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large decreses in relative humidity. This explaine, in part,

the greatly reduced relative humidities experienced in houses -
in extreme cold weather, when cold outdoor air enters thé *

house and is heated.
WATER IN BUILDING MATERIALS
The surfaces of most common materials have an affinity

for water molecules. Molecular forces of attraction will bold .

water molecules m the surface, but decrease very rapidly
with i in d of mok
hickness and' therefore the t of water held in equilib-
rium with the surrounding atmosphere is roughly proportional

to relative humidity. Surface films of water molecules, at low -

humidities, may be only one molecule thick; at moderat
humidities poly-malecular films may be established, while
at humidities very close to 100 percent, the films become so
thick, relatively, that small pores may become filled and
larger capiliaries may be partially filled. At saturation condi-
tiona all voids in the material may be completely filled.

Some materials such as siliea gel, alumina and most natural
fibrous materials present very large effective surfaces to the
water molecules, so that the amount of water held on the
effective surface in these materials may be relatively large,
even at moderate humidities. These are said to be hygroscopic.
Other materials, such as most metals, not penetrated by the
water molecules, present relatively small surfaces and 50 may
take only minute quantities of water, except when wetted
directly by liquid.

Substances having a great. affinity for water, and their use
as dehumidifying agents, are described in Clmpwr 17. Data
on the moisture contents of various common materials in
equilibrium with the atmosphere at various relative humidities
are given in Table 2 of Chapter 24 of the 1964 Guipe Anp
Dara Boox, and equilibfium moisture content is further dis-
cussed in Chapter 22 of this volume.

t dimensional changes take pbu:e in ma.ny mb—

- Significan
terials used in buildings, with change in

lar proportions. The film_

1965 Guide And Data Book

remain more or less stationary and will increase the condue.
tivity largely by adding to the path available for heat flow,

" On this basis, the effect of moisture on heat flow can be ac.

counted for quite simply by the use of suitable coefficients
of conductivity in the usual heat-flow equations. The dats
presented in Chapter 24 on moist soils are of this type.
Evidence to date indicates, however, that in porous ma.
terials partially saturated with water there is likely to be a
migration of moisture to the cold side under the influence of
the temperature gradient. This can occur by a process of
evaporation, vapor flow, and condensation within the ma-~
terial, a substantial amount of heat bemg transferred as
latent heat of the vnpor pam::ularly in the case of open

fibrous materials. of heat hrough moist
materials b lex wh di are such ag
to prod 8oy app ia bl ion of the , and,
Iculati by the usual heat-flow theory alone,

are an nppmnmauon.
The usual approach to the caleulation of moisture migra-
tion haz been to ider the flow as hydraulic, under the

influence of hydrostatic forces when the materials are satu-
rated, and as a vapor flow produced by vapor pressure dif-
ferences in unsaturated materials. These simple concepts
might be adequate were it not for the fact that there are inter-
actions between water molecules and the material through
whxch they are pa&nnx, a8 already mentioned. Further com-

i may be i d by the of salts and
electrical potentials.
1t is now ized that the migration of under

conditions of partial saturation in a material having an affin.
ity for water actually occurs as a kind of series-parallel flow
of vapor and liquid, with the liquid phase having more and
more influence as the moisture content, or the degree of satura-
tion, increases. The two kinds of flow cannot be separated
sinee they are closely coupled everywhere a.long the flow path
by Enough is already known
to indi that the isothermal or constant temperature case

The best known are-those which take place in wood, oH.he
orderof()l 2, a.nd4pementmﬁ:elongxtudma.l, radial and
ely, on a change from air dry
at 12 to 15 percent mmxture content to oven dry conditions.
Most wood-fiber products, including papers, will exhibit mois-
ture expa.ns:on consistent with t.he bmc wood properties to a

of vapor flow under a VApOr-pressure gradient i3 much more
manageable than the cases in which there are both tempera-
ture and vap dients. Cases of bined heat
and moisture flow are now known to be extremely womphcated
and it is quite clear that when both are occurring, neither

‘one can be adequately dealt with independently of the other.

No ad te way of handling the general case theoretically

degree dependent on the fiber ori and ar
Data on wood are available in publications on wood tech-
nology Almost all plam. and animal ﬁbexs expenence ap-

has yet been found, despite efforts being made in many
_lsbomwnw The bibliography at the end of this chapter

wﬂ.h h relative h
d b ial 1 ch of the same

and

orderasthoseinwood.leasgmemﬂyrecognizedmthediﬂ

mensional changes that can occur in masonry materials as a
result of chzmgm in moisture content.

Water i3 either an essential or & contnbutory factor i in al-
most all cases of breakd of building mate:
from chemical changes such as the rusting of steel, physieal
changes such as the spalling of masonry by frost action, or
bmlogml processes such as the rotting of wood. The control
of water in buxldmg constructions may be necessary to ensure
adequate service from the materials involved.

Condensation of water vapor, although not the only means
by which wetting may be brought about, is nevertheless a
most ingidious one, particularly in respect to freeze-thaw
breakdown, since from its nature it is most likely to occur at

points of low temperature at wbl_ch they may later be nsk of .

ina
I5-may have a marked effect
* upon the tranamission of heat through them. It has been com-
monly assumed that moisture when present in a material wilt

ﬁeexmgwhxlethemterml

Moiat: hildi

tud some of the more important papers on this subject.

A rel ly simple for the cal jon of water-
vapor flow based upon the concept of vapor pressure alone
asthednvmgforee,hssbeenmuaeforsnumberofyws-
1t can be applied without great difficulty to cases where uni-
form temperatures or only small temperature gradients exist,
and to cases of low or moderate relative humidity. It has also
been shown to be useful in other cases, provided that the
proper values representative of the conditions to which it is
bemg apphed can be found for the ﬂow eoeﬂiae.nt to be used
in the The t in the com:

. bined mechanisms of heat and moisture flow are not ade-

quately covered by the variables used in the equation, but
appear in the determination of suitable values of the flow
coefficient, which, however, may vary greatly for any one
material, depending on the conditions of flow.
VAPOR TRANSMISSION THROUGH MATER|ALS
The equati ly used in caleulating water-vapor
transmission !.hmugh materials is based on a form of Fick™
Law, and is as follows: .

sl

éunm..nmdzsonh
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dp P
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w Ba ) )
where
v = weight of vapor transmitted through & unit area in
unit time. .

P = Vapor pressure.
z = distance along the ﬂow patlL
and hence:

dp -
d; *= vapor pressure gradient.

k= permeability.

r’s equxtwn for heat ﬁow will

i of vapor through a ma-
terial is extremely complex, 50 that the coefficient, p, isnota
simple one but is actually 8 function, of relative humidity
and tempernture, and may. vary. a!ong t.he f!nw. path t.hmugh
the material in question? - ...~ * Lo
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Table 1 .... Permeane and Permeability of Materials tovWater Vapor
perne | g - ) perme- | g .
Material xx RHoRS, Methodf| Ref.t Material :.: [ 2 M-M Ret
A () 120* 92-73 b 4 Plywood (Int-enor type 3 ply 1.86 - 50= " 4 ‘14
InsuLaTioN " D.F), . "
Cellular w 0.0 d
Corkboard 2.1-2.6*} 75-0 d 5 iiMasoNrY
Oorbboard 9.5%1 100451 w 12 || Conecrete (1:2:4 mix) 3.2° .1 10045 | w 12
Structural Insulating Board “20-50° 40-x t | 10 Concrete (8 in. cored block | 2.4 79-68 t 4
. 3 e, uncoated; . . limestone agrgt.)
Mineral Wool (unpmtecwd) 116* | 100-30 w 9 Bnr.k wall—with mortar— | 0.8 50-x t 11
- | Tilewitl—withmortar—sinf 0.12 | sox | ¢ | 11
Pioster on wood Iath 1 fwoso| w | 9
Plagter on metal Iath—13 in. 15 40-x t’ 10 |[Frius ..
Plaster oo plain gypsumlath | 20 40-85 t 4 Aluminum foil, 1 mil “0.0 100-0 d 22
(with studs) . T Aliminum foil,0.35 mil 0.05 . | 100-0 d 2
‘wallboard—plain—{ = 50 50-20 [* v 16 || Polyethylene, 2 ril 6.16 | 50-0 d 19
- - Polyethylane, 4 mil 0.08 50-0 . d 19
Tosulating wall board (un- | 50-90 | 40-x t 10 wr 1mil- 0.70 500 {"d "} 21
‘coated)—4 in. ) " w mee, 10 mil 0.46 | 500 d 21
fin . g x -
Hardboard, tempered, § in. 5 20 s Péf _Penneun:o—feﬁm
P 2o rood 0.4 VIMO 9 00sat
Asphaltic 1t on plywe B w " dry cup | wet aup
Ahlmmump:n onwood|0.3-0.5| 950 d 13
Enamels, brushed on smooth| 0.5-1.5 b 4 ||**Buiping Parees, FELTS | i
plaster coL .|| Duplex-sheet, asphait lami- 43 0.002 |- 0.176/ 15 -
Primers or Sealers on insulat 0.9-2.1|  40-x t 10 _nae, inum foil one side] b 8
ing wall Saturated and 326 | 0.05..| 0.24} .15
Vannuzl’rmwn+l coatflat | 1.6-3 40-x t 10 _beavy roll roo . .
paint on plaster Kraft and asphall inae, 34 0.3 1.8 15
th paint. (alnne) on msuht«-‘ 4 40-x t 10 Reinforced*30-120-30 Tt
ing wall board s Insulation back up, asphait- 31 0.4 [0.64.2 15
Water emulsion on insulat- | 30.-85.| 40-x t 10 nt one ud‘eéna 3 - .
ing wall board coated}! 43 0.3 0.6 15
*sParwr—Exterior, 3 coats Aspha!mtumwd sheathing 22 33 20.2 15
White lead & ol prepared {0.3-1.0{ 50-0 d 16
w&am on wood sidis - e l5—pound nsphalt felt 70 1.0 5.6 15
le.sd-xmc oxide&lin- § 0.9 95-0 d.. | 13 15-pound 70 4.0 18.2 15
W il on we . . - Smgle uhee'. Kmlt, double. 16 - [.30.8 41.9:]-15
oon B N
Sugar Pine o 4-5.4*| various tv. {. 4
Plywood (Exterior type3ply] 0.72 |, 50~ |. 4. 14
DF), }in. .
mmm in permeinches. . .y

Integrstngquxtxon1fromz=000:=la.ndfmmp,
10 p, and reaiTanging, the following is obt.mned
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Then,
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t= le.ngfb of ﬂow path (or thlckness “of mahexul)
1t Equahon 1 had been mtegmted asummg the ooeﬁimmt
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