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MOISTURE MIGRATION FROM THE GROUND

Changes and new developmeuts in building
construction during the past few decades have
brought about an increasing need for control of
moisture which often migrates upward from
the ground. Crawl-space-type basementiess
houses. formerly built mostly in mild southern
climates where condensation of moisture was

_ pota problem. are new being built in increasing
numbers in northern latitudes. Concrets slab-
on-ground floors, which formerly were con-
structed chiefit in semiarid southwestern areas
of the United States, are now commonly used in

" almost every part of the United States. for both

" bouses and commercial buildings. The recent
trend to gas- and oil-fired heating plants in

densation moisture may occur simultaneously.

Failure to control moisture migration from
the ground often results in serious damage to
the building.. It may cause rotting of wood
joists and sills in crawl-space-type houses, ex-
cessive dampness in basements, rotting of wood
framing in walls, blistering of exterior paint,
deterioration of adhesives bonding floor finish
material to slab-on-ground floors, rusting of
tools. and deterioration by mildew of rugs, fur-
nishings, shoes, and clothing.

Natural Laws of Moisture Migration’

Moisture migrates in obedience to natural

~ dwellings has resulted in a large amount of
_ clean space in basements, which the homeowner
P s _can make good use of only if the basement is
:- kept reasonably dry by preventing ground

physical laws, many of which are well known
to engineers and others with scientific training.

, moisture from migrating into it.

The purpose-of this paper is to discuss the
theory of moisture migration, the common ways
or forms in which it gains access to the building,
and to suggest practical methods by which
builders and homeowners may prevent or re-
duce moisture migration.

Forms of Moisture Migration

There are three general ways or forms by
which ground moisture may gain access to a
building : leakage, capillarity, and vapor migra-
tion. Any of these may occur separately or
simultaneously. Moisture originating in the
ground should not be confused with that which
condenses out of the air on cold floor slabs and
walls, particularly during hot, humid summer
weather, although ground moisture and con-
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These include the laws of gravity, hydraulic
Pressure. surface tension of liquids, vapor pres-
sure, sbsorption, sdsorption, evaporstion of
liquids, condensation of gases, and other physi-
cal laws governing the behavior of iiqui@s and
guses

Leakage

Moisture migration in the form of leakage
needs little explanstion. It is sunply liquid
Water moving from s higher to a Jower elsva-
tion dus to the fores of gravity. Itisevidenced
either by free water appearing on the inner
surface of basement walls snd floors, or by
damp spots when the leakage is less severe. It
often canses damp or flooded crawi spaces
when the crawl-space floor is below the grade

- of the surrcunding yard. Leakage is caused

by free water which finds its way through
cracks or openings, honeycombed concrete,
porous masonry units, imperfect Waler-re-
®lant costings, or poorly constructed water-

Caplliarity

Capillarity is often spoken of as “wick gc-
tion” because it is similar to the action of &
lampwick, Unlike leaksge, whers water moves
from a higher to o lower eleration under the
influence of gruvity, moisture may travel by

capillarity from a Jower to o higher elevation,
4s in the case of the lampwick where fluid rises
from the base of the lamp to the wp of the
wick.  Scientists have found that the force
which causes s capillary movement is the re-
sult of tension on the surface of the liquid
when it is confined ip 5 very small tube or
channel Cell walls in plants and trees, and the
soall spaces between particles of earth com-
posed of silt and clay, form capillary-sized tubes
and channels which indycs moisture to travel
through them by capillary sctior.

The amount of moisture that can be trans
mitted from the ground by capillary sction is
often underestimated. Tests indicate that
the natural moisture content of soil varies in
direct relation to the fineness of the soil, as
shown in figure 1,

Sieve analysis and determination of patural
moisture content of 1g typical soil samples,
plotted in figure 1, varied progressively from
4 percent moisture for soils having 20 percent
fines to 23 percent moisture for soils baving
80 percent fines. Ag used herein, “fines” gre
defined ss soil particles composed of silt, elay,
and colloids which are less than 1/480 inch in
size. Other tests of laboratory specimens of
soils containing 56 percent fines showed mois.
ture constantly rising to the surface by cap-

PEEFL Reprimy Ko, L Ovew! Spese, dvuliable frem
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Hlariry, and evaporatmg at the average rate
of 1k gullons per 1OQY sguare feer per 24

Iowrs, when the water table was mainiained

au incher below the surfoce of the specimens. -

The istanee whaeh water will vise by capil-
lavity above the water teble® &5 also usually
undevestimated, The ides, held by many, that
g high warer table only o few feet below the
surface 15 necessary 1o produce spprecisble rise
of coplary mmisture 15 not borte owl by tests.
Core bormgs made in soils having 50 to 80 per
cent Anes showed the sume strnight-line rals-
pion between fines end noturad meisture content
gf the soll near the surfoce, regurdless of
whather the water table was 8 feet or 20 feer
betow the prownd surfece. It is doubthyd thee
thiz rise 13 due 1o simple capillary nexion.
TWhat appesrs to be capillary setion may well
e o combination of capillarivy, adsorption, and
sasanns diffuhion.

The conclusions which seen 1o be indicated
by the abore dats with regard to migration of
muisture from the soil by expillary sotion zre
that & lorge smount of moisture would be trans-
mitted for an aversge soil having 30 percent or
wops foes,  This would be trus even when the
watar table is 28 xonch a8 20 feet Dedow the sur-
facw, which mort sothorities would call & Jow
waler table, Moreover, capillary action we-
ally takes place 24 bours & day, day xfter day,
weey tha whole arex of & craw] space, basemans,
or sleb-or-ground Sccr, so that & large umoung
of momturs ey migrate inte » building by
capiliary sction alooe.

Vagar Migration From the Ground

Molsture in the form of water vapor mey also
migrats from the pround inte » building
Beckuss waler sapor is sn invisible gas, this
form of molsture migration 15 Jess understood
than other types. It is only in the last decads
that enginesrs and builders have learned of the
nacessity of protecting buildings from the harm-
$ul efecis of moisture that migrates in the form
of vapor inte floor, wall, and roof areas of
buildings, and then eondenses into lquid water,
which couses damage.*
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Water vaner acts i scoordames with the
phrsical liws of gases, swhich can no more be
Trished” away than ean the phesieal luw of
graviey. One of these laws is that vaper will
travel from one sres 1o anotber wheuever o &if.
ferance of vapor pressure exists betwern the rwa,
unleds ap unpervious vapor Larrier exisrs bee
tween themt  The water vapor with which we
avd dealing Lere ls ner pure water vapor but
rather o mixture of 1wo guses-waler va por and
air. The amount of water vapor which sir can
absork is limited for any given tomperature of
e aly snd wacer TEPOT miviure, snd 9y the
tein parelure 5 raived, the sbility of the sir to
absork more moisture increnses.  When air g
ARy given temperature Las shsorbed all the
whler vapor it can hald, it i suid 1o be saturatad
with water vapor or to have 100 peresnt rale.
tive humidire. If the air contains only half
AE much water vapor os it can hold at a given
temperstare, it s said to bave 5U percens relse
tive humidity,

Any sood (3% on heating or ventilating con.
taing tables of vapor pressures for various tem.
perntures ond relative huonidities. Table 1,
which is bused on dats published by Geners)
Electric Co., s wush & table. Tt will be noved
in this table that vapor pressure incresses not
unly with tempersture but siso s the relative
hugsidity ineresses,
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Lt us exapmune n concreie slalron-ground
floor resting on 4 to G inches of coarse oravel.
swwhich would act to mterrupt camilarity, to see
under what conditions there would be a tendency
for moisture to migrate from the goil beneath
in the form of water vapor. Let us first con-
sider a typieal winter condition where the aw
in the Louse is maintained at 70° F. and 20 per-
cent relative humiditr.® From table 1. the
TApOr pressure in the room above the slnhﬂ wou&d
be 0.105 pound per square inch. Assuming the
house to be heated by warm air or mnvmma}wl
~ndigtors. the sir in the house would be 1%@@
hest to the slab which, in turn, would be losing
heat to the ground below. Measurements by
govern] investigntors have shown that o tem-
parature of 60° F. would be realistic for the
ground or gravel course just below the slab.
Since moisture is constantly being fed up to the
srea just beneath the slab by capillaricy, we
would expect the relative humidity of airspaces
in the gravel course beneath the siab to be high,
possibly approaching saturation. From table 1,
the vapor pressure of air at 60° F. completely
saturnted with water vapor would be 0.256
pound per square inch, which is more than twice
the vapor prassure of the sir in the room sbove.
Theoretically, vapor would travel upward
through the slab even if the relstive humidity
below the floor were decreased to 50 percent, in
which case the vapor pressure from table 1
would be 0.128 pound per square inch. This is
still 0.02 pound per square inch higher than the
vapor pressure in the room above.

Conversly, during bumid summer weather,
when the tempersture snd humidity are both
bigh in-the room sbove the slab, vapor pressure
would be higher in the room than bensath the
slab, with » consequent vapor pressurs down-
ward.

Laboratory Measurements of
Vapor Migration

In order to get some factual information on
the migration of water vapor through s con-
crets slab-on-ground floor, and on the effective-

Soiiamidity Conditions ip Mederns Bowsms,™ by Robers (.
Botehal o Hoverse Rrst.scm Ko € Octeser 1833 pub-
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ness of vapor Larmers. a lunited explovatory
studdy, sponsored oy the Housing and Home
Finance Agency. was made at Forest Produets
Laboratory. Madison, Wis. YWhile these studies
were preiunimary. and consisted of enly one test
specimen for each slab construction. they sup-
port the theory that vapor mugrates through
the slab in easilv measurable quantities. due to
g difference in vapor pressure.

Description of Specimens

Six cylindrical galvanized-iron tanks. 34
inches high and 1 square foot in cross section,
were constructed. Each of these was equipped
with & water-gnge glass for determining the
height of the warer table, and o filler tube
through which water could be added to main-
tain o constant water level, as shown in figure 2.
A d-inch-thick concrete slab was poured flush
with the top of each tank. Miami-type loam
was placed to o depth of 26 to 30 inches to repre.
sent the subsoil under a slab-on-ground fleor,
and various membranes snd capillary breaks
were placed beneath the slabs prior to pouring
them as described in detail below.

Taxg 128 inches soll, 4 inches coarse washed gravel
{1 tmeb), 1 layer, untrested kesfy paper (89
ponnds per 3000 sguare feer), $loeh copcrete
wigh, The krsft paper was fov the parpose of
preventing Glliog of gravel spaces by grout and
is ot considersd to be & vepor barrier,

Targ D38 inches soll, 4 inckes cosrse wasbed
gravel {1 lmeb), 2 layers 1d-pousd sepbalte
sararsted lelt. bot sepball mopped betwean layers,
dlnth coperets siab.

Tark 326 toches soll, ¢ inches coarse washed gravel
{1 imeh), 1 layer 15-pound arpbali-saguratsd fo)
delich concrety slab, ’

Tars 428 neches soll, 4 lnchen conrse wasbed gravel
{1 imeb), 1 leyer of 4S-pound smooth-surtace roll
roolng, 4-loch conerets alab.

Targ Se-28 tnehes soll, 4 inches course washed gravel
{1 tmehy, 3 lever 13-pound aspheit-satnrated felt,
loch concrete siab. 1:8:8 miy to which 2 pare
of an lotegrs! waierproofing admizture conlaining
bydrated lme and caloium stearste wers added 1w
B4 parts of cement,

Tomn fb-imeb-thick concrete slab poured dizectly on
30 luches of Boll, 6o membrans of FrETEl COnrse.

The membranes were sealed to the walls of
the tanks with a hot-melt asphalt cement. Cou-
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crete mix was 1 part cement, 3 parts sand, and
5 parts ¥4~ to %-inch gravel

* Test Procedure

Water was added to all tanks through the
filler tubes to bring the water level to & point
1 foot below the bottom of the slabs as observed
oD the water-guge zlasses attached to the side
of each tank. The tanks were then placed in
& temperature-and-humidity-controlled room.
For the first week sfter pouring the slabs, the

. temperature was controlled at 80° F. and the

‘" bumidity at 97 percent relative humidity.
.. Following this, the temperature was controlled
* 7 8t 80* F, and the bumidity at 30 percent rela-

- tive humidity for the remainder of the test

-~ period of approximately 150 davs (22 weeks).
»7+ Figure 8 shows specimens undergoing test.
el At intervals of approximately 2 weeks, suf.
;Efs:iwm water was ndded to the tanks to main-
wh

5

by
4 CONCRETE
MEMBRANE

4" COARSE WASHED GRAVEL

07

+——STOPPERED FILLER TUBE

*

\mm: TYPE SUBSOIL

tain the water level at 1 foot below the bottom
of the slabs, as observed on the guage glasses
The aversge amount of water which had to be
sdded, reduced to s daily basis, is shown in
table 2. ‘

Analysis of Resulls

It must be sssumed that the amount of mois-
ture, shown in table 2 for each tank, traveled
upward and found its way out of the tank
through the slsb, since this was the only way
in which moisture could escape from the tank
A study of the relative daily amounts of water
escaping reveals the following :

L Effectof M embranes~Considering Tanks
1 through 4, which were identical specimens ex-
cept for the membranes, the amount of moisture
passing through the slabs was directly propor-
tional to the vapor permenbility of the mem-
brane. Tank 4, which had a highly imperme.

$
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able 45-pound roll roofing membrane,’ lost the
least moisture, the loss being only one-tenth ss
much a8 that shown by Tank 1, which had no
membrane. -Tenk 2, which had & membrane
consisting of two layers of 15-pound asphalt-
satusuted felt, mopped with hot asphalt be-
tween, showed approximately half as much loss
a8 did Tank 8§ which had » single layer of 15-
pound ssphalt-satursted felt.

2. Effect of Admizture.~~Tank 5 was identi.
oal with Tank 3, except that an integral water-
proofing admixture was added to the concrete
of Tank 5. Both tanks had 4 inches of coarse
gravel beneath the slab to interrupt capillarity,
and both bad » membrane consisting of & single
layer of 15-pound asphalt-saturated felt. Al-
most twice as much moisture passed through
the slab specimen containing the integral water-
proofing admixture as passed through the slab
specimen without an integral waterproofing
sdmisture. The indication is that the sddition
of an admixture of the type used increases the
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permeability of the concrete rather than de-
creases it.

3. Effect of Gravel—Tank 1 was identical
with Tank 6 except that Tank 1 had 4 inches of
course gravel beneath the slab to interrupt
capillarity, while the slab of Tank 6 was poured
directly on the Miami loam subsoil with the
coarse gravel omitted. Neither specimen had
& vapor-barrier membrane beneath the slab.
More than twice as much moisture passed
through the slab of Tank 1, where capillaricy
was interrupted by 4 inches of coarse gravel
beneath the slab, as passed through the slab of
Tank 6 where no grave] was present to interrupt
capillarity. In the case of Tank 1, it must be
assumed that the moisture troveled upward
from the top of the subsoil in the form of water
vapor, since capillary travel was interrupted by
the noncapillary coarse gravel beneath the slab,
In the case of Tank 6, the moisture was free to
rise by capillarity until it reached the bottom of
the slab. Since twiee as much water passed
through the slab of Tank 1 as passed through
that of Tank 6, it may be inferred that, under
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d
rest. vapor travel ghivough o concrete slab s
[_ much more rapid than travel of free water.
However. since these results were obtained
from single test specimens, and the gravel
E conrse beneath the slab also acts as s thermal
break (the value of which will be discussed
lnter), the coarse gravel fill beneath the slab
(recommended Ly mast suthorities) should be
retained until additional test data are developed.
Dr. J. D. Babbitt has pointed out that the
wmigration of water vapor through ig“gmﬁmpia
, building materials does not follow Fick’s law of
diffusion of gases and is much more rapid than
the migration of other gases such as axygen and
! pitrogen.®
This is nccounted for by the fact that water
vapor is adsorbed and can migrate W@ugh
] materials, in the sdsorbed phase.  Also, Babbitt
I points out that the migration of water vapor, un-
like that of most guses, incresses with the
concentration, and that as the concentration ap-
proaches saturation, the increase is very rapid.
The combination of gaseous and adsorbed dif-
§ - fusion mey sccount for the greater movement
« of moisture through the slab of Tank 1 as

™" compared with that of Tank 6. This more

rapid movement of moisture through the slab
‘ “#* of Tank 1 indicates that the air flling the
" spaces between the gravel beneath this slab
bas s high relative humidity, probably ap-

proaching ssturstion.
4. Motive Force~Tunks 1 through 5 had &
4-inch cosrse-gravel course beneath the slab
i “to interrupt capillary sction snd to prevent
" moisture from resching the slab by capillarity.
Despite this, all of these tanks lost moisture,
< and it must be inferred thet the moisture mi.
.;. grated upward through the gravel course in
. the form of water vapor. Since the tanks were
.- kept in & temperature-controlled room during
. the period of test, the temperature beneath the
. ®lab was the same (80* F.) as the temperature
%" of the air above the slab, and the moisture
‘ " movement could not have been caused by o dif-
o ference in temperature. The motive force
‘ m‘gﬁ%mw moisture movement must then have
YN Ve Mevement of Msistare in Botiding Materials,” by
o BE. 4. D Babbirt, Cosedien Sowentific Lisisen Offow, publisbed
Tk Genjorenee Revers Ko, §, Condensution Contrel in Build.

B W, February 1952 by Bollding Resssrel advisary Board,
tttml Conaritution 4vy, Waakingren, 1, O

W

ratnre and huunidity conditions of the .

been o difference in relavive humidities below
and wbove the slabs. The considerable move.
mient of moisture throngh the slibs, even when
“a lughly impermeable vapor bavrier was used,
such as that placed beneaddy the slub of Tank 4.
indicates that humidities beneath the slabs
were high, probably approaching sawration
Again consulting table 1. it will be seen that
the tnpar pressure at 80° F. and 100 percent
relative humidity would be 0.306 pound per
square inch, compared with the vapor pressure
of 0.152 at 80° F. and 30 percent relative hu.
midity at which the air above the slab was
maintained. The difference of 0.334 pound
per square inch between the vapor pressures
below and above the slabs would provide »
strong motive force in the upward direction.

Electrical Resistance Molsture Tests

During the same 150-day period in which
moisture loss from the tanks was being ob-
served, as described sbove, corollary moisture
tests of the concrete slabs were being made.
This was accomplished by reading, at intervals
during the test period, the electrical resistance

in ohms between stainless steel pins embedded -

in the slabs. To accomplish this, 3 4-inch-diam.
eter stainless steel pins were cast in the alab st
the time of pouring. Four pins baving 3., 1.,
2-, and $-inch embedments were srranged in s
P-inch-dismeter circle sround a central pin,
which had an'embedment of 3 inches. Re-
sistance readings were taken between the cen-
tral pin and each of the pins having verious
embedments. Figure 4 shows equipment used
in making electrical resistance tests. Table 8
shows initia]l resistances in ohms, and subse-
quent ratios of registance st esch test period
to initisl resistance. The values for the pins
having Ya-inch embedment are not reported
since some of them were found to have loosened
and results were erratic,

On examining the values shown in table 3, it
will be seen that in sll cases resistance increases
with time. This does not necessarily mean that
there was & proportional decrease in moisture
content of the concrete during this entire
period, as probably there were certain chemical
changes taking place during the slow setting
of the concrete which also affected the electrical

1
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resistunce of the conerete.  1f we agsume that
the highest vesistance represents the lowest
moisture content. and compare the results of

Tanks 1 through 4 (these specimens had only -

one variable. the type of membrane used) at the
end of the 150-day test period with the amount
of water passing throngh the slab as shown in
table 2. we find good correlation. as shown 1n

table 4.
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 Tapk 4, which had s 45-pound roll-roofing
membrane, rated lowest in moisture loss through
the alab and driest (highest electrical resist-
ance) in each case. Tank 2, with 2 layers of
15-pound felt, bot-mopped between, rated sec-
end. Tank 3, with 1 layer of 15-pound felt,
csme third; and Tank 1, which bad no mem-
beane and which showed the greatest moisture
Joss through the slab of the four specimens, also
bad the lowest electrical resistance (highest
moisture content) and hence, fourth ruting.
Tanks 5 and 6 probably are not comparable with
ths others, since they contained variables other
. than the membrane used. Gravel was omitted
»" beneath the slab of Tank 6, and sn sdmixture

Zvwas added to the concrete of Tank J.

. Conclusions

on-gronnd runitrucuon. they are in good agree-
sent with accepted soentiic theory and appear
1o support the foliowing conclusions:

1. Moisture originating in damp soil beneath
will move upward through slab-on-ground
construction. either by capillary action or in
the form of water vapor.

2. The introduction of coarse material, such
as@-inch washed gravel, between the slab and
the subsoil, may interrupt capillary acrion but
will not prevent migracion of moeisture in the
form of water vapor.

S, A temperature differential is not neces-
sarv 1o the migration of water vapor.

4. Moisture mav travel through a concrete
slab more rapidly as water vapor than as liqud
water. .

5. Membranes which are highly impermeable
to water vapor are effective in reducing mois-
ture migration from the ground.

6. The mmount of moisture transmitted
through & concrete slab-on-ground decreases as
the permeability of the membrane decrenses.

Discussion of Data

The dats reported in tables 2 to 4 were ob-
tained when the top surfaces of the slabs were
exposed without any floor covering to an 80° F,
and 30 percent relstive humidity condition.
Placing of s finish floor covering that is bonded
to the conerete with an sdbesive, most of which
are good vapor barriers, would be expected to
influence grestly the moisture content of the
slabs and the smount of water vapor that would
permeate through the different types of slab.
on-ground construction. In effect, the adhe-
sive would provide & vapor barrier on the top of
the slab, which.would reduce the smount of
water vapor permeating througb to the room
sbove, and probably also would cause a build-
up, within the slab, of moisture sufficient to
affect ndversely the bond of the sdhesive 1o the
concrete. Variables in temperature and in
humidity conditions, in the ground beneath the
slab snd in the room above it, also, no doubt,
would have an effect on this moisture migration.

Tests of asphalt- and rubber-base adhesives

s e e . -

commonly used for bonding floor finish to con-
crete slabs, indicate that they lose a large por-
tion of their dry bond strength when the con-

§

. While the data reported in tables 2 to 4 are
" based on preliminary specimens which do not
v pover all of the variables encountered in slob-

R 'M*,w;;“ .
-#
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erete beconies damp.’ Tiis possibly 15 due to
chemical degradation of the adhesive at the
junction of the adhesive and the concrete. and
mav be caused by a reacnion. n the presence
of water. between alkali in the cement and the
resity in the ndhesive. |

Dased on the very limited data shown in
table 2. obtained from observation of enly one
:ﬁp&*i‘iméﬂ of each construction. 2.45 gallons of
water per 1,000 square feet per dav would pass
throush construction of Tank 1, which had
4 inches of gravel under the slab, but no mem-
Lrane. This would be reduced to 0.97 gallon
pey 1.000 square feet per day Ly the sddition of
3 13-pound asphalt-saturated felt membrane
(Tank 3); 0.58 gallon by the addition of 2 lay-
ers of 13-pound felt, hot-mopped between
(Tank 2); and 0.24 gnlion by the nddition of
one laver of 43-pound roll-roofing (Tank 4).

These quantities of water probably are rep-
resentative of extreme conditions, since the
motive rapor pressure probably is high (0.350
pound per square incl, assuming 100 percent
relative hwmidity beneath the slabs) because of
the high temperature of 60° F. in the soil be-
nesth the slabs. This temperature would be
spproximately that of the ground immediately
below s radisnt slab which had hesting pipes
embedded in it. A non-radiant-heated slab,
such as that discussed earlier in the paper, with
a tempersture of 70* F. and 30 percent relative
hamidity in the air sbovs the slab, and » tem-
persture of 60° F. and 100 percent humidity be-
peath the slab, would have a motive vapor
pressure of spproximately 0.148 pound per
square inch. Hence, the radisnt-heated slab,
with the vapor pressure differentisl of 0.350
pound per square inch, would be expected to
result in & much greater migration of moisture
upward through the slab than in the case of the
non-radiant-hested slab, where the vapor pres.
sure differential is only 0.148 pound per square
ineh.

Algren has studied the moisture content of
soils immediately beneath o radiant-heated
slab in terms of conductivity of the soil and
found it to have calculated X-values ranging
from 10.0 to 16.0 B. t. u. per square foot per
hour per degree Fahrenbeit per inch of thick-

¢ Waronal Burwsw of Giapdards Bepors BMS $0, Prepervics
8f ddbverwes or Flewr Coverings, Availlalis frewm 0. 8. Gov
srnment Pristiey Ofes, Weshisgran 13, D. € Prics 10 ossts.
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nezs.t  He also made corollary tests of conduc-
pviry of E0HE 8L vArIous IMOIStule conientE
The caleulated L-values of 12.0 to 18.0. of the
soi] Leneath Algren's rest slab. indicate mois
ture contents of 16 to 23 percent wiien compared
with the Z-values of the corollary tests at vari-
ous moisture contents.  This indicates that the
moisture content of the soil beneath s heated
bslab remains high, and led Algren to conclude
that the moisture content of the soil under
heated concrete slab probably does not change
much from season to season. If there is little
or no drying out of the soil by the heated slab,
than we would expect high humidity conditions
in the gravel spaces below the slab, which would
tend to increase the vapor pressure, with & con-
sequent increase in moisture transmission
through theslab. In other words. adding heat-
ing pipes or duets to the slab would appesr to
increase the transmission of moisture through
the slab, if no vapor barrier was provided.
Petersen * has reported that the problem of
obtaining completely moistureproof concrete
has not been solved except by the use of a vapor
barrier. He states that the inherent character
of concrete is such that water vapor will readily
permeate it. His studies slso indicate that
many of the integral waterproofing compeunds
on the market contribute little or nothing to the
watertightness of concrete.

Slgnificance of Coliected Data

Data collected to date appear to be in sgree-
ment with sccepted theories of moisture migrs-
tion, and indicats thet this moisture may
migrate up through s slab-on-ground fleor by
hydrostatic pressure, capillarity, or in the form
of water vapor.

The one method, on which most suthorities
are in agreement, of preventing moisture migra-
tion through a slab-on-ground floor is the use of
3 membrane that is impermeable to the passage

#Grwand Tempersture Distribution” With o Fleer Posel
Beating Byesem.” by 4. B, Algres, sssecists Professer sad
Hond of the Divieion of Beeting, Yentilatiog sad 41y Cendl-
tieslug, Mechunionl Bapinsering Deparrmest. University of
Missesvta, publiebed Iz Lmericen Sonaty of Hestlay end
Vewdilgting Loponeers Jourwel, Moy 1048,

WCan Costrets Be Made MowtereProol? by Pervy B
Povavens, Direetor, Mavertais IMvision. Strectores Bewesvol
Denarvment. Mavs] Clell Dagiueer Besenreh Laberatery, Part
Xguwmm Calif. pebilshed o Bebecks Teckwmapel Dipest
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ater apd water vapor. This bar-

rier. if placed beneath or incorporated in the

eiab. would be expected 1o prevent moisture by,

livdrostatic pressure, capillary action. or in the
form of warer vapor. from penetrating through
the ¢lab.  Such a barrier would have to be du-
pable for the life of the building. Also. it
should be an exceptionally good vaper barrier.
probably approaching the eflectiveness of a
meta] sheet. unless other measures are taken to
prevent moisture from reaching the bottom of
the slab.

One measure which easily can be taken to pre-
vent hrdrostatic pressure beneath the slab is to
elerate the bottom of it well above the surround-
ing vord and to slope the yard around the house
to drain sway from it. This appears to be
especidlly necessary in colder climates where
snow around the building would be meited br
heat escaping from the slab.  This melted snow
water usually would be prevented from drain-
ing nway from the building. by & dam of frozen
gnow and ice. and might find its way under the
slob unless the slab were sufficiently elevated.

To prevent capillary moisture from reaching
the slab, severa] inches of coarse washed gravel,
crushed stone, or slag may be placed beneath

- the glab to interrapt capillarity. This material

should also be above the grade of the yard; oth-
arwise, moisture will drain into the spaces be-
tween the gravel, and nullify its effectiveness.
The gravel course beneath the slab, when posi
tively drained, also serves as a thermal break
betwean the slab and the ground. This in-
creases the comfort of the slab in winter, in the
case of noohested slabs, since heat absorbed
from the room is not dissipsted to the ground
8o rapidly, thus maintsining & warmer floor.
In the case of & heated slab, the timelag is re-
duced, so that a more uniform slab temperature
results. This thermal break between the slab
snd the ground also would be expected to reduce
condensation on the slab on hot, humid swmnmer
days, since the sleb is less spt to be cooled by
the ground to the point where it will be below
dewpoint temperature.

Algren's work indicates that silt and clay
soils bave & thermal conductivity (k-factor) of
spproximately 100 under normal capillary
moisture conditions. Dry coarse washed
gravel bas been reported by Groeber of Ger-

many 10 have an average L-iactor of approst
matedy 2.5, Heuce. hear would be vransmicted
approximately fonr tmes as fast through damp
soil o8 shrouglh dry cosrse washed gravel.

Neither elevatny the slub above ground level
nor providing a capillary stop beneath v will
prevent water Vipur from permeating the slao,
ajghough each will provide a factor of safery
against free water reaching the slab.  As pre-
viously stated, a highly impermenble membrane
appears to be the most reliable method of pre-
venting migration of water vapor.

Recent vesearch ** sponsored by the Housing
and Home Finance Agency has developed dauw
on the permeability and durability of certain
roofing materials when used ns membranes in
contact with the soil, where ther are subject to
attack by rot fungi. These data indicate that
asphalt-saturated felts would not be durable
unless protected with coatings of asphalt. Roll
roofing, which is heavily impregmated with
asphalt, was found (both in accelerated labors-
tory tests and in 10-vear actual use) to be much
more effective o5 o vapor barrier than 15-pound
asphalt-saturated felt, and to have good durs-
bility us ground cover in o eravwl space. Indus-
try is developing membrane materisls specially
designed for use in contact with the ground.
Two of these are now on the market. One is
o roll materisl similar to 55-pound roll roofing,
but made with & softer type of asphalt 50 as to
be more flexible and eagier to lay than is 55-
pound roll roofing. The other is & sheet mute-
rial, approximstely twice the weight of
S5-pound roll roofing, which is produced in
4 by B-foot sheets. TWe would expect these
special membrane materinls to be equal or better
in durability than 35-pound roll roofing, and
o be equally good vapor barriers. No doubt,
s good and durable membrane could slso be
obtained by building up several layers of 13-
pound asphalt-saturated felt, solidly mopped
with asphalt to protect the felt at all points
from attack by fungi. The cost probably
would be higher than that of the hesvier mem-
brane materials described above.
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Recommendations

Based on the data deveioped to date. and al-
lowing some factor of safery 1o insure d%:wgbii“
ite during the expected life of the building,
the following recommendations are offered for
controlling migration of moisture from the

mxmd : &

§lab-on-ground Canstruction

1. Where the site is high and well drained,
and Gnish floor is to be asphait tile. provide
membrane consisting of one laver of 55-pound
roll roofing or one of the equally effective and
durable new membrane materials, lapped 6
inches, turned up and extending to the top of
tke slab around all edges, with all laps care-
fully sealed with hot or solvent-type water-
proofing asphalt. “ m

9 TWhere site has a high water table or is
poorly drained, and particulariy where it is
desired to protect & woodblock or strip floor, or
other material that can tolerate little moisture,
provide ¢ membrane consisting of two layers
of 45- or 55-pound roll roofing, or squally ef-
fective snd dursble new membrane materisls,
solid mopped between with hot or solvent-type
waterproofing asphalt, and turned up to the
top of the slab around sll edges.

Prefersbly, membranes should be laid on
base coorss of well-compacted, cosrss washed
gravel or crushed stone This base course
should be 4 or more inches thick, and high
snough sbove the surrounding yard to be well
drained. Otherwise, druin tiles or other pos-
itive means of drainage should be provided.
The top of the slab, preferably, should be ele-
vated at least 12 inches above the grade of the
sarrounding ysrd, which should be sioped to
drain sway from the building. Of course, care
should be taken to sveid puncturing the slab
membrane, and s little water as practicable
should be used in the concrete mix.

Basernent Slabs

TWhere it is desired to provide s dry base-
ment, migration of moisture from the soil be-
nesth must be controlled. The problem of con-
trolling meisture through the concrete floor

siab 15 much the rame as that previousiy de-
scribed for slab-gn-ground floors located above
the grade of the vard. However, the probiem
is rendered move difficuly by the need for con.
trolling moisture under hydrostatic pressure. as
well as moisture migrating by capillariey and
rapor travel. ‘

T here below.grade areas. such as those often
found in semibasement and split-level houses.
are to be developed into useable space. an unusu-

“ally good membrane should be provided. Two

lavers of 55-pound roll roofing. or equally effec-
rive” and durable membrane material. solid
mopped between with hot or solvent-t¥pe water-
proofing asphalt. turned up to the top of the
slab around all edges. and sealed to the founda-
tion walls, are recommended.

Masonry walls below grade should be parged
with portland cement mortar and coated with
hot bituminous waterproofing on the esterior
face. Open-joint tile or other positive mesns
of drainage should be provided around the es-
terior of the house at the level of the footing,
to prevent s buildup of hrdrostatic pressure.
Positive drainage should also be provided for
the gravel course under the floor. Both perime-
ter wall and underfioor drainage should have &
connection to & sewer or & dry well, or in the
case of sloping sites, to an outfsll below the

grade of the floor, so that positive drainage will
be provided.

Crawl Spaces

Dr. J. D. Diller, of the U. S. Departent of
Agriculture, Buresu of Plant Industry st Belts-
ville, Md., has carried on extensive observations
of crawl-space cover effectiveness and dursbility
for & period of over 10 years.'® This work has
demonstrsted that moisture migration into
crawl spaces from the ground beneath can be
efectively controlled by simply covering the
ground in the craw] space with & durable mem-
brane, such ss 55-pound roll roofing.

Sealing or cementing of the laps of erawl.
space mambranes is not recommended. Many
crawl spaces are below the grade of the sur-
rounding yard, where ther sre subject to ocea-
sionsl flooding during beavy rains, and the open

® Popurt Puthoingr Special Belesss Wo. 36 Hpvd 1551, v
Sadmnide frem Flant Isdeeery Boutien, Balteviide, M.
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When a durable and eilective ground cover
such a3 ao-pound rell reofing has heen placed
in the crawl gpace. the vents provided in the
foundarion walls to ventilate the crawl space
mav safely be closed during cold winter months.
This will provide a more comfortable floor

durine cold weather, and will reduce fuel costs.

Cost

The cost of providing membranes as vecom-
mended is moderate. The cost of roll roofing
or roll membrane material is 2 to 3 cents per
square foot. and the installed cost of the mem-
brane should be 3 to 10 cents per square foot.
depending on whether 2 single or double thick-
ness is required. In view of the protection
which a good membrang would provide against
deterioration of the house and its furnishings,

this cost appears moderate.

Commercial Construction

The problem of preventing moisture migra-
tion from the ground is not limited to dwell-
ings. Many modern shops, commercial build-
ings, and warehouses are constructed with
alab-on-ground floors because of the econcmies
inherent in the much heavier permissible floor
loadings, and in the ease of material handling
by mechanical means. Much of the dampness
which causes rusting of tools and metal con-
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saipers apd ndlaewing of fubries o storage,
10 Goubt originates in the damp soil Leneath
the building. and couli be reduced by provid-
ing a good membrane beneath the tloor. This
was evidenced brv the espensive program of
protecting machine tools and ordnance for pe-
riods of extended storage after the last War.
Most supply officers turn their stock frequently,
s often nt considerable extra-hiandiing es-
pense. in order to reduce spoilage. much of
which 15 caoused by dampness.

In gvmpasiums. armories. and drill halls, if
cupping aml buckling of the wood finish floor
is to be avoided. the provision of 2 good mem-
Lrane under slabs on the ground supporting
wood-strip floors on sleepers is almost a “must.”
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