with winter air conditioning, some type of barrier may be needed on the inte-
rior face of exterior walls and the ceilings below the roof. Under certain con-
ditions, oil paints may serve as suitable barriers. Water paints, such as
calcimine, casein paint, and emulsion paints, are of no value for the purpose
because they are readily permeable to moisture. A pigmented wall primer and
sealer followed by an oil-base finish paint makes a good vapor barrier, as do
semigloss wall paints and enamels. Aluminum paint may also be used for the
priming coat. Vapor permeabilities of various paint coatings are given in
table 2.

Ventilation in Attics and Roofs 

Condensation occurs in attic spaces and flat roofs in the same manner as in
walls. It collects as frost or ice on the roof boards, on projecting nails,
and frequently between the roof sheathing and exterior coverage. On bright,
sunny days, even at low temperatures, the frost melts and water drops to the
ceiling below, where it causes stain and other ,damage. Stain and decay of
roof members is quite common.

It has become almost standard practice for builders to install louvered open-
ings in the gable ends of houses to provide ventilation through attic spaces.
When these openings function properly, there is generally little evidence of
condensation. Some, however, are too small, some do not face prevailing winds,
and for numerous other reasons many fail to function as intended. They can-
not be installed in all types of roofs, such as hip roofs and some flat roofs.
Even where ventilation is provided by the builder, the householder may close
the openings to conserve heat or for some other reason, and•the intended pro-
tection is lost.

The moisture problem in attic spaces and.on the under side of flat roofs is
usually aggravated by the use of highly impermeable roofing, such as asphalt
shingles or composition roofing.

Vapor barriers should be installed in the ceilings under attics and flat roofs
in the same manner as for walls. Some vapor will work into the roof space
through the barrier or through places not fully protected by a barrier, such
as doors and around pipes and ducts, but the amount is small and, if uniformly
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distributed over the roof, would be unimportant. However, condensation tends
to collect in the coldest parts, and the concentration of moisture may be
enough to cause trouble. , A combination of vapor barriers and ventilation is
obviously the safest procedure.

Figure 5 shows recommended minimum ventilator areas for various types of roofs
expressed as a percentage of the ventilator area per square foot of projected
ceiling area below the roof space. For roof spaces having no occupied rooms
the ceiling area may be assumed as the area within the exterior wall line.
For attic space with occupied rooms, determine the projected ceiling area be-
low the attic and add enough additional area to take care of the knee walls
and sloping ceilings.

For gable roof houses with open attics where there is little or no overhang
of the roof at the eaves, louvered openings in the gabled ends having a ratio
of 1 square foot of net opening to 300 square feet of ceiling area should be
adequate. For attics with overhanging eaves or with occupied rooms, provide
openings under the eaves and louvered openings in the gables having the ratio
of opening to ceiling areas as shown on figure 5.

Hip roofs, where louvered openings cannot be used, can be vented by various
means. Glove ventilators at or near the ridge with inlet openings under the
cornice around the perimeter of the house are efficient. Special flues may'
be provided in chimneys with suitable openings into the attic or roof space.
Rectangular hip roofs may-be built with louvered openings at the peak. Where
16 mesh screen is used, the minimum area of the screen should be at least
double that of the area specified. In most cases this can be accomplished by
providing a frame of proper size inside of the opening to hold the screen.

Openings below overhanging eaves or in the soffit of cornices should preferab-
ly be continuous. In most cases it would be practical to provide an opening
back of a bed mould.

Ventilation in flat roofs should be provided in accordance with the roof fram-
ing. Where one solid member is used for both ceiling and roof joist, there
is no intercommunication between joist spaces, and openings should be provided
for each space. Flat roofs that overhang the wall below can often be provided
with openings under the overhang. A continuous opening three-fourths inch
wide should be sufficient for a house of average size.

Cold Weather Ventilation

Some types of houses are so tightly constructed that infiltration is red aced
to a minimum. Moisture generated in the house cannot escape, and exbessively
high humidities develop. Condensation may collect on windows or storm sash,
on the inside surfaces of exterior walls, particularly back,,of furniture, and
in closets or cabinets. Sometimes there is not enough inleakage to provide
proper combustion in heating plants.

The obvious corrective measure is to provide ventilation through openings to
the outside. The opening of doors or windows would create drafts and cold
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zones. A better method is to provide a pipe loading into the house from the
outside with an opening at or near the heating plant, or opening into the cold
air return of a warm air furnace. A sheet metal pipe 3 to 4 inches in diameter
would supply enough air for a typical 5-room house. For an outlet, provide
a vent from the ceiling of a hall through the attic and roof, capped with a
globe ventilator. Such a vent pipe for a 5-room house should be about 5 inches
in diameter. The opening at the ceiling should be covered with a register
face and have a damper. Where the heating plant is located in a first floor
utility room and the furnace breeching has a butterfly damper, this opening
may serve as an exhaust flue.

Summer Cooling

A question is sometimes raised as to the possibility of summer cooling causing
condensation in walls. This is very unlikely because inside temperatures are
seldom more than 15 degrees below outside temperatures, so condensation would
occur only during periods of extremely high outside humidity. Such conditions
would be of rather short duration and therefore unimportant.

General Recommendations 

For all new houses, especially north of the Ohio River, a suitable vapor bar-
rier should be installed on the interior of all exposed walls and in the ceil-
ing below the attic, and some form of attic ventilation should be provided.
Any sheathing paper used should be water resistant, but permeable to vapor.

In existing houses having no vapor barriers, humidities should be maintained
at such a point that condensation will not develop in walls and attics. Since
conditions in walls cannot be determined readily, the attic, if tight and with-
out ventilation, can be used for observation. In general, the safe humidity
inside in relation to outside temperature will correspond roughly with the
values given for the average house in figure 1. To maintain higher humidities
safely, same form of vapor barrier can be applied to the exposed walls and
ceilings. Paint coatings such as described in table 2 will serve the purpose.
While not offering as much resistance as other types of barriers, this method
should permit indoor humidities of about 30 percent in normal winter weather
having short periods of sub-zero weather.
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Table 1.--Water vapor permeability of various building materials

Description of material

Sheathing and roofing products 

15-pound sheathing paper
15-pound tar felt
30-pound tar felt
15-pound asphalt felt
30-pound asphalt felt
Asphalt coated paper (coated both sides)
55-pound roll roofing

:Weight : Water vapor transmission

	

:of roll: 	

	

:of 500 :	 Low	 High

	

:square :	 •.

	

: feet :	 •.

	

:Pounds 
• Permal	 Parma

•.	 •	 •

•.	 •

	

.	 •

•.	 •

	

.	
•

:	 -. :

	

70 :	 2.555	 •. 3.847

	

70 :	 1.560	 4.055
: 139 : 33.304

	

70 :	 .560	 •.	 2.007

	

139 :	 .498	 •. 3.022
• 50 :	 .146	 •.	 .287

	

255 :	 .030	 •.	 .081

Duplex or laminated products, asphalt laminae
.	 .	 ..	 .	 .

30-30-30 untreated	 :	 16 :	 .447	 •. 1.081
30-60-30 untreated	 : 21 :	 .527
30-100-30 untreated	 : 27 :	 .280
30-30-30 untreated, creped	 :	 14 :	 .583	 1.812
30-30-30 untreated, reinforced	 :	 15 :	 .305

:	 24	 :30-85-30 untreated, reinforced	 .296 •.	 .654
30-120-30 untreated, reinforced	 :	 30 •	 .346	 •.	 .389
60-30-60 1 covering sheet saturated with asphalt	 : 30 :	 .935	 •. 1.037
Duplex paper coated both sides with reflector's material	 : 35 :	 .226

	Duplex paper coated both sides with reflector's material reinforced : 47 : 	 .304	 .347
Duplex paper covered with aluminum foil one side 	 : 49 :	 .001	 :	 .107

.	 .	 .
Insulation back-up paper

Paraffin coating, 1 side; asphalt side ribbed 	 :	 18 :	 .133	 •.	 .237
Single infused	 :	 12 :	 .433	 •.	 •583
Single infused, ribbed	 :	 18 :	 .162	 •.	 .232
Asphalt saturated, one side glossy	 :	 21 :	 .327	 •.	 .377

Single sheet kraft, double infused

Asphalt saturated kraft
Asphalt saturated kraft
Asphalt saturated kraft
Asphalt saturated kraft
Asphalt saturated kraft, 30 percent asphalt

11 :	 7.447
:	 15 :	 2.469
:	 18 :	 3.612
:	 23 :	 7.987

16 : 30.764     
110656

A*60  

Miscellaneous materials 

3/4 - inch fiberboard sheathing with light asphalt coating
1/2-inch gypsum sheathing
3/8-inch gypsum lath with aluminum foil backing
Aluminum foil mounted on paper backing
Polyethylene films, 0.002 inch thick
Polyethylene films, 0.004 inch thick

•

• •▪ 	 6 .320
• 18.200 

.o6].

.003 

8.460
21.950

.277

.005
.270
.108.097 

1
Perms grains per square foot per hour per inch of mercury difference in vapor pressure at

standard test conditions.
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Table 2.--Water vapor permeability of various painted Wall surfaces-
1

Paint used
	

Water vapor transmission

First coat Second coat Low

: Perme2

High : Average

Perms? : Perms?  

Sand finish plaster on gypsum lath

None
1 coat
1 coat
1 coat
1 coat

pigmented primer and sealer
interior aluminum paint
pigmented primer and sealer
interior aluminum paint

:None
:None
:None
:1 coat oil-base flat paint
:1 coat oil-base flat paint

•

•	 9.556 9.650
.470 .783

1.326 2.816
.616 .912
.974 1.546

3/8-inch gypsum wallboard 

9.596
.642

2.013
.770

1.215

:None
:1 coat
:1 coat
:1 coat
:1 coat
:1 coat

1/4-inch interior-type Douglas-fir

flat paint
flat paint
flat paint
flat paint
enamel paint

plywood

:•

15.300 23.400
3.360 7.360

.815 .976

.966
•	 •749

1.030
1.242

.778 .954

None
Glue size
1 coat pigmented primer and sealer
1 coat pigmented primer and sealer
1 coat interior aluminum paint
1 coat pigmented primer and sealer

oil-base
oil-base
oil-base
oil-base
oil-base

19.733
4.730
.896

1.018
1.076
.876

None
Inside flat wall paint
Natural blond finish

:None
:Inside flat wall paint 

1.623
1.060

740  

1.979 :	 1.801

• •      

5/16-inch interior-type Douglas-fir plywood sheathing

None	 :None

1/4-inch exterior-type Douglas-fir plywood 

None	 :None

3/8-inch exterior-type Douglas-fir plywood 

Aluminum primer	 :2 coats outside paint
Outside paint
	 :2 coats outside paint

2The vapor-transmission values for the products of the various paint manufacturers differed some-
what. The values given here represent the lowest and highest of the material tested.

&'erms - grains per square foot per hour per inch of mercury difference in vapor pressure at
standard test conditions.  

•2.130 •	
•

576 : .864 :	 .720   

190 •	
.200 •	  
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Figure 2;--Section of conventional frame wall with fill insulation
showing temperature, dewpoint, and. relative humidity
gradients without vapor -barrier (Figure 2-A) and. with
vapor barrier (Figure 2-B).
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Figure 3.--Section of conventional frame wall, showing temperature
gradient with wood sheathing (Figure 3-A) and with
j/4-inch fiberboard sheathing (Figure 3-B).
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Figure 5. --Recommended minimum ventilator areas for various types
of roofs expressed as percentage of the ventilator area per square
foot of projected ceiling area below the roof space.
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PUBLICATION LISTS ISSUED BY THE 

FOREST PRODUCTS LABORATORY 

The following lists of publications deal with investigative projects of the
Forest Products Laboratory or relate to special interest groups and are avail-

able upon request:

Architects, Builders, Engineers,
and Retail Lumbermen

Box, Crate, and Packaging Data

Chemistry of Wood

Drying of Wood

Fire Protection

Fungus and Insect Defects in
Forest Products

Furniture Manufacturers,
Woodworkers, and Teachers
of Woodshop Practice

Glue and Plywood

Growth, Structure, and
Identification of Wood

Logging, Milling, and Utilization
of Timber Products

Mechanical Properties of Timber

Structural Sandwich, Plastic
Laminates, and Wood-Base
Components

Thermal Properties of Wood

Wood Fiber Products

Wood Finishing Subjects

Wood Preservation

Note: Since Forest Products Laboratory publications are so varied in subject
matter, no single catalog of titles is issued. Instead, a listing is made for
each area of Laboratory research. Twice a year, January 1 and July 1,
a list is compiled showing new reports for the previous 6 months.
This is the only item sent regularly to the Laboratory's mailing roster,
and it serves to keep current the various subject matter listings. Names

may be added to the mailing roster upon request.
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