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ABSTRACT

Dur ability is an essential attribu te, which must be taken into acc ount as a ba sic
cri terion in selec ting materials, in order to assure appropriat e ce ramic floor tile
performan ce under give n service condit ions.

An ap pa ra tus designed to re produce the movement of the human foot on wal king,
which simulates the abrasion process that arises as a result of ped estrian traffic, was used
to st udy how di ffere nt types of ceram ic floor tile performed under ac tual co nditions of lise .

The change in surface qu ality resulting from wear by abrasion was ass essed by using
in strumen tal techniques, in order to quantify the changes in gloss, colour an d texture that
su ch material will exhibit in its useful life.

The maximum variation limits of these surface properties were determined in para llel.
beyond which the user starts pe rceiving wear visually.

Th e study carried out will enable the evolu tion of these products under ac tua l service
cond itions to be pr edicted, and will facilitate the cla ssification of ce ra mic floor tile
accord ing to its application.

1. I:-':TRODUCTIO:-':

I.I I> EFI:'\ITIO:'\OF DliRABILITY

Among the va rious technica l propert ies of ceramic floor tile , abrasion resistance stands
out because of its importance in defining possi ble tile applications. T he decision involved
in selecting a give n product as a floor covering in a specific building will not only mean
that thi s ti le must exhibit a se t of ap propriate technica l characteristics with regard to
foreseeab le serv ice conditions, but will also req uire these characterist ics to remain
unalt er able for a set time .
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Th e de finition of durability, and that of su ch a related concept as suitabili ty for a
specific application, are given in the AST~I stan dard s (ASTlvl Committee E-6 on
Perform ance of Building Construction) as:

Th e capability of a building product or compone nt to perform th e fu nctions for
which it is designed and construc ted (from ASTM Recommended Pract ice E 362).

Durability: th e capability of maintaining the above qu ality for a specified time (from
ASTM Recommended Practice E 362).

The use of th is criterion for selecting ceramic floor tile ra ises the problem of its not
being an intrinsic characteristic of th is material , but rather depending di rectl y on th e
conditions and wear mechanisms it is subjected to, so that ceramic flooring may keep its
technical and aes the tic properti es for a long period of time under so me service cond itions ,
whereas it can exhibit considerab le deteri oration very qui ckly under oth ers .

With a view to predicting product durability, all the variab les relative to actual use must
be perfectly defined, such as:

setting cond itions (interior or exterio r)
volume and kind of traffi c (pedestrian or vehicul ar )
presence of extern al agents (abrasives, water, ch emi cal products )

How acc urate or reliable the durability predic tion is for a specific service applica tion
will depend on the cor rec t definition of these parameters.

The im poss ibility of quan tifying the se var iables often hinders correctly assessing th e
minim um time tha t will elapse before a tiled surface starts showing signs of failure and
impaired surface qu ality.

1.2 RESISTANCE TO SURFACE ABRASIO:vl

Many methods can be found in the literature for determining resistance to surface
abrasion. However, the most widely ado pted procedure is th e PEl method set out in
Europ ean standard EN-154 "Ceramic tiles . Determination of resistance to surface abrasi on .
Glazed tiles", adopted by Technical Commi ttee CEN/ TC 67, of the Euro pean
Stan dardization Committee (CEN).

The metho d involves subjecting the glazed tile surface to the effec ts of an abrasive load
consisting of various ly sized steel ball s, corundum and distilled water in a standard
abras ion tester, through progressive abrasion stages up to 1500 revolut ions.

The test specimens are then visually inspected after cleaning and drying, under the
lighting conditio ns and at the distan ce specified in the relevant standard, and the mater ial
is classified according to the lowest abrasion stage at which failure becomes visible.

The resulting wear is however no t un iform wit hin th e tested surface area . There is a
graduation which increases radi ally from the centre of the test specimen outwards , owing
to the ci rcular movement of the abrasive load across the glazed tile surface .
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The lack of correlation betw een the results obtained with the PEl method. and the wear
that arises unde r rea l service conditions. led to the design of an apparatus that would be
ab le to simulate the abras ion mechanisms produced by pede strian traffic.

1.3 APPARATUS FOR SIMULATING WEAR BY ABRASION CAUSED BY PEDESTRIAN
TRAFFIC

The prototype , called a "TRlBOPOD", cons ists of an elec tro pneumatic system, designed
and built to reprod uce the human gait.

The ap paratus is fitted with a sole-shaped, 15 mm th ick sheet of wulcollan, of Shore A
90 hardness, whose trajectory simulates how a foot treads on th e floor. The sequential
mo vement is con tro lled by an au tomatic programmer hooked up to a set of position and
synchronism sensors, providing efficient contro l of the assembly's operations.

Illu stration 1. Tribopod movement seq uence

The ap paratus als o con tains a multicomponen t sys tem of three extens ometric force
transducers, se t at th e vertices of an equilateral triangle , w hich supports the platform
ho ld ing the ceramic ti les. This force measurement system, which is connected to a digita l
oscilloscope, allows recording the vertical force exerted by the sale of the foot on the ti le
continuously and in real time (Graph 1). thu s guaranteeing test repeatabili ty.

Although human gait may vary, depending on the person involved, it is chara cterized
by exhibiting two vertical force peaks . One corresponds to heel im pact on the 1100r
(pronation period ). and the other to th e propulsion at the front of the foot (supin ati on
period) . However, the presence of this second peak depends on each pe rson's own
peculia r way of walking , and hardly exists in some cases.

The apparatus was tes ted by skille d biomechan ical engineers, us ing a KISTLER
multi di recti onal force measuring plate to verify whether the media-lateral and anterior
posterior forc es exerted by th e TRIBOPOD actually ma tched the characteristic cur ves of
human gait. The driving unit was set at a static we igh t of 74 kg, so as to simulate the force
exerted by a tall person . A vibratory feeder, controlled by a programmer, sprays a co nstant
quant ity of abras ive powder between the sa le and th e tile , at preset cyclica l in tervals.
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Gra p h 1. Vertical force curi-e

2 . OBJECflVES

The present study was undertaken with a view to developi ng a test method th at wou ld
allo w:

Reproducing actual floor tile performance under service conditio ns in a dwelling
uni t.

Quantitatively assessing varia tion in surface properties [gloss and colour), and
setting the maximum limits beyond which changes become visu ally perceivable.

Predict ing the length of the product's useful life un der expected service conditions .

3 . MATERIALS

Amo ng the extensive ra nge of products obtainable in the marketplace. a set of 18
ceramic floor tiles were selected. which combined the gloss, colour. and surface textural
qu alities set out in Table 1.
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'table I

Model Gloss 60° Colo ur Texture

1 1\latt Plain light colour rough

2 Matt Plain int ermediate colour smooth

3 Matt Plain int ermediate colour rough

4 Matt Plain dark colour smooth

5 Matt Plain dark colour rouah

6 Mat t Light multicolored smooth

7 Matt Light multicolored reli eved

8 Matt Intermediate multicolored smooth

9 1\ latt Intermediate multicolored ro ugh

10 1\latt Dark multicolored smooth

11 Semigloss Plain liuht colour smooth

12 Semigloss Light multicolored relieved

13 Semigloss Intermediate multicolored smooth

14 Semigloss Intermediate mu lticolored relieved

15 Clossv Plain lizht colour smooth

16 Glossv Plain dark colour smooth

17 Clossv Light multico lore d relieved

18 Glossv Dark multicolored relieved

4, EXPERIMENTAL PROCEDURE

,U TESTI 'G CO:'llDITIO:\S

As predicting a material's durability largely dep ends upon the actual conditions to
whi ch th e material involved will be subjected. all the variables affecting a product's
performance in an actual application must be defined . In practi ce . se rv ice conditions in a
dwelling u nit may vary co ns iderably. depending upo n:

a) Floor tile location: frequently transited areas like entrances and corridors will
undergo more vigorous wear than bathro oms and bedrooms.

b) Position of the dwelling unit and the building: the amount and type of abrasive
present will vary noticeably according to whether the dwelling directly accesses the
ext erior. lies in a block of flats . is close to building works , beaches . etc .

c) Clea ning frequency: abrasion will be more or less severe in terms of th e amount of
abras ive pr esent. and th e protect ive measures used to keep su ch abrasives fro m
entering the d we lling (door mats etc .).

It will therefore be difficu lt to es tablish average parameters that ca n be applie d to eve ry
kind of housing or dwelling u nit . and which will assure reli able durabi lity pr edictions for
every situation .
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In th e present study. a working method has been define d. which reproduces the most
unfavourable service conditions to which ceramic floor tile might be sub jected .

The apparatus used exerts a repeti tive. monodir ectional force on the same part of the
tile in order to reproduce the mos t demanding conditions in each case. such as for instance
a building entrance .

Th e abrasive used to simulate wear was chosen as a res ult of a study of the particle-size
distribution of various dirt samples taken at residential buildings; Graph 2 depicts a plot of
the particle-size dis tribution of the qu artz used and the abrasives obtaine d in actual
conditions.
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The conti nuous presence of excess quartz on the tile surface is assured through a
feeding system . which is programmed to pro vide new abrasive after every ten tri bopod
steps.

Greater wear is th us produced than would be exp ected in any kin d of private dwelling.
Th is wear is furthermore always assessed at the mos t abraded part of the tested tile . The
resulting durability predictions. based upon the changes that occur in tile surface
pro perties under these condition s. will therefore always invo lve more demanding
conditio ns . than the actual service conditions that this floor tile wi ll foreseeably encounter
on install ation.
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4.2 ABRASIO:\" ASSESSME:\"T METHODS

An other of the great problem s involved in the me thods cur ren tly being used for
cl assi fyi ng the abras ion res istan ce of floor tile , lies in the ir dependence on qua litative
assessment systems based upon the visual percep tion of wea r, which as a result of th eir
subjectiveness, rai ses serious problems for the quan tification of abrasion , sinc e su ch
systems depend on the visual capacity of the observer and the observa tion conditions
(lighting, distance, angle of vision ],

Since in order to predict floor tile durab ility. it is necessary to qu anti fy the degree of
dete riora tion that arises as a result of a given number of steps, it was decided to em ploy
inst rumental techn iques to appra ise the resu lting wear.

The following methods were used:

Measurement of change in su rfac e gloss
Measurement of change in surface colour

4.2.1 Measurement of change in surface gloss

One of the most sensitive optical propert ies wi th regard to ch anges in textur e produced
by abrasi on pro cesses, is that of surface gloss .

The measurements were run using a sta ndard reflectometer, at a 60° angle, adj usted
using a pr imary reference of polished black glass , with an assigned gloss value at 60' of 83.

Among the three possible angles of incident light usually adopted for measuring surface
gioss [20°. 60°. and 85' ), eac h recommended for a given gloss interval, in de creasing order.
th e val ue of 60° was selected because it covers most of the range (medium gloss). since
measurements per formed at different angl es of inciden ce cannot be compared .

The equipme nt is fitted with a pow erful ligh t source and rece ptor, which were set at an
an gle of 60° rel ative to the surface to be measured, as set out in standard ,\ ST r-. l 0 523
"Test Method for Spec ular Gloss" .

Surface gloss profiles wer e made in the direction of the advancing step, a long the
central line of the track. both before and after wear simulation, in order to analvzo the
variation th at arose across th e whole test ed sur face.

The di fference be twee n both profiles yie lded the change in medium gloss at each
abrasion stage .

In pr ior tes ti ng, it was shown that the area exhibiting loss of its characterist ics most
rapidly was the area wh ere the front of the sale trod , whereas the remaining track showed
less marked deteriorat ion (Graph 3). With a view to appraising the most demanding service
conditions, the values of the gloss variation were tak en as the av erage differen ce between
th e gloss found before and after ab rading. in the reg ion exhibit ing the great est change.
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4.2.2 Measurem ent of change in surfac e colour

The measuremen ts were ru n with a 0 /8' diffuse reflectance spectropho tome ter. Six
measurem ents were performed on each tile in the region where the fro nt of the apparatu s
rested. to assess the variation in the area subjected to most wear. These meas urements
were averaged. assigning a reflectan ce cur ve to each ab rasion stage.

As most of the tile models were coated with several layers of different colours. and
co lour changes cou ld be heterogen eous across the spectrum. it was decided to wor k wi th
the in strument's basic measurem ents. that is . reflectance curves in the spectrum 360· 75 0
nm, instead of using the abso lut e chro matic coordinates [L*, a* . b*).

In test ing. the effect caused by wear genera lly appeared as a loss of colour saturation,
with no change in the shape of the reflectance curve. Therefore. to qu antify abrasion, the
d ifference was measured betw een the starting and fina l reflectance cur ves of the wear
process.

It can be observed in Graph 4 that the reflectance cur ve corresponding to the abraded
part of a da rk-co loured tile shifts towards higher values [lighter shad es).

To as sess the change in colour, the average value wa s used of th e d ifferences found
between both cur ves at each point in the spec tru m.
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4.3 ADMISSIBLE VARIATION LIMITS

Durability has been defined as the capability of a material to maintain its
"se rviceability" over a specified period of time. If a product is co nsidered serviceable as
long as th e user does not appreciate any loss of the product's fun ctional or ae sthetic
charac teristics. the durability prediction of floor tile subject to abrasion will require
quantitatively determining what the maximum variation limits are of til e properties,
within which no visually perceivable loss occurs of its or iginal characteristics .

A co rre la tion must therefore be establishe d between the su bjective visual per ception of
the us ers , which defi nes the start of im paired serviceability, and the quanti tative
instrumental measurements that allow determining how the material evolves under
abrasion.

4.3.1 Visual classification

The resolution of any element of measureme nt depends on the conditions being used.
Therefore, in order to quantify the human eye's visual perception ca pacity, th e cond itions
involved in perform ing the observa tion must be clearly defi ne d (intensity and type of
illu minat ion, di stance and angle of observatio n).

As in pr acti ce, the cond itions of obse rva tion in different dwelling units can vary
considerably , and general values canno t be se t to cover every case, it was decided to
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facilitate the perception of di ffer ences .
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specially chosen set of co nditio ns , in order to

The admissible variation limits that we re th us obtained would then represent the most
demanding case of visual observa tion, and would therefore assure the vali dity of the
durabili ty prediction. To suppress the sub jectivity stemming fro m an indi vidual observer's
assessment, each abrasion stage was appra ise d by ten qua li fied tec h nicians , in or der to
establish the margins of variation that foreseeably arise when different per sons perform th e
classification .

Th is is w hy ins tead of having a single limiting value for every group of materials and
each characteris tic, a transition band has be en defined be tween th e domain of perceivable
and non-per ceivable change. The ba nd width was set to ens ure 90% probabili ty
(agreement of nine tech nicians in the visual classification) .

The visual classification methods used in each case were as follows;

a) Variation in colour;
Observa tion distance ;
Angle of observation ;
Luminous intensity ;
Ligh ting directi on ;

b) Variation in gloss ;
Ob ser vation dis tance;
Angle of observation ;
Luminous in tens ity;
Lighting direction;

2 metres
ee 39.5" (height of 1.G5 m)
300 lux
vertical (to suppress th e perception of gloss
changes as a resu lt of specular reflection)

1 metre
"'" 25 0

1000 lux
~ 25 0 (specular re flection in th e direction of the
viewer)

4.3 .2 Limits of visua l perception of colour change

Different , representati ve mode ls were chose n fro m th e follow ing product gro ups;

1) Light colour Average starting reflectance (10 > GO)

2) In termedi ate co lour Average starting refl ec tance (30 < 10 < GO)

3) Dark colour Average starti ng re flec ta nce (IO < 30J

Six co lour me asurements were per formed on the unabrade d surface of ea ch mode l,
ca lculating the average va lues of the star ting re flectance curve (10) ,

Each model was subjected to progressive abrading stages, using th e pe destri an traffic
abrasion simulator (TRIn OPOD). Every abras ion stage was visually classifi ed u nder th e
above conditions , instrumentally quantify ing th e variation in reflectance (.6.1) produced by
the abrasion process.

Usi ng the values of .6.1 correspondi ng to a safety margin of 90% in the visua l
classificatio n , the limits of the transition ba nd we re deter mined for each of the teste d
typologies .
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4. 3.3 Limits of visu al perception of gloss chang e

In order to establis h a correlatio n between visual perce p tion and the instrumen tal
measurement of gloss change, tile models we re chosen, belonging to the following
typologies:

1) Smooth matt sur face Starting gloss 60' B, < 30

2) ough matt surface Starting gloss 60' B, < 30

3) Relieved matt surface Start ing gloss 60' B, < 30

4) Smooth semigloss surface Starting gloss 60' 30 < B, < 70

5) Relieved semigloss surface Star ting gloss 60' 30 < Bo < 70

6) Smooth gloss y surface Start ing gloss 60' B, > 70

7) Relieved glossy surface Starti ng gloss 60' Bo > 70

The various models underwent progressive abr ading stages . Eac h stage wa s visually
classified under the condit ions set out above, while instrumental measurements we re
carried out in parallel , using a refiectometer with a GO' angle of in ciden ce.

Using the values of ~B corr esponding to a safety margin of 90% , the limits were set of
the transi tion band for each of the tested typo logies.

4.4 DURABILITY PREDICTION

After establishing the number of tribopod steps required to produce a perceivable
variation in any of the properties invo lved, in order to predict prod uct durability on aging
under given service condit ions, the extent to which such floor ti le is used must be known,
i.e. how many steps will fores eeably be taken across it over a specified lime.

As the number of daily steps in a dwelli ng uni t may vary according to the location
considered in the buildi ng , it was decided to use the entrance to the dwelling as the
reference ar ea to de fine the degree of use, since th is an are a that is necessar ily transit ed ,
and is the place where abrasive particles ent er the dwelling.

Usi ng th is criterion, a theoretical estimate was made of the number of steps that are
taken yearly across the threshold of an average dwelling inhabited by four persons, as
follows :

No. of persons liv ing in th e dwe lling: 4
Entrance/exit: 2
Days/year used : 33 0
No. of exits/day: 4
Correctio n for treading area 0.5

The product of these fac tors yields a total of 5280 steps/year, which represents an
estimated 50,000 steps every 10 yea rs across the threshold of a dwell ing.
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As the simula tion is conducted for the area subject to the greatest wear. and the
variation is assessed of the surface pro perties in the most abraded part of each tested tile,
the resulting da ta refer to how the most unfavourable service conditions impact installed
floor tile after ten yea rs' use.

5. RESULTS A..."D DISCUSSION

5.1 COil/FIRMATION OFTHE ~IETHOD

In order to verify whether the proposed prediction is appropriate. tests were ca rried out
on ceramic floor tile that was manufactured in th e 80s. and whose durability under actual
serv ice conditions is known . based on information stemming from consumer claims.

These models were subjected to success ive abrasion stages. each involving 2000
tribopod steps. according to the procedure set out previously. until exceeding the
foreseeabl e max imu m serviceable period. while measuring in strumentally th e vari ations in
gloss and colour that arose from abrasion.

Graph 5 shows a plot of the evolu tion of surface colo ur as a function of time in one of
these models. which ha d a plain dark brown. matt surface, corresponding to models
known commercially as "leather" designs, an d having an expected durability of 2-3 yea rs in
residential in terior ap plica tions .

Reflectance
30

Colour variation
4.73

Visible change

29-

28-

27-

25-

24 -

23-

22-

21 -

20

o

......

I

0.5

...

,
l.0 1.5

,
2.0

Years oruse

,
2.5 3.0

,
3.5

or

I- 3.73

I- 2.73

I- 1.73

0.73

1--0.27

1--1.27

1--2.27

,.-3.27

1--4.27

-5.27,
4.0

Grap h 5. E...-olution of the variation in colour of a "leather" lilt!design

This mater ial exhibited a progress ive increase in reflectanc e towa rds ligh ter colours.
reaching the tran siti on band after 1.5 years , and leav ing it before 3.5 years . with out
showing any significant variat ion s in gloss during the first four years.
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In each case. th e tested models reached th e admissib le vari ation limit in slightly shorter
times than those expected for actual service cond itions . thus corroborating that the
proposed testi ng sys tem and appraisal method for predicting durabil ity is always more
de manding than the actual ser vice cond itions to which ceramic floor ti le install ed in a
dwelli ng is subjected .

5.2 EVOLUTIO~ OF DI FFERENT TYPES OF FLOOR TILE SUBJECf TO ABRASIO~

Tests were carried out on models correspond ing to each of the studied ty pologies. lo
reproduce thei r performance in res iden tia l se rvice cond itions ove r a 1a-year pe riod .

On analys ing th e outcomes, no gene ral trends wer e found for th e evolutio n of eac h kind
of stud ied tile . since tile performan ce di d not only depend on starti ng surface proper ties
(gloss. co lour and texture). bu t rathe r depended basically on surface design and the
characteris tics of the glaze used .

The following graphs de tail the variations in co lour and gloss of some mode ls. and
indicate th e maximum glos s and colour var iation limits of each typolo gy. The mini mu m
time required to reach the centra l part of the transit ion band in so me su rface pro perties
has heen assign ed to each model as its durabil ity parameter .
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Graph fj depict s how gloss evolves in a ligh t-coloured model. with a smooth. glossy
surface. After a slig ht initial increase. gloss decreases not iceablv aft er 2 vear s' se rvice. The
mo de l exhib its no significant vari atio n in colour over this period. -
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Graph 7 rep ort s the evolution towards lighter-coloured shades (increased reflect an ce) of
a mod el with various, di fferen tly coloured scree n prints , which s tarts to exhibit abrasion
after six years' service .

Reflectance Colour variation
20

19- 3.44

18- 2.44

17- I- 1.44

-1.56

-0.56
T
.l.

Vis ible change

No vis ible changeT

15
1 6~~~~1- 0.44

14-

13- - -2.56

12- -3.56

11- - -4.56

10

o
, ,

2

,
3

,
4

,
5

, .
6 7

,
8

,
9

-5.56

10

Years of use

Grap h IJ. Evolution of c% ur in a model with a da rk base CUI Oflr and a whlte gronulur {} vwJ.: l(l z l ~

- 466 ·



CASTEI .[,(lN (SPAIl\ j

Contra ry to the previ ou s mod el, this tile surface darkens as a result of th e progressive
loss of the while gra nula r overg laze, which starts becoming noticeab le after th e four th
year,

6. CO:,\CLUS IO:,\S

TI1P. study allows drawing the follo wing co ncl us ions :

An ap paratus has been designed. which is ca pable of rep rod uci ng the abrasion
ph enomen a caused by pedestrian tra ffic, th us allowi ng ho w ce ra mic floor tile will
perform in actual se rvice cond itions to be determi ned beforeh and ,

On us ing instrume nta l tec hniques to measure floor tile surface properti es , a
methodo logy was developed to rep lace subject ive visua l classification systems. and
qu ant ify the admissible variati on limits of these properti es, beyond which the
material sta rts showing signs of failure and impaired surface qu ality as a resu lt of
abras ion .

The proposed method allows classifying 11 00r tile in a reliable manner. in terms of
its durability in the face of abra sion in actual se rvice cond itions. thus eliminat ing
the risk of subseque n t cla ims as a res ul t of an ina ppro pr iate choice of tile for
applications under specifi c expec ted serv ice conditions,
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