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ABSTRACT

This work deals ttnth the dcceuunnen t of a metl/Odology for diagllosillg, prwelltillg and
repairillg ceramic cladding» 011 11lI ildillg facades, tolien these tiliug« exhibit patl/Ologies. Tile w\Jrk
discussc« the seuerest problem of ccramic tile facades: bOlld [a ilureo

The concepts ofdurability and sen-icc life arc discussed, as toel! as thc iactors affectillg both.
Tile study estnblishe« the parameters iha! allou: the planner to defin e the clodding :« design life oiut
the llecessary procedures to transform tltis into tile real sen-ice life of the ceramic facade subsystem.

Based a/I tile defillitio/I of these concepts, a metltodology is proposed thnt aliou:« diagllosillg
the existillg tnani icstations, establisllillg repair procedures and delillillg parameters to preuellt tlieir
appeara/lce, so thn! the plll/lJled sen-icc l if~ is actttallu achiered ill practice.

1'.Gil - 87



iii QUAU 2002 CASTELL6l\: (SPAI!':)

1 INTRODUCTION

The main reason why buildings have been clad with ceramics for decades is mainly
due to their hig h resistance to highly varying environmental cond ition s, i.e., the ma ter ial
does no t generally exhib it significant wear with time.

The capacity of cera mic tilings to last is d iscussed by SHOHET; LAUFER (1996).
They compare this type of clad d ing with others, such as cementitious mortars, syn the tic
mortars and stone. In this case, the clear supe riority of ceramic tilings is noted compared
wit h mor tar facings, as Table 1 shows.

Type of environment Cementitious Synthetic Ceramic tiling Stone
mortar mortar

No n-co rrosive 10-15 12-15 over 15 over :25
Corrosive 5 vears 8-12 10-15 around ~5

TaNe 1: Estimated 5t'T'Fict' l ~fe of difft'rellt typ('~ l!f (>xtt>ma / lJ ll ilding .fi1Ci llgs ill d~ffcrt'llt Cll7.0Vmll {' lIt~

(SHOH ET; LAUFER, 1996).

This capacity to remain un affected over time, associa ted with other factor s listed by
MEDEIROS (2000), such as: ease of composing geometric patterns, cleanability, goo d
moisture resistance, satisfactory general performance and low maintenance cos t, are the
main reasons for the use of this type of facing for building facades, parti cularly along the
coast.

How ever, ceramic facade claddings (CFCs) should be understood as a: "Monolithic
se t of layers (includ ing the backgrou nd ren der ) adhered to the building facad e
background (fill-in or struc tural), whose outer layer is made up of ceram ic tiles, fixed and
grouted with mortar or adhesive mater ial", (MEDEIROS, 1999).

The preven tion of pa thol ogica l mani festations, failures, depen ds on the
understand ing of the various properties of each of these com ponents and of their interface
behaviour, as such failures can occu r very ea rly on, as ana lysed bv CAMPA TE;
SABBATINI (2000), who report that 50.9% ofthe sh.idied buildings presented detachment
of ceramic tiles in facades within 5 years of service.

2 PATHOLOGICAL MANIFESTATIO NS IN CFCs

In CFCs the pathological manifestations can be unders tood as situa tions by which,
at a certain moment of their service life, they stop pe rforming as expected , i.e., do not
perform the functions for which they were designed, and cease to satisfy user needs.

These functions can be summed up as: protection of the enclosing eleme nts of the
bui ldings, helping the building enve lope per for m its functions (therma l an d aco ustic
insulation, gas and dam p-proofing, etc.), regulation of the enclosing eleme nt surface and
perfor ma nce as bu ild ing finish, wi th aesthetic functions, economic valor isation and
functions relat ing to building use.

PERRY; WEST (1994) class ify the most common pathologies found in CFCs
accord ing to the layer where they happen: tile defects (moisture expansion and in tile
glaze surface defects), failures in the substrate (relating to buil ding movements due to
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thermal shock, deformati ons of the ba se, creep and shrinkag e of the concrete ) and failure
in the "a dhes ive" (p roblems in the fixing mortar or caused by inadequate coverage
an d / or ma de by p oorly skilled labo u r).

The main p ath ologi cal m anifestation affecting CFCs is ceram ic tile d ebonding from
facades, w hic h is caused by the resulting effects : when a 250g ce ramic tile comes oii a
building at the 10"' s torey, it has the sa me destructive power on hitting th e g round as a
bullet fro m a firearm (TA0J et al. , 1994).

For a good ana lys is of the me chanisms of pathologica l manifestations in CFCs it is
necessar y to m ake a hierarchica l anal ysi s, beginning by observing the defect or
path ologica l manifestati ons, subsequently es tablish ing their immediate cause, via their
nature, i.e ., secondary ca use, then go ing on to the origin of the problem, to their primary
cause .

Accord ing to CH EONG (1992), analysis of d etachment can lead to four differen t
natures: bond failure between the ceramic tiles and the fixing mortar, bond fa ilure
between the fixin g mortar and the substrate, failure in sub stra te layers and occurrence of
a hollow so und in the ceramic tiles whe n s tru ck.

For SABBATH'>'I; BARROS (1990) the m ain factors associa ted wi th the ong1l1 of
detac hments are: deformation occu rring in the base (fill-in / structure) due to settl ing of
the building after occupation, creep of the conc re te stru cture, w h ich is not im med iately
reached and hygro th ermal variations; absence of control joints; inadequacies in morta r
renders, settling an d grou ting an d faulty prepara tion of the ba ckground .

One of the m ain causes of d et achments in CFCs is the red uc tion in the mechanica l
strength of the various layers on exp osure to the arising mech ani cal st res ses . These
st resses are prod uced by movements genera ted in the CFCs, by the stru ctu re of the
bui ld ing itself o r by the environmenta l conditions to w hich they are exp osed.

For MEDEIROS (1999), the pathological manifestati ons fou nd in CFCs are the res u lt
of two essen tial factors:

1. Des igns that fail to take into considera tion perfor m ance paramete rs and do not
consider p roduction stage needs.

2. Inadequate con tro l of the production technology in volved in til ings, as well as of
ex is ting tilings, by the whole production chain, from engineers and architec ts to
tile fixer s.

3 THE CONCEPT OF DURABILITY AND ITS APPLICATION TO CFCs

In the CFC subsystem, the quanti fication of durability takes on fund amen tal
im portance for two reasons : the first one is to allow the u se of these da ta to defin e the
economic feasibility of using of certai n types of components and materi al s. The second
reason is to allo w com paring them in terms of the durabili ties afforded by o ther
alt ernati ves, so that those can be se lected th at best adapt to the exis ting conditions.

To es tablis h the d urability of th is su bsys tem first requi res knowledge of the
d eterioration mechanisms as socia ted w ith each CFC com ponen t, and based on these data,
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these can be rela ted to th e subsystem, ana lys ing its degrad ation mechanisms. In other
words:

Deterioration would be a term associated w ith th e components of th e
su bsyste m, an d

Degradation wou ld be a term d irectly lin ked to the subsystem as a whole.

For the CIB (1983), durability should be stu died according to four separa tely
cons idered aspects:

I. Ma teria ls used, which are class ified on a sca le th at goes from peri sh able to
non-peri sh able, in accord ance with the degree of deteri oration found during use;

II. Design, wh ich wou ld also be an alysed with the aid of a scale that goes from bad
to excellent, accord ing to the factors cons ide red for the material involved;

III. Condi tions of use, wh ich sho u ld be classified in a range from severe to ge ntle;

IV. Maintenance, w hich shou ld be evaluate d on a scale fro m fre quen t to
non-existent, accord ing to the design prediction.

These as pects hardly take into accoun t th e materials or components of the
subsystem, nor thi s last item as a who le. The explana tion is to be found in the fact that to
determine the durability of a subsystem like th e CFCs, it is necessary to kn ow the interface
mechanisms be tween the various compone nts, this being still poorly understood.

4 CONCEPT OF SERVICE LIFE AND ITS APPLICATION TO CFCs

Serv ice life in the case of CFCs can be defined as:

Period of tim e ill which this is able to maintain the properties that allowing performin g the
[unctions for which it was designed , taking in to accol/nt the remaining service time and the
estimated maintenance or replacement costs.

On dealing with th e Serv ice Life of CFCs, it is necessary to establish two d ifferent
dimensions for thi s conce p t: design life (DL) and actual serv ice life (ASL).

Design life (BSl, 1992) can be defined as a value preset by the planner, which it is
so ught to meet in actua l serv ice. Th is determines man agement decisions , fu ndamen tally,
selection of m ater ials, techni ques for executing the subsystem, maintenance actions and
the cos ts to be borne by the users.

There are a number of condi tioning factors for th e DL; of these, to be noted are the
lifecycle of the bui lding, wh ich w ill define the peri od of time th at th e subsystem is
required to keep its initial cha racteristics. In thi s w ay, in gene ra l lines, it is clear tha t the
DL of CFCs should be the same as th e one specified for the structural subsystems and for
the building enclosures. However the OL of th e subsystem must not be confused w ith that
of its com pone nts . Table 2 lists certain criteria for defining d ifferen t values for the
subsystem compone nts.
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Subsvstem compone nt 1mDor ta nee rarine in the subsystem DL class
Fixing layer Al 1
Ceramic tile A2 1
Grout B 2
Movem ent jo ints C 3

Table2: DL e~ tillll1t6 far CrC COIllPOIICllts.

In the previous table various com p onen ts a re classified accord ing to the effects of
their failure . In thi s way, a component classified as Al wou ld on failing have a knock-on
effect on the others. It is thus so ught to es tablish a relati on be tween the d ifferen t
components; failure in the fixing m orta r wou ld cause coll apse of the whole subsys tem,
produci ng detachment of the cera m ic tiles. For this reason, it should have its DL classi fied
as 1, tha t is to say, the same valu e set for the subsystem as a w hole .

To help the facade planners make d ecisions with regard to es tabli sh ing the different
service lives for the components of the CFCs, a p roposal is m ade th a t is su m marised in
Table 3. Th u s, a table of durabi lity for CFCs can be es tablish ed , enabl ing the period of time
to be chosen during which the subsystem should hold its in itia l cha racteristics , as a
function of the variables: Design for p rod uc tion, Material s of the subsys tem components
and Procedures for executing the subsystem .

Qua lity levels Durab ilitv zrades
of the variables A B C D E

DFP 10 7 6 4 2
MAT 8 6 4 3 ,
EXE 12 8 7 6 2

Table 3: Estimate of CFC durability based (lJI its DL.

w here: DFP: Design for production

lvlAT: Materials of the subsystem components

EXE: Procedures for execu ting the subsystem

Grade A: 25 to 30 points = more than 25 years

Grade B: 20 to 25 p oints = 20 years

Grade C: 15 to 20 poin ts = 15 years

Grade D: 10 to 15 poin ts = 10 years

Grade E: 5 to 10 poin ts = less than 5 years

The ratings described in the table are in turn fou nd through an analysis of each of
the three basic facto rs lis ted in the table. Depending on the level of quality of each facto r,
it is possib le to defin e how long the CFC is expected to " last" .

Af te r defi n ing the fac tors of in flu en ce of ea ch va riable, it is necessary to " weigh t"
each one, defined in Tables 4, 5 and 6 proposed be low.
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Service life is defined by BSI (1992) as being the peri od of time in which the
co m ponen t, or constru cti on maintains it s cha ra cteris tics ex ceed ing th e u sers'
requirements with regard to operation, maintenance and repair, i.e., th is would be the
period in which the su bsystem really holds its properties at the accep table minimum
level, thus meeting user expecta tions .

Th e ASL of a subsystem is limited by what the ISO standards (1997, a) ca ll
deteriorati on to which its non-replaceable components are subject. Deteri orati on in itsel f
may not cause any change in the replaceable com ponents, however, in some cases, their
replace ment rea ches such high values that they can cond itio n the ASL of the subsystem as
a whole. This often happen s with CFCs .

5 PROPOSED METHODOLOGY

The p roposed methodology I S b ased on certa in gu idelines, w h ich ca n be
su m marised as follows:

1. Expected durabili ty of the indicated so lu tion; consi de ring the serv ice lifetime of
the bu ild ing, it is determined if the repair will be permane nt or temporary.

2. Expected se rv ice life of the subsystem ; i.e., the equation DL x ASL (max imum) of
the subsustem, is cons idered more consis ten t with the cost-benefit ra tio, w hich can
alte r the whole repai r p rocedure of the manifestations indicated.

3. Maximum reliability of the proposed tre atment, directly linked to the efficienc y of
the solu tio n; i.e., it is a measure of "how much trust" ca n be placed in the
proposed so lu tio n, primarily conditioned by safety fac to rs.

4. Op timised cos t /benefit rati o. Th is gu ideline directs the solu tion in the sense of
u sing the availabl e resources in the best possible way, wi th out w as ting any
materials.

These guidelines d irect the app lica tion of the methodology in the ir three phases:
Diagnosti cs, Definition of treatment and Prediction, which are sum marised in Figure 1.

P. GIl - I.}-!
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Fioure 1(11 1.
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what is degree of wh at is predicted
appropriate

incompatible

risk ev olution of the

for safety ? problem?

.. compatible inappropriate

No
Is sub system in YES

interve ntion
the Dl obje ctive ? Substitute

or substitution

what is the repair

co st?

incompatible

Control proc edures

compatible

Definition of tre atm ent

Does durability

prediction

compl y?

YES

Does reliability

comp ly?

YES

Execute

NO

NO

Fig-lIrt>l (b).

One of the most critica l phases during the ap plica tion of the methodology was the
definition of which line to tak e in treati ng the pathological manifestat ions. To gui de the
p rofessionals responsible for balancing and resolving these patholog ical manifestat ions, a
matrix is proposed for decision-taking, based on the three key va riables in making th is
type of decision, as sho wn in Table 7 and Figure 2.
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User risk % Attained area % Remaining service life
2 a 20
4 25 40
6 50 60
8 75 80
10 100 100

Table I: Onanti mtnv t'il l lle~ for tllki llg dt'c i::; ioll~ 011 trea tment.

Graph for decision-taking on treatment

Remaining
servic e life

2 3 4 5
User Risk

% Attained Area

00-20 0 20-40 0 40-60 . 60-80 .80-100

FigHre 2: Graph of dt'ci::; ill/l-takillg 011 trea tment .

Figure 2 shows a hypotheti ca l quantitative example. To reach a m atr ix for a specific
case it is necessary to a ttribu te quantitative concep ts to each variable, i.e., it is necessa ry
to clearly es tablish what would really be a "h igh " attain ed area, for example . Establish ing
p recise values fo r each of these variab les is recognised to be a co mplex task, in w hich
analysis shou ld ta ke in to considera tion th e specific features of each case. This requ ires th e
specia lists to have a good knowledge of the issu es, so m e experience and particula rly a
hi gh d eg ree of systemic reasoning.

6 FINAL CONSIDERATIONS

In the case of CFCs in vestmen ts are justi fied in th e m easure in which the vast
m ajority of pathologica l manifesta tions in the CFC subsystem can be a ttribu ted to lack of
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understanding of the interfaces between its different compone nts, wh ich are d irec tly
lin ked to deficiencies in the technical kn owledge of the whole production cha in, i.e.:

• Unskilled tile fixers, without training;

• Manufacturers of material s unconcerned abou t guaran tees , technical assistance
and informat ion on the use of their products;

• Designers unaware of their responsibilities in the CFC production chain, and;

• Installers (build ing proprietors) not attending to the real value attributed to the
relation between repai r costs of the pathologi cal Manifestation x Value of the
assets to be reco vered.

The main contribu tion of the methodology developed in this work for the ceramic
tile manufacturing compa nies wou ld be to es tablish parameters th at provide a better
und erstanding of how the ir produc ts are used in one of the most importan t subsystems
in buildi ngs. And in this wa y, to understand th e need for be tter technical qu alif ica tion (in
the area of building cons truc tion) of those in charge or th e Technical Assistance
Departments of these companies.

For the developers the contributions of this wor k are conta ined in the innovations
proposed in the Methodology, which can be sum med up in three ba sic points:

1. Establishing a sys tematic methodology for th e study of th e pathological manifes
ta tions in the CFC subsystem;

2. Determining parameters to establ ish va lues of the pl an ned service life of the CFC
subsystem, and;

3. Defining a line of treatm ent for CFC subsystems affected by detachments, based
on accu ra te technical and econo mic param eters.

The proposed methodology enables determining the ongms of detachments in
CFCs, and thus establishing how building production procedures can affect th e use of th is
subsystem . For exam ple, th e lack of plumb th at reinforced concre te structures may exh ibi t
can make thi s type of facing quite unsuitable, i.e., it can be concluded th at to use th is
subsystem, it is necessary for th e decision on its use be taken in the planning phase, and
that durin g the whole construction of th e build ing, proced ures should be employed that
take its use into cons ideration.

Through the proposed methodology it is possible to determine the importance of the
"cons truction memor y" of the build er, that is to say, accessing important d ocuments to
learn the history of the construction, su ch as: fi scal notes, working agend as, p lanne d and
execu ted physical time sched u les, serv ice execu tion contrac ts, materials rece p tion tests,
"as bui lt" project, amo ngst o the rs; in the di agnostics of the problem.

As a result of this, it is possible to arrive at repai r p rocedures that can so lve the
problem ba sed on technical an d financial approa ches. Th is can avoid the option for spot,
pall iati ve interventions th at most of the times do not provide th e expected results owing
to th e lack of systemic analysis, such as the opening of movement joints in a fin ishe d
facade , which can d o more harm than good . The whole subsystem can be mad e frag ile
owing to relieving stresses on ope ning th ese join ts.

One of the most important conclusions drawn during the development of thi s work
was that th e repair of CFCs can enta il extremely high costs. These cos ts inclu de: leasing
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and installing so ph istica ted hoists (for facil ita ting se rvices), use of better quality ma teri als,
low p roduct ivity owing to the use of small tea ms for bet ter control in the exec u tion of
se rvices, diffi cul ty of find ing ceramic tiles like those used in the work, existence of legal
action s, amo ng st othe rs.

However, th ose responsible for repair, wh o often consider this to be economically
unfeasible, can th rough the p roposed method ology accurately determ ine this in relation
to Cost x Ben efit. In the studied cases, it allowed conclud ing th at even with a high ou tlay,
it wa s worth repai ring the subsystems, at least from the poin t of view of the proprietors.
The p robl em lay in the fact that for the d eveloper th is was an "unacceptable" cos t, but it
is bel ieved that the damage to the developer 's ima ge and the value of a possibl e legal
compe nsa tion exceeded the va lue of the repair in itself.

An other o f the contributions of this study, for the tile manufacturing com pa nies as
well as for the developers would be the d iscussion of the way this subsystem is used in
bu ild ings. There are no eiiorts be ing und ertaken by the tile manu facturing ind ustries (in
a gene ral way ) towards attend ing to de mands by the bu ilders, i.e ., to se ll ceramic tiles as
an "< ap p lied product". Developers (at least those heard by the au thor ) no longer wa nt to
have to bu y all the componen ts of the subsystem sepa rately, to hire man power to use
them and later to accep t liab ility with regard to the users.

ACKNOWLEDGEMENTS

The au tho rs than k Ce nter Cerarn ico d o Brazil- CCB for thei r sup port in cond uc ting
th is work and Miss Mar ta Teresa Perez for the translation .

P. (;11- oN



ill QUALI~Lb? 2002

REFERENCES

CASTELL6t' (SPAll')

B51 - BRITISH STA:-.J DARDS I :-.JSTITLTIOI\: Guide to durab ility of buildings and build in g ele ments , products and
components - OS 7543. London. 1992.
CAMPAI\'TE, E. E; SABBATl:\JI, F. H. Durabi lid adc dos reve-ti men to, ce ra miccs de facha d a e SUd influe ncia OJ qual ida dc
1..' "'t.'gur.1n, .l des t.>d.ifica,<1t.>s. In Scmi ndrio lnt cm aciona l :'-J UTAU 2000 Tecnologia & Dese n vol vimento, 550 Pau lo, 2000.
Anais . Sao Pau lo.
C HEOl'\C, Y. C. Training of tile rs. In: Co nfere nce on Adhes ives Technology in the Arqu itcctural Application of Ce ra mic
Til...·s. Singapore. 1992. Proceedings. Singapore, Trade Link Media Pte. Ltd .
e lB - COl\:SEJL INTERl': ATIONAL DU BATI~'IE:-.JT Working with the performance approach in bu ild ing. Rotterdam
Ne lhe rlands,1983.

INTER:'<ATlOt'AL ORGAt' lZATlOK FOR STAt'DARDIZATION . Building servi ce life plann ing - part 1 Gene ral
princip les - 1568&-1. Gene va Sw itze rland . 1997.

~IEDEIROS, J. S. Tecn o logia e pro jeto de revesfimentos ce ramicos de fachada de ediffc ios . S.lo Pa u lo. 1m . -I.5Sp. Tc-,c
(Douto rado} - Escola Politecni ca. Uni ve rs idade de S,lo Pau lo .

PERRY. j.; WEST, D. Principle, of externa l tiling d esign. In: I:-ITER:'<ATlO:-lAL CO:'<FEREt'CE 0:'< BUILDING
EKVELOPE SYSTEMS AND TECHKOLOGY. Singapore, 19'14. Proceed ings. Singapo re. CIDB-t'TU, p. 85-90.
SABBATI~ 1. F. H .; BARROS, !\..1. \1. S. B. Recnmned acoes pa ra producao de revesfime ntc s ce ra m lcos para paredes d e
ved acao em alvenatia . SJo Pau lo. Co nvencio EPUSP/ C PqDCC - E:-.JCOL. 1990. (Relato rio Tecnico R6-06 / 90).

SlfOIiET. I. \ 1.; LAU FER, A. Exte rior cladding me thod s: a technocconom ics analysis. Journal o f Constru ct io n
Engine ering an d man agement. v. 122, n. 3, p . 2-1-2-2-17, 1996.

TA:-.J , K. S. ct .1 1. Non-d es tructive assessment of voids in tiled wa lls. In : INTERN ATlO :-.J AL CO N FERENCE O:-.J
BU ILDI~G EN VELOPE SYSTEMS Al'\ D TECH:'\lO LOCY, Singapore, 1994. Proceedings . Singa po re, C IDB-N TU, p. 9 1-96.

1'. G il • 101.1


