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BY CHRIS WATTS

magine vour client just
S]Jl::]‘.l' I:]'t-::'lla-cuﬂc].l; of L!-;:][:u's,
1'.1}-'1]1;"1 duwn A New Con-
crete floor for his Compa-
nys new headquarters.
TIrl::-l.lt' l:ml'lp:irl_t-' 1'r|5.t';1|1cd t]j-::
new floor coating 1t with
the latest decorative epoxy
finish. But just days after the application,
Blisters start appearing and the tiles start
lifting, Tragically, the floor is ruined.
Welcome to the costly effects of
osmotic blistering, a little-known phe-

nomenon in the construction incduosi Iy,
People may remember osmosis from
hizh school chemistry class. It's the phe-
nomenon by which solutions try to reach
equilibsivm across @ semi-permeable
membrane. Water flaws from 2 more
d]]utcd salution to i more -:rmcmlrnﬁ-:;d
one when separated by a semi-permeable
membrane, Such membranes allow for the
passage of water but not dissolved sub-
stances. When osmesis acours in construc-
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tion, the results are usually disastrous,

“We see a lor of cases of osmotic
blistering in new construction because
the bond intertace of the newly coated
concrete slab acts as a semi-permeable
membrane, one of the key elements
necded for osmosis 1o ocoun,” Mare
Schroeder, president of Liguid Plastics,
Inc., o company that specializes in the
formulation of protective coatings and
membranes, says,

The osmosis process continues until
Cithc:‘ :_'L|l.|ﬂ'ﬂ1r;|,|m 15 met or unrj] ﬂu_‘.
hydrestatic pressure generated by the
mcrease in volume of the more concen-
trated solution equals that of the osmotic
pressure, “In the case of & coated concrete
floor, the pressure builds up at the inter-
face berween the coating and the conerete
and causes blistering and progressive dis-
bondment,” Shroeder says, “The pressure
generated by the osmosis can be as high
as 3,000 pounds per square inch {psil,
which is much greater than the bond of

e

epoxies and other flocring systems to con-
crete substrates.”

FORMULA FOR DISASTER
Three construcrion materials muse be
mixed for esmetic blistering o oceur.
First is a semi-permeable membrane,
which, in most cases, is the bond inter-
face or the extreme upper h}-er of the
conerete. The second is a concentration
of water-soluble material [organic or
inorganic), which can be anything from
the resin ingredients in the epoxy coating
to the material that can form at the sur-
face of concrete when it is acid-etched or
when  workabilicy  or  air-entraining
admixtures (purposeful addition of air
bubbles) wsre added to the concrere.
Adding to the prablem is the fact thar
Portland Cement has a naturally aceur-
ring soluble salt content that can act as a
catalyst for osmotic blistering,

The third item needed w form osmatic
blistering is water, “Even when we think
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OSMOTIC BLISTERING
concrere is dry, it still contains up to 3 per-
cent of free water by weigh SThis is enough
moisture to start the esmotic blistering
process,” Shroeder says. Adding to the
problem are other cutside moisture sources
like Hruur_;]«.vntcr_, drains, water left over
from cleaning processes or condensation.
“Once vou have a combination of water,
semi-permealble membrane and water sol-
uble material, vou have the pesfect envi-
ronment for nsmotic bli,aruﬁn:-_"'

The worst part about osmaotic blister-
ing is there really is no litmus test o deter-
mine whether it will occur, Schroeder say
he has seen it oeeur in projects six months

A

old and six days old.

Moisture content in the concrere can
be determined with the use of an anhy:
drous caleium chloride test kit, Bat even
when the test reveals less than the usually
acceptable upper limit of three pounds of
moisture vapor emanating ot of 1,000
feet in 24 hours, failures can occur.

“When esmotic blistering oceurs, it's
not necessarily because of a defective
nroduct from the epoy manufacturers,”
Shroeder says. “Coating manufacturers

The osmolic
Process in
concrete
Impenious top coat

Salls in solution

Damp concrete
substrale

Defecta in primer acting as semi-permeable membrans

usually expect their products to work with
a moisture content of up to the three
pound limit, but the variable factors of
solubility of entrained salts and driving
forces (relative humidity and termperature
differentials) can exacerbate the situation
beyond anticipation,” he said.

AVOIDING 0SMOSIS

So what can contractors do to prevent or
minimize osmaotic blistering? Some sug-
cestions fram Schroeder inelude:

+ If possible, minimize the amount of

soluble salts in the concrete design mix.

= Let the concrete dry for at least two
maonths and/or ensure a fully funcrional
WALET vapor barrier is underneath the
elab when placed.

= Don'twash the conerete with detergent
hefore applying coating,

+ Accurately proportion and mix the
EROXY COALING Fesin constituents.
Olwiously, some of those options aren't

viable when it comes to timely construc-

tien. Maost contractors don't have the

option of letting slabs dry for at least two
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months. In some extreme cases, asmotic
blistering will oceur even if these sugges-
rions are followed,

For example, when the floor hies below
grade, it is exrremely susceptible to
osmotic blistering because of higher
moisture content, Schroeder’s company
waorked on such a project at the Iong
H‘J”g Ir'l‘:'l.:r[l:ltilﬂnill. :“li_'l"l_'lf_'l[t "l."-'lll;_"rli_" tl'll:
600,000-square-feot baggage handling
area lies 14 feet below sea level and 1s fully
saturated with salt water,

“We were called in to consult on the
Hong Kong problem five vears ago when
they were getting ready to open the new
baggage handling facility,” Schroeder
says. “They were close to finishing the
tacility when thev realized that a conven-
tional epoxy coating system would not
function over such a 111“}' saturated slab,”

HELP FROM TECHNOLOGY

H ul 1]‘1&1':" Are S0Ime new ICR'E'I'ltU[(:IE_"i_I._"‘- t|]1.1.
attempt to control osmotic blistering,
Schroeder and his sister company, for
example, developed a product called
Cemprotec E-Floor. Based on an epoxy,

metakaolin and a Portland Cement-
modificd polymer coating, the E-Floor
creates 4 dense matrix that resists hydro-
static pressures up to 142 psi, vet can still
allow the passage of water vapor. This
allows the damp substrates to breathe by
dissipating the water vapor into the coat-
ing without the build up af pressure and
subsequent surface blistering. The water
vapor migrating through the E-Floor to
the epoxy topeoat s stopped by the epoxy
film, but the vapor pressures generated are
not suflicient to blister the oy bopoodt,
S]JICE |I:'||.'.L ﬂ]j]j]i(::ll il”l il'l I TlJl'lg K“l!g.' []l{‘,‘
;:n'r.’lling syslem s Been |1qtr|3.:r|11i:1j_: with-
:1';.|'Ig.

Last spring, Schroeder consulted on a
160,000 -square-foot project in Haverhall,
Mass,, where the contractor had put down
an epoxy coating svstem with an csmotic

il ll:l]"}

mitigating saturating primer undermeath.
The coating system sturted o Fail after
only six days, " The engincers were bat-
fled, Calcium chloride tests indicated a
range of three to six pounds of water per
1000 square feer per 24 hours. The con-

tractor had to st rip G000 square feer of
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j]'.-.lL'.ll- ':‘I.il":i.:ll.-.l.}" L] :l'-|.1'L'|i.] :l.l]i.J t‘."] |.:|.|. Top redorir
the project.”

T]‘.Cﬁ: .Ih- no li.]l.]'.'!'\-‘lil'.}'l‘l i.|| Hl'lll‘”ﬂ:ﬁ]t:i"ﬁ
mind that osmotic lr]islt:i'inf_; i5 o of
111ﬂ ]L‘;‘lhl'l]l‘lllﬂrﬁ]”“tl E?[(?I:?I.{“]H'C i'l! 1]1:.: LM
$1.r|.|.l:1.i.1.':l['| illl.l.l.[.‘i!l'_\". ] I{: E'H_"f:i '|r|:|'|'|_'!." li'lrl(_'.H
cOniraciors :l.'l:lli] 1.:”?_'::.|'|L'L"TF cdn [;_{I*-CL' FIC]:I,,"'\'
LE¥] 'I':.:li]lli:('. 1}'“.: ﬂ'.l'li"'ll..,'.i_:"'i Ur'i' ]].I'l'l'l'li_:n:l'lg l|-':|.'
l..‘“:ll.ﬁr]::lil15_; waler FHll'l'L'i'l:l::_.{ :l'll,l"l‘ :illﬁl'l‘fi ;-,l,'IL[[
minimizing the presence of soluble sales,

Sometimes designers think that sat
rating the concrete surface with epoxy
primer will close the pore structure, but
that doesn’t always work. "For some proj-
wots, 1t's Just not possible to prevent
asmotic blistering,” Schroeder says, “Areas
where water is a constant menace will
always present a challenge.”

“Whatever engineers choose to do, it's
clear that they will always have to be on
the leck out for the conditions thar can
cause osmotic hlistering and take proac-
fve steps o prevent i from happening,
or risk the consequences,” Shroeder save,

Watts is a freelance writer based in Bloom-
field, Conn.
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