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1, INTRODUCTION

O u r industry is perfectl y awa re that a cu stomer does not decide w hat to purchase
by th inki ng of cer amic tiles packa ged in boxes, meeting st rict qu ality paramete rs as sured
by modern production facili ties, but that the decision to use tile is based on images of
a tt ractive ly decorated fin ished spaces used for dai ly liv ing, meeting spa tia l needs and
fu lfilling general building fun ctions.

It is h om thi s viewpoin t that the concept of qua lity in ce ramics as a building finish
is to be understood, assured and contro lled, which goes quite beyond the product (tile)
itsel f. It should be viewed as qualit y in a fin ishing system, as a tot al covering, w h ich
ranges hom the surface specifica tion stage and subseque nt tile installation to the
mainten ance and daily clean ing process of the space invol ved.

Using ceramics is thus an int egral decision, wh ich involves knowledge of the
prerequisit es for installation , the insta llation itse lf, an d th e subseque nt processes th at
assu re the success of the ce ram ic tiling in serv ice, whil e also prov iding a wealth of
aes thetic possibilities and fun ctional advantages compared to o the r types of materia ls.

The decision was taken, based on thi s in teg ral specificati on crite rion, to ins tall
po rcela in tile in one of the most rep resenta tive projects of recen t years in th e public
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building secto r in Sou th America, the Publi c Sector Compa nies' Head Office Building in
Medellin, Co lombia (1994-1996). This involved the installation of 70,000 m' (754,000 sq . ft)
of po rcelain tile flooring for offices, open areas and terraces.

Besides its magnitude as a result of the size of the construction wo rk, the decision
was also an innovation in the type of finish, as it involved a relat ively new market of
ceramic applications in public bui ld ings, a dom ain traditionally reserved for carpeting
and ter razzo tiles, in which porcelain tile had appeared only abou t a yea r before. This was
moreover a mar ket with a relat ively unskilled labour force, accustomed to traditional tile
fixing methods, and an empirical qua lity control method in the finishing operat ions
performed in building, di rected at findi ng installation errors rather than preventing the m.

Th is meant a cha llenge for the Co lombian cera mic market, suppliers and
contrac to rs, faced with a project that from the very outset required meeting wo rld class
qu alit y standards, not just in materials but also in methods. The compa ny, Empresas
Publicas de Medellin, required the contractor to se t and comply with a qua lity system in
the installation, based on care fu lly planned, written procedures, which we re to be
effective and allow ensuring conformity of the work to plans and specifications, meeting
19 of the 20 fun ctions set out in standard NTC-ISO 9002-94.

As part of the contrac tor 's p rofile, the client requested ongoing assessment of the
qua lity sys tem from the start of the project, to be conducted by the Instituto Colombiano
de No rmas Tecn icas (ICONTEC), wi th a con tractua lly stipu lated requirem ent of scoring
90 ou t of 100 po ints. This was thus the firs t company in the Colombian build ing industry
to be asked to impleme nt a total qua lity assu rance system.

We should like to share th is experience wi th the industry, describing the planning,
mon itoring and control tools, applied to each and every activity involved in the
installation . These opera tions look simple, but from a qu alit y assurance perspective and
for any medium or large project they take on such an importance, that on them depends
the success of ceramic tiling as an alternative covering mater ial in bui ld ing cons truc tion.

2. DESIGN ELEMENTS THAT AFFECT FLOORING END QUALITY

2.1. PROJECT DESCRIPTION

Head Office Building for the public sector service compa nies in Medellin Co lomb ia.

Areas tiled with porcelain tile:

Mai n office: .
Common services: .
Open areas and ter races ..
Ot her areas : .
Tota l tiled areas: .

2.2. WORK PHILOSOPHY

- Ongoing improvement

- Preve ntion instead of cor rection.
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- Analyti ca l s tudy and verification of alte rnatives that ensure o ptim isa tion and
qu ality of materials, processes, costs, operating times, and end p roducts.

2.3. DESIGN PARAMETERS

A module of 0.45 linea r metres was ado pted hori zonta lly an d ve rtica lly, to which
all the measurements in the build ing were referred. This was late r to facilitate the
modulati on of the cera m ic flooring, en ta iling g reat advantages in optim ising the
ceram ic m aterial, vield and case of in stall ati on.
The architectu ral ;"odu lati on facilita ted the classification of the work, as wi ll be
show n bel ow, allowing an in-line in sta lla tion system to be implemented fro m the
outset , which was reprod ucib le throughout the building.

- Visua l transparency: Each sto rey of the 6000 rn- bu ild ing was conceived under the
o pe n off ice system, creating spaces with angles of vision and floo r areas of over
100 m in length.
Thi s required perfectly leve l floors . The control pa rameter was maximum
deviations of 3 mm over d istances of 3 m in a stra igh t lin e, carried ou t w ith
topography instruments when po uring and matching the mortars.
Moreover, on having long spaces , the lines formed be tween the tiles had to be
pe rfec tly stra igh t. To achieve thi s, gu idelines we re se t out on the floor using
topogra ph ic co nt rol, a t 3.60 m spacings, each with a length of IOH m in one
direction, as well as 3.60 m x 72 m in the o ther, forming a perfect con tro l g rid . Th e
insta lla tions we re ca rr ied out in each area on th is grid and ma xim um ad m iss ib le
tolerance was 1 m m .

- Spa ns of g rea t leng th . The re were spans of up to 3H m in a stra igh t line, which
produced d eflections tha t were in no way to be visua lly transmitted to the
immense ce ra m ic tlooring areas .

2.4. FINIS HES

Bes ides meeti ng architectural and decorat ion design parameters, the specifica tion of
the finis hes was guided by the follo w ing cri teria:

- Du rability in public se rvi ce.

- Efficie n t fu nc tioni ng o f the off ice system .

- Spec ia l noise con trol.

- Ease of main tenance

- Enviro nmenta l quality.

Three fin ish floo ring o ptions were assessed : carpets, polished cement tiles, and
porcela in till'. This last material was chosen ow ing to its advantages in durability, case of
installat ion, and maintenance in dail y use. The quality parameters used to choose the
su pp lie rs of the flooring sy stem (till', adhesive mortar and grout ) a rc set o u t below.

2.5. STRUCTURAL SYSTEM

- Reinfo rced, pres tressed co nc rete:

- Distribution of the relieving me mbers and ribs in 11 .Hft x 5.90 ft modules.
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and ma intain, with a 5-yea r gua rantee of the who le flooring sys tem, led to specifyi ng
po rcelai n tile, repl acin g traditional ma terials in our market such as carpeting and
po lishe d terra zzo.

The quality cri teria used to select the suppliers were as follows:

- Conformi ty to product sta ndards:
Porcelain tile: Europea n standards EN 98 to 105, 176 and 202.
Adhesive mortar: stan dard ANS I 118.4
Grout : standard ANS I 118.6
Joint sealant: standard ASTM C920

- Quali ty certification ISO 9001

- Expe rience verified in simila r wo rks (in magnitude, traff ic, qua lity control),
which we re visited an d assessed by the Technica l Ma nageme nt of the
Consortium.

Fur the rmore, supplementary services we re also required besides the supply, such as:

Part icipation in planning installation methods.

Training and consta nt monitor ing of the tile fixers.

A resident enginee r at the work site throughout the who le tile installation process.

Analysis of the resistance to peeling at the site and in the laboratory, wi th spo radic
samplings.

Five Yea r Gua rantee, includi ng tiling, installat ion materials and labou r costs.

After rating suppliers and materials, Marazzi porcelain tile was chosen, together
with the Laticrete fixing sys tem. Both companies are represented in Co lombia by the
Corona Organisation. The materials chosen were:

- Porcelain tile, size 11.81 x 11.81 in., in diffe rent matt an d glossy models.

- Adhesive: Read v-m ixed mo rta rs with Portland cement and latex, for thin and
thick set tile insta llation.

- Grou t: For 5 mm spacings between tiles. Ready-mixed morta r with Por tland
cement and latex .

3. ELEME NTS OF THE Q UALITY SYSTEM APPLIED TO THE FLO O R T I LE
INSTALLATION

The client wanted the Contractor to es tab lish and maintain a qu ality system based
on writte n proced ures, which was to be efficient and ens ure conformity of the work with
plans and specifications, fu lfilling the functions set out in sta ndard NTC- ISO 9002-94.

During the cons truc tion, the qu ality sys tem of the Consortium (CONVEL
CON INSA) was assessed on 4 occasions by the Institu to Colombiano de Normas
Tecnicas, with a contractua l requirem ent of scoring 90 points ou t of lOO, obtaining very
positive resu lts. This was the first company in the Colombian buil ding ind ust ry, which
was asked to implement a qua lity ass u rance sys tem.
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QUA LITY PROFILE - CONSTRUCTION OF THE E.P.M.
HEAD OFFICE BUILDING
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~Diag No .3

3.1. MANAGEM ENT RESPO N SIBILITY

The project was cond uc ted with in the framework of the policies and qu ality
object ives of the building co m pany, wh ich forms part of the company's Q uality Manual.
Therefore, the administrative stru cture of the project w as designed so as to assure
conformity to the quality assurance requ irements se t by Management.
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3.2. IDENTIFICATION AND T RACEA BILITY

3.2.1. IDENTIFICATI O N

Using a ha rm onised language, th is e lement of the sy stem allowed id en tifyi ng a ll the
parts of the project. To a ttend to the installa tion of 70,000 m- of porcelain tile, it was
necessa ry to have a sim ple, o rd ered , logi ca l sche mat isatio n that cou ld be sys tematica lly
used throughou t a ll the storeys to be tiled .

A standard plan of the bu ilding (5.500 rn-) was used for thi s purpose, w hich was
subd iv ided into approximate ly equal area s, so that ins ta lla tions cou ld take place
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simultaneouslv in di fferent areas, leaving a centra l corridor for traffic movement and
allow closing the installation in an organised way, prevent ing traffic across already tiled
areas, un til 48 hours ha d passed after grouting the joints.

This led to 18 work fronts, each dealing with about 324 m-.
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3.2.2. TRACEA BILITY

This allowed identi fying and locating with certainty the variables involved in a
project such as: materials, me thods used, labour, etc.

For example, in the project it was possible to establish where each batch nu mber of
adhesive mortar was used , references and shades of the porcelain tile, which worker
insta lled each square metre, and so on.

As an example, the follow ing graphic shows the traceability of porcelain tile.
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DISTR IBUTI O N OF COLOURS AND SIZES PER STO REY
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3.3. PROCESS CONTROL

ill QUALI CQJc 98

Six months before the installation, work wa s started on planning the variables (93
in all) which would be inv olved and ne eded to be controlled.

As part of the planning, all the installation procedures and all related activities were
documented, such as:

- Reception of raw materials (ceramic tile, adhesive, and join ts)

- Despatching materi als to each work front

- Horizon tal and ve rt ical transport

- Cu tting tiles

- Preparation of the adhesive and grou ting material

- Tile install ati on

- Grouting

Vari ou s examp les are presented in the follow ing of how some of the most important
variab les were controlled .

3.3.1. CUTTING TILE

Give n the floor design, the location of the expansion joints and di mensions of the
format to be used (30 cm x 30 em ), it was necessary to cut 18,000 m', i. e. about 200,000
tiles. It was therefore indispensable to design and ens ure a procedure that would facilitate
and optim ise the process.

Th is was done by sett ing up a machining sta tion on the first tl oor of the build ing,
w hose task it w as to su p ply all the cut tiles, pa cked and coded, so that they were
deli vered exact ly at the work front where they were to be install ed. Thi s also allowed
classifying the cuts, raised productivity, reduced scrap, and yie lded cleanliness and orde r
as a result of not producing dust a t the work front.

It was de cid ed to d o the cu tting with hand cutters, as a result of the bet ter finish and
greater y ield . Thus, 6 manual cutlers of the Rubi TS-60 type were placed and work was
sta rted 3 months before commencing w ith the installati on .

3.3.2. ADHES IVE AND G ROUTING MATERIA LS

One of th e grea tes t challenges w as to ensu re the preparation of th e adhesive
mortars and grout ing mat eri als, so that in the more than 800 tons of mixtu re used in the
project, proportion in g co nd itio ns, m ixing time and consistency wou ld rema in
unchanged .

To do th is, a n in-line producti on process wa s d esi gned , se t up as mI xin g
fa cility o n a ll th e s toreys of the building. Con t ro l format s were impl emen ted s u ch
as: Da te a n d produ ct ion tim e, mi xing time, proportions, r.p.m o f th e mi xers,
cons is ten cy, a t whi ch w ork fro n t th e product wa s u sed, e tc. It shou ld be noted
tha t th is regi st er was kept for eac h and e very 5-gallon ba tch ch a rg e th at was
p re pa re d.
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LATICRETE ADHESIVE MORTAR AND GROUT PREPARATION FACILITY

E."~TRA:"CE

~--

~

•
I

OffiCES~....
~_ _IIEG1STERS.

CLO K

L
TtI ER\10 \tETER----"tORTAR S - 500

• \i~R~ _ ---.r. Q.!jES!Y£.L\~RQ!!L, L.\TEX

I Em ffi3~~ I
PREPARATlO~ ,

' <.:1> 9'\ <I:;] SJ;l \iIII Io 0 0 0 ' 0

I 8COCC~~

3.3.3. PREOPERATIONAL ACTIVITY

Before starting the tile installation on each storey, the floor su rface was prepared as
follow s:

Top ographical marking
Provisional closing of fronts
Vert ical and horizontal transport of tile to each front according to the modulati on .
Asse mbly of the morta r and grout preparati on facilit y
Cleaning the fronts
Trac ing lines .

Th is was all done 2-3 weeks before com mencement. After co ncluding the
preoperationa l activi ties on the floo r inv olved , the installati on was started according to
the route set out for th is purp ose.
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3.4. STO RAGE AN D TRA SPO RT O F MATERI ALS

II QUAU Cf2.J,> 98

As all the flooring materials were im po rted from Italy and the US, it was necessary
to ensu re satisfacto ry su p ply. It was decid ed to keep 45,000 m- tile stored p rio r to
install a tion sta rt. Sim ilarly, a perman ent stock of ad hes ive s w as held for 6000 m.

In view of these large quan titi es, the processes involved in load ing and unloading,
s torage and interna l trans port of materials were also included in the qual ity assu rance
process, documenting the following p rocedures:

- Storage location an d d istribution.

- Sto rage method .

- Horizontal and ve rtical transport system requi rement s.

- Reception, tra nsport and delivery to th e floo rs.

- Stockpi ling systems, transport an d movement rout es on the floor s.

- Kardex system.
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3. 5. Q UALI TY REGISTERS

Th ese reg iste rs and controls were the basis of an y decision of a technical or
ad ministrative natu re. In most cases they were of a preventive nature, since the
informat ion system allowed trends to be ide ntified, suc h as: behaviour of the materia ls
used, labou r (quality, yield, etc.), effect of the behaviour of the structure on the floor
system, and in ge ne ra l all the va riab les that in tervened in the install ati on p rocess.

Exam ples of so me of the reg iste rs kept in the inst alla tion s are:

Despatch of mat erials, Piece prod uct ion order, Adhesi ve mortar and g rout
prod uc tion, Yield in tile installa tion, Cu mu la tive tile installation area s, Correcting and
preventive actions . Co lour, size and qu anti ty of tile installed pe r sto rey.
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Contro l of adhesive mortar, Contro l of installation yields.
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ADHESIVE MORTAR AND GROUT PROOUCOON CONTROL l
I
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PORCELAIN TILE INSTALLATION VIELD CONTROL
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EXAMPLE OF YIELD CONTROL

3.6. WORKER TRAINING

As no qu alified tile fixers were available for installing porcelain tile flooring,
training was undertaken together with our suppliers, involvin g both professionals and
labourers.

Training was conducted at the tile supplier's facilit ies, where an exact reproduction
was bu ilt of wo rk site cond itions, fully simulating the complexity tha t the tile fixers
would be facing.This allow ed developing persona l skills and correc ting all the erro rs
un der iden tical conditions to those that wou ld be encountered in reality.

Design cond itions and floori ng structure were exactly reprod uced:

- Surface mortars with identical absorption, texture, streng th, etc.

- Expa nsion joints, treatment and sea ling .

- Tile fixing according to the design, spacing, cutting, and grouting.

In train ing times, movem ents, yields, wear of equipme nt, scrap, aes thetic qua lity,
bond ing etc., were measured .

Seve ral joint actions were also undertaken with the supplier, seeking a greater
understan d ing of porcelain tile, installation systems, joint trea tment, installat ion
machinery, etc. The client-su pplier team carried out an in-depth study on all the existing
regulat ions concern ing installation processes, standards, and method s EN, UNI, ANSI,
TCA.

All the foregoing investigation and training started 6 months pri or to installing the
first squa re metre, thus ensuring a success ful start without setbacks. In this way, the risk
of error was minimised in the installation .
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4. FINAL CONSIDERATIONS

ill QUALI~98

- The project sho wed that in our context, applying qual ity ass u rance criteria was
feasibl e in building opera tions, achieving great im provemen ts in technical and
aesthetic result s besides raising prod uctivity, lowering scrap, and minimising the
risk of po st-installation prob lems.

- It was shown that the subject of qu ality ass u rance was accessible for processes
that ha ve tradi tiona lly been craf t trades, of an empirical na ture, ca rried out by
relatively un skilled workers . Th is experience marked the sta rting point in the
direction of a "Quality Culture", especially wi th regard to activ ities rela ting to
"finishes " in bui lding cons tru ction

- The high qu alit y param eters req uired by the client in the project obliged suppliers
to introduce modern installation systems, materials, machinery and proced ures,
creating p rogress in the ceramic and bui lding secto rs.

- The success in thi s large-scale project was defini tive for the introduction of
porcelain tile in Colombia. Thanks to quality assurance, the wo rk was performed
with en viabl e results, in sp ite of the initia l lack of knowl ed ge regarding the
prod uct and its installation .

- "Indus trialisation" in cera mic tile installation opens up the institutiona l market to
its use in large-sca le projects, previously rese rved for trad itional materials,
already dom inated by the med ium as far as their inst alla tion p rocess is
concerned .
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