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REMEDIAL MEASURES FOR BUILDING CONDENSATION DIFFICULTIES1

Forest Products Laboratory,? Forest Service
U. S. Department of Agriculture

Condensation may collect during cold weather in the walls and roofs of
houses. Studies at the Forest Products Laboratory and elsewhere show that
it is also a problem in many other types of structures and occupancies.
It has been detected on the inside surfaces of walls, particularly closets,
back of furniture, and on windows and outside doors. Such moisture may
cause stain and decay in sheathing, studs, and roof framing members; out-
side paint failures on siding and finish; stained and loosened plaster;
mold on clothing in closets, and similar types of damage and nuisance.
Millions of dollars are spent every year on painting, decorating, mainte-
nance, and repairs, because of disfigurement and damage caused by cold
weather condensation.

Sources of Moisture

The sources of moisture that raise the vapor pressure inside houses above
that outside are such ordinary functions as cooking, dishwashing, laundry
work, bathing, respiration, and evaporation from plants. Also contributing
moisture may be such sources as furnace or radiator pans, and unvented gas
heaters and stoves. Some houses are equipped with winter air-conditioning
devices that automatically maintain some fixed high relative humidity that
aggravates the problem.

1
–Report originally dated September 1947, written by L. V. Teesdale, former

Forest Products Laboratory engineer.
2
–Maintained at Madison, Wis., in cooperation with the University of

Wisconsin.
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Influence of Construction on Condensation

Water vapor escapes from houses during winter in various ways. There is a
constant outleakage through cracks and crevices, around doors and windows,
and by ventilation. Some vapor escapes through permeable walls and roofs,
the amount depending upon the materials and type of construction employed;
most moisture problems are related to this type of vapor loss.

Houses that were built before the early 1950's were so constructed that
generally there is considerable air infiltration and outleakage of vapor;
as a result, the relative humidity in such houses is consistently low dur-
ing cold weather. It is common practice today, however, to build houses
much more airtight than those built 15 or more years ago; air infiltration
is reduced partly by the use of storm sash and weatherstripping and partly
by means of construction methods and materials. As a result, there is
less opportunity for water vapor to escape from modern tightly constructed
houses than from the older houses.

There is a characteristic relationship in all houses between indoor rela-
tive humidity and outdoor temperature. The humidity is generally high in-
doors when outdoor temperatures are high, and decreases as outdoor tempera-
tures drop. This relationship is shown in figure 1 for a loosely con-
structed housep_an average house, and a tightly constructed house. In
houses where winter air conditioning involves -automatic control of relative
humidity, hygrostats are used to maintain some established minimum humidi-
ty. In figure 1, an example is shown with the relative humidity set at 40
percent. Relative humidity controls of this kind generally increase the
humidity in the house during winter.

Causes of Condensation

Condensation will take place on a solid surface that is below the dewpoint
temperature; for example, the glass surface of a window.

Condensation can also take place on materials that are permeable to vapor
if the, surface be below the dewpoint temperature. Vapor moves from zones
of high pressure to those of low pressure. The movement can be by dif-
fusion and independent of air movement. Most building materials, includ-
ing plaster, wood, fiberboard, concrete, masonry, and some kinds of build-
ing papers, are permeable to vapor. Vapor transmission is more or less
proportional to the difference in vapor pressure between zones and in-
versely proportional to the resistance of intervening materials to diffu-
sion. Vapor may pass through a single thickness of a homogeneous perme-
able material, such as wood or fiberboard, having one surface either above
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or below the dewpoint temperature of the atmosphere on the warm side and
the other at a lower vapor pressure. Although hygroscopic materials tend
to come to a moisture content in equilibrium with the surrounding atmos-
phere, the difference in vapor pressure exerts a force sufficiently great
to lower the moisture content of such materials below equilibrium.

The principal factors,that may cause condensation are those which cause
the greatest differences in vapor pressure -- namely, relatively high tem-
peratures and humidities indoors, low outdoor temperatures, insulation, and
the use of materials permeable to vapor. The relative importance of these
factors can best be illustrated by comparing the vapor pressure differences
that could'occur in a conventional frame wall built of vapor-permeable ma-
terials under different conditions of inside temperature and humidity and
Various outdoor temperatures.

In such a wall the most likely places for condensation are (1) the inside
face of sheathing and, (2) the back or inside face of siding. If a vapor-
resistant type of building paper is used between the siding and sheathing,
condensation may also collect on the paper. Table 1 gives calculated tem-
peratures on the inside face of sheathing and the back of the siding at
interior room temperatures of 70°, 75 0 0 and 80° F. and outdoor tempera-
tures of 20°, 10°, and 0° F., for a wall assumed to be of conventional
frame type having lath and plaster inner face, stud space, wood sheathing,
building paper, and bevel siding. To show the influence of insulation on
these interior wall temperatures, values are Shown for an uninsulated wall
and for a wall with the stud space filled with 3-5/8 inches of fill-type
insulation. The saturate vapor pressure is given for each temperature in
the wall and the vapor pressure outside of the wall for each outdoor tem-
perature at 75 percent relative humidity. Table 2 shows the vapor pres-
sure and dewpoint temperature for various indoor temperatures and relative
humidities.

Ordinary gypsum lath and plaster are more permeable to vapor transmission
than sheathing paper and siding. Therefore, if the sheathing had an in-
side surface temperature above the dewpoint temperature of the room, the
vapor pressure in the stud space would be more or less equal to that of
the room. Should the surface temperature be below that of the room, that
temperature would establish the dewpoint temperature of the stud space and
condensation could take place on that surface, the amount depending upon
the resistance of intervening materials to vapor transmission, vapor pres-
sure differences, resistance of the sheathing to vapor transmission, and
time.

As the temperature of the building paper or back of the siding is lower
than that on the inside face of the sheathing, vapor would be attracted
toward that position, with the same factors just described influencing the
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amount of flow. As the vapor pressure outdoors is below that of the back
of the siding, some vapor will escape into the atmosphere outside.

An examination of some of the temperature and vapor pressure conditions for
walls as given in table 1 will make these points clear. For example, with
an outdoor temperature of 20° F. and a wall having no insulation, the in-
side face of the sheathing has a temperature of 46° F. when the room tem-
perature is 70° F. There could be no condensation on this surface if the
relative humidity indoors were 40 percent or less, as the dewpoint tempera-
ture for 70° F. and 40 percent relative humidity is 44° F. (table 2). The
inside face of the siding has a temperature of 32° F. and, theoretically at
least, this might become a condensing surface if the humidity in the room
was in excess of 25 percent. It is doubtful, however, if there would be
any condensation at that position even with a relative humidity of 40 per-
cent.

Example 1 

Temperature outside 20° F., inside 70° F., humidity 40 percent.

Wall not insulated.

Difference in vapor pressure between:

Room and back of siding 	 0 295 - 0.1e0 = 0.115
Siding and outdoors 	 0 180 - 0.077 = 0.103

These differences are so nearly balanced that the outflow of vapor could
equal the inflow. The unknown factor is, of course, the relative resist-
ance of intervening materials.

The effect of insulation is shown in Example 2.

Example 2 

Temperature outside 20° F., inside 70° F., humidity 40 percent.

Wall insulated with 4 inches of mineral wool.

Differences in vapor pressure between:

Room and inside of sheathing 	 0 295 - 0.143 = 0.152
Sheathing and inside face of siding 	 0 143 - 0.119 = 0.024
Siding and outdoors 	 0 119 - 0.077 = 0.042
Sheathing and outdoors 	 o 143 - 0.077 = 0.066

•
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The difference between the room and the sheathing is greater than the dif-
ference between the sheathing and the outdoors. In fact, the motive force
moving vapor into the wall is about 2.3 times that moving it out. Tests
made on walls of this type show that, under the conditions described, con-
densation can take place on the sheathing.

Higher inside temperatures increase vapor pressure differences, as shown
in example 3.

Example 3 

Temperature outside 20° F., temperature inside 80° F. ', humidity 40 percent.

Wall not insulated.

Vapor pressure differences between:

Room and inside face of sheathing 	 0 413 - 0.376 = 0.037
Sheathing and inside face of siding 	 0 376 - 0.196 = 0.180
Siding and outdoors  ' 0 196 = 0.077 = 0.119

Although there is a .slight difference in vapor pressure between the room
iand the sheathing, the difference between"the.sheathing and siding is very

much greater and it is doubtful if condensation would collect on the
sheathing. Since the difference between the sheathing and siding is
greater than the difference between the siding and that outdoors, some
collection of moisture may be expected on the back of the siding.

A combination of higher indoor temperatures and insulation will increase
the condensation problem even in mild winter weather.

Example 4 

Temperature outside 20° F., inside 80° F., humidity 40 percent.

Wall insulated with 4 inches of mineral wool.

Vapor pressure differences between:

Room and inside face of sheathing 	 0 413 - 0.150 0.263
Sheathing and inside face of siding 	 	 0 150 - 0.124 = 0.026
Siding and outdoors 	 0 124 - 0.077 = 0.047
Sheathing and outdoors 	 0.150 - 0.077 = 0.073
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The difference in vapor pressure between the room and sheathing in example
4 is 10 times that between. the sheathing and siding and more than 3-1/2
times as much as the difference between the sheathing and outdoors. In
other words,'the motive force moving vapor into the wall is 3-1/2 times
that moving it outdoors. Note also that increasing the temperature indoors
from 70° to' 80° F. at 40 percent relative humidity 'has increased the vapor
pressure in the room about 40 percent and the difference between the room
and sheathing by about 70 percent, but the difference between the sheathing
and the outdoors has been increased by only about 11 percent.

Obviously the lower the temperature outdoors, the greater the differences
in vapor pressure for given indoor temperatures and relative humidities.
As previously shown, however,, somewhat lover relative humidities may be ex-
pected indoors when outdoor temperatures are lowered. Example 5 indicates
what happens when outdoor temperatures are zero, with an inside temperature
of 70° F. and humidity of 35 percent.

Example 5 

Temperature outside 0° F., inside 70° F., humidity 35 percent.

Wall not insulated..

Differences in vapor pressure between:

Room and inside face of sheathing 	 0 259 - 0.212 = 0.047
Room and back of siding 	  0 259 - 0.085 = 0.174
Siding and outdoors 	 0 085 - 0.027 = 0.058

Because the difference in vapor pressure between the room and the siding
is nearly 4 times the difference between the room and the sheathing, mois-
ture would be attracted to the back of the siding. The motive force that
moved vapor to the back of the siding is, however, 3 times that which would
move it out. It appears that, during mild winter weather, the uninsulated
wall will not be a problem but that, during cold snaps, moisture may be
attracted to the back of the siding. The water stains that appear on sid-
ing during mild weather following a cold snap are evidence of this type of
condensation (fig. 2).

Example 6 

Temperature outside 0° F., inside 70° F., humidity 35 percent.

Wall insulated with 4 inches of mineral wool.
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Vapor pressure difference between:

Room and inside face of sheathing 	 0 259 - 0.060 = 0.199
Sheathing and inside face of siding 0 060 - 0.046 . 0.014
Siding and outdoors 	 0 046- 0.027 = 0.019
Sheathing and outdoors 	 0 060 - 0.027 = 0.033

Conditions in example 6 are similar to those in example 2, except that
lowering the outdoor temperature has increased the motive force moving
vapor into the wall from about 2.3 to 6 times that moving it out through
sheathing and siding.

Example 7 

Temperature outside 0° F.,inside 80° F., humidity 35 percent.

Wall not insulated.

Vapor pressure difference between:

Room and inside face of sheathing 	 0 361 - 0.268 = 0.093
Room and inside face of siding 	 0 361 - 0.098 0.263
Siding and outdoors 	 0 098 - 0.027 = 0.071

Conditions in this example are similar to those of example 5, but because
of the increased room temperature, the vapor pressure difference between
room and siding has increased from 3 to 4.3 times the difference between
siding and outdoors.

Example 8

Temperature outside 0° F., inside 80° F., humidity 35 percent.

Wall insulated with 4 inches of mineral wool.

Vapor pressure difference between:

Room and inside face of sheathing 	 0 361 - 0.063 = 0.298
Sheathing and inside face of siding 0 063 - 0.049 = 0.014
Siding and outdoors 	 0 049 - 0.027 . 0.022
Sheathing and outdoors 	 0 063 - 0.027 = 0.036

Conditions of example 8 are similar to those of example 6, but because of
the increased room temperature the vapor pressure difference between room
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and sheathing has increased from 6 to 8.3 times that between the sheathing
and the outdoors.

These examples illustrate the order of the forces that cause vapor to move
into a wall from the warm side and out of it from the cold side. They also
show the influence of room temperatures and insulation. They do not, how-
ever, take into consideration the resistance of the various materials mak-
ing up the wall to passage of moisture.

Materials used in Wall construction vary widely in resistance to vapor
transmission. The comparative resistance of such materials is an impor-
tant factor influencing vapor movement. Over a period of years, various
investigators have tested the resistance of different materials to mois-
ture movement by diffusion, conducting tests on wall sections having var-
ious combinations of materials and making observations in occupied homes.
It has been found, for example, that most types of inside wall finish, such
as wallboard, plywood, fiberboard, and plaster on wood, gypsum, or metal
lath, are low in resistance to vapor transmission. Some kinds of finishes
over these materials may increase their resistance materially.

Wood sheathing, uncoated fiberboard, and gypsum board sheathing are also
comparatively low in resistance, while asphalt-coated boards may rank
quite high. Some sheathing papers are very resistive, others very per-
meable. Painted wood siding may be quite resistive when the paint is new,
but its resistance decreases as the paint ages. Some vapor undoubtedly
escapes through the lap joints of siding. Some types of paint coatings
on plaster are very resistive while other types of wall finishes may . have
little or no resistance.

Tables 3 and 4 show the comparative resistance to vapor transmission of a
number of building papers and other materials. Each material was tested
by sealing it on a pan containing calcium chloride and exposing it in a
chamber controlled at 90° F. and 50 percent relative humidity. The pan
was weighed regularly until the rate of gain became constant. Transmission
rates were calculated as grains of moisture per square foot per hour per
inch of mercury difference in vapor pressure.

While at first glance the marked differences in vapor transmission of dif-
ferent materials appear to complicate the problem of vapor control, these
differences can in fact be employed to help solve it. As has been shown,
temperature and relative humidity differences between indoors and outdoors
set up the vapor pressures that cause moisture to diffuse outward through
house walls. There isn't much that can be done to control or eliminate
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these physical factors. The other important factor, the difference in va-
por resistance of construction materials, thus becomes the factor that
must be dealt with in seeking better control and eliminating the hazards
of vapor condensation within walls.

Since differences in vapor pressure can cause moisture to move into walls
faster than it moves out, the problem, at least in theory, becomes one of
seeking a better balance between the rates of inflow and outflow. One
possible way of doing this would be to reduce the indoor temperature;
since the vapor problem is greatly increased when indoor temperatures are
raised from 70° to 80° F. in zero weather, obviously it could be just as
effectively decreased if the indoor temperature were reduced, say, to 60°
or 50° F. It is just as obvious, however, that the occupants of a house
would choose to run the risk of stained plaster, decayed studs and plates,
and peeled paint in preference to unhealthfully low indoor temperatures
(figs. 3 and 4). The more practical solution, then, lies in controlling
the passage of vapor through the walls by bringing inflow and outflow more
nearly into balance.

That, in effect, is what is sought through the use of so-called "vapor
barriers," materials that are highly resistive to vapor transmission.
Since vapor passes with comparative ease through the common building ma-
terials -- more easily, in many cases, through inside finish materials
than through outside ones -- a suitable vapor barrier is necessarily an
additional feature of wall construction. It is, in fact, a necessary com-
panion of insulation.

The location of the barrier is very important. It must be at or near the
inner face of the wall so that the temperature of the barrier will always
be above the dewpoint temperature of the room, in which case no condensa-
tion will take place on the barrier (fig. 5). What is sought in .a vapor
barrier is a mechanical restriction on the amount of vapor that will flow
into a wall despite great differences in vapor pressure between the warm
side and the colder interior surfaces of the wall. If the barrier reduces
the inflow of vapor to an amount that can be moved through the outer wall
materials under compulsion of the lesser vapor pressure set up by the dif-
ference in temperature between, say, the interior face of the sheathing
and the outside siding surface, it will be serving its purpose.

In new construction, the barrier can be any one of several types, such as
(1) a vapor-resistant membrane on the inner face of the studs or furring
and under the lath or surface finishing material; (2) a vapor-resistant
membrane or coating as an integral part of the lath or covering material;
(3) vapor-resistant covering materials on the inner or warm side of insu-
lation; or (4) reflective insulation made of vapor-resistant materials.

•
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Vapor barriers may be either incorporated with or installed separately
from other materials of the wall structure. Barriers of type 1 are sepa-
rately installed; those of types 2 and 3 are integrated with other wall
materials by the manufacturer; and those of type 4 are in effect dual-
purpose materials, the same material providing both insulation and a va-
por barrier.

Some of the materials listed in tables 3 and 4 are obviously effective
moisture barriers. Effectiveness as a barrier is, of course, inversely
proportional to the amount of vapor that passes through a given surface
area of a given material in a states period of time. Thus, materials for
which low values are listed are more effective as barriers than those
with high values. Among the materials suitable as separate vapor barriers
of type 1 are the duplex or laminated papers and the asphalt-impregnated
and surface-coated sheathing paper. Type 2 barriers would include gypsum
lath with aluminum foil backing, laminated fiberboard lath, and painted
plaster or plywood used for inner wall surfaces. Blanket insulation with
coated paper covers for resistance to vapor transmission is an example of
type 3 barriers. Reflective insulation is one illustration of type 4
barriers.

It should be emphasized here once more that the position of the vapor bar-
rier in the wall is at least as important as the effectiveness of the ma-
terial in blocking the passage of vapor. The most favorable position for
it is across the inner faces of the studs or as a continuous membrane over
lath and plaster. Needless to say, joints between pieces of material
should be lapped, as should joints between insulation, lath, or other wall
materials with integral vapor barriers. It is also important that outflow
should not be impeded by materials of high resistance. Sheathing paper
should be of a type that is waterproof but not vaporproof, such as tarred
felt. Coated fiberboard sheathing may also interfere with outleakage.

The theory that vapor barriers serve to bring inflow and outflow of mois-
ture through walls into balance, thus avoiding condensation on interior
wall surfaces, was tested with a series of wall panels in a special test
house constructed at the Forest Products Laboratory. Means were provided
so that a section of the sheathing could be removed at regular intervals
for moisture determination and observation. The sheathing samples were
conditioned to 6 percent moisture content before the test started. The
walls were of conventional wood-frame construction -- plaster on gypsum
lath, studs, sheathing, tarred felt sheathing paper, and painted bevel
siding. Some of the panels were uninsulated, some had fill-type insula-
tion, and some had similar insulation and a vapor barrier consisting of an
asphalt-coated paper weighing 50 pounds per roll of 500 square feet. The
panels were exposed so that conditions on the warm side were maintained
at 70° F. and ho percent relative humidity, with the outside varying ac-
cording to outdoor temperature. The tests covered a complete heating
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season from October to June at Madison, Wis. The current changes in mois-
ture content of the sheathing in three sets of representative panels are
shown in figure 6. Each curve represents an average for three panels.

The temperature curve shows that the winter during which the tests were
made was not particularly severe; only one short period occurred during
which the temperature fell to -16° F., and one other when zero was reached.
Nevertheless, the conditions were sufficient to show the comparative ef-
fects of the three degrees of insulation apd barrier protection afforded.

The inflow and outflow of moisture that took place in the wall was deter-
mined by recording the moisture content of the sheathing at regular inter-
vals throughout the period of the test. Readings were taken at the top
and bottom of each panel, because it had been established that, in walls
not filled with insulation, more moisture tends to collect at the bottom
than at the top. The opposite is true for insulated walls. This fact was
borne out by the moisture content readings recorded in figure 6.

These curves show clearly that vapor barriers successfully control the in-
flow and outflow of moisture at levels safely below the point at which
condensation may be expected to occur within the wall -- specifically, in
this case, on the inside face of the sheathing. In all panels the mois-
ture content of the sheathing rose during October and November. In late
December, however, that of the sheathing in the panels with vapor barriers
began to reach a fairly constant level at the bottom; by February an equi-
librium was established at the tops of these panels as well as for those
without insulation or vapor barriers. Those with insulation but no vapor
barriers continued to increase in moisture content until a peak was
reached late in March, after which a rapid and constant decline took place
as the outdoor weather warmed.

Note that the barrier-equipped panels were at a fairly constant moisture
content for most of the severe part of the winter; this indicates that the
inflow through the barrier and outflow through the siding were about in
balance (fig. 7). The most severe moisture condition occurred, as was to
be expected, in the panels with insulation but no barrier (fig. 8). Be-
cause of the mild outdoor temperatures of that winter, there was less con-
densation than would have occurred in a more normal winter. A more rig-
orous winter would have created definite condensation hazards on the in-
terior face of the sheathing as inflow continued to exceed outflow during
the coldest months.

This comparison of walls with and without vapor barriers or insulation can
be expected to hold fairly constantly regardless of the severity of any
particular winter season. That is, the more severe vapor pressures created
by a colder winter would, on a comparative basis, be expected to have about

•
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the same results as between uninsulated, insulated, and insulated and
barrier-equipped wall constructions.

Evaluation of Vapor Barriers 

From tests made in the Laboratory test house over a period of years and
observations under actual use conditions it is possible to evaluate the
various types of materials suited for use as vapor barriers in conven-
tional frame construction. If it were practicable to use a barrier that
was impermeable there would, of course, be no problem. However, it would
be very difficult and expensive to install materials that would stop all
vapor movement. Fortunately, it is possible to use inexpensive materials
that are highly resistive, since some vapor can escape outward through
the walls or by ventilation from the roof. The moisture content of
sheathing during the summer averages about 10 percent and the tests show
a pickup during the winter. To avoid the hazard of decay, the moisture
content should be held below 20 percent and, to provide a factor of safe-
ty, we may arbitrarily choose 15 percent as the maximum moisture content
for sheathing.

Table 5 shows the maximum moisture content attained in the sheathing of
the wall panels in the laboratory test house during one test period, and
the relation of the type of vapor barrier and insulation to the moisture
content of the sheathing. The temperature inside was maintained at
72° F. and the relative humidity at 42 percent. The test house was built
outdoors, so that all panels were exposed to actual winter weather and
the usual variations in temperature. However, the house was protected so
that no variable would be introduced by exposure to the sun.

It appears from table 5 that barriers which have a vapor transmission
value of one perm or less by the test method used will hold the moisture
content of the sheathing at or below 15 percent moisture content. Types
of materials that meet this requirement are, (1) papers saturated and
coated with asphalt sold in rolls of 500 square feet and weighing 35 to
50 pounds per roll, (2) roll roofing, (3) some of the duplex or laminated
papers with asphalt lamina, (4) some, but not all, insulation back-up pa-
pers, (5) reflective insulation covered with aluminum foil and some of
this type with reflective coatings, (6) rock lath with aluminum foil on
the back,(7) polyethylene films, and (8) some of the laminated fiberboard
lath bonded with asphalt.

Paint coatings on plaster and gypsum board interior wall finish may be
very effective as vapor barriers if materials are properly chosen and ap-
plied. They are not recommended for new constructions, however, since
they provide no protection during the construction period. Priming coats

•
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of pigmented primer and sealer or aluminum paint followed by one or two
decorative coats of oil base flat paint offer good resistance. For dry-
wall construction where plywood, fiberboard, or other wall materials are
used in place of plaster, paint coatings may be applied to the back or to
the face. Asphalt coatings on the back of plywood, for example, make
an excellent barrier. Two coats, or enough to make a bright shiny finish,
are required.

Ventilation

Side Walls

It is, in theory at least, possible to balance inflow and outflow of mois-
ture vapor through walls by means of ventilation. Outflow could be accel-
erated by providing ventilating openings in the outer surface of the walls,
thus reducing accumulation of vapor in the sheathing. Standard construc-
tion must, of course, be modified to permit such ventilation. One method,
employing furring strips on the outer face of the sheathing so that an air
space would be provided between sheathing and siding, was tested at the
Forest Products Laboratory. The air space was open to the outside at top
and bottom of the wall panel, to permit circulation of air.

During periods of protracted cold weather, it was found that moisture va--
por condensed in the open space as frost, clogging the ventilating space.
Subsequently, with return of warm weather, the frost melted and ran out
under the siding, carrying with it water-soluble materials that stained
the outside walls. This method of ventilation was therefore discarded.

Ventilation of side walls appears, however, to be about the only method
that would allow moisture to escape from walls that are covered on the
outside with some highly impermeable surface material. A number of such
materials are on the market and are often used by owners who wish to in-
stall a "permanent" outer covering on their houses, thus avoiding the ex-
pense of periodic repainting. Since they resist passage of moisture much
more than does wood siding, for example, they tend to intensify the prob-
lem of vapor collection within walls. They are, in effect, vapor barriers
placed on the wrong side of the wall, thus largely nullifying the worth of
properly installed barriers on the warm side.

Side-wall ventilation for such materials, to be effective, requires that
there be openings at the bottom and top of the wall, one to admit air and
the other to allow it to escape. Similar openings would be required above
and below windows and doors. All such vents should, of course, open to
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the outside. Air movement will depend for the most part on temperature
differences along the height of the wall, and to a minor extent upon ex-
terior wind forces. The latter are unreliable. Nor will air move freely
through small openings when frictional resistance is high if the only
moving force is that created by temperature differences. To be effective,
such openings should be at least three-fourths inch in the least dimension.

Ventilation in Attics and Roofs 

Though ventilation has proved impractical, as thus far developed, for side
walls, it has been of great value in minimizing moisture problems in attic
spaces and on the under side of flat roofs. Unfortunately it does not of-
fer assured protection in all cases.

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, sunshiny 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
openings 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 cannot 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 openings to conserve heat or for some
other reason, and the intended protection is thus 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. It is to be expected that some
vapor will work into the roof space through the barrier or through places
not fully protected by a barrier, such as trap doors and around pipes and
ducts. The amount is small and, if uniformly distributed over the roof,
would be unimportant. However, the 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.

•
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Louvered openings in the gable ends of attics should have a free area equal
to not less than one square foot for each 300 square feet of ceiling area
of the rooms below. More is desirable. A triangular opening in the peak
of the gable is more efficient than an opening some distance below the peak.
Roofs having more than two gables should have an opening in each gable.

Hip roofs, where louvered openings cannot be used, can be vented by various
means. Globe ventilators in the ridge, with inlet openings under the cor-
nice around the perimeter of the house, are efficient. About 1 square
foot of area should be allowed in the ventilators for each 1,600 square
feet of ceiling area. For inlets under the eaves, at least three times as
much free area should be allowed, divided among one or more openings on
each side of the house.

Ventilation in flat roofs should be provided in accordance with the roof
framing. 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.

The Forest Products Laboratory has been receiving reports of condensation
in houses from various parts of the country for many years. In normal or
mild winters most of these are from areas north of the Ohio River, but
after a severe winter, such as occurs every 4 or 5 years, the reports are
more numerous and.include many from areas farther south. On a basis of
these reports, it has been established that condensation problems may be
expected in houses in those parts of the country where the average January
temperature, according to Weather Bureau reports, is 35° F. or lower.

At the time it is built, every new house north of the 35 degree January
isotherm (fig. 9) should be provided with some positive form of protection
against condensation. In the light of our present knowledge, vapor bar-
riers on the warm side of the wall or under the roof seem to offer the
most assured form of protection and are inexpensive. For existing houses,
suitable paint coatings over the inside surfaces of exterior walls and
ceilings will generally prove satisfactory. Tests have shown that, with
suitable integral vapor barriers or suitable paint coatings, adequate pro-
tection is obtained in houses maintained at humidities as high as 40 per-

cent in the coldest weather.

•
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Paraffin coating, 1 side; asphalt side ribbed
Single infused
Single infused, ribbed
Asphalt saturated, one side glossy

Insulation back-up paper •
.

	

.	 .

•
.

	

.	 .

	18 : 	 .133	 •.	 .237

	

12 :	 .433	 ..	 .583
	18 : 	 .162	 •.	 .232

:	 21 :	 .327	 •.	 .377

Table 3..-Water vapor permeability of various building materials

Description of material	 :Weight : Water vapor transmission
:of roll: 	
:of 500 :	 Low	 High
:square :
: feet :

:Pounds • pennta 	 1Perms-
•

•

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

• •	
.

	

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
30-85-30 untreated, reinforced 	 24 :	 .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

:	 .	 .

Single sheet kraft, double infused

Asphalt saturated kraft 	 :	 11 : 7.447	 • 	
Asphalt saturated kraft	 :	 15 : 2.469	 • 	
Asphalt saturated kraft 	 : 18 : 3.612	 •	
Asphalt saturated kraft 	 : 23 : 7.987 	:	 11.656
Asphalt saturated kraft, 30 percent asphalt 	 : 16 : 30.764 	. 	

Miscellaneous materials 	
.

3/4-inch fiberboard sheathing with light asphalt coating 	 	  6.320	 8.460
1/2-inch gypsum sheathing 	 • 18.200	 : 21.950
3/8-inch gypsum lath with aluminum foil backing 	 .061	 .277
Aluminum foil mounted on paper backing	 .003	 .005
Polyethylene films, 0.002 inch thick 	 .270
Polyethylene films, 0.004 inch thick 	 •	 •	 .097	 .108

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

standard test conditions.
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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
	

9.596

	

.47o	 .783	 .642

	

1.326
	

2.816
	

2.013

	

.616	 .912	 .770
974
	

1.546
	

1.215

3/8-inch gypsum wallboard

None
Inside flat wall paint
Natural blond finish

3/16-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 

	

15.300
	

23.400
	

19.733

	

3.360
	

7.360
	

4.730

	

.815 976	 .896
966
	

1.030
	

1.018

	

.749
	

1.242
	

1.076
778 954	 .876

•

• •

	

1.623	 :•	 1.979	 :	 1.801

	

1.060	 •	 • 
•	. 	 .740	 •	
•

.	 •.	 •	 •
•

	2.130	 •	

	

.576	 :	 .864	 :	 .720

None	 :None
Glue size	 :1 coat oil-base flat paint 	 :
1 coat pigmented primer and sealer :1 coat oil-base flat paint
1 coat pigmented primer and sealer :1 coat oil-base flat paint
1 coat interior aluminum paint 	 :1 coat oil-base flat paint
1 coat pigmented primer and sealer :1 coat oil-base enamel paint !

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

:None
:Inside flat wall paint

•
••

Table 4.--Water vapor permeability of various painted wall

surfaces'

Paint used	 Water vapor transmission

First coat	 Second coat	 Low	 High : Average

: Perms?_ : Perms? : Perms?

Sand finish plaster on gypsum lath

Aluminum primer
Outside paint

:2 coats outside paint
:2 coats outside paint   

.190
200    

,The 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.

berms - grains per square foot per hour per inch of mercury difference in vapor pressure at
standard test conditions.
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•

rigure 2.--During very cold weather water condensed on the back of the siding is
form of ice. During subsequent warm weather the ice melted and the water ran
from under the siding and left the unsightly coffee-colored stains.
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• Figure 4.--Condensation in the wall caused decay in the sheathing and studs.
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Figure 5.--Vapor barriers installed on the inner face of the studding. The laths
are placed over the barrier& and nailed to the studding. The lath holds the
paper tight to the Joints and no special seal is required.
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