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ABSTRACT

Throug): a discussion of the factors inuolucd ill lite occurrellce of dcmchmcnts ill ceramic
facade cladding», litis work seeks 10 estabiish parameters for restoring this lill i/dillS subsystem.
Tltrouglt this inuestigaiion, subsidies are sousltt for llpplyillg a metltodology developed for the
repair of titis type of palltological mallifestaliOl I.

The work presents and alllllyses a case sludy ill a residential building located ill the city of
SilO Paulo - Brazil. III titis case study it is attempted to apply parameters based OI l actions of a
prcucntite and corrective character. ill defillillg 1lI1 approach for repairing facades affected by
dcttichme nIs.
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1. [ TROD UCTI O N

This work is based on the met hod ology developed by CA MPA TE (200 I) for
d iagn ostics, prevent ion an d repair of pat hological man ifesta tion s in Ce ramic Facade
Cla ddi ngs (CFCs) cons isting of th ree differen t phases: di agnostics, treatm ent and
p red iction, of which the first two are d escribed in this work. The stud ied case involves an
intermedia te type of residential build ing of 13 floors, located in a midd le-class
neighbourhood in the area west of the city of Sao Paulo. Figure I presen ts a view of the
build ing.
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Figure 1: Vit·w of lilt' building.

This case origina ted in user claims that there were physical risks becau se of a
p roble m of falling ceramic tiles in a pedestr ian passage alongside the build ing. The
builder was then called and after visiti ng the site concluded tha t specified repair work
being carried out was not solving the problem.

2. DIAGNOSTICS OF T HE PROBLEM

This stage comp rises four diffe rent phases: inspect ion, interv iews, alla lllll<'sis

(establis hing preced ing history), analysis (es tablishing cause /effect relations), whi ch arc
described below.
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2.1 INSP ECfIO:-i

The first action taken was an inspection ill situ, upon which the bu ilding wa s
cha ra cter ised in regard to its surround ings, as shown in Figure 2.

N
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Figure 2: Location of t1Zt·IJUiIdiug.

It can be observed that the problem happened in the east facade of the building, as
shown in Figu re 3 a nd qu anti fi ed in Figure ~ .

Figure 3: Dl'lachmm! event ill the ('as t facade vf the puildillS.
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5~ Floor (0.56m')
5~ Floor (0.36m' )

"-- th '4 Floor (0.16m")

East facade \Vest facade

Fig ure4: View:; of ti ll' 1'j)~i t iml=' at which the detachment s occurred and tilt';' rrspcctire an'as.

The ill situ inspection also highli ghted the notable expos ure to sunligh t that affected
the facad e in two pe riods of the day, as sho wn in Figure 5.

Figurt' 5: Evidence of east fllcade eX/IOSlln' to sun light.
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An other fac t demonstrated in the inspections w as the lack of coverage on the back
of the ceramic tiles that came off the faca des, as show n in Figure 6.

Figure 6: Eruience of the lack of cOilL'ragt' OIl tile backof ti't' ceramic tilt's.

Areas were also observed in which tiling swellings warned of the eminen t risk of
tiles popping, entailing great risks for the users and demanding urgent solution, as Figure
7 shows.

I

I •\

Figure 7: Appearanceof swd lilIgS ill an'as of t!le west facade of f"t'IJlf ildiIlS.

2.2 INTERVtEWS

In a second phase of the di agnosis three interviews were held with the engineer
responsibl e for the work, the building gua rd (who works in con st ru ction) and the
building manager (one of the first residents). Th e information collec ted wa s used to draw
up the preceding history of the building and of the CFC subs ys tem .
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In the interview with the engineer, data was collected on the building: it wa s built in
36 months, using a reinforced concrete structu re formed on site, filled in with ceram ic
blocks, with cladding on all facad es of gla zed pressed ceramic tiles in four different
colours (white, ash grey, blue and green). me asuring 20 x 20 cm (simulating size 10 x 10
through an accompan ying di vision).

The builder 's engi neer reported that the bu ilding had been delivered at the end of
]998 (Dece mbe r), the first claims being filed in March of 1999, a fact confirmed by the
man ager. According to the engineer, the work had been performed without any big
problems, each stage being completed within the se t term, with all due care "as can be
seen by the quality of the con crete structure, whose departures from plumb in the facades
do no t exceed 2 ern."

According to him, great care had been tak en in rendering the facad e and fixin g the
tiles, since it was don e by a skilled pie ceworker in installing ceramic tiles on facad es, who
had worked for the builder for over 20 years; thi s work had been accompani ed by
technician s of the com pa ny that produced the fixing mortar (type AC II), which had been
recommended by the cera mic tile. manufacturing company. Thi s care was necessary due
to the lack of experience by the builder in using thi s type of facing (they had hardly made
any facad e claddings with sm all size pieces following the tradition al method ).

The information rece ived from the gua rd did not confirm these sta teme nts, in truth
it contra d icted them. According to him, the facade render was done by a pieceworker (the
one that had worked for over 20 years wit h the builder ). different from the one
resp onsibl e for the CFC subsystem, and th is latter individual had ende d up chang ing the
team o f workers three tim es. The two affected facad es were execu ted at the sa me tim e
wi th sca ffold hoists (wi th mechanical and plank walkways) in all their ex tensions,
adopting the following order : it d escended exec u ting the render, the team cha nged (th is
went to another facad e) and they went up the hoi st not in service (to leave " the render
tim e to time to dry" ) and once up h igh, they came d own fixing th e ceram ic tiles, one week
after ap plying the render.

Furthe rmore, accord ing to the guard, the back-up by the compa ny producing the
fixing mortar was restri cted to a training one afternoon wi th the team that sta rted the tile
fixin g se rvice. The tra in ing exp lained how to stir the mortar powder in water, the
proportion of the mixtu re, the need to let it rest a certa in tim e and how to spread the
plaster on the surface. This training was not repeated for the othe r members o f the team
that were changed .

2.3 ANAMNES IS

During the ana mnesis phase of the building, the lack of a cons truc tion memory by
the manufacturer became clear, w hich negatively affected the study of the building
documentation (plans, br iefs of struc tu ral calcu lation, specificat ions and tests of mat erials
reception , chronog rams and work logs ). The lack of precision or even the inexisten ce of
these d ata limited th e Data Analysis ph ase of the proposed Method ology, since it was not
possible to reconstruct the documentation of the bui ld ing's previous history.

Records of acco unting receipts of materials purchases were appa ren tly not kept.
w hich would have allowed tra cking the products; only the receipt s of ceram ic tile
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purchases were found, but not of the fixing mortar. The explanation give n by the builder
was that as the amount spent on the cera mic tile purchase wa s high (since the tiles were
bought in just th ree lots), these were easier to book.

O ther impo rtant d ata so urces would have been the work logs and physica l
chronograms, but these cou ld not add any more information either, as the exis ting logs
we re not fu lly written up: they d id not have complete records of the team responsible for
the execu tion of the CFCs, how the qualit y of the performan ce of the work wa s controlled
or its rece p tion; events o r even whole days were missin g. As to the physical chronogra ms,
w h ich cou ld acc u ra tely determine when work was performed, the rhy thm of its
implementa tio n, as well as o the r in formation, could not be found .

2A ANALYS IS OF CAUSE-EFFECT RELATIO NS

As access \\'i1S unavailabl e to all the relevant informatio n, based on the evidence
es tablished during the interviews and the ill situ visit, it was soug ht to determine the
Nature and Origin of the problem, following the app roach developed by CAMI'ANTE
(2001). Thus, s ta rt ing at contact with the problem of ceramic tile det achment of the east
facade, the I st observation Level, the Immed iate Cause, was reached, i.e., it was caused
by lack of bo nding between ceramic tiles and fixing mortar evide nce d by ab sence of
cove rage on the back of the tiles.

Developing the anal ysis of the Nature of the problem led to facto rs suc h as:

• Install a tion after fixing mortar open time had expi red;

• Installa tion without ca rry ing out the fl oating and buttering ad hesi ve procedure;

• Inadequate pressing down onto the band s of mortar and thumping of the tiles
evidenced by the lack of tile rear profile impressed in the surface of the fixing
mortar :

• Lack of ca re in cleaning the fixing su rface;

• Installation on surfaces subject to severe climatic cond itions, such as: high
exposure to su ns hine on the facades, high frequency of strong winds, high
temperatures and rain fall in the peri od in which the facade was built (Octobe r,
I ovember, according to the building eng ineer), without appropriate protecti on;

• Inst allati on under unfavourable working cond itions, i.e., la rge installation areas
provided by a sca ffold hoist of 6,5 m (infor mation obtained from the building
eng ineer);

• Use of numerous work teams;

• Absence of person in cha rge of account ing for the work done on the sca ffold and;

• Absence o f residen t engineers during the execution of the CFCs.

After ana lys ing the factors involved in the Na ture o f the problem, it w as then
possible to go on to their Origins:

• Inad equat e choice of fixing mo rtar (AC II) for the conditions of use, i.e., with a
sho rt open time:

• Deficiencies (or absence) in the execution proced ure;
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• Lack of training of fixers;

• Incorrect uses (or absence) of proper tools and;

• Deficiencies (or lack) of control crite ria relating to the performan ce of se rvices and
accep tance of the work;

Afte r having defined the probable d iagnos tics, the proposed Method ology attem pts
to ar rive at a prediction of the likely evolution of the prob lem if it is not treated. This
required mapping the facad e to es tablish the real dimension of the problem . Mapping was
cond ucted using a percussion instrument handled by a build ing worker, using a so-called
'sea t'. Wherever this worker found a ceramic tile with a hollow sound, th is point was
marked.

The conclusion reached was tha t nearlv 65% of the eas t facade was affected, and 55
% of the west facad e exhibited local "swellings' . In view of the risk for the users, it was
decided to completely renew the subsys tem.

3. DEFINING THE TR EATMENT

As set ou t in the Method ology proposed by CAMI'ANTE (2001) the definition of the
treatment to be ado pted and its extent sho uld be based on four ini tial aspects:

1. Exten t of the problem, defined by the affected CFC area;

2. Risk for the users during use, if no action is undertaken;

3. Service life of the building and;

4. Costs associated wi th the type of pro posed repairJi

The decision ma trix described bv CAMI'ANTE (2001) can be used to deter mine the
bes t repa ir procedure for this case. A,{ application is given in Table 1.

Event Level of impact
Affec ted Area High

Risk for the user High
Remaining service life High

Rcoair cost x Value of the asset Lo w

Table J: Decision matrix for buildill:\ D.

Analysis of the build ing situation based on Table 1 led to the conclus ion that the best
op tion wo uld be complete renewal of the affected facades, i.e., complete rem oval of the
ceramic tiles and installation of a new cladd ing (at thi s point in the d iscussion it was still
unkno wn wh ether the cladd ing wo uld be ceramic or not).

P.(;11 - 40



CASTELL6r-: (5I'AII'\)

To reach this conclusion, first the probabi lity of accidents was analysed, if no action
were undertaken in area s as ye t without detachments. It was es tabl ishe d that
approximately half of the facad e a rea was alread y affected by 'swe llings' , making these
areas quite un stable, with emine nt risk of ceramic tiles com ing off, which in fact ended up
happening in the west facad e, fortuna tely with no personal inju ry. It was thus decided to
completely red o the facad es and not carry out local repairs.

Th is decision was also confirmed on consid ering the remaining service life o f the
bui ldi ng which was 2.5 yea rs old, i.e., it was a quite new build ing, still at the beginn ing of
its actua l service life. As d iscussed above, in cases such as these the only option is
complete renovati on of the subsystem.

Even witho u t considering technica l as pec ts, suc h as those di scu ssed by
CA MPA, TE (200n relati ve to the binomial Cos t of Repair x Value of the Asset, the
conclusion for the condomin iums was reasonable . Acco rd ing to the p roposed
Me thodology, even having CFC repair cos ts es tima ted at abou t US 5300,000.00, the
roughly calcula ted value of the building. based on the value of each unit (US 528,300.00)
wo uld be US 5 1,358,400.00 (o! units per floor x 12 floors x the value of each unit).
Considering furthermore that the building was still a t the begin ning of its se rvice life and
that a cha nge in the type of facad e clad d ing could depreciate the va lue of the unit s, it was
concluded that renewal of the CFCs wo uld be the right decision.

Th us, in March 2001 renovation of the eas t facade was started . A pieceworker
recommended by the tile manufactu rer was hired (a company that seeks to be accred ited
by the tile manufacturer for installing its products) to carry out the repairs. The ini tially
cons idered (and budgeted) p rocedure for the pieceworker wa s to be the complete removal
of the ceramic tiles and the installation of ne w ceramic tiles, on the previou s fixing morta r,
wi th the opening of movem ent joints in the render, as shown in Figure 8.

Figure S: Vit"it' {iftilt' t'ast facade during repair.
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During the removal of the ceramic tiles, ev idence was encountered of o ther
problems hidden till th en, such as, render a pparently affected with regard to its
mechanical s treng th and physical integrity in d ifferent points of the facade.

To determine the tru e ex tent of the probl ems in the render pointed out by the
wor kers, it was d ecided to cond uc t fi eld tests to determine the real cond itions found in
the facade. Table 2 gives the values found.

Scaffold Average strerngth Adhesion Average strerngth Surface
holst (kgf/cm' ) Coer. Var. (% ) Media (kgf/cm') Coer. Var.(%)

3,46 32.54 14,59 38,48
2 4.06 53.9 1 10.31 37,73
3 2.60 45.5 1 11.21 67.93
4 3,43 35.38 15,44 40.08
5 3.99 83.69 11 .84 40.8 2

Table 2: Summary of tilt' l'alrlt'5 [ound during lite field test ill the jafadt' tmdt" repair.

Based on these tests it was conclude d that there were onlv so me small areas (abo u t
10% of the total area ) of affected render; these were mapped a~d identified for repair. In
most of the su rface the fixing mortar still retained its surface streng th, w hich a llowed it to
be used as a base for the new layer, just recommendi ng sand ing of its rough edges and
reg ula ting its surface w ith mortar of the AC II type.

In the regions in w hich the fixing mortar wa s removed, but the rend er was
un affected, it was necessary to apply a priming layer between the old render and the
reg u lato ry AC II mortar layer, us ing a ceme n t slurry mixed with wa ter and PVA Rodopas"
503 D resin in a p roportion of 1:6, w ith ap plica tion af ter 1 hour with a foam roll er.

In the regions in which the rend er was affected, be fore reinstall at ion it was necessary
to remove the ad jacent areas . To do this, w ithout caus ing furthe r d amage, it was necessary
to cut out all the areas that p rese nted a hollow so und wi th a circular diamond saw
accom pa nied by checkerboard pattern, w ith hori zontal and vertica l cu ts forming a
che cke rboa rd, in which la ter, the small pieces are rem oved using a ch isel and punch .

On removing the whol e area it is necessary to apply a primer sim ilar to the one
described previously. If the thi ckn ess of the render mortar is less than 5 mrn, resin l' VA
Rodopas 503 D should be added to the ga uging wa ter in a proport ion of 1:6. Aft er doing
this, a new render shou ld be appl ied with industrial mortar Cirnpor F 11.

In these areas of th e render, levell ing can be carried out with regulating mortar,
w ith out need ing to apply this on the renewed render.

After regulation of the who le su rface, ceramic tile installation can sta rt using mortar
of the AC 1Il type (d ue to its larger ope n tim e) using the floating and bu ttering technique
(ow ing to the impossib ility install ing movement joints, as sho wn below) and using the
procedures se t out in standa rd BR 13755 (AB T,1 996).

Due to the thinness of the render, in so me areas movement join ts cou ld not be
installed without removi ng and reinstall ing the whol e render coat. Though this is
technically the most appropria te solution, fac tors o f an econom ic nature (high cost),
inst itu tion al na ture (damaging the image of the company and in terference in the use of
the build ing ) and of a technica l na ture (p ossibili ty of affecti ng internal coating s and
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interfering with ot he r subsystems, squares, for exa m ple) do not allow implementing th is
repair approach.

5. REPAIR PR EDI CTI O N

In this ap plica tion ph ase of the Meth odology proposed by CAM PANTE (2001), it is
necessa ry to evaluate the d u rabi lity and reliability of the p roposed repair, which it is
d ifficu lt to do due to the lack of accu ra te d ata rega rd ing the inter faces of the va rio us
subsystem com po ne nts. Cons idering the op tions ava ilable before the repai r (im m inent
collapse of lar ge CFC areas), it is believed tha t the prediction for th is repair can be
considered satisfac tory, though it cannot be qu antified exactly, in terms of tim e.

The im possibi lity of ope ning movement join ts represen ts a limi ting factor to
achiev ing a high degree of reliab ility, but aga in, means are unavailable for defining this.
Another constra ining factor on the reliability of the p roposed repai r is the absence of an
executive project for the repair. It is considered that the application of the procedures
described by MEDEIROS (I 999) (as far as possib le) can partly counterac t this limitat ion.
Acc urate exec u tion control procedures and the ass u rance that recommendati ons are
followed up can ensu re repair w ith an ap propria te degree of reliabil ity.

An other limiting factor conce rn ing the d u rability and reliabili ty would be the
absence of a 1'1'1' to be used in thei r exec u tion. Havin g such a project is ve ry important,
since this level of repair is almost like a new exec u tion of the subsystem. Thus , a systemic
ap proach is requi red in considering the va rious factors of influen ce involved in pl ann ing,
execution and con trol. However, it is necessar y to realise that performi ng this is already
qu ite com plex in the bui ldi ng stage, and even more so in a possible repair phase.

6. CONCLUSIONS

In the case study the negative effect was ev idenced of the lack of ava ilabili ty of
d ocumen ts on the cons truction of the buildi ngs, for ana lys ing the factors of in fluence in
the natu re and causes of the p roblem, suc h as : structural proj ects, calcu lation briefs, wo rk
logs , etc.

In every case , one could observe the lack of sys temic analysis in the di agnosti cs and
in es tab lish ing treatmen t p rocedures. The lack of technical kno wledge is also to be
observe d by the professio nals employed by the builder, on conduc ting a di agnosti cs
(d rawing conclus ions based on 'exper ience' ), well as in cera mic tile insta llation
(prod uc ing incorrect repa irs).

Ano ther fact highlighted by the int erviews and inspection s was a certain mistrust in
su pplying information by all those involved, in the case of the engineers, perhaps d ue to
fea r of criticis m of the technical procedures adopted; in the case of the two users, the
d istrust possibly stemmed from the depreciat ion that their assets cou ld come to su ffer. In
trut h, the investigator of ten had the imp ression of being viewed as a 'crim inal expert'
rather than as a p rofessional atte mp ting to help so lve a p roblem.

Dur ing theapplica tion of the proposed Methodology, it could be observed tha t the
necessary va riables for the d ecision-taking matrix ment ion ed in the case stud ies need ed a
qua nt ita tive determination to have a more accu ra te app lica tion for eac h specific case.
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