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The present invention relates generally to ther-
mal insulation and resistors to the flow of water
vapor, and in particular to thermally insulated
and water-vapor-resistant space-enclosing or sep-

arating structures. 5 Fig. 4 represents a vertical sectional view of a
The problem of heat insulation between atmos- house-wall construction embodying the present
pheric air volumes of different temperatures is invention. ‘
complicated by water vapor in the air, and by From a theoretical standpoint, the objects may
the property of water-vapor in air to condense be readily obtained by numerous constructions,
at a precise temperature dependent upon water- 10 at considerable expense and with departure from
vapor content. Practically, a space-enclosing practical values and considerations. For exam-
structure perfectly designed for thermal conduc- ple, a sealing of the warm side by means, such
tivity may fail because of condensation of vapor as 'metal sheets which are perfect barriers to the
to water in the wall or even in the insulation. transmission of water-vapor, considering even
This may change the thermal conductivity. More 15 welded joints, would suffice to protect the wall
important, however, is the resulting damage to whatever its construction. However, such sealed
the insulation and to the structural elements. chambers are unhealthful for human occupancy
Many structures heretofore employed in disre- because humidity will rise to an uncomfortable
gard of the problem of condensation, or more degree, and windows will steam or frost heavily
particularly without adequate design knowledge, 20 in cold weather, with dripping or heavy melting
have failed in whole or in part, or permanently in prospect. A degree of leakage of moisture
or temporarily. Some damaged walls eventually from the room and through the wall is desirable.
dry out, restoring insulating value. Some types Much thought and effort have been given fo the
of insulation material are permanently impaired. _ broblem. of avoiding such leakage where common
Some types of insulation have been protected -? commercially practical materials are used, yet
against damage by sealing it in means suitably no adequate principles have been established
exclusive of moisture to prevent such damage to whereby available materials may be assembled to
the insulation, but not necessarily to the struc- effect a leakage of vapor, yet one so controlled
ture as a whole. that the leakage does not result in condensation.
The present invention aims to build such a 3p Practice of the invention involves the proper
structure of various unit members d¥ various lay- use of physical data or property values respect-
ers, so chosen and so arranged that it is impos- ing the separately considered materials for the
sible under assigned terminal conditions or ex- layers of the structure. Fer the purpose of ex-
tremes of normal usage to effect condensation planation, assume a warm humidified interior W
in the structure. 35 (Fig. 1), a cold exterior C, and an insulating par-
A particular object of the invention is the pro- titioning structure comprised of interior struc-
vision of a structure, such as a wall, ceiling, roof tural finish 10, exterior structural finish t1, ther-
or floor, between indoor living quarters and like mal insulation 12, and intervening air spaces p, g,
spaces, and the out-of-doors, or like spaces, r and s. The insulation (2 is represented as one
which structure normally functions to prevent 4¢p open to the movement of air through it as per-
the condensation of vapor therein under all nor- mitted by a fiber felt. Of course, the finishing
mally encounterable conditions, and particularly layers 10 and {f, and the air spaces, have insu-
when conditions are most favorable for 'it, i. e,  lating value. Each layer (8, {# and 12 also has
in the cold winter weather with warm humidified some capacity to transmit water vapor. The
interior. . 45 amount of water vapor transmitted will, of course,
The_ invention is represented generally and  depend upon the said resistivity of each layer, and
specifically in the accompanying drawings in upon the differential water-vapor pressure across
which: each layer. At an equilibrium condition, the
Fig. 1 represents diagrammatically a wall de- concentration of water-vapor exerting a water-
veloped according to the invention. g0 Vvapor pressure, the actual temperature, and also
¥ig. 2 represents a vertical sectional view of a a dew-point temperature, may be positively ex-
house-wall so provided with insulation and water- pressed for any chosen point. in the wall. By
vapor resisters as to conform to the present in- taking successive points in the structure, a num-
vention. ber of values for each or all of these may be
Fig. 3 represents a vertical sectional view of a 88 obtained which will determine a continuous Tine

z R
house-wall in which common wood lath and
sheathing are replaced by insulation board hav-
ing appropriate water-vapor flow-resisting prop-
erties for the present invention.
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or plot on a suitable scale. There will be a tem-
perature line, hereinafter called the T-line, and
a dew-point temperature line, hereinafter called
the DP-line. The T-line is readily expressed in
degrees as thermometer readings.” The water-
vapor concentration may be expressed in various
terms, such as water-vapor pressure, or dew-
point temperature, or weight per unit volume,
or as relative humidity when given the tempera-
ture. The terms are related and relations can
be found in available tabulations in hand books
and tables, or charts used in the art. ’

The T-line through a wall has its terminals lo-
cated by the conditions the wall is to meet. But
its course between said terminals may be con-
trolled by placing insulating elements or layers

[ )

10

in the wall. Likewise, water-vapor resisters may .

be placed in the wall to control the passage of
water-vapor and the vapor concentrations in
various layers. Hence, the resisters acting in con-
cert locate a dew-point temperature or DP-line

" through the wall between terminals fixed by the
regions separated by the wall. - The T-line and
the DP-line can, through the present invention,
be independently controlled and, in so doing, the
object of the invention is to keep the temperature-
line always above the dew-point-line in the oper-
ation of the wall.

In the wall, the T-line will drop from the warm-
side temperature to the cold-side temperature
and have a form according fo the relative ther-
mal resistivities of the individual elements com-
prising the wall. The greater the thermal re-
sistivity of a layer relative to resistivities of the
other elements of the wall, the steeper will be
the included portion of the T-line. In Fig. 1,
the warm side of the wall has a temperature
represented at 15 as 82° F. The cold side of the
wall has a temperature represented at 16 as —3°
¥. The T-line will run from 15 to (6, and is desig-
nated (8. .

It is well-known that static air adjacent the
wall surfaces, to a limited thickness of about
34 inch, acts as an insulating blanket, whereby
the regions W and C of Fig. 1 are, respectively,
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slightly warmer and colder than the wall surface

temperatures given, where the air is static.
Table I, below, shows that the interior wall
finish layer 18 has the poorest insulating value @,

that the outside layer 11 has a better insulating -

value a-}-b, and that layer 12 (dspended upon
primarily for its insulation value) has a high in-
sulation value indicated as a+4-b-4-I. Each layer
of air has value d. These indications, a, b,Iand d
clearly show the relative capacities which deter-
mine the steepness of the included portions of the
T-line {8.. Table I also shows values represent-
ing the coefficients of resistance to the transmis-
sion of water-vapor for the elements of the wall
structure of Fig. 1, the layers of air and the insu-
lation 12 having substantially no resistance to
vapor-flow.

Table I
Coefficients
of Resistance
Layersof Fig. 1 Relative Insulation Value to Trans-
. s mission of
Water-Vapor
16 a z.
1 a+b 7.
12 a+b+1 negligible.
8. | megligible. . 2,
0. do. 2.
p,qranda .| (each) d (and greater than a)..__| negligible.
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In table I, specific values are not given, since
their values may change without change of re-
sult, so long as the changed values keep the same
relation. This is true for thermal conductivity
and for vapor transmission. Doubling all the in-
sulation values and keeping the vapor resistance
unchanged will not change the positions of the
stepped curves. . )

The relative humidities of the warm and cold
regions W and C fluctuate greatly with weather
conditions and internal air-conditioning. Water-
vapor in air will precipitate where the actual air
temperature falls telow the dew-point tempera-
ture for that air. Hence where the T-line ap-
proaches the DP-line in a wall, the danger of
condensation is imminent; where it intersects,
condensation is taking place.

The invention is concerned primarily with
transfer of water-vapor from moist alr on the
warm side, considering that convective movement
of air into the wall' is non-existent or negligible.
If air moves by convection into or through a wall,
naturally the moisture goes with it. But water-
vapor may pass through a body independently of
air. A material such as a sheet of paper which
is differentially permeable to passage of water-
vapor, air, or other gases, will transmit water-
vapor in a quantity proportional to the water-
vapor pressure differential imposed across it
without movement of air. Reference to a mate-
rial in terms of its resistance to the transmission
of water-vapor involves this-element of differen-
tial vapor pressure. Also, with thermal insulation
the thermal conductance is expressed in terms
of temperature differential. The invention con-

- templates a proper combination of water-vapor

resisters and thermal insulating elements, or
single materials acting as both, so that in an
assembled wall the temperature-line through the
wall must not intersect, and preferably must not
approach too closely, the dew-point-line through
the wall, for assigned extremes of terminal con-
ditions to be encountered in operation of the wall.

In Fig. 1, a common value for the relative

-humidity of the interior W is shown at 19 as 36%.

At the same time, a common out-of-doors value
of relative humidity (outside wall temperature
—3° P.) is 83%, as shown at 20. The actual
water-vapor content is, of course, highest on the
warm side, so that vapor pressure for vapor move-
ment is from W to C. Assume that the layer
10 sliehtly impedes the transmission of water-
vapor, according to its coefficient of resistance z
shown in Table I. Therefore, water-vagor pres-
sure declines toward cold side of element 10.

Assume but a slight drop in the T-line in layer -

10, as represented by numeral 21. At the warm
side W of the wall where the relative humidity
(at 19) is 36%, and the wall surface temperature

is 82° P, the dew-point temperature is 53° F',, as -

shown at 22. The dew-point line is shown as
dropping slightly in the layer 10 as by line 23 to
the level 24 in the. air space p between layer 18
and layer 12. Under conditions thus described,
the T-line 21 and the DP-line 23 remain properly
separated in layer 10, .

The outside relative humidity of 83% at —3° F.,
cold wall surface temperature, corresponds
roughly to a dew-point of —7° F. This is repre-
sented at 25, and it is a terminus for the DP-line
which terminus remains unchanged regardless of
the wall struecture. This terminus 25 and ter-
minus 22, together with the elements of vapor
resistance in the wall, determine the location of

75 the DP-line,
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The primary insulation layer 12 shows a steep
drop in the temperature-line (8, oi the T-line.
If the actual water vapor content in the layer 12
were the same as at the level 24 in the DP-line,
it is certain from the drawing that the T-line 8
would meet the DP-line, which would in that case
run horizontally from level 24 into the insulation
12, To avoid this, the dew-point in insulation (2
must be depressed. - This is accomplished by
lessening the water-vapor confent in the insula-
tion 12 to such a point that throughout the insu-
lation, the DP-line is forced below the T-line.
Hence a water-vapor resister 26 is placed between
layers i0 and 12. Its insulation value is negli-
gible, as assigned in Table I. Its vapor trans-
mission resistance is 2 as shown in Table I. The
water-vapor resistivity of insulation (2 may be
neglected and considered as zero, which is true
where the insulation is a loose fibrous mass.
Hence in insulation {2 there will be no change in
the DP-line, and it will be horizontal, as at 21,
at some location well below the level 24. Where
the portion 21 of the DP-line in layer 12 hits
the cold boundary of the insulation {2, at 29, it
will be seen there is even more danger of the T-
line meeting the DP-line if vapor content re-
mains the same in air space s and in layer 11 as in
layer 12. To avoid this, a water-vagpor resister
30 in sheet form, having resistance 2’ (Table I),
is used to drop the DP-line to point 3f on the
cold side of the resister 30 from the leve] of point
29 on the warm side of resister 30. From point
381, the DP-line proceeds as level line 32 in the
air space s and drops as line 33 to terminal point
25, in layer i1, having water-vapor resistance y.
DP-line 33 is not horizontal in layer {1 because
of some resistance to transmission of water-va-
por, according to its resistance y (Takle I).

In reviewing the above, it is seen that the
course of the temperature-line through a wall
will drop with a stepped-like slope with the steps
variably inclined according to the relative ther-
mal resistances. Also, the course of the dew-
point-line will vary with a stepped-like slope,
with some steps which are substantially flat
where there is little or no impedance of water-

vapor movement, with other steps more steeply.

sloped where there is partial impedance, and
other steps practically vertical where there is a
pronounced and concentrated resistance, as in a
sheet resister such as 26 and 30. The aim is to
keep the thermal steps always above the dew-
point steps. Wherever analysis shows there is a

meeting, or danger of meeting, under any tested

set of conditions, the dew-point steps may be
lowered by proper location of a water-vapor re-
sister, If the resister has no real thermal insu-
lating value, it will affect only the dew-point
steps and not affect the thermal steps. The in-
sertion of a water-vapor resister inside a given
wall shifts the location of the entire dew-point-
line between its terminals, which, of course, re-

main fixed. The portion on the warm or humid .

side of such a new resister is raised from its
former position, and the portion on the cold or

1]
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drier side of the new resister is lowered from its -

former position. In preferred practice, such new
insertions are made as sheet resisters having no
thermal insulating value, whereby they may be
employed to adjust the position of the dew-point
line with respect to a fixed temperature-line.
Also it will appear from the above explanation
that a thermal resistance having negligible vapor
resistance may be inserted in or removed from a
wall to shift the position of the T-line with re-

70
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‘resistance.
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spect to a fixed DP-line. An added thermal re-
sistance at any zone will lower the T-line from
its former position on the cold side of the added
resistance and will raise the T-line' from its
former position on the warm side of the added
Conversely, removal of thermal re-
sistance will raise the T-line on the cold side of
the altered zone, and. lower the T-line on the
warm side of the altered zone. Correction of a
wall for -dry conditions may, in some cases, be
effected by removal of thermal resistance.
From the foregoing discussion, it appears that
building material for walls and other space-en-
closing structures may best be provided in two
kinds, one with high insulation value and neg-
ligible water-vapor -resistance, and the other
with high water-vapor resistance and negligible
insulation value. These may be combined as re-
quired. They may be separate entities for com-
bination, or combined entities to give useful units
for combination, as for example, a layer of
fibrous insulation, carried by, and sealed between
two csheets of water-vapor resisters. Additional
water-vapor resisters may be spaced within the
thermal insulation provided its thickness and
the corresponding temperature-line may call for
an additional downward step in the dew-point-
line. Standard materials entering into wall
structures, such as lath, plaster, sheathing,
shingles, siding, building paper, stucco, wall
board, and the like, may all enter into the pres-
ent invention. The coefficients of thermal trans-
mission and water-vapor transmission are known
or may readily be determined. These data may
be used in designing a wall on paper, and plotting
thereon the T-line, and the DP-line for any
chosen condition to which the wall may be sub-
jected. Wherever the DP-line steps approach
the T-line steps too closely the insertion of a
poorly-insulating element of the required degree
of water-vapor resistivity, preferably as a sheet,
at a chosén position in the wall will lower the DP-
line at the danger point. Such correction may
be made by shifting the T-line with respect to a
substantially fixed DP-line, by inserting in a
chosen position in the ‘wall a suitable layer of
thermal resistance, or even removing one, where
such layer has a poor or negligible resistance to
vapor transmission. The drawing of the assem-

, - bly will show where and how this may be easily

or most economically effected, and the plan may
be accordingly corrected and perfected.

It is not implied that speculation has hereto-
fore not indicated how a perfect wall may be
constructed, but certainly it has not been fol-

. lowed, when the simplest tests reveal the de-

ficiences of walls with but one major water-
vapor resistance included in the design. Many
publications in the field by reputable investi-
gators even recommend that air spaces in walls
be . suitably vented to the out-of-doors to per-
mit circulation of air into and out of them, for
the purpose of evaporating water of condensa-
tion which may take place in the wall. Any
such recommendation for any particular wall is
a condemnation of that wall as one not free
from the danger of condensation. The only
reliable recommendations heretofore made have
been instructions to use perfect water-vapor
barriers, or stops, such as aluminum foil of cer-
tain minimum allowable weight and thickness.
These are costly, and must be installed to in-
sure against rupture and deterioration. The
present invention is important in teaching how
one may correctly use inexpensive materials,
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anhd common materials, which are not stops or
barriers, but rather are both transmitters
and resisters, which two characteristics are
each advantageous although in opposition. As
pointed out above, exfiltration of water-vapor
from human quarters is desirable, but it must be
accomplished in controlled steps within the wall,

or on a DP-line located always below the oper- .

ating T-line of the wall, to protect the wall or
other transmitting structure.

The explanation given above is in reference to
cold-weather conditions, and it is necessary to
consider the warm-~weather functioning.

In reference again to Fig. 1, as it will now be
understood, assume that the room interior W is
relatively colder than outside and is also de-
humidified, as in summer. The disclosed in-
ternal temperature will suffice, and the humidity
will perhaps be much greater than shown. The
temperature-line will be much flatter, and re-
versed in its course, running down from C to W,
and it will be nearer to the top of the figure. The
relative humidity in outside region C will be high
and can be near 100%. Then the dew-point
out-of-doors wiil be nearer the atmospheric
temperature and above the inside-dew-point.
Thus, the dew-point depression from atmos-
pheric temperature will be less on the out-of-
doors side than on the indoors side. The dew-
point stairs will run down from left to right.
The temperature-stairs will run down from left
to right. In Fig. 1 (cold-weather), the two
stairs converge as they go down. In the ex-
treme warm weather conditions cited, they di-
verge as they go down, and hence there is no
danger of meeting to establish condensation.

In the warm-weather condition where the in-
terior is cooled and not dehumidified, the two
gradients will run nearly parallel, with closer
terminals. In both structural layers dI and {0,
both the temperature-line and the dew-point-
line will be more nearly horizontal. The dew-
point-line will be horizontal in a felted-fiber
layer 12, but will have nearly vertical courses in
the water-vapor cheet resisters 30 and 26. Just
as the said vertical portion is longer in the re-
sister 26 near the warmer more humid side W
in Fig. 1, so it will be longer in resistor 30 for
warm weather, and thus it will be Kept below the
summer time temperature-line,

In the following d2scription, there are given
three examples of walls constructed according
to the invention, showing considerable variation
in type.

Fig. 2 represents the design of a wall which
is just catisfactory as shown, and which can be
improved as will be indicated.

In Pig. 2 a practical wall is shown with its
determinant temperature and dew-point lines,
following the explanation above given. On the
interior there is 1, inch of plaster 48 on 33 inch
wood lath 41, secured to standard nominal 2-
inch x 4-inch studs 42. On the exterior there is
wooden 23. inch sheathing 43, a minor water-
vapor resistance in the form of common porous
felt building raper 44, and wood siding 45, hav-
ing maximum application thickness of about 34
inch. In the spaces between studs 42 there is a
1 inch thick layer of insulation 46 with equal air
spacses 471 and 48 on cach side of it, and sheet
water-vapor resisters (not identical) 49 and 50
secured to the insulation respectively betwezn
the insulation 46 and sheathing 43, and insula-
tion 46 and lath 4f. The insulation shown is a
felted mass of wood fibers carried by and be-
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tween asphalt paper liners which are thé resister
sheets 49 and 50, with sealed edges providing
flanges (not shown) for fastening the insulation
tightly to the studs. :

Such type of insulation blanket is well-known
on the market, without, however, bearing liner
sheets of controlled water-vapor resistance with
respect to any given wall-assembly.

Liner sheets have been applied to insulation
blanket or felt for various reasons. Initially,
they were merely kraft paper with no vapor re-
sistant properties. Later, asphalted paper was
used for water-resistance (which bears no rela-
tion to water vapor flow resistance). Now that
it is known that vapor resistance is important
those liners which are vapor resistant are pro-
claimed as such, without, however, any require-
ment that certain relative resistance values ara
required for one wall construection, and other
relative resistance values for a different wall
construction. Where a commercial insulation
blanket with one or more vapor resistant liners
is used for the present invention, the entire wall
must be constructed with reference to the in-
sulating value, the vapor resistance, and the
positioning of the blanket in the wall.

In practicing this invention, the wall design is
made graphically using a construction which -is
mechanically practicable, considering the costs,
material, and insulating value. First, a set of
extreme-use test conditions is chosen, such as
81° F. for the room interior, giving about 75° F.
at the wall surface, with 46.6% relative hu-
midity at the wall (and 37.9% in the room) and
—19° P. for the exterior atmosphere with about
—17.7° P. at the wall, where the relative hu-
midity at the wall is 82.5% (and 89% away from
the wall). From the known heat transmission
charactzristics of the plaster, lath, insulation,
sheathing, and siding, the thermal gradient may
be drawn by any one skilled in the art, using the
foilowing fundamentals:

The thermal resistance of an assembly, such
as a wall, equals the sum of the thermal resist-
ances of the elements in series in the assembly.

The thermal resistance value of an elament is
the reciprocal of the thermal transmission value
of the element.

The transmission value of an element is ex-
pressed in terms of heat units passed in a given
time per given area per given temperature dif-

ferential across the element.

Static air up to about 34 inch in depth away
from a body has an appreciable insulation value
which should be included in the calculations.

In an assembly at equilibrium between constant
terminal conditions, every thermal resistance ele-
ment in the wall passes the same number of heat
units.

The temperature difference dT across each
thermal resister is proportional to the thermal
resistance R, or dT=kR where k is a constant.

Quite similar laws hold for vapor resisters.

The partial pressure of water-vapor dP across
each independent vapor resister is proportional
to the vapor resistance V, or dP=k’V, where k is
a constant.

An independent water-vapor resister is one
having plane boundaries which are exposed to
be acted upon by atmospheres containing water-
vapor to create the required differential water-
vapor pressure. :

The presence of mat or any foreign material
in the flanking body of gas to which a said plane
boundary is exposed, with or without adhesion or
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9 .
contact of such material with respect to the sur-
face of a water-vapor resister, makes the com-
bination of the material and the body the inde-
pendent water-vapor resister for the above laws.

Thus, in Fig. 2, the lined insulation blanket
#49—46—50 is the independent resister element, in
addition to being a thermal resistant eléement.

With respect to the passage of water-vapor
there is also a set of fundamental relations.

The water-vapor resistance of an assembly,
such as a wall, equals the sum of the resistances
of the independent vapor resisters in series in
the assembly.

The water-vapor resistance value of an element
is the reciprocal of the water-vapor transmission
value of the element.

The water-vapor transmission value of an ele-
ment is expressed in terms of amount of water
passed in a given time per given area per given
water vapor partial pressure differential across
the element.

In an assembly at equilibrium wherein no con-
densation takes place, the amount of water-va-
por passed by each element is the same.

In Fig. 2, it will be noted that the warm side
room dew-point (if extended into the wall) will
cross the T-line 5i at its steep slope in insulation
46. This indicates that a water-varpor resistance
must be present between the insulation 46 and
the room atmosphere. Practically, this is pres-
ent in part as the lath and plaster and as liner
50 which is part of the insulation blanket used,
which blanket also provides a different resister
on the other side. Since it is practical (and com-
mon practice) to have the building paper 44, there
are thus provided four major vapors resistances,
‘but only three major independent resisters for
calculations using the law of additive resistances.
These are: (1) the lath-and-plaster, (2) lined
insulation blanket, and (3) building paper 44 in
contact with siding 45 and sheathing 43. The
courses of both the temperature-line and the dew-
point-line may not be determined without consid-
ering all the elements of the wall predetermin-
ing them. Therefore, before the dew-point-line
(DP-line) 52 may be drawn, the whole assembly
must be temporarily indicated. Given the as-
sembly described and the vapor-transmission
characteristics of the independent resisters (see
Table II following), the amount of water-vapor
present, as in terms of partial vapor pressure, at
each zone at equilibrium condition may be deter-
mined. From this the dew-point-line 52 (DP-
line) is plotted on the same scale as the T-line 51.
These are all indicated in Fig. 2, with various
values marked.

It has been pointed out that the lined blanket
43—46—50 is an independent resister in the
structural wall assembly, whereby the DP-line
in the adjoining air-spaces may be calculated.
The formulas applicable to isolated sheet vapor

resisters, for calculating vapor pressures or dew’

points in adjacent air spaces, do not apply when
the air space adjacent the resistor sheet carries
material such as an insulating body. Hence,
these formulas cannot be used to calculate the
vapor pressure in the air within blanket 48, con-
sidering the two liners 49 and 50 as independent
resister sheets, hecause they are not such sheets.
The whole blanket 49—46—50 must be consid-
ered as an isolated compound water-vapor re-
sister. . But this space within the blanket, and
filled with the fiber felt 46 is an important zone
to be protected. In order to calculate the dew
point within insulation, such as blanket 46,
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flanked by two water-vapor-resistant liners, such
as 48 and 50, the whole assembly 49—46—B50 be-
ing a unitary water-vapor resister, the blanket
may be considered as split medially to provide &
central air space, with respect to which the dew
point may be calculated, thus providing two uni-
tary water-vapor resisters for the calculation,
such as 49-—46 and 46—50. By employing ele-
ments to give an adequate separation, in the uni-
tary blanket, of the D-P line and the T-line, slight
errors from neglected factors resulting from such
theoretical splitting may be safely ignored.

The drawing shows an operating wall with the
dew-point stairs below the temperature stairs.
However, it is near the limiting condition, at liney
49, and at the building paper 44 on the warm sides
of each. From the foregoing explanation, it is
obvious that this wall could be improved by hav-
ing the first vertical drop in the dew-point-line
52 at a point closer to the plaster from the warm
side of the insulation 46. ‘This may be effected
by a resister associated with the lath~and-plaster.
For example, a wood fiber insulation board, hav- .
ing body and edge sealing of vavor-resistant ma-
terial, may be substituted for the wood lath 4&i.
This substitution may introduce some additional
insulation which will also lower the T-line stairs.
Therefore, the whole must be recalculated to
test the change. Where a non-insulating vapor-
resister is inserted between the liner 50 and the
room atmosphere, no recalculation will be re-
quired for the T-line. However, g recalculation
will be necessary for the D-P line. Such a new
barrier may be provided by a vapor resisting fin-
ish, such as suitable wallpaper, or suitable paint,
applied on the room side of the plaster. It may
also be a partitioning non-insulating resister
sheet in the air space 48, in which case the illus-
trated line 52 will be broken in said space and
lowered on the cold side of the break and raised
on the warm side of the break, with no danger of
raising any portion too high so that it would meet
the temperature-line. The result may also be
accomplished between liners 49 and 50, for ex-
ample, by incorporating a resister sheet in the
middle of the insulation 46, or otherwise, by re-
placing the 1 inch blanket with two lined 1% inch
blankets in contact or spaced, or by placing a
layer of insulation (without vapor resistance) be-
tween the siding-45 and building paper 44.

Referring again to Fig. 2, it is apparent that
when the building paper 44 is omitted, when sid-
ing is made more open, and when butt-joined
sheathing is used, or other special designs -for
opening up the cold side structure are employed,
so that there is substantially no vapor resistance

" from space 471 to the outside atmosphere, the

out-of-door dew-point level will extend prac-
tically horizontally to the liner 49. Then the
dew-point steps which lie in liners 49 and 50
and in the lath and plaster will be redistributed.
More moisture will flow through the wall be-
cause there is less of total resistance. However,
absolute flow is not pertinent to securing a dry
wall structure. But, much more important, the
cold members of the wall which are pervious to
moisture vapor must not also be pervious to free
flow of air, for in that case cold air will enter
and lower the temperature to outside conditions,
especially where wind is a factor.

By likening a wall to a pipe line carrying liquid,
and likening each vapor resister in the wall to
2 valve in the pipe line, one will appreciate that’
the flow through the pipe line depends upon the
adjustments, or resistances, of all of the valves,
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glving successive step-downs of pressure in the
pipe line sections between valves, but an identi-

_cal flow rate at all points.

The correctness of any calculated wall may
readily be tested by making a model wall, sub-
jecting it to fixed conditions to establish equi-
librium, and measuring the actual temperaturc
and actual dew-points at various locations in the
wall to obtain the respective T-line and DP-
line. In fact., the values shown in Fig. 2 have
been checked by such a model.

For a normal wall construction, as shown in
Fig. 2, wherein there is desired an insulation
blanket of the form shown, to provide as a re-
sult a condensation-proof wall, the two liners
for such insulation must each have suitable but
not necessarily equal transmission values for
passing water-vapor. The wall of Fig. 2 shows

" that it gives satisfaction in the extreme condi-
tions marked thereon. It indicates clearly that
the water-vapor resistance of one or both I'ners
49 and 50 may be increased for additional safety.
But it also indicates that the resistance of the
warm liner must be increased the more, or that
a certain limiting ratio between their resistances
must be maintained. Following the general rule
that an added or increased. water-vapor resist-
ance at anv selected voint in the depth of a wall
will raise the old DP-line on the warm side of
the point, and lower the old DP-line on the
cold side of the point, it follows that the insula-
tion blanket of Fig. 2 may be best improved by
increased resistance to vapor in its warm rside
liner, rather than in its cold side liner. It has
been found by actual wall performance test,
however, that under other external conditinns
of temverature and humidity the cold=st ele-
ments in the wall. i. e. sheathing, building paper
and sidineg, constitute the most dangerous points
for condensation.

Fig. 3 represents a wall of a construction
wherein the normal vapor-transmittine mate-
rials, such as wood lath, and wood sheathing, are
displaced by vapor resistant inculating elements.
There is the usual plaster 60 laid onto insulat-
ing board plaster-base 61. The plaster-base has
vapor-sealed joints 62 and a predetermined va-
por resistant coating 63 as of a bituminous com-

position or asphalt, on the cold side, which coat- |

ine in the installed plaster-base is continuous
with the sealed joints 62. ‘This base 61 is avo-
proximately % inch thick and applied to the
common 2-inch x 4-inch wooden studs 64. This
vapor-resistant tvpe of plaster-base is more
fully described in my copending apnlication
Serial No. 227,254, filed August 29, 1938, now
abandoned, wherein it is described that the sur-
face coat and the sealing material in the joints
of the entire wall are made continuous to effrct
an overall water-vapor resistance, and the seal-
ing material in the joint is soft and yielding.
The cold side of the wall has insulating board
sheathing 6% about 25/32 inch thick comparably
laid on the studs to effect a vapor resistance. The
sheathing has both surfaces covered or coated
with a bituminous composition or asphalt, or
other vapor-resistant composition or element,
indicated at 66 and 67, also in a manner to seal
the wall. The edges or joints are also coated to
effect a yieldingly sealed joint 68. Sheets
2-feet x 8-feet with a ship-lap joint are suitable
for the structure.
sealing coat are described in Heritage and Walter
U. S. Patent No. 2,299,144. Onto the sheathing
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ordinary wood siding 69 is applied, the overall
application thickness being about 1 inch.

The assembly of Fig. 3 is tested by calculating
the lines of temperature gradient 70, and dew-
point line 12 as above described. The desired
characteristics prevail. The DP-line is substan-
tially flat in the ‘open stud space which holds
vapor, and but slightly inclined in the in-
sulation board 6f and 65, and in the plaster 60.
Where there are effective water-vapor resist«
ances at 63, 66 and 67, the DP-line has precipi-
tous drops. Where the insulation is best, the
T-line is steepest, as in the insulation boards 61
and 65. The T-line has steps, and these lie on
the warm side (or above on the scale used) of
the DP-line, which has its steps in character-
istic and pronounced vertical drops. The com-
parative vapor-resistant values of the sheathing
and of the insulation are shown in Table II.

Table IT

Transmission values in
pounds of water as
vapor transmitted
per 2500 sq. ft. in 24
hours per 11b. water-

. vapor pressure dif-
ferential

Element

Liner 50 of this disclosure. . .comoncmmcmane 20
Liner 49 of this disclosure. ..o eccmomnae 149
Unit 49, 46 and 50 17.6
Building paper44__ o 141
Plaster base 61—63 of Fig. 3.__ 15
Sheathing 67, 65, 66 of Fig. 3.__. 18.1
Open-market sheathing of Fig. 2.._ 1, 250
Open-market Plaster base 61 (coating on

cold side) - 19.3

A wall where the siding is free from danger of
condensation, by reason of the efiective vapor
resistances inwardly thereof, is very advanta-
geous. Heretofore, much trouble has been expe-
rienced by moisture forming inside of, or in the
siding to produce decay, discoloration and paint
failure. However, a danger point exists in mem-
ber 65 on the warm side of coat 67. There is a
type of insulating sheathing highly transmissive
of water-vapor throughout its body and ade-
quately resistant to it at the warm surface with
suitable overall strength and rigidity for the use
as sheathing at this point in a wall of the char-
acter of Fig. 3.

Furthermore, the wall of Fig. 3 is a labor-
saving wall in construction. The extra step and
cost of applying and providing a separate insu-
lation blank:t or unit, or fill, of no structural
value to the wall, is entirely eliminated. By the
provision of sheathing and of plaster-base which
are both thermal insulation and water-vapor re-
sisters, the wall may be constructed in the nor-
mal way with the customary number of elements,
lacking the building paper. Such a wall is con-
templated as a product of the present invention,
although it is not as efficient thermally as a wall
like that of Fig. 2.

There may be found on the market an insu-
lation plaster base treated on one side which is
much less vapor resistant than that employed in
Fig. 3 (as shown in Table II) and also insulat-
ing sheathing treated on both sides which is
much less a vapor resister than that shown in
Table II. It does not follow that the disclosed
combination, using such other products will pro-
duce a condensation-proof wall. For example,
it is readily apparent by inspection of Fig. 3, that
if the vapor resistance of layer 63 were lower,
the level of the DP-line 712 in the stud space
would be higher. It is also apparent that if the
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vapor resistance of layer 66 were lower, the level
of the DP-line 12 in the sheathing 65 could cross
the T-line 70, and establish conditions for con-
densation. This would ruin the insulation value
and effect a drop in the T-line in the sheathing,
which would accelerate the ruinous effect of con-
densation, including freezing and thawing, be-
cause temperatures at this point may be below
32° P, If the vapor resistance of layer 67 were
lower, an intersection would occur in the wall
at a point between paint on the siding and the
sheathing. Condensation at this point is a com-
mon occurrence in many walls today, causing
paint to loosen and peel. - It is a vulnerable part
of painted walls, and should be protccted as well
as the rest of the wall.

In Fig. 4 there is shown a wall construction
in accordance with the present invention, and of
unconventional combinations. It is suitable for
a house wall having conventional upright wall
studs 80. The warm or inside wall-finishing
structure has wood lath 81, plaster 82, both of
conventional design, and a paint coat 83 func-
tional in the wall as a water-vapor resister.
The cold or outside wall-finishing structure has
first from the studs outwardly, insulation board
sheathing 84 with an asphalt coat or surface 85
on its warm side, and with asphalt or like joint
seals 86. 'The asphalt coat 85 is functional in
the wall as a water-vapor r-sister. Although it
is conventional to use insulation board sheath-
ing coeated on both sides with asphalt, in place
of the illustrated covering 84, it is to be noted
that no cold side coat of asphalt has been em-
ployed. Outside of and in contaet “with the
board 84 is a loose fibrous insulation blanket 817,
and over that are stained shingles 88. No vapor-
resistant liners are carried by or used at the faces
of thes blanket 87.

Incidentally, with relation to the mechanical
structure of the wall, horizontal nailing strips
88 are employed and secured to the studs at
points not shown as by nails 80, to provide a base
for nailing the shingles as by nails 91.

The Fig. 4 is vertically crossed by a scale of
parallel temperature lines, with respect to which
the DP-line 92 and the T-line $3 are plotted.
The major vapor resisters are paint 83 and
asphalt coat 85, and a minor vapor resister is
the insulation board 84. The following tabula-
tion gives the temperatures on the DP-line 92
at various places:

°P,
Cold side of shingles 88__________________ —17.0
Through blanket 8T and cold side of
board 84 ____ . __ L __. —5.6
Warm side of board 84 and cold side
ofcoat 85_____________________________ 408
Warm side of coat 85__________ .. __ 4N
Coldsideof lath 81 ____________ _________ 427
Cold side of paint 83 ___________________ 435
Warm side of paint 83 .. ___ 52.0

The warm air of the room and the cold out-
of-doors have relative humidities of 46.69% and
809 respectively. These figures determine the
vapor pressure differential over the whole wall,
which in turn determines the passage of vapor
through the wall, which in turn with the vapor
resistances determines the location of the DP-
line 92.. _ _

The major thermal resistances are the insula-
tion board 84 and the blanket 81. The minor
resistances are the remaining elements except
the paint ‘coat 83 and asphalt coat 85. The fol-
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lowing tabulation gives the temperatures on the
T-line 93 at various places:

°F.
Cold side of shingles 88_. . . . __.___ —-3.0
Warm side of shingles 88 and cold .
side of blanket 81 . . __________.__ +3.0
Warm side of blanket 87 and cold
side of board 84 _ . . . . 34.8
Warm side of coat 85 and cold side
of stud space. oo 55.0
Warm side of stud space and cold
side of lath 84 ______ .. 61.8
Warm side of lath 8f and cold side
of plaster 82 _ e 73.1
Warm face of wall .. _______ 74.0

The terminal wall temperatures and the
thermal resistances determine the location of the
T-lin> 93. It is plain that the T-line at all
points lies above the DP-line drawn on the same
temperature scale. Thus the wall is free from
danger of condensation throughout, for the ex-
treme conditions of the table, and for Iless
extreme conditions.

The Architectural Bulletin 40-17 (Insulation
and Ventilation) issued by the Detroit Insuring
Office of FHA, dated February 24, 1941, specifies
for water-vapor resister elements of walls a
maximum water vapor transmission value of 2.50
grams per hour per sq. ft. per pound pressure-per-
sq.-in. of vapor pressure differential. In terms
of the units herein given, this specification is
21.4 bs. per 2500 sq. ft. per 24 hours, per pound
pressure-per-sq.-in. of vapor pressure differential.

In Fig. 4 the elements have the thermal and
vapor transmission values as given below:

Water Vapor Trans-
mission, Lbs.per
2,500 Sq. ft.
per 24 hrs. per b,
persq. in. V. P. D.

Thermal Con-
ductance, B. t. u.

Element of Fig. 4 per Hr. per sq.
ft. 1° F.

Lath and Plaster 81—82._._
Tath8l. ...
Studspace._______________
Asphalt coat 85
Coated board 84—85______.
Blanket 87_______________
Shingles 88. . ...

Overall.__._____ ———e

From the foregoing table it will be seen that the
paint coat 83 of Fig. 3 relied upon as the first
vapor resistance has a transmission value of 25,
which is above the max’'mum of 21.4 specified by
the said Bulletin. It is a logical conclusion from
the teachings of the present invention that such
a specification of a maximum is without founda-
tion and without meaning, and is the result of
incomplete knowledge of the subject.

It is further to be understood that the inven-
tion contemplates insvlation preferably as a unit,
such as blanket 46—50, or blanket 49—46—50 of
Fig. 2. Consider such insulation as used between
warm interior humid air at temperature T: and
cold outside air at temperature T2. The drop
in temperature will be T1—7T2. The dew-point
temperature on the warm side will be D1 which
is less than Ti, and on the cold side the dew-
point temperature will be D2 which is less than

T2. The drop in the dew-point-line will be
D1—D2. The dew-point depression on the warm
side is Th—Di1. Using a unit such as “cold side—

resistance 49—insulation 46—warm side,” it is
obvious that the fall Di—D: will take place in
resistance 49, and the dew-point may and can

18 cross the temperature gradient representing
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T.—T: But if the arrangement is reversed to
give the combination “cold side—‘nsu’ation 46—
resistance 49—warm side,” then the drop Di—Dz
takes place in resistance 49 before the drop
T,—T2: begins. Hence the steps cannot meet.
But if the combination is “cold side—resistance
89— insulation #46—resistance 50—warm side” it
is unpredictable just what will happen unless
the resistances 48 and 58 are properly propor-
tioned. The drop D1—D:2 should be in lesser part
in resistance 48 and in greater part in resistance
0. The resistance 50 must be of an efficiency,
for the conditions present, to bring the first drop
to a temperature below T2. For protection of the
insulation the value T:1-—-T: must be less than
the value (T1—Dy) +(D1—D2) or Th—D2. In

other words
T,~D:

—T,

is greater than 1.

The invention is not to be considered as lim-
ited to or by the particular examples herein given
to explain and i'lustrate the same, and it is to
be understood that many other constructions
fall within the scope of the invention as expressed
in the appended claims.

Iclaim:

1. A universal condensation-free wall compris-
ing parallel spaced supports for the wall, lath
and plaster on the warm side of said supports, a
layer of material on the face of said plaster, said
material being in film-like form and character-
ized by ability to transmit water vapor to a degree
on the order of the transmissibility of a coat of
paint, insulation sheathing on the cold side of
said supports, said sheathing having on the
warm-side face a layer of water-vapor resistant
material characterized by ability to transmit wa-
ter vapor to a degree comparable to a coat of
asphalt, a layer of insulation having substan-
tially no resistance to the transmission of water-

vapor on the cold side of said sheathing, and a.

layer of overlapping siding elements on the cold
side of said insulation, said two layers of water-
vapor resistant materials being the only effective
water-vapor resistances in the wall, the one on
the plaster in a temperature-structure plot of
the wall effecting in the space between the sup-
ports a dew-point line below the temperature-
line in said space, and the other one effecting
in said layer of insulation a dew-point line sub-
stantially the same as that on the exterior of
the overlapping siding elements.

2. A space-enclosing insulating structure which
is free from danger of condensation of water va-
por therein for terminal conditions correspond-
ing on the warm side to heated humid living in-
teriors and on the cold side tq freezing atmos-
pheric exteriors, comprising spaced supports pro-
viding a dead air space within the structure, a
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warm-s‘de finishing structure on said supports
consisting in the direction from said supports
toward the warm side of lath, plaster and a
coating composition having an appreciable re-
sistance to the passage of water vapor on the
order of 25 lbs. of water vapor per 2500 sq. ft.
per 24 hours per lb. per sq. inch of vapor-pres-
sure-differential, and a cold-side finishing struc-
ture on said supports cons'sting in the direction
from said supports toward the cold side of a film
of composition having a water-vapor transmis-
sion of the order of 10 lbs. of water vapor per
2500 sq. ft. per 24 hours per 1lb. per sa. inch of
vapor-pressure-differential, an adjacent insula-
tion board having a minor and relatively low
resistance to the passage of water vapor and
having a thermal conductance of about .38 B. t. u.
per hour per sq. ft. per 1° F. of temperature-
differential, an adjacent insulation blanket hav-
ing substantially no resistance to the passage of
water vapor and having a thermal conductance
of about .24 B. t. u. per hour per sq. ft. per I°* P
of temperature-differential, and an adjacent
layer of finishing material having substantially
no resistance to the passage of water vapor and
having a moderate thermal conductance of about
128 B. t. u. per hour per sq. ft. per 1° F. of tem-
perature-differential, whereby ‘said thermal and
vapor resistances keep the temperature-line
through the cross-sect'on diagram above the dew-
point line of said diagram for said terminal con-
ditions of temperature and relative humidity.
CLARK C. HERITAGE.
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