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SUMMARY

The purpose of this paper is to examine the common problem of moisture penetration in exterior
ceramic tile facades.

Considerable controversy has surrounded the use of ceramic tile on facades, ow ing mostly to a lack
of care in the design and construction to prevent water penetration. and subsequent deteri orati on and
failure.

INTRODUCTION

For centuries. ce ramic tile has been used to decorate and clad exterior walls of structures and
buildin gs. Traditionally. exterior walls have provided structural support to a building as well as enclos ure
of the building. To serve as struc tural support, these walls were generally massive. providing a natural
barrier to water penetration.

Cera mic tile cladding was simply decorative, allowing moisture to pass through the tile joints and
also the tile itself. [Q be absorbed and dissipated in the massive underlying support walls. without
significant deterioratingeffects. Known as the «barrier wall>, approach. this method of preventing moisture
penetration is still in use today, but it is unreliabl e and not a recommended approach (figure I ).

Today, modem steel and concrete skeletal framing systems provide structural support for most
buildings. As a result. thin. lightweight ceramic tile facade systems have evolved solely as enclosure of
buildings (figure 2).

Thi s relative ly new application for ceramic tiles has given rise to new design considerations and
construction technologies for prevent ion of moisture penetration which rely on methods for resisting.
co llecting. and discha rging moisture. rather than on the absorptive properti es of a massive wall .
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TYPES OF CERAMI C TILE FACADE SYSTEMS
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There are several types of thin ceramic tile facade systems being used today. The most popular
employ the direct adhesive method of installation, where ceramic tiles are fully adhered to a variety of
relatively thin underlying walls or substrates. Typical substrates may be concrete. concrete or clay
masonry. or steel framing with a cementitious backer board or plaster finish. These substrates, together
with the application of the ceramic tile. may be eithe r constructed in-place (figure 3) •or prefabricated in
sections. lifted in place. and connected to the building structure (figure 4) . In these systems, the ceramic
tiles are typically fully adhered. with the back of the tile. and joints between. filled with a latex modified
portland cement mortar and grout.

Anothertype ofceramic tile facade system is known as the ventilated method of installation •where
the ceramic tiles are either mechanically fastened to an underlying substrate by concealed or exposed
ceramic/stainless steel anchors attached to the tile (figure 5). oradhesively fastened with structural si licone
adhesives to a steel substrate. In these systems. the joints between the cera mic tile. as well as the majority
of the tile back surface. are left open. allowing unrestricted movement of moisture and air (figure 6).

While there are substantial diffe rences between these systems and the methods they employ to
prevent moisture penetration. they are all viable when properly designed and constructed .

CAUSES AND EFFECTS OF MOISTURE PENETRATION

Moisture penetration in cera mic tile facade systems can cause seriou s problems, not all of them
confined to the ceramic tile itself. In addition. to familiar effects like efflo resce nce, freeze-t haw da mage.
and deterioration of interior finishes and building contents, trapped moisture can cause more subtle. but
equally serious problems, such as long term expansion of substrates or condensation within the wall
system.

Moisture can enter a ceramic tile facade through cracks in the grout joints between ceramic tiles.
or direct ly through the face of an improperly selected porous ceramic tile . It can also penetrate around
improperl y designed or constructed coping and roof flashings, and at flashings and sealant joints at wall
openings (windows. doors) and expansionjoi nts. In additio n, wind driven rain can pass through both clear
coatings and the ceramic tile itself. moisture can rise up from the foundation. and moist air can co ndense
in interstitial spaces (figure 7). Ineffect. moisture problems are ubiquitous ; moisture can be co ntrolled but
not e liminated.

Even the most carefully designed and constructed system will have trouble prevent ing moisture
penetration and subsequent deterioration without the proper ceramic tile selection. Tec hnologica l
advances in the ceramic tile industry have produced extremely low absorption vitreous ceramic tiles in
large sizes with high flexural strength. The low absorption not only prevents water leakage through the
tile. but also allows the tile to resist deterioration from freeze/thaw cycles, efflorescence. and long term
wettingidryingcycles. The high flexuralstrength allows largertile sizes suchas 60 x 60cm (24 x 24 inches)
(figure 8) to resist cracking from wind loading and thermal stresses . The larger formats also make
installations more economical and aesthetically pleasing.

Cracked grout joints are a primary cause of moisture penetrat ion. Cracking, and subsequent
moisture penetrati on. can occur as a result of I) structural inadequacy of the substrate and lo r underlying
support structure to resist wind pressure (live load) and weight of the wall system (dead load), 2) lack of
accommodation of therma l movement in both the structural frame and the ceramic tile cladding. 3)
improper selection. mixing. or installation of grout material.

Leakage problems in ceramic tile facades have historically been blamed on crac ked or porous
ceramic tile or grout jo ints. However. it is unusual forleakage to be attribut ed so lely to this cause; defects
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in facade configuration. flas hings. wate rproofing (o r lack thereof) and sealant joints. as we ll as the use of
clear coatings . present more ser ious problem s.

Once moistu re is all owed to enter a ce ramic tile facade sys tem. there are nu merous problems whi ch
ca n result. rangi ng from minor maintenance problem s to de teriorati on and fai lure of theentire wall system.

Efflorescenc e (figure 9) is the mo st co mmon effec t of moi sture penetration in ceramic tile facades.
and it is typi call y a ma intenance nuisance. with no serious co nsequences. Effl oresce nce is caused when
wate r pen etrates po rtland cement grout. mortar and ce mentitious substrates and d issol ves so luble sa lts
which are a natural by-product of cement hydrat ion. or present by conta mination by other sources such
as sa lt wate r sa nd. These di ssol ved salts migra te back to the surface of the ceramic tile facade by cap illary
action and react with carbon dioxide in the air to form calc ium carbonate. a whitish residue that does not
d issol ve in water. Som e initial post-installation efflo rescence is normal. and can be e ffec tively removed
w ithout co nsequence : however. constant ex pos ure of the ce ramic tile facade sys tem to moisture
penetration will cause recurrence of efflo resce nce. leading to s igni ficant maintenance costs. or gross.
unsigh tly accumulat ion of residue.

Latex Lea ch ing (fig ure 10 ) is a problem c lose ly associated wi th efflo rescence . resu lting in a whitish.
rubbery residue on the face of the ce ramic ti le facade wh ich is insta lled with a latex modifi ed portland
cement mortar or grout. In many cases efflorescence is mistaken as late x leaching; this is a common
misco nception in the tile ind ust ry. Latex and ac ry lic admixtures designed for ex te rior use ca n not re­
e mulsify and leach once cured.

Howe ver. exposur e to co pious amount s of water while the mortar or grout is still fresh pr ior to initia l
set can cause th is problem. The potent ial forth is prob lem is greate r dur ing co ld . damp weather. which wi ll
further retard the se t of latex modi fied mort ars. requi ring add itional protect ion of the ce ramic ti le facade
from water ex posure.

Crypto flo rescence (figure I I) is a little known prob lem in ce ramic tile faca des construc ted wi th
porou s ceramic tiles. espec ially in those facad es treated with clea r. silico ne wat er repell ent co atings.
Similar to efflorescence. di ssolved salts get tra pped be low the surface of the tile o r grout joint by silico ne
wate r repelle nt coat ings. while carbon d ioxide and eva porating water tra nspire through the «breathable»
coating . a llowing salt c rys ta ls to form intern all y . The formation of salt cry sta ls exerts even higher pressu re
than the formation of ice crysta ls. resulting in crac ked or spa lied ceram ic ti le and gro ut jo ints, or e ve n
de laminat ion of the ceramic tile from the subs trate. Ironically, if a ceramic tile is properly se lected and
install ed . clea r sil ico ne based wate r repellent coatings are not necessary.

Freeze/t haw damage (figure 12) ca n occ ur to a ceramic tile facade when the ce ramic tile, gro ut. or
bo nd ing mortar abso rption rate is greate r than 10 <;0 by weight. Intern al pressures cause d by the forma tion
of ice crysta ls can result in cracking, spall ing. bu lging or co mplete failure of the ce ramic tile .

Permanent moi sture ex pa nsio n (fig ure 13) of ce ramic tiles. mortars. and substrates can resu lt from
long term ex pos ure to moisture . Clay ce ramic tiles . co ncrete, concrete masonry. and portland cement
mort ar ex pand and co ntrac t with wett ing and dry ing cycles. Most of th is mo vemen t is rever sible and not
suffic ient to damage the ce ramic ti le or bond of the ce ramic ti le to the subst rate. However. frequent wett ing
or co ntinuous soaking ca n ca use permanent ex pansion of these material s. Co nsequently, the wett ing
cycle s of a ce ramic tile clad co ncrete wall may cause so me of the wall components to expand permanentl y.
This permanent ex pans ion co uld produce ten sile stresse s betwee n the conc rete wa ll and the ce ram ic ti le
morta r, lead ing to bond failure. It is import ant to note however. that these tens ile stresses are typi ca lly not
sufficient enoug h to cau se problem s with a low mod ulus type mor tar suc h as latex port land cement
adhes ive mortar. These mortars have a low mod ulus of elastic ity which make thcm flexib le and ab le to

accommodate. rather than resist. the permanent expansion of concrete walls, mortars and ceramic ti les.
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underlying waterproof membrane and be allo wed to discharge ortranspire back through the gro ut jo int in
a direct adhesive ceramic facade system. In a ventilated type ceramic tile facade system, water is allowed
to drain freely down the back of the ceramic tiles, collected by proper flashin gs, and di verted back to the
exterior by weep holes or other drainage channels.

Air pressure differences across the ceramic tile facade system can be controlled by designing
openings into the facade such that the cavity behind the facade isequalized to outside surface pressure. This
is co mmonly referred to as a pressure-equalized rain screen, and has been used successfully for many years
in other types of thin, lightweight facade or curtain wall systems. (figure 19).

The ventilated type of ceramic tile facade system relies primaril y on the pressure equalized rain
screen approach to prevent moisture penetrati on (figure 20). Certain types of direct adhesive ce ramic tile
facades such as a ce ramic tiled pre-cast concrete panels can also employ this method of water contro l. Air
pressure di fferentials are caused by the flow of wind over the exterior of a building, or simply by the
operation ofa heating, ventilating and airconditioningsystems inside a building. Air pressure differentials
can literall y suction significant amounts ofwaterthrough tiny pores, cracks and openings in a ce ramic tile
facade.

PRACTICAL RE COMMENDATlONSFORDIAGNOSISA ND REMEDY OF MOISTURE
PROBLEMS

Efflorescence can be minimized primarily by use of low absorption, vitreous ceramic tiles, quality
controlled mortar/grout powders and liquid add itives, and carefully prepared and uncontam inated
substrates . It is also recommended to avoid use of clear silicone base coatings which can trap moisture and
soluble salts, and avoid use of acid based cleaning products, whose unr insed residue can contri bute to
effloresce nce. Most important, though, is reducing and controlling the degree and frequ ency of water
exposure.

Latex Leaching can be prevented by proper specification of latex/acrylic admi xtures designed for
exterior use, and strict co mpliance with protection from water exposure during curing. Factors to co nsider
are the specific selling/curing characteristics of different latex / acry lics under different temperature and
humidity conditions, as well as the size and porosity of the ceramic tile which can further retard the cure
of latex modified bonding mortars.

Cryptoflorescent deterioration can be eliminated by avoiding use of clear silicone based coatings.
These coatings trap or retard dryi ng of moisture and soluble salts, thus promoting local ized acc umulation
and crys tallization and possibly causing spalling of the cera mic tile and grout jo ints.

Waterp roof membranes are a crit ical component of both the direct adhesive and ventilated types of
ceramic tile facades . Both of these systems requi re membranes which can resist, co llect, and discharge
water back to the surface, but most important. these membranes must be permeable to moisture vapor to
prevent conde nsation within interstitial spaces, as well as allow transpiration and drying of trapped
moisture from other sources.

Durabl e through-wall flashings must be provided at eac h floor level and at the heads and sills ofall
wall openings. Similarly, properdesign and execution of flashings at roof-wall intersections and parape ts/
copings are cri tica l to the prevention of moisture penetrati on. Recommended types of flashing are stainless
steeland lead -coated coope r. Flashingsconstructed of meta lpansjoined to rubber orcoppe r fabric flashing
can also be used . Flashings should terminate outside the outer face of the wall in a drip edge configuration.
Th in, unre inforced PVC flashings are not recommended; they tear and puncture easily, can not be formed
to prov ide a drip edge, and can become brittle,

Sealants can be effective in resisting water movement through expans ion joints or in joints adjacent
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to dissimilar materials such as metal window frame s. It is imperative that sealants be properly spec ified
for the type of application. Sealant jo ints and tile edges must be properly clea ned, primed , prepared with
foa m backer rods and tooled to allow proper adhesive and movement characteristics of the sealant.

Weep holes and other types of drainage channels are only effec tive in allowi ng discharge of
collected water in systems which provide a drainage cav ity. Weep holes should be located directl y above
flashings, and be spaced a maximu m of 60 cm (24 inches) on center. The most importa nt type of weep
holes are open joints. louvered vents, rope. wicks. tubes, and ce llular vents.

Co ndensation problems can be particu larly acute in ceramic tile facade systems employi ng stee l
suds . screws and anchorage system s. Vapor transmission and air leakage can be controlled by use of vapor
barrie rs and air barr iers. as well as use of vapor permea ble grouts. mortars, waterproof membranes.
Impermeable epoxy or sea lant joint fille rs are not reco mmended because they can trap moisture and cause
deterioration by condensation or vapor pressure build-up.

CON CL USION

Every ceramic tile facade system requ ires a unique approach to the contro l and remedy of the effec ts
of moisture penetra tion. An understanding of the concepts of mois ture movement and control. toge ther
with a logical applicat ion of sound architectura l and engineering principles , will result in a beautiful.
problem and maintenance-free ceramic tile facade.
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