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may be controlled by ventilation, or possibly by some moisture absorption
process. The temperatures of the inside room surfaces in winter may be

. .incressed. by adding insulation to outside walls, by, double glazing of win-
dows, by circulating warm-air over the surface, or-perhaps by direct heating
of the surface. . The most expedient method of overcoming a surface con-

- densation difficulty will depend upon special conditions surrounding the
_problem. ’ )
Vapor Transmission through Materials . : - :
" The condensation. of moisture within buildings is not limited to visible
surfaces. Vapor permeates through certain materials very readily and
may penetrate exterior or cold walls and contact material therein having a
temperature below the dew point of the vapor. . At these places the vapor

will condense to form liquid water or frost. Such concealed condensation
may, if excessive, cause serious damage which is particularly insidious when

e T T -
A ) S O K 010 3
S %0 T TrRARSMILTANCE, V=0 N B ey
& 89 A 0,20 1 B | |1
€ -2 = Lol
= }
bt I e .30 | e // 1
. - 4
B e T ==
! -1
a 50 L T o & ] o = Pra
=2 oo A
L LT L
40| [ 2
o )
:é-':so L el o Bo,/-/ L~ 1
j 1" // p= /’/:‘
Y0 L— 1,00 b © INSIDE,
. 1 e "~ | TEMPERATURE
[ s et o R Y
10 LRSS
[~ 1 —f—smorL e ' .
[ . . .
! - =30 -20 -10 ] 10 20 30 40

OUTSICE  TEMPERATURE, F

F1g. 6. ReraTive HumipiTy AT WHICH VISIBLE CONDENSATION
WiLL APPEAR ON INSIDE SURFACE

it ‘continues without -detection. An accumulation of hidden condensation
often ¢auses great difficulty in long-range processes. . :

The' principal mechanism by which water vapor passes through solid

- materials is a process of diffusion, the net transfer requiring a difference
of vapor pressure. Various writers have suggested the possibility that
.dsorbed moisture (which is neither vapor nor liquid) moves from a region
of high concentration to one of lower concentration without the benefit of
a vapor pressure. difference, but this action has not been conclusively
demonstrated and probably is negligible in the problems here considered.
The property of a material which enables it to transmit vapor is known as
its vapor permeability. Other forces which play an important part are
capillarity and gravity (when the vapotr changes to liquid at any point 1n
its path), and the hygroscopic adsorption of moisture (which, for many
materials, is nearly proportional to relative humidity).

The term permeability has frequently been applied to the rate of vapor
transmission for the thickness of the material considered or tested, but
this use is not consistent with the use of conductivity (thermal) which relates.

". to a property of the material based on unit thickness. It has been sug-
* gested that the term permeance (similar to conductance in heat transfer)
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“be usedx:wheg refexjring,»td(.any. specimen of definite: thickness, ‘or -an as-
sembly of such pieces. This recommendation:is followed in this.chapter,
The-term: permeabrlity, as used -herein, defines a property of the, material
and is numerically equal to the permeance of a-unit thickness. -

The theory covering water vapor transmission through materials lead' s“
to the following formula, :

W = MAT 8p @)
where, |

4 =.area of the specimen, square feet. -~ ., ..., o

" T = time during which the transmission occurred, hours; . . ... ..

Ap = the difference of the vapor pressure across the specimen, inches of mercury.

M = the permeance of the specimen, in peris, or grains per (square foot) (hour)
(inch of mercury vapor pressure difference). ! -

The basic units in Equation 7 “are favored by the building industry. -
The designation perin for the unit of permeance has been proposed" as a
convenient substitute for the unit,’1 grain per-(Square foot) (hour) (inch of
mercury vapor- pressure diﬁerence),'aﬁd"ﬁﬁ"i‘écominendatiop is followed

W = total weiéht ‘of vapor transnrit';ted .throuélig the sbecimeﬁ, grains, I

herein.

The weight of vapor transmitted is unquestionably proportional to area -
and time, but is not.always proportional to the vapor pressire difference.
Proportionality is a useful relation when applied with caution in a limited
range, but the expression per-inéh of mercury does not sanction an un-

. restricted extension of ‘this-relation.. In other words, the permeance of a
specimen is not a constant under every condition. This fact must be con-
sidered but is' generally not an’obstacle in the solution of many practical
problems. - - T - - ‘ s '

Vapor resistance is thé reciprocal of permeance, and theery indicates
that the vapor resistance of a homogeneous specimen is propgrtional to its

thi(aizkness. Permeance, therefore, is-inversely “proportional to thickness,
and: 4 - oL .
) M=t
o Nor,n'= Mt . . ) : ) (8)

- M = the p'eljmeance of rth_e~spi;cim§n, perms -

¢ = the thickness of the specimen, inchies. T .
. Evidently u is the permeance of a unit thicknéss of the material, which is
1ts permeability, as above defined. Using consistent units, permeability is
expressed in perm-iiiches, 4 perm-inch being equal to one grain per (square
foot) (hour) (inch of mercury per inch of thickness) ~* ™~ =
Equations 7 and 8 may be combined to give: = o
where s A
# = the average permeability of t,he..mateljiail. (The spot ermeability in thin ele- ,

ments may be progressively different throughout the thﬁ:kn%ss.') f te

]

The overall va',por‘ resiétanée of an assembly (like a wall) of mat,enals in-




