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humidity (0.03 in. Hg vapor ressure). The wall consists of
painted plaster on lath on the inside over 2 X 4 in.
studs, mineral woo between studs, 1 in. wood exterior
sheathing, paper, and pine lap snimg Check for possible
condensation.

To simplify the example, consider the paint, plaster, and
lath as a single element hav:ns a permeance M’ =10 perms
and 8 thermal conductance C = 2.4, and the cxterier eh
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not rise above the saturation-vapor-pressure curve, thereby

confirming that the critical plane for condensation was cor-

rectly ass

With the vun thus t!

humidities may found, by Ieferenee to the ntumuon vapor
d to various

elemenu may tﬁen be re-examined in the light of the service

es and relative humidities indicated,

Wlinhed 1

ﬁlp"’ siding, and paint as anather single elemcm. for vhlal
= 2.0 perms and C = 0.50. From Table 1 t.he value for the
permeability of mineral wool fill may be found as i = 116
Eem -inches. The thermal conductivity for mineral wool,

Sa(uzum In tlun pa.rhculu wa.ll msulated and with moder-

ate warm-gide is unlikely
to occur until the sbeathing is reached. To check directly for
condensation on the warm side of the exterior sheathing (des-

iguated as plane X — X in Fig. 2 for convenient reference)
proceed as ollown

Calculate accordin, Xg 1o the methad of Chapter 9 the tempera-
ture st plane X This is found to be 9 F. The saturation

vapor pressure at this temperature is 0.08 in Hg If condensa-

and the annlyms repeateu if necessary, Reing maore appropriate
permeance values.

Ina _more detailed annlysxs individual values might be

d to the the outer portion of the
wall which is bere dealt with ag a composite, homogeneous
element.

The transmission of water vapor as outlined is based on
the assumption of a diffusion process. The possibility of vapor
bemgmnsiemdmpanofamovmgwmmmhnsthusfnr
been 1gnored except in Ezample ! in which it is implied that
the air circulation on either gide of the wall will be sufficient
to eliminate surface-film resistances to vapor flow. Differences
in total p of the air may result in & transfer of vapor

tion is immjnent or occurring st X — X, the vapor pi
there will be 0.06 in. Hg. Calculate the permeance “for the
portion of the wall from the warm side to X — X, and the
vapor flow rate to X — X as follows:

Permeance of wall to X ~ X = = 097 perms.

1 3.625
it e

Vapor pressure drop to X — X = 0.37 — 0.06 = 0.31 in. Hg.
(thpor flow to X — X = 0.97 X 0.31 = 0.30 grains per (aq ft)

Calculate the vapor flow rate from X — X to outdoors as
ows:
Permeance of wall from X — X to outdoors-= 2.0 perms.
Vapor pressure drop from X — X to outdoors
= .08 - 0.03
= 0.03 in. Hg.
Vapor flow rate to outdoors = 2.0 X 0.03 = (.06 grains per
(sq ft) (br).

1t is apparent that continuity of vapor flow is not possible,

since at the highest _vapor pressure at X — X permiited by the
there is d a mater ﬂow to plsne X~
than from it to outd d at a rate

of 0.30 — 0.06 = 0.24 grains per (sq it) (lu-)
Whether this condensation rate will be serious must still
decided, since it maight readily be absorbed by the sheathing
during the condensation period without excessive wetling.
When the temperature at X ~ X is below freezing, as in this
case, the condensation will be in the form of frost which may
accumulate until released over a short period upon a rise in
outdoor temperaturs.
Cond, will be reduced or avoided if the
of the warm side of the wall can be reduced so that the flow to
X -~ X ia limited to 0.06 gra.u:s per {sq ft) (hr). Permeance

required for\\l:u.axs(w7 506

resistant paint film on the plaster, reducing the punt. -plaster-
1ath permeance to 0.19 perms would accomplish this.
When '.he critical plum for condensauon is u?lmown or for
the

= 0.19 perms or less. A more

with mr, augmenting and at times over-riding the effects of
the flow produced by dients alone. This
can be pa.rhcu]arly xmporta.ut in the mnsier oi vapor through
cracks and pinholes or through air-p con-
structions. Similar effects can be obtained with air- -permeable

_ materials themselves.*

This means of vapor t.m.uxfer is gimilar to that of h'ansfer
ofhestbywleakagemand h buildi nstr
and requires, for purposes of calculation, information on the
nature and amount of the air leakage. It will seldom be im-
portant in constructions without air spaces and having parged
or plastered surfaces. It may, however, be an important
means of vapor transfer through constructions lacking in air
hghtnm and may eont.nbube to condensation dxﬁiculhm
since the mech tion is not d dent upon
the way in which the vapor is transferred.

PERMEANCE AND TESTING

The simplest method of finding the permeance of a speci-
men is to seal it over the top of a cup containing desiccant or
water, placing it in a controlled stmosphem and weighing it
periodically. The steady rate of weight gain or loss is nor-
mally the water vapor transfer. When the cup contains a
desiceant the procedure is called the dry-cup method and when
the cup contains water, the wei-cup method. Usually the sur-
rounding stmosphere is held at 50 percent relative humidity,
thus providing, in either method, substantially the same dif-
ference of vapor pressure, but the results obtained by the two
methods for the same specimens are likely to be much differ-
ent, the wet-cup method producing the higher values. The
xelatmnshxp between these values can best be understood by
reference to Fig. 3, which shows a typical variation of spot
permesbxhty with ne]a.l-we bumidity at one particular tem-

l mON

and vapor prwsume may

th | conditions) for a material such as wood.
The vapor permeabxhty is shown to vary only moderately at
low b but atan ing rate as higher

be ca.lcul&ted a-n aﬁlottetf as in Flg 2. The va
y of flow, are cnlcu]nced in
a manner .nmxlu to the temperatures; the external vapor
pressures are given, and the vapor pressure drops across each
element are taken in proportion to resistance to vapor flow.
The curve for saturation vapor pressures at the various
temperatures throughout the wall is also shown in Fig. 2 and
i8 seen to fall below the curve for vapor pressures with con-
tinuity of flow, toward the outer portions of the wall. This
indicates that with the given temperatur;s !:and VApOr pres-
t

humidities are mached The dry-cup test of this material
carried out with 0 percent relative humidity one side and 50
percent on the other, will experienee throughout its thickness,
because of the variation in relative humidity, a varistion in
spot permeablhty The average permeability 4, is by definition

(Equation 3), given by 221°°% [3iwdp , and since at a fized tem-

“Pt

herthing is indi a

sures, conunmty of flow is not

oceur. C on the is as a
definite poesibility, and the new vapor-pressure curve can be
d for this ion, as shown. This new curve does

ture there is a linear relationship b vapor p
a.nd relative humidity, this expression can be seen to cor-
respond -to the mean height of the area under the spot per-
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. Table 1.... Permeance and Permeability of Materials to Water Vapor
L e | g X perws- |
Material ance, Method?] Ref. Moterial o 3
gl F T ¥ il T TR Methodt; Ref.
IAm (still) 120* | 92-73 b 4 § Woon
NSULATION Sugar Pine 0.4-5.4*| various| tv- 4
Cellular glass 0.0 d Piywood te t;
ggrgoarﬁ s.;-g.g' 750 4 yw )é (Ex rior type 3ply | 0.72 50- 4 13
rkboar .5°%| 100-45 w 11 Pl - 4
Structural Insulating Board { 20-60* | 40-x 1 Ew F) ( wnor Sy | 158 ® B B
{vegetable, uncoa
Mineral Wool (unprotected) 118* | 100-30 w 8 MABONBY .
Ivrerior FinisH Co te (()8 i Mu)d block 3.2' IWMS v b
nere in. core: 3
Plaster on wood lath 11 100-30 w 8 wall, limestone agrgt.} e 2 ¢ 4
Plaster on met;l lath—3¢ in. 15 40-x t ] Brick wall—with mortar—4in.| 0.8 50-x t 10
Pl?gt_.:; o:'x g;m gypsum lath 20 40-85 4 Tile wall—with mortar—4in. | 0.12 50-x t 10
with stu
Gypsum wall board—plain— 50 50-20 v 15 Porme Pecms
in. ance-
Inulating wall board (uo-| 50-00 | 40-x | & |. 9§ 550 e ol
coated)—34 in. dry cup jwet cp
**PAINT—2 coats **Buinive P,
Ax‘;phnluc paint oo lywo&)dd A 0.4 100-30 w 8 FEL"I“S‘ ArERS anp
Aluminum in varnish on wood [0.3-0.5 | 95-0 d 1z Duplex sheet, asphalt lami- . 0.
En?mil: brusbed on smooth 10.5-1.5 | 920 b 4 s nl;e alummum;’ml one side “ 0002 178 e
plaster aturated d coated fel X 5
Primers or Sealers on insulat- (0.9-2.1 | 40-x t 9 he.u‘ry roll‘:ooﬁng il 0.05 0.2 | 1
ing wall b Kraft and halt laminae, 34 0.3 1.8 14
Vnn_uu: Pnﬂlwr: + 1 coat flat [1.6-3. 40-x t g Reinforced 30-120-30
paint on plaster Insulation back up, it X .64,
Flat paint (alone) on insulat- 4 40-x t 9 sat., :)nne m:t:a gluga sopbalt 3 04 0647 14
ing wi Asphalt-saturated . .
Water Emulsion on insulating |30.-85. } 40-x t 9 s[i;eatl:; u;n. ond coated) 43 0.3 ol
wall board - Aspbull-saturned sheathing 2 3.3 20.2 | 14
pape;
**Pasnr—Exterior, 3 coats 15- pound saphait felt 70 1.0 .6 4
White l::g &g:l f)repmd paint(0.3-1.0 [ 50-0 d 15 §5-p¢l)und tn? felt 0 4.0 xg.z }4
on wood si i heet Kraf 16 -
White load-sinc Foxide & lio-| 0.9 | 950 | d |12 i/ b double 16 11 30.5 ) 419 ) 1

seed oil on wood R

ace values nro bility in inches.
- p..mpao.»..ma.m.y"'..;‘?a_“&c e

insure permpance.
tem peraturey; b—special cell; v—air vel sidan; 4—avernge
Ao oy 2 %ndud,s-flamn B ooty both e of four

mdudth.

methods.
No. 18 includes data to be published by the

meability curve, bet the priate relative b

limits. The average permmbxhty ag found for the dry-cup
conditions should therefore have the value i . Similarly for
the wet-cup test between 50 percent and 100 percent rela-
tive humidity, the value should be f, . It is not unecommon
for these values for wood and wood-fiber materials to be in
the ratio of 1 to 3, or higher. (See Table 1.)

The average permeability i for any other relative humidities
at a particular temperature is given by the mean height of
the area under the curve of spat permmbxhty for the material
at that the iate limits of rela-
tive humxd.xty Only average permeabilities (or per

ture at which tests are run may be ignored. Corrections for
temperature have been made with some success in the case
of certain materials by the use of an equation based on u:ﬁva-
tion energy’ which states:

P ®
where, in appropriate units,

us = permesbility at T' = o,
= gag constant.

are messurable directly in practical tests. However if avern.l
average permeabilities at different relative bumidities are
known, and car be plotted as for the wet-cup and dry-cup
tests shown in Fig. 3, it is possible to construct, by trial and
error, 8 sppt permeability curve which will satisfy the condi-
tion that the average height of the curve between the ap-
propriate limits for each test must equal the value found in
each test. S curves are required for each

80 that a large number of permeance eup tests would be re-
quired to cover a_range of conditions of both t and

):4
E = activation energy.
e
T

= Naperian base of logarithms = 2.718.
= absolute temperature.
Applications of this may be limited to materials

such as resins, rubbers, and polymers in which the water
molecules enter and move ‘through the molecular structure
by a process known as activated diffusion. It may serve also
23 a usefu) approximation in other cases.

By use of Equation 8, spot permeability curves for a variety
of temp can be d from a curve for one tem-

Experience to date shows that the effect of p

, provided only that two tests at different tempera-
tures can be run, from which E, the activation energy, can
be evaluated Inthmwnyltbeoommpossblewdescnbethe

quite moderate and, for some purposes, differences in fempem-

permeability of a material with reasonable completeness from
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