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ABSTRACT

Although ceramic tile and adhesive mortar manufacturing has undergone extensive
development in the last few years, very littleattention has been given to the design process. A well­
defined tile[acade system with all the necessary details is rarely suitable.

Nowadays, great responsibility can be attribu ted to the importance of having the right
information at the right moment on the jobsite. It is very common to see building companies and
contractors deal with conf used and incomplete information .

Workmanship is also a problem with regard to the performance of ceramic tile [acade
systems. In Brazil, most of tile knowledge about tile working seems to be lost. Italian and
Portuguese masons and tilers of the past have not perpetuated their abilities. Engineers and
architects also have to deal with new materials technology, including ceramics of very low
absorption, polymeric mortars and high performance concrete structures with different mechanical
characteristics.

This new context may explain the large number of pathologies we can see in our facades.
Different situations demand adequate design and appropriate methods ofapplication. These should
include the right specification of materials, design detailing and train ing programs.

This work proposes a method of ceramic tile building facades design, presenting the
guidelinesand parameters necessary toorganise the tiling work on thefacadeand avoid inadequate
decisions on the job site.

The most important design parameters are discussed, including building movements,
control joints and theflexibility of adhesive mortars. A couple of cases are studied to demonstrate
how useful good dcsing is on the job site. Some examples ofdetailing andfa,ades results areshown.
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1. INTRODUCTIO N: DESIGN AS A PART OF A PRODUCTION SYSTEM

With the establishment of a new competitive market, in building construction it is
essential to reach efficient, ad equate results to conquer and maintain customers. A very
strong tendency can be verified in a search for engineering system solu tions dedicated to
the production of different pa rts of the building. This sea rch, however, can not di sregard
performance of the construction as a whole. Engineering solutions should necessaril y also
consider qu ality assu rance, productivity improvement and better costs-benefits relations,
in all the decisions along the processes of design.

The development of p roduction sys tems, which cons ider in an efficient way all
these requirem ents togethe r, is the new challenger of the Brazilian market. Production
sys tems should presen t, th rou gh an integrated and consolidated plan, engineering
solutions cha rac terised by specific techn ology of production, p roduct design and process
design. These features should involve the organisati on of workmansh ip, materi als, tools
and equipment and all techni cal assistan ce required .

The design process should be considered as a part of the system and system
selection is the most importan t part of it. Therefore, two levels of decision are bas ically
found: a strateg ic level an d an operationa l level. At the st ra tegic level the design er must
concern himself w ith the select ion of products and production process among all those
av ailable. After the definition of products and processes, decision s take an opera tiona l
charac te r wh ere materials, methods and techniques a re defined. At the operati on al
level, the design er must answe r the following fundame ntal qu esti on s abou t the
production:

• Wh ich are the most adequate materi als to the production ?
• What are the recommended construction techniques?
• Wh ich are the necessary construction details?
• Wh ich are the most adequate tools and equipment to be used ?
• Wh at are the control requi remen ts to be obse rved?
• Wh at is the best sequence to be used ?
• How mu st the prod uction tea m proceed if p roblems occur?
• Wha t are the possib le alte rna tives available?
• What a re the standa rds suitable for each case?
• How should the system be used and maintained ?

2. D ESIGN OF CERAMIC TILE BUILDI NG FA~ADES

Ceramic tile rendering must be cons idered as a sys tem made up of different layers
of materi als tha t present d ifferent properties. Therefore, in order to understand its
behaviour, it is necessary to obse rve not only the per formance of each layer sepa rately,
but also the sys tem as one single bod y, from the inner layer (framework or masonry ) to
the outer layer (ceramic tile and join ts).

To build a cera mic tile facade, the constructor needs a wide range of inform ation
that allows obtaining adequa te productivity, quality and costs to each parti cular situ ation.
Guideline s and parameters that make the organisation of production eas ier are
indispen sable to reach expec ted results.

Based on its econo mic importance or based on its market sha re, the ceramic tile

P. Gil -54



CAST ELL6 :-J (SPAI, ) QUALIW2..98

facade has a rem arkabl e position. A recent resea rch considering construction companies
that work w ith medium and high patterns of en terprise has shown tha t a ceramic tile area
is used in approximately 50 % of home buildings and abo ut 40 % of office bu ilding
(MOI{AES, 1997).

Cl RAMICTlll,
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Figure 1. Elements and layers of all adheredceramic tileJa(ade.

Most of the expe riences of prepari ng ceramic tile facade design, wh ich are
conside red in th is paper ha ve ari sen from consulting requests of constructions
compa nies. These companies have a very clear objective: they wanted to avoid problem s
of ceramic tile facade pathologies that have occurred in the past. An analysis of these
cases has allowed the au tho rs to conclud e that the design process involves betw een 2 to
10 % of recovering costs, and 1 to 4 % of production costs, including job testing and
wo rkma nship training.

Although the experiences related here are very recent (the oldest case where facade
design was done took place only four years ago- see Figure 4), the results can be
considered of great importance.

Tiling de sign sho uld not be conside red on ly a group of grap hics eleme nts tha t
includes plans, schemes and detailing. Design also involves questions of fundamental
eng ineering techniques and part iculari ties of each bui lding. Two groups of d ifferent
kinds of activities usually occur in the ope ra tional phase of design process: study of
va riables and parameters related to the facad e of the building and decision making.

At the presen t time - w here ceramic sys tems are still no t availa ble in the Brazilian
construc tion market - the main activities of the design process are:

VARI AB LES OF DESIG~ PRE-EX IST I 'G I.OCAL VARIABLES OF THE CERAMIC
PLA!S'lING CONDITIO~S Til E ITSELF

• Architecture design • ceramic tile supportsurface • ceramic tile movements

• structural framework design
conditions

• previous specification of

• masonry and partitions design
• ceramic tile support movements materials

• window frame design
• local weatherconditions

• financial and time resources

Tab/r 1. Opemtionat actiuitic» of ceramic tile desig/l pnJCt'ss:
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MATERIA L DEfi NITION CONSTRUCTION TEC HN IQUE AND DETAILING DEFINITION

• ceramic tile material • support surfacepriming techniques

• priming material of supportsurface • stucco construction techniques, including joints and

• stucco supportrendering
reinforcements

• tiling setting material
• tiling setting construct ion techniques

• tiling jo int filler material
• tiling jointing construction techniques

• control joints sealant.
• sealant application techniques

• specific facade detailing

• quality control criteria

• production team training program

• auditing design criteria .

Table 2 . Operational acliv il ies of ceramic tile design process: decision making.

3. SELECfION OF BUILDING FA<;:ADES SYSTEMS AND PRODUCfS

Selection of ceramic tile for facades sho uld take into consideration a range of
variables tha t allow carrying out the requirements defi ned by the designer. Aesthetics and
costs are always to be observed. How ever, in order to reach durability and optimised
cost- benefits relati on, man y others va riables sho uld be considered. It is not usu ally easy
to reach this aim becau se it is necessary to underst and a wide range of information, taking
into consideration both architecture and engineering previou s experience, some times
very d ifficult to find in one single person.

A summa ry follow s of the main criteria that sho uld be considered in the selection of
bu ild ing facades systems and pro d ucts:

Economic and market criteria: • acquis ition costs
• maintenance cos ts
• econo mic risks

• supply risks
• delivery time
• econo mic enhance of bu ilding facad e

• im ported dependence
• life time of facade
• quality assurance
• acquis ition facilities

Engineering performance criteria: • slruc lu ral behaviour

• fire safety
• the rma l-acoustic behaviour

• water and air tight

• durab ility

Construction criteria: • facility of pro duction
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Aes thetic and cultu re criteria:

Use and maintenance criteria:

QUAUCf2k..98

• productivity
• availability of equipment
• avai lability of workmanship
• interference in the rest of the job site programming

• modularity
• possibility of correctio n of fails
• degree of interaction with other parts of the building

• appearance enhancing
• com position pa tterns facility
• capability of keeping original appearance
• adequacy to the architectural style
• adequacy to the local cultural

• need and facility of cleanness
• period of mainten ance
• facility of changing pieces
• ava ilability of product for reposition
• facility of repos ition and recove ring
• risks of human accidents
• technica l assista nce reliability.

In order to organise the selection of products and sys tems, designers can establi sh
rat ing criteri a to evaluate, the greater or lesser importance of a variable. Through the
orga nisation of benchmarks, selection becomes easier. Tables can order precedence for
each particul ar situa tion. Benchmarks have been used very success fully, specially when a
large ran ge of va riables sho uld be con sid ered.

4. REQUIREM ENTS OF THE CERAMIC TILE BUILDING FA<;:AD E

In order to assure quality performance, cera mic tile to facade mu st fulfil a vari ety of
specific requirements, considering every step of the de sign process. Accura te definition of
these requirements dem ands an overall point of view tha t includes not only the
knowledge of tile sys tem layers characte ristics, but also the understanding of the
beh aviour of the build ing as whole.

In o rde r to facilitate understan ding of ceramic tile system beh aviour, we divid e it
into the three categories described as follows:

• protection requirements - ceramic tile facade must wo rk as a protection of
building envelope elements and s tru ctures again st deteriorat ion. These
requi rem ents are associated with the durability of building and its lifetime.
Therefore, ceramic rendering protects the building from environment aggressive
agents.

• envelope requirements - besides protection requirements of building facades,
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ceramic tile system must improve envelope ele ments performance (masonry is
the most common in Brazil), includ ing: thermal and acoustic insulation, water
and air tight and fire safe ty.

• final aesthetics requirements improve aesthe tics of facades, enha ncing
building ap pearance is one of the basic requirem ents of ceramic tile. Facad e
aesthetics can also be eva luated through objective ways. Visua l harmony, texture,
brightness and colour, geo me tric accufilcy and the capability of keeping origina l
ilppeilrance can be used as param eters to eva luate aes thetics. Considering these
ideas one may take into accou nt, for instance: alignme nt of tile joints and corners,
plane of tile surface, non existence of fading and cracks, colour cha nging an d
staining.

Besides all those requirements there are others that can be taken into consideriation
depending on the particularities of the case. Sanitary, hygienic and security can be
considered important features.

figure 2. Gt'I1t'rul/ai/mt'of ceramic tilefa(ade. Extruded stom'wan' U't'n' used with au ordinary mortar. \\'mtht'T
conditions dur ing slimmerare l.'t.'T}I setere. Tempera/14re aMI('4O"C ie Il sual. Co"trol joints uvre built aftt" tire bond lutdlaih, l.

The non-observat ion of the whole featu res togethe r may cause serious problem s on
ceramic tile build ing facades, usually di fficult to deal with and expe nsive to repa ir. Figure
2 shows an exa mple of a bui lding facad e whe re the misunderstanding of minimum
require me nts is clea r.
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5. MOVEMENTS IN CERAMIC TILE FA<;:ADES

QUAU~98

The study of bui lding movements that can in terfere in the pe rformance of ceramic
tile is one of the most im portant fea tu res of tile design p rocess. These movements have
bo th inte rnal and external origin and can be classified as shown in Table 3.

MOVEM ENTS DUE TO PERMANENT LOAD

Own weight of ceramic tile • vert ical load caused by the sum of masses of ceramic tiles, adhesive
render ing mortar and grout joint.

MOV EMENTS DUE TO VAR IABLE LOAD

Wind and seismic load • movements caused by the action of wind on faca des, vibra tions and
seismic loads trans ferred from the grou nd.

MOV EMENTS DUE TO THE ACTION OF TEM PERATURE

• moveme nts cau sed by temperature chan ges that e ffect ceramic tile and others layers of the system. mainly
concrete, metal and masonry support. Very important because of thermal shock, specia lly when tiles of dark
and dull colours are used.

MOVEMENTS DUE TO TI lE ACT ION OF HUMIDITY

Drying shrinkage • reversible shrinkage of volume that occ urs in early ages and
irreversible shrinkage that occ urs time after time through the years.
Both are eaused by volume changes due to changes in water content of
mater ials. Very important where Portland cement is used because of
the hydrat ion. including concrete. mason ry. stucco. mortar and gro ut.

Expansion due to hum idity • expansion caused by wate r when inside the pores of mate rials.
Depending on the expansion intensity degradation can occur. Very
importa nt when mater ials show high degr ee of absorption. including
regular and aera ted concrete masonry. Because of this, only ceramic
tiles of low absorption are recommended for facades.

MOV EMENTS DUE TO STR UC, URAL DEFORl\olATI ON

Dcfonnation in early ages • deformation caused by the weight of the framework . its infillings,
part itions and coverings in the early ages. Accidental load also
contributes. Very important for new concrete structures, specially
immediate ly after removing fonnwork.

Slow and plastic deformat ion • dcfonnation ca used by weight of framework. its infl llings, part itions
throughout time - creep and coverings acting throughout time. Accidental load also contributes.

Very important in concrete structures made with high performance
concrete where bcam and slabs have large spans.

MOV EMENT S OF FOUNDAT IONS

• movements caused by accommodation of foundation, nonnally stable after usage loading. Very important
where ground conditions shows instability. Usually crit ical also for the stability of structure, infill ings and
coverings.

Table 3. Classificatiol1 of internal and external moocment s that may interfere
in the performanceoj ceramic tile ja(ade systems.

Depending on the case, one m ech ani sm th a t genera te s m ovem en ts be comes
m ore im portan t th a n ano ther. Ge ne ra lly, however, th e ceramic tile d esigner m ust
pay ca re fu l atte ntion to the p ossibil it y of the rmal s h ock a nd h ygrosco pi c
m ovements . In th e las t fe w years s t ru ctu ra l d e fo rm a tions have usua lly been crit ica l
to cera mic t ile, es pecia lly in hi gh r ise bu ildings. Drying sh r in kage of masonry and
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stucco have to be always taken into consideration if cement based materials a re
used.

One of the most important problems regarding the performance of ceramic tile
facades is to establish the magni tude of the movemen ts that must be absorbed by the
adhered tile system. In othe r words, the designer should be able to predict which is the
necessa ry flexibility for the adhes ive mortar and joint grout

Severa l stud ies have been done with the aim of understanding this property. The
wo rk of the UNION EUROPEENE POUR L'AGREMENT TECHNIQUE DANS LA
CONSTRUCTION (1 990) e RIUNNO & MURELLI (1992) deserve highlighting.

AKIAMA et al. (1997) also stud ied the flexibili ty of adhesive mortars. These autho rs
propose a simplified testing method that ga ve good results. Mortars are evaluated
th rough a factor F that can be used to classify flexibility. This subject is discussed more
spec ifically in the paper The Flexibility of AdhesiveMortars: An Experimental Study includ ed
in the proceedings of Qu alicer 98.

The specification of control joints is also related to the use of flexible adhesive mortars.
Theoretically, a sma ller number of joints can be used if a flexible mortar and a flexible grout
are speci fied. However, up to the present time, there is still not an accurate recommendation
or standa rd isation that demonst rates how to consider this influen ce. Therefore, design is
usu ally based on previous expe riences and very simplified mathem atics calculations that
do not consider one or more adhered layers working together.

6. ADHES IVE MORTARS FOR CERAM IC T ILE FA<;:ADES

Th e Brazili an draft s ta nd a rd regarding the spe cifica tion of adhesive mo rta rs
classifies th is mate rial accord ing to the adhesive bond, o pe n time and sagging . The
draft is based on th e CEN/TC 67 N.65 sta ndard (EUROPEAN COMMITTEE FOR
STANDA RDISATION, 1995) an d sets crite ria for the testing of bond through
d irectly testing tensile strength. Adhesive mortars are classifi ed in to three different
types.

Property
,

Test Method
1 :~,;,Unit

Adhesive MOJ;!ar Type

It Draft . I . 2 3 3 E

Open time 18:406.04-003 min > 15 ~ 20 ~ 20 ~ 30

Bond strength at 28 days: 18:406.04-<J04

au cure N / mm2 > 0.5 > 0,5 > 1,0 > 1,0

underwater cure N / mm' > 0,5 > 0,5 > 1,0 > 1,0

hot house cure N / mm2 - ~ O.5 ~ 1,0 ~ 1,0

Sagging 18:406.04-005 mm ~ 0,5 ~ O.5 $ 0,5 ~ 0,5

Table 4. M echanical requirements ofadhesives mortars according to Braz ilian draft standards
(Associaftlo Brasileira de Normas Tecnicas, 1997).

Basic differences are based on open time and bond strength. According to the draft,
mortars Type 3 and 3-E ha ve superior bond st reng th. Type 3-E has larger open time.
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Adhesives mortars Type 1 are specified for internal uses while Type 2 for external. Table
4 shows th is classificat ion.

6.1. BO ND STRENGTH

Bond strength can be considered the most important property of adhesive mortars.
Bond strength depends not only the mortar itself but also on several other important
variables, such as : absorption of ceramic tile, su rface characteristics of substrate, weather
conditions and wo rkmanship qual ity.

The mechanical bond allows explaining the interaction between porous materials
and cement based adhesives, such as ordinary adhesive mortars usually used for ceramic
tile sett ing. In th is case, bonding is achieved through the crystallisation of cement gel
inside porous.

Mortar bo nd strength may be im proved by the addition of polymers that allow
gains in the mechan ical bond and develop che mica l adhesion too. The po lymer amount
defines how much ad hesion can be set. Such mechanisms can explain, for instance, the
ad hes ive bon d of res in based adhesives to polished and non-porous ma terials. Tab le 5
shows ty pical va lue s of bond strength obta ined through tensile tests using d ifferent
kinds of ad hesive mortar s to set differen t absorp tion ceramic tiles on cement based
stucco .

ADHESIVEpt;?RTAR A III Bla Bla Bib BUb RIll
TYPB

(porcelain) (porcelain stoneware)

Ordinary mortar 2 5 5 5 5 5

Sing le component 5 10 10 10 10 15

Two component 5 10 10 10 10 12

Two component with the 5 10 10 10 10 12
addition of 4 % of cement
weight of acrylic resin

Table 5. Typical oolues of tensi le bond strength betu'l.'en adhesive mortar, ceramic ti/es'''and cement based stucco obtained
from an experimental studyUl (N lmm').

The bond has to keep its strength during the lifetime of the bui lding. Therefore, the
designer must take into consideration that adhesives mortars may lose some bond
stre ngth on aging, especially those that have a low capacity of absorbing deformation and
are subjected to intense fatig ue and creep.

Not only tensile tests can be used to determi ne bond streng th . This property can be
eval ua ted th rough shear tests accordi ng to procedure describe in ANSI 118.4
(AMERICAN NATIONAL STANDARD INSTITUTE, 1992). In the case of buildi ng
facades, shear strength can becom e critical, depending on the magnitu de of di fferen t
movements between masonry infilled framework and ceramic tile layer. Neverthe less,

(lJ . Classification of absorption accord ing do ISO DRAFT 13.006 (ISO. 1992).
12). Adapted from LORDSLEEM JR., A.c.; SOUZA, J.C.S.; MEDEIROS, J.S.; SABBATtNl, Ell . Resistblcia de adert ncia dt>

revestirnmtos cerdmicos.Anais do II Slmposio Brasilciro de Tccnclogta de Argam assas. Salvado r. 19n . p. 259·269.
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the determination of how much bond streng th is really required for each specific situation
is a difficult question to answe r.

6.2. DEFORMATION ABSORPTION CAPABILITY (FLEXIBILITY)

While hardening of Portland cement is taking place, adhesive mortar ga ins bond
and mechanical strength. On the other hand, the layers of different material that make up
an adhe red ceramic tile sys tem come to work as if they were only one. Because of that,
int erfaces and materi als are subjected to movements that crea te stresses that must not
exceed the material streng th and bond between them.

Although influenced by different degrees of restriction, ceramic tile facades
pa ne ls defined by co n tro l join ts need to di ssipat e s tress to ke ep adequ at e
performance and avo id problems. Bond, however, is not the only property th at
matters. Th e ceramic tile system must absorb so me degree of stress . Adhesive
mortars, th erefore, must be selecte d according to th e s itua tion that th ey a re going to
be subjec ted to . Sunbaked large panels o f ceramic tile require more flexibility to avoid
bond problems.

Cyclic load ma y cau se damage too. Repeated movements of expansion and
contraction can influe nce bonding and cause failure because of fatigu e. Flexibility can also
avoid these problems.

Adhesive mortars become flexible through the add itio n of polymers with
elas tomeric properties. Acrylics, sty renes and vinyls are polymers used with that
purpose. On the othe r hand, polymers usu ally increase bond streng th too. It is usual in
Brazil to find adhesive mortar s called ordinary or flexible. Thi s classification is still
confused because the flexibility concep t of adhesive mortar is still not clear. Only
adequa te standard iza tion based on research will solve this ques tion.

To be considered flexible, adhesive mortar s mu st satisfy requirements of minimum
load and st rain in flexion tests. The UN IO EUROP EENE POUR L'AGREMENT
TECHNIQUE DANS LA CONSTRUCTION (1990) describes a procedure to evalua te the
flexibility of adhesive mortars. The flexion test described uses a specimen where a 3 mm
th ick layer of morta r is se t on a board of expanded polystyrene foam . As an indication,
flexibility may be recogn ised if the failu re load is equa l to or exceeds 3 N, while the
correspond ing di spl acement must be equa l to or exceed 5 mm.

6.3. OPEN TIME

O pen time of adhesive mortars is an important characteri sti c to tile setting work on
the job site. It can strongly influence the bond stren gth of ceramic tile. Ope n tim e is
normally expressed in minutes, and establishes the time limit after spread ing the mortar,
w ithin which tiles can be set without damage to bond.

O pen time varies according to mortar dosage (ma inly with type and am ount of
polym er ), water absorp tion condition of substrate and water eva poration. This property
is particular important in situa tions where facades are subjected to high temperature, low
humidity and windy cond itioning . The evaluation of open time of adhes ive mortars is

P. GII - 92



CASTELLO N (SPAIN ) ' QUAI.I~98

described in the standards, includ ing CEN-TC 67C (ECS, 1993), ANS I A-118.1 C-5,4
(ANSI, 1992) and NBR PN 18:406.04-002 (ABNT, 1997).

6.4. CRITERIA FOR THE SELECTION OF ADHESIVE MORTAR

There are ma ny ad hesive mortars ava ilable in the Brazilian market. Different kinds
of products can be fou nd. Whatever the situa tion, the selection of ad hesive mo rtars for
facades must be an engineering matter. The designer must take into considera tion at least
the follow ing features:

• characteristics of ceramic tiles (surface cond itions, we ight, colour, absorption, etc.);

• th ickness and size of tiles;

• num ber and widt h of grout joint;

• use of control joints;

• surface characteristics of substrate;

• expected deformation of substrate (structural framework and infillings);

• local weathe r cond itions (temperature, humid ity, wi nd, freezing, po llut ion);

• wea ther conditions during tile wo rk;

• position of ceramic tile facade.

Con sideration of these variables makes the selection of ad hesive mortars and grouts
a complex ma tter. The designe r mu st know not only a wide range of technical
information abo ut the materials, bu t also what the situation really requires . Accurate
information abo ut struct ural and infillings beh aviour is, for instan ce, essen tial data to
predict and avoid fut ure problems.

Most of the time, ill situ evalua tion of application cond itions is recommended. A
precise descrip tion of local cond ition of ap plication is necessary. It is obvious that this
evaluation and detaili ng depend s on how mu ch risk should be cons ide red . Lab tests and
suppliers guaran tees can be enoug h for certain cases. On the hand, correct adhesive
mortar and grout se lection is not eno ug h to gua rantee adequa te beh aviou r of the whole
ceramic tile. Actua lly, ceramic tile is jus t one element of a multilayer system where
several parts of the buildi ng are involved (structure, infill ing masonry, rend ering an d
stucco).

7. FA(:ADE CERAMIC TILE JOINTS

Joints are regular spaces between two tiles or tile pan els tha t con tribute to
contro lling movem en ts and allow the assembly of different aesthet ic patterns. Tile panels
are usu ally divid ed by control joints which are the main respons ible factors for the
stability of the who le system.

Joints can be classified into tw o groups: se tt ing or grou t joints - those inheren t
to modular rendering s - and movem ent join t - those respons ib le for absorbing stresses
ge nera ted by contraction and expa ns ion of the subs tra te, stucco and ceramic tile
pan els. Movem ent join ts can be di vided in to two types: structura l join ts an d contro l
joints.
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Wh en co ntro l jo ints are used on ly to sepa ra te ce ra mic til e pa nel s, th ey ca n
be te rmed til e co ntro l joints. Joints used to separa te di fferent m at er ial s on facades
a re te rmed perimeter joi n ts . Tab le 6 shows a p ossibl e classificatio n of building
joi n ts.

settling or grout jo ints

inherent of modularrenderings, these
joints contribute to control joints
mainly if a low modu lus filler is
used. Aesthetics and constructability
arc important forthis joints.

movement joints

responsible to absorbing stresses
generated by contractionand
expansionof substrate. stucco and
ceramic tile panels.

structural jo ints

main role is to compensate
movements of building as a whole,
specially framework movement.
Ceramic tile joints must always
respect these jo ints.

contro l joi nts

designed to control stresses due to
the movements of the infillings,
stucco and ceramic tile itself.

tile control joints

used only to divide ceramic tile
panel

perimeter joints

used to separate ceramic tile from
other different material on the
facade, such as window frames or
metal coverings.

Table 6. Cltlssificati01l o/ building joints.

7.1. BASIC PRI NCIPLES FOR THE DESIGN OF CO NTROL JOINTS

The most reasonable way to absorb stress caused by ceramic tile facade movement s
is to use control joints. The designer should consider all possible movements to specify
the control joints for ceramic tile facades in order to guarantee their integrity throug ho ut
their life time.

Control joints are used to divide ceramic tile facades in to panel s to allow absorption
of several d ifferent movements working together. Most of the time, control join ts also
d ivide the stucco on which ceramic tile is applied.

Altho ugh every facade has its particular situation, and the specif ication of control
joints can vary, some guideli nes for the design of control joints can be listed here.
Observation of these guidelines, also based on expe rience and simple calcula tion, may
help design specification. These are as follows:

• pre-existing joints of tile support - struc tural join ts, infilled masonry joints and
stucco joints mu st be transferred to the ceramic tile layer. The geometry of this
joint sho uld keep the same up to the outer layer. Sealants sho uld be compatible
with the predi cted largest expansion and contraction movements;
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• [acades corners - it is normally necessary to use tile joints where one side of a
facade meets another. External and in ternal corners need joints;

• interface between different material - elements made of d ifferen t materia ls show
d ifferent movemen ts, therefore a join t is recomme nded, for instance, between an
aluminium window frame and ceramic tile. All facade cleme nts that cause
movement restriction to ceramic tile should be bounded by joints;

• every floor level - contro l joints sho uld be used to control ho rizontal cont raction
and expa ns ion of building facades. Joints sho uld be positioned in the interface
between masonry infilling walls and concrete st ruc tural elements such as beams
and slabs. Horizontal control joints position ing may observe top of walls and
bottom level of bea m. This joint should align wi th the top level line of window
frames;

• parapets and facade« projecting panels - These clements are usually subjected to
intense movements where cracks can occur. The designer mu st be able to predict
where cracks may appear an d locate con trol joints in these positions.

It is also necessary to determine width an d de pth of con tro l joints in order to ensure
their adequa te beh aviour in time. Joint wid th must com pensate all facade movem en ts
working at the sa me time, while depth is related to width and depen ds on sea lant type.

The usc of mathem atical calcula tions to predict movemen ts of joints sho uld be
considered together with the capability of movement of sea lant an d facility of
ap plication. Based on these criteria, the minimu m practical width of a joint is 10 mm.
Smaller wid ths may hamper filling of joints since it is necessary to introduce a back rod
and curl sealant.

!\lOST f AVOURABLE SITUATIOI>' MOST Ul" f AVOU RAHLE SITUATlO:-;

• wh ite and brilliant colours • dark and dull colours

• facades sheltered from the sun • sunbaked facades

• ceramic tiles with larger size inferior to 20 em • ceramic tiles with smaller size superior to 20 em

• low modulus ceramic tiles • high modulus ceramic tiles

• rigid structures • very flexible structures

• facade panel with large openings • facade panels without openings

• flex ible mortars and gro ut • ordinary mortar and grout

• maso nry with minimum shrinkage • masonry subjec ted to drying shrinkage

• low modulus stucco • high modulus stucco

REC COl\lE:'oI DA1'10:" REC CO!\IEI>' 1M TlO;\"

P AN EL A REA S 30 m' P AN EL A REA S 9 m'
I.A KG EK S IZE s 10 m LARG ER Si n : s J m

Table 7. Limit situations to the specification of horizontal mId vertical control johlts.

Ge nera lly, not only horizontal con tro l join ts a re necessa ry but also ve rtica l
con trol joints. Verti cal joints a re usually used to di vide wide facade pan els of ceram ic
tile. It is recom me nded not to exceed 4 to 6 m wid ths. In any case, the design mu st
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observe aesthetics. The combination of ho rizonta l and vertical joints is important.
One sho uld pa y atte n tion to alignme nts with window frames and openings not onl y
to save money and time but also to reach an harmoniou s resul t. Th e
recommendations listed above may be conserva tive but a sma lle r number of join ts
may be used only based on so lid calculation. The designer may use smaller pan els
when dark colour ceram ic tiles are used. Th e same sho u ld happe n when la rge size
tiles are specified. Ad hesive and grout mor tars of improved flexibility may allow use
of la rge r pa ne ls. Table 7 shows limit si tuations for the specification of control join t
spacing.

7.1.4. SEALA NT S ELECTIO N

Performance of co ntrol joints depends on adequa te design an d cons truc tion.
Cera m ic tile facades con trol join ts requ ires wa te rproofing. In order to avo id wa ter
pe netra tion, th e jo int requi res seala n t protection. Sea la n t shou ld be used to
guara n tee join t perform an ce du rin g life time. Polysulfid e, silicone, polyurethan e
and acryli c sea lan ts a re p roducts su itable fo r cont rol joint treatmen t depending on
the dem ands of each parti cul ar situa tion. Th ese seala nts u suall y d o not requ ire a
prev iou s primer. Pr imer ap plica tion requires con tro l and extra time fo r joint
treatment and mu st be avoided . Silicones and polyu rethane are exam ples of
seala n ts used in Brazil for ce ra mic tile con trol joints . Accord ing to PANEK & CO O K
(1991) th e designer shou ld pay ca ref u l a tte ntion to a la rge nu mb er of pro pe rties,
including:

• movement capabil ity;

• hardness;

• solids conte nt;

• resis tance to heat aging;

• resistance to weatheri ng;

• compression resistance;

• u ltimate tensile strength and elongation;

• tensile adhesion;

• ad hesion-in-peel;

• adhesion to porou s and non porou s materials;

• primer necessity;

• tack-free time;

• resistance to water;

• tea r resistance;

• modulus of elasticit y;

• colour retention

• staining of masonry and tile surface;

• cyclic tension and compress ion testing;

• creep, stress relaxation and recovery;

• application tech nique;
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• shelf time;

• toxicity.

For the adeq uate selection of a sealant, the designer must analyse each product's
advantages and disadvantages. Detailed information from manufactures is important.
Certificates from independent laboratories ma y be requested. All data should be
organi sed and updated because sealant technology cha nges a lot.

ln the last few yea rs the world market of sea lants ha s been offering a notoriou s
va riety of p roducts destined for specific situa tions . No wadays, most kinds of sealants can
be found in a vari ety of colours and durabili ty. Some manufacturers declare a life time of
50 years . The re are also hybrid sea lants made from acry lic and silicone, u ret hane and
pol ysul fide and many othe rs.

8. EXAMPLES OF CERAMI C TI LE FA<;:ADE DESIG N DETAILING

CUtAMIC TILE

SAW CUT

POI.YURETIIi\NE MASTIC

OLYETlI YLENE FOAM. ROD

=-- FLEX IBL E GROUT ~IORTAR

MAS() NRY--------

FIXING MORTAR--------

S IU(CO~ ~~If"CCO'\IEI )~l ISI I

CO'CRETE Db'''~· . . : . . .:' .::; :·:~ ::: ~,·:.~~;~~ \t~: ;/i:~<:>:2;;;:

··~: ' ltj~i~i~~~1~1[~~~j~
.'...~ :..:' .', ,:::... ~ ., .

e j~tii~t~~r~g':~~'
CEMENTMORTAR PRIMER~ ., : ' ', •.a.. ",; ;': .. .. .•, .:.•; • .:

FLF.XIBI .E II.I) I IESIVE MORTAR

Figure 3. Detail of }wriz(mtal control joint for all extruded stonetoare tile ja(adc.

9. FINAL CONSIDERATION: A WAY TO IMPROVE CERAMIC TIL E QUALITY

Based on previous experiences and considerations about the process of design, it is
possib le to assert that effective solu tions for ceramic tile facades require a sys tematic
approach tha t takes into consideration engineering analyses of a large number of
requirements. On the ot her hand, engi nee ring based analyses de mands technological
development and generation of ceramic tile systems of product ion. From our point of
view, man ufactu rers of ceramic tile should lead this process.
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Figure 4. Facade of a building where ceramic tile design has been used with success .
Detail shou'S vertical mid hori:ontal control joints.

This study may also conclude that ceramic tile sys tems sho uld necessarily involve
production technology and product design . Systems should facilitate selection of
materials and construction techniques and methods in order to improve results.

In Brazil, ceramic tile systems with this approach are still not available. We believe
that this is one of the most important reasons that explain why we still have a
cons iderable nu mber of problems. In general, the following situ ation can be found:

• most of the cont ractors are not professional;
• most of the materia ls suppliers do not ass ist construction firms as required ;
• construction firms usually do not practice technical pu rchasing;
• customers are not consciou s enoug h of their rights;
• designers and architects do not offer adequate design.

This reality mainl y affects customers and constructors becau se, while the first feel
the problems on their own properties, the second must usually accept the additional costs
of maintenance, recovering and the possibility of harming their public image.

Ceramic tile system sho uld be specific eno ug h to attend the different requiremen ts
of build ing facades, specially regardi ng costs of constru ction and com patibili ty with
others parts of the building - there are no sys tems dedicated to concrete structu res or
masonry either. We also believe that ceramic tile can work as a catalyst for actions to
improve the quality of building construction as a whole, since its performance is
fundamental to the success of the enterprise.
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It is also important to emphasise that in any situ ation, the ceramic tile sys tem
sho uld be adequate for the conditions of the local market. This is a necessary demand for
the economic success of the sys tem. Moreover, systems must be improved continuously
through correction of failures in the process of design, production and utilisation.

We are firml y convinced that there is an enormous market available for the
introduction of ceramic tile systems in Brazil. Many efforts, however, are neded to make
it work. We can also see a strong tendency towards a market where construction firms
would work in a sense of in tegrati ng different systems to produce their products .
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