
M
o i s t u re-induced pro b-
lems with flooring ma-
t e rials installed on con-
c rete slabs on gro u n d

continue to plague the constru c t i o n
i n d u s t ry. The result:  wasted materi-
a l s, fra yed re l a t i o n s h i p s, vo i d e d
w a r ra n t i e s, lawsuits, and loss of
faith in our design and constru c t i o n
p ro f e s s i o n a l s. Examining past pro-
j e c t s, howe ve r, can help us to better
a n t i c i p a t e, understand, and avo i d
these unpleasant situations.

What’s Happening?

Problems involving water and
w a t e r- vapor migration through a
c o n c rete slab on ground can affect
a va riety of flooring materi a l s.
Wood, carpeting, vinyl composite
tile (VC T), seamless resilient floor-
ing, and coatings such as ure t h a n e s
and epoxies can experience both
aesthetic and functional failure s.
Wood floors, for example, can
“ l e o p a rd - s p o t ,” cup, warp, decay,
and buckle. Carpeting distress can
include loss of adhesion, bubbling,
loose seams, and mold growth. And
VCT problems can include stain-
ing, curling, and loosening. What
t rait do all these failures share? Ex-
c e s s i ve moisture. Un f o rt u n a t e l y,
t h e re are many sources of exc e s s i ve
m o i s t u re, as the following case his-
t o ries illustra t e.

Concrete Mixing Water

So u rces of exc e s s i ve moisture in
new concrete slabs include subgra d e
m o i s t u re and mixing water that isn’t
chemically combined with the ce-
ment. This water is lost as a concre t e
slab and subgrade dry. It can then

become trapped—and cause some
of the failures mentioned above —
when flooring materials are installed
too soon after a slab is placed. Bu t
h ow soon is too soon?

Some floori n g - m a t e rial manu-
f a c t u rers re q u i re a concrete slab
s u rface to be visibly dry; others re-
q u i re a maximum 3% moisture
content or drying periods ra n g i n g
f rom 60 to 120 days. The Re s i l i e n t
Floor Cove ring Institute re q u i re s
the concrete floor to cure and dry
for a minimum of six weeks before
a resilient floor cove ring is in-

stalled. A common manufacture r
re q u i rement is a maximum mois-
t u re emission rate of 3 pounds per
1,000 square feet in 24 hours, as de-
t e rmined by the Rubber Ma n u f a c-
t u rers Association (RMA) calcium-
c h l o ride test pro c e d u re.

This latter re q u i rement isn’t always
easily met. To document the dry i n g
p rocess on one Minnesota project in
the spring and summer of 1996,
m o i s t u re-emission testing was per-
f o rmed on new concrete slabs for 15
we e k s, starting in Ap ril. Using re s u l t s
f rom RMA test kits to document the
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Figure 1. Variations in moisture emission over time for concrete slabs of differing
thickness and cast on differing surfaces.



m o i s t u re-emission ra t e, we tested
t h ree slabs: two are 5 inches thick
and placed on-grade with a sand-
cushion and va p o r- b a r rier system;
one is 2 inches thick and placed on a
metal pan in a stairway (see table).

Testing re vealed a gradual de-
c rease in the moisture-emission ra t e
over the 15-week monitoring peri-
od. At the end of 15 we e k s, howe ve r,
the moisture-emission rate still re-
mained above the 3 pounds per
1,000 square feet per 24 hours maxi-
mum value re q u i red by the floori n g
m a n u f a c t u re r. (Refer to Fi g u re 1 for
the complete test re s u l t s. )

The problem: As the building oc-
cupation date approached, the
owner had to decide whether to  in-
stall the tile flooring and risk vo i d-
ing both the manufacture r’s and in-
s t a l l e r’s warra n t y, or delay the
installation and risk a bond failure
caused by a dirty floor surf a c e. Eve n
though the moisture emission was
higher than allow a b l e, the ow n e r
had the tile installed. After six
m o n t h s, no flooring distress or evi-
dence of failure had been noticed.

Leaks

Another source of exc e s s i ve
m o i s t u re is water from outside
s o u rc e s, such as leaking walls or
b roken plumbing. These sourc e s
can often be difficult and expensive
to diagnose, especially in stru c t u re s
with wood floor cove ri n g s, where
water can tra vel undetected for
long distances below the wood

f l o o r. Unsightly test cuts must be
made through the floor to explore
s u b s u rface conditions, further re-
s t ricting inve s t i g a t i ve effort s.

On one project, a high school
g y m’s wood floor experienced re c u r-
ring buckling, warping, and cupping.
The distress occurred each summer
d u ring periods when the building
was without humidity control.  

An investigation re vealed inade-
quate room for wood expansion
a round the perimeter of the floor,
but gave few clues about the mois-
t u re sourc e. The sandy subgra d e
had a ve ry low moisture content. A
hot-mopped asphalt membra n e
was found on top of the concre t e
slab on gra d e, but it exhibited no
d i s t re s s. The ove rall pattern of the
buckling suggested a water sourc e

along an interior wall. 
Fu rther observations of the are a

re vealed possible water entry
points at roof level, but no signs of
leakage down the wall.  Also, dri n k-
ing fountains in the vicinity showe d
no apparent leakage. Instead of
spending more time and money in-
vestigating the problem, the ow n e r
elected  to install an expansion
joint around the floor, incre a s e
maintenance effort s, and tolera t e
the re c u r ring buckling.

Se ve ral years later, and some-
what by accident, the water sourc e
was determined to be a bro k e n
d rinking fountain pipe, appare n t l y
dislodged when the original stru c-
t u re was built. Du ring normal, in-
t e rmittent use of the fountain
t h roughout the school ye a r, the

Location Slab-on-Grade Slab-on-Grade Stair
(lunchroom) (entrance)

Slab Thickness (in.) 5 5 2

Description Concrete slab over 6-inch-thick sand cushion; 8-mil Concrete slab on metal
plastic sheet vapor barrier installed 6 inches below pan provided for stair
slab. tread.

Concrete Properties

Water-Cementitious 0.52 0.52 0.48
Materials Ratio 

Air Content (%) 2.5 2.5 2.5

CONCRETE PROPERTIES AND DESIGN DETAILS FOR SLABS TESTED

FOR MOISTURE EMISSIONS WITH RMA TEST KITS

Figure 2. Blisters in seamless vinyl flooring are commonly caused by moisture
emissions in concrete floors. Most blisters in this hospital surgical suite ranged
from 1 inch to 4 inches in diameter.



d rain water flowing through this
b roken pipe was easily absorbed by
the sandy soil. Howe ve r, in the
summer when basketball teams
p racticed in the gym, the fountain
faucet was blocked to run continu-
ously and provide a supply of cold
water to the playe r s. That’s when
the drain-water flow was more than
the subgrade could absorb, and wa-
ter rose above the slab to cause the
wood flooring pro b l e m s.

Water-Vapor Pressure

On seve ral large pro j e c t s, the be-
havior of flooring materials indicates
that the forces exerted by water- va-
por transmission can be quite larg e.
One such project  was a hospital sur-
gical suite. It re c e i ved an application
of 3⁄1 6-inch-thick seamless vinyl floor-
ing bonded to a concrete slab on
g rade with an epoxy adhesive pro-
vided by the flooring manufacture r.
The bond was so tenacious that it
was virtually impossible to pry the
f l o o ring from the slab after numer-
ous blisters developed in the floori n g
and re q u i red investigation. The blis-
ters appeared about one year after
c o n s t ruction, and they grew larg e r
over time (Fi g u re 2). The b l i s t e r s
ranged from 1⁄4 inch to 15 inches in
diameter and we re as much as 3⁄4
inch high, creating a tripping haz-
a rd for the facility’s surgeons and

s u rgical atten-
d a n t s. Other por-
tions of the surg i-
cal suite we re
c ove red with ce-
ramic tile, which
was in exc e l l e n t
condition and
s h owed no loss of
bond or distre s s.

The floor slab
was placed on co-
h e s i ve soils without
a vapor barrier or
sand cushion. So i l
b o rings indicated
the water table was
8 to 13 feet below
g rade and that the
site soils we re moist, cohesive mate-
rials with a moisture content ra n g i n g
f rom 7% to 32.4%. RMA test kits indi-
cated emissions ranging from 7 to 13
pounds per 1,000 square feet in 24
h o u r s.

Co re samples re vealed that the 3⁄1 6-
inch-thick vinyl flooring was perm a-
nently deformed at the blisters. The
c o ring also re vealed bond failure of
the epoxy adhesive at the blisters,
though the flooring was firmly bond-
ed to the area around the blisters
and could not be pried from the slab. 

Based on the appearance of the
failed bond at the blisters, it was appar-
ent that the setting and curing of the

e p oxy adhesive we re unaffected by wa-
t e r- vapor pre s s u re. But the fact that the
blisters continued to grow indicated
that vapor pre s s u res we re large enough
to permanently deform the floori n g
and exceed the epox y- a d h e s i ve bond to
the concrete and tile. The culprits: the
s u rgical suite’s air-conditioning units
and the subgrade soils’ high moisture
c o n t e n t s. The vapor pre s s u re differe n-
tial was large enough to develop the
high pre s s u res that led to deform a t i o n
of the floor cove ring.  

A review of the flooring manufac-
t u re r’s litera t u re re vealed that a be-
l ow - g rade vapor barrier with a sand
cushion was re q u i red on all slab-
o n - g rade installations. On this pro-
ject, a sand cushion was specified,
but not a vapor barri e r. Had both
been installed, the risk of failure on
this project could have been gre a t l y
m i n i m i ze d .

Exterior Installations
Ex t e rior installations of slabs on

g rade can also experience coating
f a i l u re s. When the exposure
conditions are just right, a
damp—not we t — s u b g rade is
all that’s needed to cause
b l i s t e ring of a concrete slab
coating. This was demon-
s t rated on a recent pro j e c t
w h e re the slab was placed on
an engineered drainage sys-
tem consisting of a re l a t i ve l y
d ry sand cushion and gra ve l
s u b g ra d e.

After draining an outdoor

F i g u re 3. A typical blistered area of a swimming
pool coating was 15 inches in diameter (top).
O v e rnight, blisters collapsed and receded in
diameter while visible moisture in the blisters
a p p e a red to dissipate (right). 

Figure 4. Swimming pool floor construction details.



pool for routine cleaning and
m a i n t e n a n c e, the owner noticed
that the pool’s bonded membra n e
b l i s t e red on sunny days. Mo i s t u re
bled from the blisters during the
d a y; ove rnight, the blisters col-
lapsed and visible moisture in the
blisters appeared to dissipate (Fi g-
u re 3). When the pool was empty,
the blistering gradually incre a s e d ,
but did not appear to worsen when
the pool was filled with water.

As Fi g u re 4 indicates, the pool
floor construction consisted of a 6-
inch-thick re i n f o rc e d - c o n c rete slab
on gra d e, a 4-inch-thick sand cush-
ion, and a single-size 1-inch-diam-
eter ro u n d e d - g ra vel layer to a
depth 6 feet below the pool slab.
Drain tile was present at the bot-
tom of the gra vel laye r.

Mo i s t u re emissions through the
slab we re measured with RMA
m o i s t u re kits, and cores we re
d rilled to observe the moisture
condition of the soils below the
s l a b. Emission rates ranging fro m
15 to 30 pounds per 1,000 square
feet per 24 hours we re document-
ed. No rm a l l y, the test duration is
60 to 72 hours, but on this pro j e c t
testing was perf o rmed over 
24 hours due to the large amount
of moisture accumulating in the 

desiccant. Du ring the day the
desiccant would nearly dissolve,
indicating ve ry high moisture
emission from the slab.
O ve rnight, howe ve r, this same
desiccant would lose moisture
and become semidry. Co ring re-
vealed that the 4-inch-thick sand
l a yer and the gra vel layer below
the slab we re only slightly damp.
When the gra vel was re m ove d
f rom the core hole, the gra vel sur-
face quickly dri e d .

Even though no free water was 
p resent in the subgra d e, larg e
amounts of water vapor we re mov-
ing from the gra vel layer and sand
cushion and through the concre t e
s l a b. The warming of the slab sur-
face during the day and the high in-
t e rnal humidity in the slab and
s u b g rade created vapor pre s s u re s
high enough to blister the coating.
What caused the apparent ove rn i g h t
d i s a p p e a rance of the moisture in
blisters wasn’t determined. What is
k n own is that drain tiles and capil-
l a ry breaks didn’t pre vent this fail-
u re, even though the design ap-
p roach may have appeared sound
when the pool was built.

Fa i l u re s, not successes, often
teach us most about which design
and construction processes work

best. Although analysis of these
f a i l u res is not always pleasant for
the designer or ow n e r, it’s always
i n s t ru c t i ve.
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