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There we re several in ter esting technical cha llenges presented by thi s project.
Interestingly enough, suc h a so phisticated project wa s nol immune to the need for
so lu tions to traditional techni cal problems such as delaminati on of cement renders, water
infiltra tion, and efflorescence staining of tile. The cylind rical shape required extens ive
rendering in order to meet the precise demands of the geometry, and there was concern
over the safety factor of the ad hesion to a complex geometric~ 1 sha pe with tremendous
the rmal expans ion and shrinkage di fferentials due to the complexity of solar orientation
and exposu re to weath er (figures 6 & 7). As a result, a stee l w ire mesh was an chored to
the conc rete stru cture with sta inless stee l anchors to provide positi ve, corrosion resistant
anchorage to the concre te structu re, and a latex-modified render was pn eumatically
app lied to insure consistent technical character istics and application technique . The force
of the render ap plication with comp ressed a ir au tomatically impacted the materi al to
p rovide ma ximum den sity and contact w ith the conc rete, a com mon problem wi th
traditionally app lied renders (figure 8). The ancho red mesh contro lled both sh rin kage
and provided a safety factor in the event of delamination of the render. Another technical
innov ation of note was the use of a di rect-bond latex waterproof membran e. a relatively
new technology wh ich permits direct in-situ adhesion of tile, wh ile preventing water
infiltration (figure 9). Water infiltra tion and sa tu ra tion of underlying ceme ntitious
materials such as ren ders or conc rete has been a continuing problem w ith the first
generation of tile facad es, and thi s relative ly new product technology has proven to be
one of severa l so lutions to the problem o f effloresce nce staining and water infilt rati on in
in-situ ad he red cera mic tile building facad es.

r(~lIrl' 5 - Team Di~ l ll·.u Corporate 1it'{/dlJ l/nrttT~ facade cOII/l't1s itie JII (~f c% m ! glass, stone, sYllff/c!ic l'/aMl'r llI ld caamie tile
installed (lller yt'illforced cm/a ete wit h J'l/f 'lIl11llt ical/y IlJ'f'/il'd latex cemen t render /Hili odhcsii.'c .
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F(~lln' 6 - The ex tental surfucc of the fi l l' dad cyl;lItft'r intersects with interior Sl'l1Cl', (realillS
a t'(1riety of thermal expansion conditions.

Figure 7 - Tlu: internal surface of tilt' tik clad (y/illda is exposed to continuouslsi cJtallgillg
solar conditione. creating l'ariablt· thrrmui grat/im !:::, ill tlu: cylindricalconcrete structure.
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Figure 8 - Pneumatic application of latex cement render OPt',. steel wire 11I e~11 secured to
reinforcedconcrete with sIainlt'ss sled a1lcllo1'5.

Figure 9 - Installation of ceramic tile over continuous direct t,mtd wllte'11Y()o! membraPlt' across preformedexpansion joillt
(located alollg l'oth sides of the blue tile) /lSi/IS latex cement adhesite .

The me thod of utilizing prefabr icated ceramic tile pa nels for build ing facades has
been in limited use for the past twe nty five years, and has now becom e increasingly
popular wi th architects as a resu lt of the resurgence of interest in highl y engineered
bui lding skins. These tile cladd ing sys tems have typica lly been prefabr icated in off-site
p roduction facilities, due to the con tro lled cond itions and precise sk ill required for the
construction of bo th the struc tura l support for the pa nels, an d the install ation of the tile.
Some sys tems also use silicone ad hes ives to adhere the ceramic tile, and thi s type of
attac hment requi res that the tile be ins ta lled in a horizontal posit ion at an off-site
production facility until tile ad hes ion is cu red to adequate streng th.
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Figure 10 - Naoal l"tellis ence Center, Suit/mid, Mary/amt, LISA ;ncorporali"s
pnjalJrimtt'ti ceramic tilt' clad pmlt'ls unth site adhered by structura l silicone adht'sil.lC.

The Naval In telligen ce Cen ter (figure 10) is one of the largest bu ild ing fac;ade
installati ons using prefabricated ceram ic tile clad panels. The proj ect consists of over
16,000 sq ua re meters of tile cladding installed on over 900 prefab ricated pan els. The pan el
structure was construc ted of ga lva nize d steel deckin g attached to light-gauge stee l stud
stru ctura l framing. Over 200,000 cera m ic tiles in three sizes and shades of gray were
ad hered with struc tural silicone ad hesive . The different sha des of gray were intended to
blend with, and reinforce the colors an d textures of the alu minu m, glass and sta inless steel
to exp ress the highly technical nature o f the build ing.

Whil e vehicula r tunnels are not typically cons idered architec tu re per se, they in
effect are an inverted or internal facade th at encloses space for human activity, altho ug h
in most cases human activity at a rela tive ly inhu man scale. Nonet he less, ceram ic tile clad
tunnels have spaw ned many new ideas and technol ogies for the usc of ceram ic tile in
architectu re.

One of the most technically cha lleng ing architec tura l projects em ploying ceram ic tile
cladding is the Central Ar tery Tunnel p roject, cu rrently u nder cons truction in Boston,
Massachusetts, USA. The Boston Tunne l p roject em ploys a to tal of 120,000 square meters
of ceramic tile, of which 89,000 square meters is adhered to p refabricated precast conc re te
pan els. The pan els are assembled in a production facility and shipped to the si te, rea d y to
be anchored to the structural tunnel walls (figure 11). In ad dition to p roviding the
substrate and st ruc ture for the tile, the tile-clad precast concrete pa nels act as an inner
curta in wall by crea ting a cavity between the tunnel' s outer struc tu ral wall an d the inner
tile clad precast concre te pan el. This d esign provid es for the di ssipation and drainage of
in filtrated water from hydrostati c and vapo r pressure di fferenti als present in a tunnel
wa ll, without affecting the performan ce of the tile clad d ing . Similarly, this design concept
facilita tes mainten ance of the structura l tu nn el walls by allowing rem oval of pan els and
minimizing d amage to the tile clad d ing.

The ceramic tile-clad pan els for thi s project uti lize man y advanced cons truction
techniques and materials. The tile is cas t integrally at the time of concrete formi ng and
placement, using the negat ive-cast method. The negative cas t method of cladding precast
concre te pa ne ls with ceramic tile has been used extensive ly in Japan for many years,
where the majority of tile clad building facad es employ this method . Th is method util izes
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a key-back tile (figu re 14) which is placed finished face down in a mold with steel
rein forcing, w ith the concrete panel cas t over and integral w ith the tile (figure 15) . A latex
or epoxy bonding age nt is sprayed over the tile and steel rein forcing prior to the concre te
placement to insu re maximum adhesion stre ngth as well as corrosion protection.

O nce the concrete pa nels are cast, they are steam cured to acce lera te an d maxim ize
the conc rete compressive and ad hesion streng th. After curing , the joints bet ween the tiles
are grou ted wi th epoxy grout. The controlled cond itions of the prod uc tion facility allow
the use of epoxy grout, which ord inari ly would be p roh ibit ive to use at the cons truct ion
site on a large sca le basis. The epoxy grout has the sa me rigidity an d low mainten an ce
as the tile, and in effect, crea tes a mon olithic cladd ing su rface wi th durabl e and low
mainten an ce cha racter istics. The epoxy grout is also immune to carbo na tion from ve hicle
exha ust, and im mune to efflo resce nce, both of which are significant problem s in
traditional tile clad tunne ls with exposed ccmentitious materi als in a continuously d amp
environment.

The Cen tral Artery Tunne l is projected to carry 245,000 vehicles pe r day on ce it is
complete in 2003, at a total cos t of USS 16 billion.

fig ure 11- Compl eted life-clad concrete palle/s ready/or
slliplltt'1l t to flu' tunnel.

Figure 12 - Placillg kt'Y back titc filCC - dOlC II if/to ttw
precast concrete paul'! lIlold.

1

Figure 13 - PIlJll'lSjwistl'd into place at site.
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Figu re 15 - Placementof concrete olla tile and steel
rt'il~forci"g.

Figure 16 - Lllrgf'-scl11e production capabilitiesfor till'
installation,

Th e developmen t of a new gene ra tio n of eng ine ered systems for the co ns truc tion of
tile facades w ill be the driving force behind grow th in th is sector in the 21" cen tu ry. Di rect
adhesion of ceram ic tile clad di ng will remain a viable tech nology, especia lly for
prefabricated or precast concre te panels. One of the shortcomings of in-situ ad hered tile
facade systems is that stru ctural behavio r is so mewha t ind ete rmina te, as field adhes ion
can not prod uce consisten t an d reli abl e struc tural engi neering va lues. Th is is the primary
reason w hy the fu ture of d irect ad he red tile systems will like ly rely more so on
prefabrica ted and precast tile clad panels. However, the most promising method of tile
facade cladd ing , known as the ven tila ted rainscrcen method, em p loys mechan ical
attachment of the tile. This method lends itse lf to the precise engineering required for the
adva nced technology em ployed in 21" century building facad es, This techno logy utili zes
mechanical anchors that are either p refabricated with the tile, or ins ta lled as a post ­
prod uction accessory to tile (figure 17 & 18), and in e ffect is sim ila r to the technology used
in modern glass and stone curtain w all faca des , Many of the dramatic g lass st ructures
today not only uti lize a laminated pla sti c in terlayer for prot ection agains t breakage, but in
some cases uti lize the extens ion of the p las tic interlayer beyond the glass edge to p rovide
invisible mechanical anchorag e to the supporting s tructure. This is a not only a promising
new technology for the glass industry, bu t a lso an innovation th at may be adap table to
ce ram ic tile technology.

Wh ile mechanically anchored and ventilated ce ramic tile techno logy has been in
limited use ov er the past tw enty yea rs, there have been many product engine ering
imp rovemen ts, especially in the size and technical characte risti cs of ceram ic tiles tha t are
necessary to make thi s a more efficien t and cos t effecti ve method. One examp le is the
larger, s tructu ra l tile sizes up to 900 x 900 mrn , some with ne w tile su rfacing technology
incor porating titanium dioxide in conjunc tion with hyd rophilic coa tings tha t can oxidi ze
organ ic pollutants and promote se lf-cleans ing properties . Ano ther exam p le o f
engineering improvement is that some cera mic tiles are now specifica lly manufactured for
facades, with technical characte ristics and anchorage systems rou tinely fab rica ted a t the
production fac ility and tes ted to comply with mod el international build ing code
requirements for wind and seismic loading.
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Ceramic tile facades are not typ ically rega rde d as compa tible with energy-consc ious
design and conservation of natu ral resources, but mechanically anchored and ventilated
tile systems, wh en properly engineered, do dem onstrate that sus tainable architectu re can
be realized by provid ing flexibility in control and d issipat ion of wind, rain , sound and
solar radi ation. A mechanically anchored ceramic facade offers a very low weight to
streng th ra tio, thus achieving st ruc tura l safety and stability wit h a minimum amount of
material. A mechan ically anc hored natu ral stone wo uld requi re a thickness of 30-50 mm
to have comparable flexural strength to a 900 x 900 x 15 mm thick porcelain tile engineered
for facades, Similarly, as an engineered system, a precise safe ty factor can be calcu lated,
eliminating the overbuildi ng required with other methods to insure adequate sa fety
un der wind and seismic loading.

The cav ity created by a ventilated system plays a major role in efficien t and
susta inable per form an ce of a cera mic tile facade , One of the most commo n problems with
in-situ adhe red cera mic facades is the contro l of water infiltra tion, especially the
objectionable efflorescence staining that can occur as a result of encapsulat ion of moisture
and cernentitious materials behind an impe rmeable porcelain cerami c tile. Ventilated
cav ities allow wind-driven rain water to pass through the outer cerami c skin and be
dissipated by equalizing interna l cav ity pressure, collected, and then directed back to the
facade surface to be d rain ed in a controlled manner. Wind pressure can also be controlled
with this typ e of system. Wind is grad ua lly bu ffered and then equa lized by the internal
cav ity, and can also be used to ventilate and cool the outer cera mic skin to promote energy
efficiency. The cavity allows for a variety of thermal and acou sti c insul ation,
wa terproofing and vap or control devi ces, not only to suit the climate, bu t even to respond
to the micro-climate and conditions of each facad e orienta tion and design configura tion.
Greater cont rol and flexibility of color, texture, and special coa tings on cera mic tile can
further enhance the crucial role of ene rgy efficiency required by sus taina ble architecture.

Facade paneI
'---_.

undercut
anchor sleeve

=C:~__~

locking :::s::;c r~ec:":...' _

Panel bracket
'-'-'.--'-'----

Backing'--- _

Figure 1i . Diagram of mechanical anchorage of ceramic tileattai/ablefor tile thickness 10 111111 .
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figure 18 . Photo of (mc1wr skC7.'t· which is inserted ill precisionfactory drilkd !f(l!t':-> .

Figure 19 - Jilm Coffi'(>Tou't"r, Hamburg . Germauy.

In con trast to the engineering benefits, mechanically anchored an d ventila ted
ceram ic facades also offer a whole new wo rld of archi tectu ral design d yn amics which a re
pe rfectly sui ted to the expression of techn ology so im portan t to 21" centu ry arc h itects.
The Java Coffee Tower p roject in Ha mburg, Ge rma ny (figu re 19) is a sim ple, yet im portant
representation of the emergence of a new genera tion of aesthe tics for ceramic tile bui lding
facades. A ve nt ila ted tile facade p rovid es the architect wi th the technical freedom to
express the cera m ic tile as a true skin, independent of, or in tandem with the struc ture of
a bu ildi ng . Aesthe tica lly, thi s rela tive ly new technology provides ne w d esign too ls for the
architec t to give a facade a new found depth from the passage of ligh t, an d even a sense
of transparen cy that is truly innovati ve. In some designs, deliberate vis ua l access is
provid ed to the seconda ry facade layer behind the ceramic tile. In thi s project, the rigid
geome try and differing scales of the tile and the transparen cy of th e blue perforat ed metal
accent strip contras t with the deliberate random window placement in an almos t
un settling manner. But it is exactly this type of d ichotomy that engages both our
conscious and subco nsc ious mind, a quality which distinguishes good arch itecture.
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The Service Center Os tkreuz in Berlin (figure 20) is a good exa m ple of both the
concept of a ve ntilated tile facade, as well as the econom ic and aest hetic be nefits of
pa neliza tion to take advantage of repet itive facade elements. Differing tile colors were
utilized (figu re 22) to respond to differing site cond itions.

Figure 2fJ - ServiceCenter Ostkrcuz, Her/ill - example of {'Cll fi /atcd tilt· sysh'lIl f1~ illg prt1ilbricated
panels 3 111 x 7.5m wide which emphu.size technical detail::; of pnnel frame and tile attacllll1t'11 t.

Figure 21 - Example of current trend towards architectural expression of ted mology using
zinc metal and ventilated tile[acade mechanically attached in-situ,
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fig ure 22 - Full ... tory-/lI'igllt I'n j i,brim lt'd tile panel illtegral wi th il'jlldow~ .

fig ure 23 - Mt'c!ul1Iical attachmen t of tile to aluminum sul l-structural frame.
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Figure 24 - Eileen Daily AllIwlic Recreation C 'II/er, BUn/allY, He, Callada.

Ceram ic tile traditionally has been the arch itect's ma ter ial of choice for the finish of
comme rcia l sw imming pools, as it is one of the few materi als that is both aestheti cally
pleasing and durable enough to survive the aggressive swim ming pool env iro nme nt.
While swim m ing pools, like ve hic ula r tunnels, a re not typicall y co nsidered as
archit ecture, this building function has been eleva ted to arch itectura l sta tus through the
use of cera mic tile. In so me wa ys, a rch itects are find ing design inspiration from thei r use
of cera mics in sw im ming pools, and are now applyin g that technical kn owled ge and
creative inspiration to their architecture. As with build ing facades. new ce ramic tile
products and installation technologies have give n architects the tools to ex pa nd the use of
tile beyond its fun ctio nal roo ts to a more conce ptua l design level.

The Eileen Daily Aqua tic Recreati on Center (figure 24 & 25), com pleted in 1997, is
an example of how ceramic tile can be utilized as a conce ptua l architectura l materi al.
Ce ramic tile allows crea tion of undulat ing forms to exp ress the fluidity of the water and
sea rnless ly integrate a multitude of water features and fu nctions, as well as provide a
vis ua l connec tion and contin uity with natural for ms th rou gh the tran sparent wall o f glass.
The ceram ic tile also p rovid es human sca le and the warmth of color as a perfect
complime nt to the more rigid and technical exp ress ion of the struc tu re. Ce ra m ic tile is
unique for this type of archi tectu ral applica tion, as no ot he r material possesses both the
technical cha rac teris tics and human cha rac ter necessary to achieve thi s design.

The concept of fluid forms to reinforce the fluidity of water and natu ral forms
associa ted with wa ter was extende d up to the undulating interior tile wa ll cladding. So
in ad d ition to being a traditional decorati ve and technical so lu tion, tile was used as a
conceptual design elemen t to crea te con tinu ity of architectura l forms. Th is project
featured the advanced technology of ceramics design ed spec ifically for wat er fea tures and
pools, and was also one of the firs t major aqua tic centers to utili ze new installation
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technologies, suc h as epoxy ad hesives and joint grou ting, as well as d irect bond latex
wa terp roof membranes (figu re 26). In this p roject, ceram ic tile was the driving force
behind the design concept, and not just sim p ly a decorative and fun ctional solution to
challenges presented by an existing design.

figure 25· Eileen Daily Aquatic Rea m tion Center, Burnaby, Be Ca"ada.

figure 26 - Exp loded isometric view of engineered ceramic tile !I{lol systt'''' components. including deck t:' glitter S.lIstl'l1I ,
direct bond ll'l1 terpmof mt'",bral1C (darkgray).. expansion joints, and u-atcrstops.
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The interior swimming pool at the Intercontinental Hot el in Cyprus (figure 27), built
over habitable hotel rooms, employs a contras ting a rchitec tura l concept compa red to the
Eileen Daily Center. Here, ceramic tile is used to reinforce and express the formal
geometry and rhythm of the structu re and glass enclosure. At the same time, ad van ced
cera mic tile and insta llation technologies allow the pool to be raised and take on the
sculp tu ra l illusion of a shee t of floating wa ter. The tile module, as well as the lan e
markings and color va riations, contri bu te to the pleasing sca le of the geometric patterns.
Ceramic tile is one of the few cladd ing materials which ha s bo th the design and techni cal
cha rac teristics to sha pe and in tegra te arch itectural forms under even the most unusu al
and harsh cond itions (figure 28).

Figure 2i - Interior steimnting poo/d' 11'1' lntcrcontinentnl Hotel. Cypru." .

Figure 28 - Jlltt'STati01l ofarchitecturalforms ill ::,wiIll11l i"S 1'001clad with glllss mosaic ami ceramic tile.
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CONCLUS ION

is QUALI 2002

Technological ad vances both in ceramic tile products as well as new installation
technologies hav e now reached a critical juncture. Architects now have unpreced ented
design and cons truction technology at their di sposal to explore and st retch the techn ical
capa b ilities of tile to expand the influen ce of tile in arc hitecture.

The intell igent and sus tainable bu ild ings tha t w ill be necessar y to a llow ou r soc iety
to th rive in the 21" century will be more d ep endent th an ever on mat erials like ceramic
tile, a material tha t is truly a perfect fus ion of art and high technology. The uses for
ceram ic tile in arch itectu re w ill be limi ted only by the architect's imaginat ion, and the
cera m ic tile indust ry 's willing ness to sup port arc hitec ts w ith equa l imaginati on and
tech nica l innovation . Ceramic tile techn ology is in a un iqu e position to evolve and
matu re along wi th the techno log ical revoluti on, and will likely p lay an importan t role a t
the forefront of 21" century architecture.


