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What, Why & How?
Concrete Slab Moisture

CONCRETE IN PRACTICE

WHAT is the Problem?

Concrete dab moisture can cause problemswith the adhe-
sion of floor-covering material, such astile, sheet flooring,
or carpet and bond-related fail ures of non-breathabl e floor
coatings. Adhesivesused for instal | ation of floor coverings
are more water-sengitive due to restrictions on the use of
volatile organic emissions (VOX) products. To warranty
their products, manufacturers often require that the mois-
ture emission from the hardened concrete dab belessthan
some threshold value prior to installing floor coverings or
coatings. Fast-track construction schedul es exacerbate the
problem when floor-surfacing material isinstalled before
the concrete dab hasdried out to an acceptable level.

WHAT are the Sources of Concrete Slab Moisture?

Moisture in concrete slabs on grade can originate from:

a. Water dueto hydrostetic pressurewhen thedab on grade
isbelow apermanent or seasonal ground water table, or
when the dab, particularly the edge, isin contact with
wet soil from sources such asrain, irrigation systems,
broken plumbing, or other recurring man-made source.
The rate of moisture flow through the dab will depend
on the hydrostatic pressurethat causesit.

b. Water rising to the bottom of the slab from ground
water by capillary action or wicking. The degree of
saturation of the subgrade depends on the fineness of
the soil and the depth of the water table. Capillary
water will saturate the subgrade and move through
the concrete slab. Fine-grained soils can draw water
from considerable distances while coarse sand or
gravel will not sustain thisflow.

c. Water vapor from damp soil, which can diffusethrough
the concrete and condense on the slab surface when
the subgrade has a higher concentration of water va-
por than the slab surface. Thisgenerally occursdueto
avapor pressure gradient whenthe air on the concrete
surface is cooler and at lower relative humidity than
the damp soil below the slab.

d. Residua moisturein the slab from the origina con-
crete mixing water. It may take anywhere from six
weeksto oneyear or longer for aconcrete slab to dry
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Figure 1 Drying rate of concretes sealed at the bottom (ref 3)

out to an acceptable level under normal conditions,
asillustrated in Figure 1. Factors that affect the dry-
ing rateinclude the original water content of the con-
crete and the relative humidity and temperature of
the ambient air during the drying period. Thisisthe
only source of moisture in elevated slabs.

How Do You Avoid Problems?

Avoiding problems associated with high moisture con-
tent in concrete can be accomplished by thefollowing:

* Protect against ingressof water under hydrostatic pres-
sure by ensuring that proper drainage away from the
slabis part of the design.

* Use a6 to 8inch [150 to 200 mm] layer of coarse
gravel or crushed stone as a capillary break in loca-
tionswith fine-grained soil subgrades.

» Useavapor retarder membrane under the slab to pre-
vent water vapor from collecting at the base of the
slab when the soil conditions are conducive to mois-
tureretention. Ensurethat the vapor barrier isinstalled
correctly and not damaged during construction. Cover
the vapor retarder with a4-inch layer of a compact-
ible, self-draining granular fill, such asacrusher run
material. This layer should be relatively dry prior to
placing concrete. Concrete placed directly on a vapor
retarder is susceptible to cracking (see CIP 29).



» Useagood quality concrete mixture with alow water
content. A low water content will reduce the amount of
residual moisture in the slab, require a shorter drying
period, and have a low permeability to moisture. The
water tightnessof concrete can beimproved by using fly
ash or dag in the concrete mixture. Place concrete at a
moderate S ump not exceeding 5inches[125 mm]. Wa-
ter reducing admixtures can be used to obtain adequate
workability and maintain alow water content.

* Curethe concrete by ponding water, covering it with
wet burlap, or spraying curing compounds, for amini-
mum 3to 7 days. Curing isanimportant stepin achiev-
ing a high quality slab with reduced moisture trans-
mission. Avoid using wax-based curing compoundson
floors where coverings or coatings will be installed.

» Allow sufficient time for the moisture in the slab to
dry out naturally while the floor is under a roof and
protected from the elements. Use heat and dehumidifi-
ersto accelerate drying. Since moisture transmission
isaffected by temperature and humidity, maintain the
actual serviceconditionsfor along enough period prior
toinstalling thefloor covering.

» Test the slab moisture condition prior to installing the
floor covering.

When concrete slab moisture cannot be controlled, con-
sider using less moisture-sensitive floor coverings or
breathable floor coatings.

How is Concrete Slab Moisture Measured?

Various qualitative and quantitative methods of measur-
ing concrete dlab moisture aredescribedin ASTM E 1907.
Test the moisture condition of the dlab in the same tem-
perature and humidity conditionsasit will bein service.
In generdl, test in three random sample locations for ar-
eas up to 1000 sg. ft. [100 m?]. Ensure that the surfaceis
dry and clean. Record therelative humidity and tempera-
ture at the time of testing. Some of the common testsare:

Polyethylene Sheet Test - is a simple qualitative test
that is commonly used, where an 18 by 18 inch [450 by
450 mm] sguare plastic sheet is taped tightly to the
concrete and left in place for aminimum 16 hours. The
plastic sheet and the slab are then visually inspected for
the presence of moisture.

Mat Test - wherethe adhesiveintended for useisapplied
to a 24 by 24 inch [600 by 600 mm] area and a sheet
vinyl flooring product is placed face down on the adhe-
sive and sealed at the edges. A visual inspection of the
condition of the adhesive is made after a 72-hour period.

Moisturemeter s- based on el ectrical resistance or imped-
ance measurements are used to measure dab moisture. The
resistance metersare subject to errorsand are seldom used.

Gravimetric - Thisis a direct and accurate method of
determining moisture content in the concrete surface.
Pieces of the concrete surfaceareremoved and driedinan
ovento constant weight. The moisture content isthen cal cu-
lated as a percentage of the dry sample weight. Generally,
moisture content lessthan 3to 4% iscons dered suitablefor
application of non-breathabl e floor coatings.

Nuclear Density and Radio Frequency - These tests
have a high degree of reliability, are nondestructive, but
areexpensive and take alonger period of timeto properly
correlate correction factorsfor each individual project.

AnhydrousCalcium Chloride Test - isapopular test chosen
by severa flooring manufacturers who specify criteriafor
flooring or carpet instal | ation based on thismethod. A mea-
sured amount of anhydrous calcium chlorideisplacedina
sedled area on the surface and the amount of moisture ab-
sorbed by the salt in 60 to 72 hoursismeasured to calculate
the moisture vapor emission rate (MVER). Maximum lim-
itsof vapor transmission generally specified are3to 5 pounds
of moisture per 1000 square feet per 24 hours. Thistest is
relatively inexpensive, yields a quantitative result, but is
subject to errorswhen testing asthe salt hasastrong affinity
for water.

Hygrometer — A test area of thefloor is sedled off under a
waterproof enclosure. Thereative humidity of the pocket of
air trapped above the dab is measured using a hygrometer
or arelative humidity probeafter at least 72 hours. Flooring
can beingtalled if the relative humidity islessthan 75%.

Test Strip —inwhich atest strip of the proposed primer
or adhesiveisevauated for 24 hoursto predict its behav-
ior on thefloor. This procedureisnot very reliable.
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Follow These Rules to Avoid Problems with Slab Moisture
1. Evaluate the site to determine the potential for moisture migration and incorporate mitigative measures in the
design phase.
2. Use a good quality concrete with a low water content and a low permeability to moisture.
. Follow good concrete practices for placing, finishing, and curing.
4. Allow the slab to dry out and test the moisture emission rate prior to installing floor coverings or coatings.
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