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SYNOPSIS

The aim of th is paper is to ana lyze the e ffec t that d iffere n t ceramic til e cha rac te ristics
have upon its adhesion to ceme n t mortar substrat es .

A study has been carried out of the effec t of such varia bles as th e type of body us ed .
th e absorp tion of water by the bisc uit. the form and di stribution of the ribs . th e in cr ease in
th e surface area due to these rai sed pa tte rns and th e ro ughness of the til e back.

For the purpose of this s tudy we have used adhesives from th e mid-market ra nge:
ceme n tit ious adhesives with hydraulic binders an d cementitious adhes ives wit h mi xed
binder s. For th e main fixing background we hav e chosen a cement mortar subs tra te . see ing
th at it is th e most widely us ed background in th e rel evant national an d international
regu la tions. The test specimens were debond ed basically by shear stresses .
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1. INTRODUCTION

CASTE LLON (SPAIN)

The success of all surfaces cov ered with ceramic tiles depends on numerous factors.
The selection of the most adequate materials (til es, adh esives, grout... ) for eac h particular
situa tion (substrate , atmosph eric conditions, use it "ill be subjected to ...), em p loymen t of
the most ap propriate fixing method in each case, carr ied out by qualified pro fessionals, are
all aspects with wh ich grea t care must be taken , and wh ich need to be observed to the very
last de tai l.

It will therefore be necessary to achieve high degrees of optimization in designi ng
and executing all the elem ents involved.

With th is aim in mi n d, adhesive manufacturers set out a series of recommendations.
Some of th e aspects widely dea lt with by th ese professionals are: the selec tio n of the
appropria te adhesi ve for each type of ba ckgro und sub ject to par ti cular atmospheric
con ditions and use, installed by employi ng a particular fixing method.

There are also recommen da tio ns on the use of til es cons ide ring some of th ei r
characteristics (water absorption by the biscuit, abrasio n index...) in particular sit uations
(outdoo rs, in publi c bu ildings...).

It is the aim of th is study to elaborate upon the recommendat ions regarding the
adhesion of ce ramic til es and the manner in which the di fferent characteris tics of these
tiles affect this phenomenon .

The op timizati on of th ese charac teris tics , with regard to th e whole ceramic- fixing
system (subs trate-adhesive-tile) can lead to higher levels of reli ability an d durabil ity, which
are always cr itica l as pects when dealing with til ed surface s.

2. THE PHENOMENON OF ADHERENCE

2.1. DEFINITION

Adherence can be defined as the action of th e forces tha t oppose the se pa ra tion of
different bod ies. When we refer to the ceramic-fixing sys tem , we are talking about adheren ce
as the strength of the bond between the ceramic til e an d th e adhesive , an d bet ween the
latter and the substrate.

The two aims of good adhesion are : on th e one hand it must ensure that the til es ar e
firmly fixed to the subs tra te , while on the other, it must ens ure th e durability of th e bon d
throughout time and against the conditioning factors for which the join has been designed.

2.2 . T YP ES OF ADHESION. ME CH ANICAL ADHESION. CHEMICAL
ADHESION.

There are different theories which allow us to interpret the com plex phenomena
that appear in adherence. How ever, with regard to the fixing of ceramic til es , there are
basicall y two typ es of adhesion : mechanical adhesion and chemical adhes ion .
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Mech an ica l adhesion can be defined as that in which the adhesive liqui d flows or is
forced toward the cavit ies or pores in th e surfaces to be joine d where. once hardened . th e
adhesi ve and the surface to be joined are firm ly bo nded . The st reng th of the join obta ine d
by using th is type of adhes ion is grea ter with those surfaces which have a larger number of
«po ten tial» anchoring points. Thus . in princi p le. we can say that in mechanical adhesio n.
porosit y (water absorpti on by the bi scuit). surface roughness and ribs (raised patterns on
the back of th e til e) are charac teristics which con tribute to in creasi ng the s tre ngth of th e
join be tw een the til e and th e adhesive .

The ceme nt mort ars used in thi ck-set fixing and the ceme nti tious adhesives wit h
hydraulically hardening bind ers (used in the thi n-set method) basicall y em ploy th is typ e
of adhes ion.

Chemi cal ad hesion is basicall y due to chemical and electrostati c forces between
ac tive gro ups of the adhes ive and the surface to be joine d. th ese forces be ing probably
similar to those which bind th e atoms and molecules of the surfaces to be joined.

The ce me ntit ious fixatives con tain ing mi xed binders (hydrauli c binder s and organic
binder s. of which the latt er can be in di sp ersed pow der or liquid so lu tio n form). and the
organic reacti ve polym er adhesives. use th is typ e of «che mica l» bon d in greater or lesser
degree, to obt ain the final adhe rence bet ween the sur faces to be joi ned . T hese adhesi ves
mu st be em ployed wit h the th in- set fixing method.

2.3 . OTHER FACTORS TH AT CONDITION ADHESION

Ap ar t from the above-mentioned factors . the obtention of a cor rec t bond w ill also
depend on other as pects : the ph ysical contac t between the adhesi ve and the surface to be
joined , and the chemica l com patibili ty of the tw o.

2.3.1. Physical con tact between adhes ive and the s u r face to he joined

The adhesive mu st have good physica l co ntac t wi th the surfa ces to be join ed (cera mic
ti le and subs tra te). This mean s th at it will need to be su fficien tly deformabl e through cree p
or flow. There arc tw o objec tives to be atta ine d with thi s requisite: that the adhesive sho uld
be able to reach the pores and cavities. thus permitt ing a mecha n ica l-ty pe anc ho ring . an d
that th e necessary close co ntac t should take place to bring abo ut the chemica l linking
charac teris tic of che mica l adhes ion.

2.3.2. Chemical com pati b ility between a d hesive a n d the s urface to be joined

Chemica l co m pa tibili ty -i.e. the grade of affin ity betw een the adhes ive and the
surfaces to be joi ned- mu st exis t be tween the ele me nts that cons titu te the join. Simplifyin g.
it can be sai d th at the sur face ene rgy te lls us the state of the elec trons s ituated on th e
sur face, th at is , wh ether they have a high exc itation ene rgy level. whether th ey arc being
attra cted in various direct ions bv atoms situa ted close bv, or whether thev are a t res t. Su rfaces
which have low surface energy arc non -polar. whereas th ose with high ene rgy are usually
pol ar. An adhesive will only «we t» well the sur face to be joined (by «wet» well. we mean
su itable moistening) wh en its surface energy is lower than tha t of the la tter (13).
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T hi s is th e reason why it is inappropriate to emp loy hydrauli call y harden in g
ce mentit ious adhesives (of a mineral nature) upon backgrounds of an organic nature (plastics.
paint. ..) . whe reas adhesives of an organi c nature may be used on subs trates of th e same
nature as well as on th ose of a min eral nature (with high er surface ene rgy).

3. METHODOLOGY USED FOR TESTING

3.1 PREPARATION OF THE TEST SPECIMENS

3 .1.1. Obtention of the ceramic tiles used for testing

The or igin of the tested ceramic tiles was two-fold.

The grea t majority wa s prepared by ourselves in our own laboratory. We em ploye d
for this purpose spray-dried powders from firms situated in the province of Castellon. The
spray- dried material was pressed within the pres sing ran ges used industria lly. After ove n
drying [at 1102 C), the tiles were fired in a rapid-fire laborato ry kiln . using sho rt cy cles, as
in the in dustria l firing ope ration . With thi s type of procedure we were able to con tro l most
of the charac teristics of the tiles obtained and these became the basis of th e s tu dy carr ied
out.

We also tes ted ceramic material obtaine d from numerous firms located in our co untry.
On the one han d . th is allo we d us to study different model s of rib , and on th e other. to s tudy
the rea l ce ra mic material on the market. For example . the latt er permitt ed us to detect the
importance of «surface roughness » in the case of prod ucts with low water abs orp tion .

3 .1.2. Obtention of the substrates used in testing

Th ere were tw o typ es of background or substrate used for testing: a ce me n t mortar
subs tra te -used in numero us national and internation al regula tions (3), (19), (24) - and a
rendered br ick background -in imitati on of the typ ica l rendered br ickwork wall with a
layer of ce me nt mortar.

We used the ceme nt mortar subs trate to carry out th e main part of the in vesti gation .
Using the proportions speci fied by the regulations , and following th e necessary curing
per iod , this typ e of background was subjected before use to mechanica l surface abras ion.
Through thi s procedure we we re seeking to attain tw o objectives: to eliminate any gro u t
from the surface (resu lt of the process of trying to attain an even surface) which was impairing
the adheren ce between adhesive and substrate; and to increase the roughness ofthe subs trate
and thus improve the adher ence bet ween adhesive and subs trate, a fac t noted an d proved
by d iffer ent authors (9), (MCR Method) and (10) .

The rendered brick subs trate wa s used to ana lyze behaviour co mpared to a differ en t
type of subs trate (and thus with different charac teris tics ).

Different typ es of ana lyses were ca rried out of these substrates, suc h as measuring
thermal ex pans ion, se tt ing shrinkage. moisture con tent and the surface wat er abs orp tion
(suction) .

3.1.3. Ad hesives employed

We dec ided to use adhesives to fix the til es to th e subs trates. Due to the in creasing
use of th is type of materials in Spain -in the res t of Europ e their use is a lready widespread
(8)- we felt that this wou ld be the best method.
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Of th e vario us types of ad hesives from which we cou ld cho ose , we decided upon
those to be found in th e mid-market range: cementitious adhesi ves with hydraulic binders
and cementitio us adhes ives with mi xed binder s,

Wh ile the adhesive described in thi s experiment as TYPE A refers to material where
the hydraulic binders pred ominate, the one described as TYPE B constit u tes a mi xed binder
adhesi ve, where adherence is due to the combine d acti on of hydraulic and organ ic bin ders,
These adhesives were subjected to differen t tests which per mi tted the id en tification of
their particu lar cha rac teris tics as well as the explanatio n of the d ifference in the behav iour
of the two,

3.1.4. Fixing the tiles to th e substr ate

The mixing of the ad hesiv es with drinking water was carr ied out accord ing to the
vari ou s speci fications surveye d (19), using the proportions sti pulated by the manufacturers,
Control of the working temperature and the complete elimination of lumps required specia l
atten tion .

We used the thin-set method for fix ing, with floating and buttering, th at is, applying
th e ad hesi ve to th e backgro und and the back of th e til e. After installing the tiles upon the
fresh adhesive, we proceede d to verify th e paralleli sm between the tiling and the subs tra te
surface, an d to check the th ickness of th e resulting adh esive layer (with which the greatest
of care mus t be taken if one is to obtain va lid results). These facts were lat er ve rified during
a process that we co uld ca ll «Iud ividualization». and whi ch cons isted of elim ina ting th e
excess adhesive fro m around eac h in di vidual til e , each of which was adhered to th e sa me
sub strate. The aim of this procedure, ca rried out when the consis tency of the adhesive was
appro pria te, was to obtain conditions where the debonding of one tile wou ld not affect that
of its neighbour, an occ urrence ca use d by the transmission of stress throughout the layer of
adhesive,

Afte r permitting th e appropriate curi ng time for the adhesive to elapse (speci fied by
th e ma nufacturer) , still using laborator y condit ions, we proceeded to debond the tiles.
However, due to the important effect of the varia tion in clima tic conditio ns up on th e
durab il ity of ceramic tilings. we also ca rried out cl ima tic tests which permitted us to verify
th e be haviour of th e adhesives under such condit ions.

3 ,2. DETERMINING SHEAR STRENGTH

3, 2 ,1. Debonding procedure

After differ enl initial trials , we decided that we would test adhesion failure caused
by shea r or peeli ng, Tests were also run on ad hesion failure caused bv tensil e s tresses,
which showed that there are co rrelations between the two (16). The sh~ar or peeling was
accomplis hed with the testing machine show n in Photograph 1.

The orig in al ins trument s of the machine were modified bv th e inclusion of a
frequ ency regulator (which permitted the modifica tion of th e Ioadingspced and its se tt ing
at the ranges specified by the regulations) and a digital reader of the applied force, th e
value of which was obtained to an accuracy of a 0.1 kg,

It is necessarv to stat e the importan ce of ensurins total alianment between the dr iv inc
.. 0 0 0

unit and th e til e to be test ed , as the sligh test error in thi s sense co uld serious ly hias th e
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PHOTOGRAP H 1: ADHESION TESTING M/\ CHINE

PHOTOGRAPH 2: DETAIL OF DEBONDING BY SHEAR LOADING
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results . In the same wa y, and in order to avoid the shear s tress's turn in g in to someth ing
different and undesired (basica lly, ri pping) (13) or the occurren ce of higher- th an-normal
sc attering, the driving un it was alwa ys app lied to the same point in the tile . as close as
possible to the tile-adhesive interface. See Photograph 2.

3 .2.2. Calculation of shear strength

Each til e-adhesive-substra te se t tes ted -al so ca ll ed a mo del (16) - invo lved s ix
individua l test specimens with similar cha racteri stics. After the six individu al test specimens
we re de bonded, we proceede d to determine the aVBrage of the resu lting values (wh ich
re presented brea king stre ngth/con tac t area), rejectin g those that exceede d by approxima tely
20 % this average -according to the ab ove-mentione d d ifferent sp eci fica tions (19) . If four or
more values were fou nd to be within the spec ified margins, the test wa s cons ide red to be
va lid an d the fina l val ue was calc ula ted as the new average of the va lues that had not been
re jected .

4 , CERAMIC TILE VARIABLES THAT AFFECT ADHERENCE

The iden tification of the til e variables tha t ca n affect adhere nce wa s one of tho
tr ickiest phases of th is study.

We decided to use ex pe rime ntal design statistica l tech niques , more concre tely, a
fractiona l factoria l design. These techniques (wh ich save a great deal of time and materi al)
permit the ident ification of tho se vari ables -an d the int eractions be tween them- that are
tru ly im portan t in a process or phen om enon . Their ma in drawback is that a se lec tio n m ust
be made beforeha nd of the var iables to be tes ted . The se lec tion was made by co ns ulting tho
li ter at ure as well as stu dy ing th e adhesion ph eno me na and processes, as m uch at th eory
leve l as in specific circumstances in d ifferent fiel ds (su ch as that of syn thetic industrial
adhesives ).

During th e actual investigation pro cess new variables came to ligh t -for exam ple th o
surface ro ughness of the back of the til e- which had not been tak en in to co ns idera tion a t
the outset.

All these variab les can be class ified in Iwo groups:

- Variables that depend on the composition of the body :

- Com posit ion of the ceramic body
- Thermal ex pa ns ion of the bi scuit (* )
- Water absor ption of the bi scuit

- Variables of a geometric n ature

- Water absorption of the biscuit
- Form and di stribu tion of the ribs. Increase in the co n tac t area
- Surface ro ughness of the back of the rib
- Size and thi ckn ess of the ce ramic pieces (fix ing with joints) ( *)

The wate r absorp tio n (WA) of the biscuit is a variable that -for different reasons - can
be co ns ide red as mu ch of a geome tric nature as dep endent on the com pos ition of the bod y.
On the one band, the WA depends on tbe size , quantity and loca tion of the in terna l pores of
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the biscuit. all clearl y geometrical questi ons. However. on the other hand. th e obten tion of
a WA valu e for a speci fic biscuit will also depend upon the typ e of body we are working
with and the firing range that is industriall y viable for th at compos it ion .

4.1. COMPOSITI ON OF THE CERAMIC BODY

In traditional tile fixin g. employed world-wi de un til a few years ago (and st ill widely
found in Spain) (8) - i.e. th ick-set fixi ng with mortar on substra tes of a mineral nature- a
fundamentally mech an ica l ad hesion is used to fix the til es to the wall s and floors. We have
alrea dy stated in secti on 2. tha t th is is th e prevailing typ e of adhesi on for this type of
adhesives with hydraulic binders. Th is is th e reason th at it has traditionall y been th ought
- and thi s is truly the case- that with porous produc ts a better adhesion can be obtaine d
tha n with vitrifie d or semi-vitrified pro duc ts (with lower water absorption va lues. and
th erefore. a lesser number of open pores. authentic potential anc horing po ints) .

(NB: We ha ve menti oned a WA characteristic. even though we are analysing the effec t of
the composition of the body. due to the undeniable interrelationsh ip and interaction between
the two) .

(*) N.B: These cha racteris tics have not been im plicitly ana lyzed during th e investigation
and the respecti ve statements are the result of minor tests. assumptions based on logic and
li terature surveys . It is due to this fact tha t they are referred to in sec tion 4.5 «Effects of
other cha rac teristics ».

This theory. used for centuries . has been confirme d by th e tes ts carried out with th e
adhes ive we have calle d «type A». a cementitious adhesi ve with hydraulic binders . used
for th in-set fixing. In the industrial and commercia lly viable WA ranges for each of the
different bodies . in every case greater adhes ion is found in the porous than in the stoneware
products.

With the appearance of new adhesives in the market. where the importance of organ ic
binders is on the increase. th e traditional theory has been up set. With these new adhes ives .
che mical adhesion is given more relevan ce. and whether the til es have a greater or lesser
number of open pores is no longer of suc h great im portance. As the ma nufacturers of
ad hesives th emselves extol in their advertisements: « , .. suitable for fixing til es with very
low water abso rptio n »!

In the tes ts carr ied out with th e «type B» adhesive -cement itious adhes ive with
mixed binders- this theory has been confirmed. Where ad hesion is conce rned. the stoneware
products are comparable to and even exceed. in abso lu te value. th e porous products.

In the following section (effect of \VA) we shall continue with the explanatio n, in a
parallel way, of these two variables whose interrelati on is undeniable.

4 .2. WATER ABSORPTION (WA) OF THE BISCUIT

The water absorptio n of a ceramic tile measures the apparent porosity of the product .
th at is . the total amount of pores in contac t with the exterior and capable of being fill ed by
a liq uid under atmospheri c pressure (16).

This charac teristic depends on several factors: the minera l composition of th e bodies.
bulk density. firing cycle. peak firing temperature... Basically. we have used th is last factor
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GRAPH 1
SHEA R·STRENGTH - WATERABSO RPTI O N
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to obtain varia tio ns in th e wa ter absorp tio n, once th e m in eral com positio n and the bulk
density had bee n se t (with in th e industrial ranges for each type of body).

Right from the beg inni ng th is variab le had been cons idere d as possibly one of the
most influential. The res u lts confirmed th e ea rlier suppos itions, also s ta ted by di fferent
so urce s (5).

We shall now go on to comment up on th e tendenci es observed once th e test s had
been carried out. The curves we are going to analyze have resulted from averaging a large
number of ad he re nce test s , w hich inherently enta il certain degre es of scatte r -sca tter which
is recogn ized by th e rel evant spec ificatio ns (19) .

The cur ves wh ich corres pond to the different STONEWARE TILE bodi es (graph 1,

upon a cemen t mortar substra te ) indicate a widesp read tendency for th is type of bod y: a
con tin uous ly in creasing, althou gh no t linear, she a r stre ngth wit h the WA of th e bi scu it. It
can also be observed tha t in th e white-bodied s toneware tile this shear s tre ngth value is
somew ha t h igh er for low WA values .

For the POROUS T I LE bo d ies (gra ph 2, upon a ce men t mo rt ar s ubs tra te) th e
tendenci es shown earl ier for stoneware tiles are on ly vali d to a certa in degre e. The reason
for th is is th e foll owing: th e in it ial tendency is an in creas ing shear s tre ngth. in proport ion
to th e rise in WA. On the other hand , thi s in crnment is less pronounced , and begins at
hi gh e r degre es of shear streng th. At a certain WA val ue (differen t for eac h typ e of ad hes ive)
th e tendency is in vert ed, and a s light but con tinuous decrease in th e ob tained s tre ngth wil l
begin . In th e case of th e w hite-bo died porous tile , it wa s th e mineral co mpositio n itself
(wh ich showe d a very flat vi tr ificatio n gra ph), w hich d id not pe rmit obta ining a rn oro
exte ns ive WA range and thus . only th e fina l descending cur ve ca n be seen.

For th e PO RCELAIN TILE, test s were run w ith in th e industrial W/\ ranges. The resul ts
also showe d a sligth , but percepribl e, inc rease in shear stre hngth with the WA (Increase
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GRAPH 2
SHEAR STRENGTH - WATER ABSORPTION
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from valu es of 0.03 - 0.05 % to 0.4 - 0.6%) . For th e «type A» ad hesive we obta ined a shear
s tre ngth va lu e was approx. 1.2 kg/em ' (a truly low va lue). while for the «type B» adhes ive,
this va lue was approx. 17.0 kg/em ' (corroborating th e fact th at it is a su itable ad hesive for
materi al s with a very low WA).

Different assumptions can be mad e to explain th e tendencies indicat ed by these curves.

In each and eve ry case th e «type B» ad hesive sho ws grea ter shear s treng th th an «type
A». Th e explana tion is clea r: th e presence of organics binders. Wh at is more , the curves
obtaine d (with th e «type B» adhes ive) are less pronounced (lesser in creases an d decreases)
th an th ose corres po nding to th e other adhes ive (with hydraulic binders) where th e variations
in th e WA deeply affect th e she ar strengh t values ,

It is far harder to find an obviou s expla nati on for th e tendencies sho w n by th e porous
bodies. We ar e referring to th e ligth , th ough perceptible . de scent of shear streng th at h igh
levels of water absor ptio n.

For this ex plana tion we ha ve to look in the cement se tting processes. The ce mentiti ous
and other ad hesi ves harden d ue to th e elimination ofthe excess mi xing water; th is however.
is a necessary process for th eir correct hydration and in order to make til e in st allation
easier.

Various authors (10) (21) (22), state th e importan ce of th e amoun t of mixing wa ter. It is
not goo d for th e ad hesive to becom e dry too soon -th is would prevent th e di spersion and
di ssolution of th e ce me n t particles as well as their post er ior crystall ization- nor sbo uld
th ere be an ex cess of water in th e ad hes ive. s ince when all the water th at is not necessary for
th e hyd ration of th e cemen t is elim ina ted, it leaves behind ca vities which will be fill ed by
air. And not on ly do th ese air-filled cavit ies have zero strength . th ey a lso act as stress
concen trating elemen ts. and form actua l cra ck starters .
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PlATf I : VARIATION Of THE TYPE OF fAILURf
ACCORDING TO THE WMfR ABSORPTIO N 01 THE TILE
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To keep th e adhes ives from «drying» too fas t due to adverse atmo spheri c or physical
cond itions , th e manufacturers add water-retain ing age n ts . To avoid havi ng an ex cess of
wat er in th e ad hes ive. it is best to keep s trictly to the proportio ns indi cat ed by the
manufacturers.

The water left over from th e hydrati on or se tt ing is eli m inated by evapo ra tio n and
th rough ab sorption by the tile and substra te . If we rule out th e evaporation phenomena
(equal in all th e tests , wi th co nstan t humidity and temperature cond it ions) th e differences
sho wn by th e curves must be basica lly due to th e d ifferen t vari a tions in th e WA of th e tile
an d subs trate.

In the porous bod ies , at low level s of WA (th e same occurs in th e s toneware til e
bod ies , for th e same ranges). wa te r suction by th e til e is minimum, a fact th at en ds u p
ca using its e lim inati on to slow down. Thi s e limination will be a lm os t excl us ive ly due to
suction by th e ce men t mortar background. The more we increase the WA of the til e . th e
m ore it w ill con tribute to th e extraction of su perfluo us wa ter . bringing abo u t more adequate
se tt li ng an d a di minishing in the crea tion of cavit ies (th e ad hes ive is s til] ab le to ada p t to
th e possibl e mat eri al fau lts at th ose points w here the eva cuation of th e wa ter has created
pores) . Fina lly. in the porous bo dies (this cl oes not occur with th e ston eware til es , seeing
that such level s of WA are not rea ched). w he n th e WA of the bi scuit surpasses ce rtain
values , th e suctio n by th e tile and substrate becomes excessive. drying out th e adh es ive in
a short spa ce of ti me , and th us provoking inferi or quali ty hydration .

In plate 1 we ca n observe the varia tio n in the typ e of failure tha t occur s w he n porous
til es (red body) dobond . at di fferen t degrees of \VA and w ith th e two ad hes ives in question.
By «type of failure » we refer 10 th e kind of de bo nd ing that occur s in eac h case, th at is ,
w he the r th e fracture pl an e begins at Ihe tile-adhes ive in terface (AF-T. ad hes io n failure
til e). in the ad he sive itself (e F-A, co hesion failure adhesi ve) or in th e ad he s ive -substra te
interface (AF-S. ad hesion failure subs tra te ).

We can sec how th e type offa il ur e varies according to th e typ e of adhes ive an d wi th
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th e WA of th e til e. Type B ad hesive is far more adherent than type A, and leav es the surface
mu ch dirtier. On the other han d . the more we in crease WA, the larger the amo unt of adhesive
that adheres to the back of the tile after debonding. The fracture , which at first occurred at
the tile-adhesive interface, gradually tu rn s into a fracture in the adhes ive itself. This variation
is more pronounced in the «type A» adhesive. In «type B» th ere is a greater homogeneity to
be found in th e typ e of failure , a tenden cy which is also sho wn by th e Shear s trength-WA
curve (far flatter) .

GRAPH 3
SHEAR STRENGTH - WATER ABSO RPTI ON
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Due to the interaction which exis ts between suc tion (surface wa ter absorption) by
the tile and by the substrat e , we thought it convenien t to find so me of th e curves a lrea dy
obtained (wher e we used ceme nt mort ar substrates) for a different substra te . We deci ded
upon a rendered brick background, which has a degree of sur face water abs or ption 2 or 3
tim es superior to th at of the ceme nt mort ar.

In grap h 3 we can see the curves obtained for this typ e of backgro und , com pared to
tho se a lready d iscu ssed for ceme nt mort ar beds.

The genera l tendency we are able to observe is tha t of a «slid ing» in the curves
towards lower Wf\ levels. This is so as mu ch for the stoneware as for th e porous til e (both
red body).

The ex planation foll ows the same line of reasoning as before. With a more abs orben t
substra te, ev en th ough the til e may not be (low WA), the excess wa ter is eli minated by the
former an d se tt ing takes pla ce correctly. All dep ends upon the joint suction of the til e-and
subs trate . On the other hand, we eviden tly cannot con tinue to increase indefinitely the
suctio n capaci ty of the subst ra te (in an effort to com pensate the very low level s of WA in
th e til e) as thi s wou ld lead to hydric imbalances with in the ad hesive it sel f, which would
not yield high shear stre ng th values. The most ad eqnate seems to be a balance betw een the
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PLATE 2: VARIA110' or HIE TYPE OF IAILURE WITH
THE KIND 01 SIJBSTRAH l sro (.,1 dinerent value oi IVA I

" '-" \ E (_I I '-

'i "\ I

two.
In plate 2 we can see the variation of th e type of failu re with th e kind of subs tra te

and tho Wi\ of the tile (porous. red body). Th ere are two facts to be noted : first . th e fructuros
on re ndered brick leave a larger am ount of ad hesive on th e back of til" til e than those
carr ied out on ce ment mortar. with th e same Wi\ : second. in th e rendered bri ck se ries th oro

PtAH 3: n prs Of RIB ox IHt Il"CK 01 [HE TlLE 'SQUARI Rill

is pra r.ticall y no va ria tion in th e type of failure . a hom ogeneity tha t also ap pears in the
Sh ear s treng th-WA curve for thi s subs trate and kind of bod y.

4.3 SHAPE AND DISTRIB UTIO N O F THE RIBS . INCR EAS E OF TH E
CONTACT ARE A

In thi s case we refer to different charac teris tics w hich have in COIll J110 n 11 geo metric
elemen t: rai sed patterns on th e back of th e til e . usually kn own as ribs.
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PLATE 4: TYPES or RIB 0 THE BACK OF THE TILE "ELONGATED" RIB

The ribs in troduce. in our op inion. three aspects which altho ugh different, are at
the same tim e closely related :

4 .3 .1. Rib patterns (to p view a n d s ide view)

A simple market survey will reveal the exis tence of numerous different patterns.

PLATE;: TYl'rS or RIB ON THE BACK OF THE
TlL[ "Il H HIV[" AND "CIRCULAR" RIBS

Nevertheless, it soo n becomes evident that some of the de signs are far more wides pread
than othe rs .

In floor til e, the most usual designs are the grid patterns , with squa re or rectangular
designs. The depths used genera lly do not excee d t mrn: on the other hand, the increase in
the sur face area that this en tails varies from 1% to 8%. while the side views present different
angles of inclination. In pl at e 3 we are abl e to see vario us models which can he classifi ed
within thi s group.
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TABLE O NE: COMPARISON OF DIFFERENT TYPES O F RIB

TYPE
A"A LrIED

-

'''ITIAL DATA
ANIl RESUlTS

STO:-JEWARE
TILE iReo B<'<iyl

"VA = 4 . l) ~,; .

IA = .!,~,; ,

[) =- 0 .r~ ; ,

SSPI = 14%

STONEWARE
TILE!Re'" Hodv)

\VA "" 4 .5% '
IA =: In~- ;,

f) = 1.2'";,;,

551'1 = 25%

STOI\:EWARE
TILE iReo Booy'

\VA =0 ~. 5,";·"

IA = 2sr;'n
() = 0 .h 5(;;,

SSPI = l.')~'~.

STONEWARE
TILE !Red Booy'l

\VA = {,.5 '};,
IA = 25%

I) = 1.15%

SSPI = H~~.

IYI'E
ANALYZ£D

"I TIM DAr "
'" D RESU l.TS

PO RO US
TIlE 'R0o B, ~l y j

\OVA = I f)~ ..
IA = 1"~·..
D = os ;;,

551'1= 5':;,

POROUS
TIlE i Rl~ 1 Buoy'

WA = 1b';';'
IA ". 22 4>:,

D "" 0. 7~ ' ~ ; ,

SSPl = :.!Il' ~';.

STONEWARE
TILE ,\ Vh llL' Body )

\'VA =" L ~.;; .

IA = !
l) = OJ.""

551'1 = 15':;,

PO ,,()U5
TILE {\"'h ill ' Body i

\VA = 1 i . 7 ' : ~. '
IA = ~

1.1 = " A ';"

551'1 = 20';;,

T(5T1NC C<)NDITION~ : TYPE '\A[)H E.~ I VE. SHE.AR rt- r (N fl : lnI lu- rk11l--Symllll ·lJi,-.1I m()dt'l ~ ,

tlu - rr-sujts <I n ' .l\' l ·r.l~{>~ of rhr- V.}IUf' ) ol".linol 'I I in two I I':'f fw'nd i,:u',lr di re-ction..1.
W r\ : \\,:\TU.: ,\ HS<)RP TlO N or THE BIS< :t.JIT: tA: INC REASE IN SUl\rtv:EAREA; I) : !)( I' TH ( )r ~IU ; SSPI:

SHEAR STREGTH PERCENTAC E
INCREA "if COMP,·\ RED TC ) HACKS \,\'ITHOU 1" !<lB"i (WITH THE ...""..lEL:Hi\R:\CTER I~TlCSI.
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In wa ll tiling, al tho ugh the type of rib we have describe d is also widespread , it
shares th e top spo t with a typ e of geometry that better fits the label «rib». We refer to
patterns tha t consist of sma ll , longish, rai sed sha pes se t out in rows and columns . These
raised shapes are usu ally 10-12 mm long, 1.5-2 mm wide and 0.5-1 mrn high , with ra ther
sha rp-angled ch amfers). With thi s pattern, the increases in the surface area reach values of
up to 20%, altho ugh th ey do not usually exceed 12-15%. In plate 4 we ca n see severa l of
these patt erns, as we ll as ano ther, s imilar model , which cons ists of narrow ribs set out
len gthwise, cross ing the whole of the back of the tile (one design obtaine d by pressing an d
tbe othe r by extrusion). In tbe latter, th e profi les ha ve right angles .

Apart from these patt erns -which are, [ must insist, very common- there are many
others [pla tes 5 an d 6). We could nam e [if we look at the top view) the circu lar ribs (with
raised or sunken patte rn s), the «beehives» , «the swa llow- tails », [obtained by ex trus ion)
and vari ou s more elaborate designs. In the «beehive» an d «circu lar» designs th e pattern is
not grea tly rai sed. Th e «swallo w-tail » ribs are a different matter ; here tbe amo unt of surface
area th at is gaine d can reach im port ant dimensions, att aining va lues of 45-50% gain for
thi s typ e of rib that has depths of up to 3 mm.

Tabl e 1 detail s the results obtained for several of the described pattern s. A descr ipt ion
is provided of th e principal cha racteris tics of the biscuit , th e most significa nt detai ls
regarding the geometry, and the approximate percentage of the increase in shear strength
[abbreviated as SSP!) that can occur on a sur face and in material with the same charac ter istics
but witho ut an y type of «ma cro -re lief» [ribs).

4 .3.2. Distribution of the ribs

This variable is significant in those ribs that. seen from the top . do not show comp lete
symmetry. that is , do not have as many symme try axes as sides [e.g. the rai sed ribs described
as the most usual in wa ll tiling). Th e expe riments carried ou t by shear testing see m to
indicate that th e distribution of this type of rib (or a similar one) perp endicu la r to the
direc tion of the ap pli ed force yields slight increases in ad he sive strength (appro ximately
5% ).

4.3 .3. Increase of th e contac t area (IA)

We ha ve already mentioned in previou s sec tions the increase in th e area of contac t
usu ally gaine d with patterns to be found in the market. Th ere are several techniques for
gaining increases in the surface area. Th ey are all ba sed upon th e search for im portan t
areas in th e chamfers that join th e parallel h ori zontal areas to th e fair face of the tile. We
therefore have:

a) Once a pattern has been chosen, by providing grea ter depths in the design s.
even th ough mai nta ini ng th e incl ination angles of the cha mfers .

b) Gene ra ting angles of clo se to 90" for the chamfers.

c) Look ing for widely se para ted geom etries . Th at is . for th e same sha pe . a smaller
design generates a larger total surface area.

d) Look ing for great compac tion in the designs [as in th e «beehive» pattern or in
ci rcular patt ern s set out in a staggered arrangement) .

e) Through specia l designs as in the «swallow-tail » pattern.
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GI<APH 4
SHEAR STRE NGTH - INCREASE O F THE BACK SURFACE AREA

SIW.H \lr<'ngth
Ikwr'm21
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TESTI G CO 'DITI O NS
STO~EWARE TILE (RED BODY) WA = 2.5 - 3 %

CEMENT MORTAR SUBSTRATE

NB: The broken line -s repr esent till' theo retica l rurv('s for Shea r stre-ngt-I:\
11M ! woul d hI' obtained by Ihe simple inu e.I S( ' of the contac t ,ut',1

The in crease in the ad hes ive strength, obta ine d by a given in cr ease in the area of
contact. will depen d to a high degree on the geo me try to which thi s [A is associa ted . It wil l
be the «quali ty» of these moti fs th at will yi eld greater inc reases . In or de r to s tudy th e effec t
of the 11\ we had to decide u pon a pa ttern. We chose a grid design , simila r to that most
em ployed in floor tiling. We obtaine d th e varia tion in the co n tac t ar ea by the meth od s
lis ted in sections a), b) and c), tha t is , in creasing the depth of the designs and th e cha mfer
angles . and using a wide ly separated geometry,

We tested s to neware tiles (red bodv) with a \VA level of 2.5 - 3 %, fixe d to cement
mortar subs tra tes with the already described adhesives. The resul ts are plott ed by a She ar
streng th - lA (%) graph , grap h 4 ,

PLATE (,; TYPES or RIB ON THE B,\C K OF THE ru t . O THER KINDS or RIB
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The brok en lin es rep resent the cur ves that theoreti cally sho uld be formed when the
increase in shear strength is due to a simple increase of the co ntac t area (i.e. a given
percentage of IA co rre sponds to a given percentage of increase in th e adhesive s treng th).
Theoreti callv. these curves sho uld follow eac h othe r if th e adhesio n were purely chemica l.
and a greater co ntac t area meant a proporti onal increase in adhesive strength. In mechani cal
adhesion. the appearance of «physical anchorlngs » would invalidate thi s hypothesi s.

PLATE 7: VARIATION OF THE TYPE OF FAILU RE WITH THE INCREASE
IN THE SURFACE AREA OF THE BACK OF THE TILE

SAMPLE
TI LES

ADHERED
WITH TYPEA

ADHESIVE

ADHERED
WITH TYPE B

ADHESIVE

TILE: STONEWAR E (RED BODY) WITH WA; 2,5 - J%
SUBSTRATE: CEMENT MO RTAR: TEST: SHEAR

Observing the tenden cies shown by the curves. we can see how. for the «type A»
ad hesive . the increase obta ined is practi call y linear and certainly exceeds th e one tra ced
by the brok en line. In the case of the «type B» adhesive. the results foll ow fairl y closely the
correspo nding unbroken lin e to a ce rtain point (with th e lA at approx. 15% ) at which an
important descent occ urs. These results confirm the theoretical hypothesi s we have already
state d. Pla le 7 sho ws the vari ati on of the typ e of failure that resulted from th e above
ex pe rime n ts. We have included «sam ple til es » to show the patterns of the ribs us ed .

The falllhat occ urred in the shea r strength valu e in the case of the «type B» adhes ive .
with IA's exceeding 15%. may possibly be due to factors we shall now di scuss.

In pri ncip le we may assume that it is the more «aggressive » pa tterns (with grea ter
anc horing capacity) which should provide grea ter adhes ive streng th . especially in shear
tes ting. The experi me nts we carried out show tha t thi s is not always th e case. There are
sev era l reason s we can giv e to exp la in th is fact :

- The «aggressive » patt erns (which can be de fin ed as those consis ting of
chamfer ang les close to 90° and pronounced rib depths. between 1.5 to :l mm) ca n foster
concentra ted points of stress . real or igina tors of th e consequent crac k which. in turn . will
cause the failure . The non -existen ce of poin ts of conflict will retard the appea ranc e of the
cra ck. an d at th e same tim e favour more «resistant» types of fracture. such as th e AF-T
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fractures (Adhes ion failure til e) [with ce rtain se t co ndit ions for th e res t of th e var iab les th at
a ffec t adhesi on) .

- The new ad hesives in th e market sho uld be emp loyed using th e thin set met hod
(or proven alterna tives). wh ich means tha t th e th ickn ess of th e adhes ive wi ll be be tween 2
and 3 mm [as recommended by in ternationa l regu lat ion s). This aspect ha s been verified by
di fferent tests . which sho w an im portant fall in the adhe sive strength (be tw een approx. 30
an d 45 % . d epending on th e ad hes ive emp loyed ) w hen w e exceed the th icknesses
recomm ended for layers of ad hes ive anel go to layers of between 6 and 8 mill thick . It has

GRA PH 5
EF FECT OF THE SURFACE ROUGH NES OF TH E BACK O F THE TILE

TYPEA ADHESIVE TYPE B ADHESIVE
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been observed th at ad hesive ap plications of th is th ickness lead to fau lty in stall ation (wi th
a large number of cavities an d small crac ks in th e sett ing). These facts co unse l against th e
lise of «aggress ive » ribs with th ese adhesi ves. in st all ed wit h the thin-set method . especia lly
if we take int o accoun t the di fficul ty involved in ach ieving the proper applicati on of ad hesive
on the back of a til e with excess ive re lief.

Cons ide ring a ll th e above-me n tioned facts . we ad vise th e use of sy m me tr ica l des igns
wh ich are softer (with cham fer angles not excee d ing 45°)' w ith widel y separat ed geo metr ies .
hi gh degrees of com pac tion and rib dep th s not exceeding 1-1.3 mm.

4.4 SURFACE ROUGHNESS OF THE BACK OF THE TILE

This is wh at we might call an «unsought» variable that appears in the industrial process
(as in the case of \VA. or of the rib) : it is a characteristic that ari ses in the pro cess itself.

We have observed that the surface roughness of the back of the d ifferen t tiles is not
un iform . es pecia lly be tween the ones that come from our laboratory press aIHI th ose w hi ch
were obtained from ind ustrial presses (wi th much rougher backs]. This roughness may be
due to th e «d irtiness» of th e industrial pressin g d ies or to the differen t gra in s izes in th e
bod ies, Logic d ictates that anyone of th e fact ors or charac teristics of the surface in ques tion
[which forms pa rt of th e ad hesive bon d ) can affect decisive ly th e ul timate adhes ive strength .
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PLATE 8: VARIATION OF THETYPE OF FAILURE IN TILES WITH
DIFFERENT KINDS OF SURFACE ROUGHNE SS OF THE BACK

SAMPLE TEST PIECE ADHESIVE: TY PE A ADHESIVE: TYPE B

TIL E: STONEWARE (RED BO DY) WITH WA = 2.5 - :1%
SUBSTRATE: CEMENT MORTAR

TEST: SHEAR

Once thi s hypoth esis was established , we decided to check its valid ity.

In grap h 5 we ca n observe the increases obtained by varyi ng the surfa ce roughness
of th e back of the tile. This information shows th e growing importance of this factor in
keeping with th e ra te at wh ich the contribution of other var iables in the mech ani cal
anc hor ing -e.g. WA-becomes critical. Th is as pect is con firme d by the fact that in th e porou s
tiles no outstanding differen ces were observed between backs wit h a di fferent roughness.

The refor e, there see ms to exist an imp ortant in teraction between two factors , namely WA

GRAPH 6
INTERACTION BETWEE N TWO VARIABLES:

ROU G HNES AND WA
-. _'ihe,Jr ~ l rengh
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TEST ING CO NDITIO NS:

STON EW, TILE (RED BODYI
TYPEAADHESIVE
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and roughness. As proof of thi s. in grap h 6, we can observe th e cur ves co rrespo nd ing to
s tone ware til es (red body) fixed to ceme nt mortar with type A adh esiv e. Th e more th e \VA
decreases, th e more the difference between th e two curves increases.

In plate 8 the differen ces can be observed in the typ es of failure obta ine d by vary ing
th e ro ughness of the back (rou gher in the bott om row ). Th e sample test pieces used in each
case have also been in cluded . In th e ph otograph we can observe . even visuall y. the
differences in the roughness. We can see how the rougher back leaves th e surface covered
with a larger amo unt of adhesive. resulting from the poss ible exis tence of a grea ter number
of anchoring points.

The results obtained in this directi on are enc ourag ing and could op en up a new and
interes ting field of action in the sea rch for an ever grea ter reli abili ty of th e ce ramic tile
ins talla tion sys tem s,

4.5 EFFECI' O F OTHER CHARACfERISTICS

In thi s section we refer to characteristics men tioned in the literature sur veyed . which
have not co nstitu ted the main objec t of th is study.

4~5 .1. Coeffici en t of thermal ex p an s ion of the biscu it. Thermal s hock a n d
other climatic con d it ion ing fa ctors

As we know, the th ermal expansi on of a mat eria l when its temperature varies is
proportional to th e alte ratio n in temperatures and to its coe fficien t of thermal ex pa ns ion ,

PLATE 9: VA RIATIO N OF THETYPE O F FAI LURE IN TIL ES
SUBJECTED TO DIFFERENT CLIMATIC CO NDITIO NS

NO RMAL
CO NDITIO NS

THERMAL SHOCK
(M AX,T= 110° C)

IMMERSIO N
IN WATER

H FREEZE-THAW
CYCLES

,\ () H ESIV( : n 1'( B • TlL[ : ... rl)N [WAI{[ ' ~ E I) B( l(JY) WITH \\'1\;:2 . 'j_ - I·~; .

<"UHSTR.\TI: C[,\ 1EN T .\ H Hn !\ R • TEs T: ~HL'R

In a mul tilayer svs te rn -like the ce ramic tile in stallati on system- the differ en ces between
the thermal expans ion coefficien ts can provoke important 'sta tes of s tress in the strata that
join the different materi als . Th e analvsis of these coe fficien ts indicates a relative hornozen eitv

- 0 _

between the m in th ose cases where the substra te and the adhesive are both of a basi call v
mineral nature. If the compo ne nts of an organic nature are increasingly important in th~
adhesive . the di scre pancies begin to take on import an ce and cons equen tly, the sta tes of
stress which may occur. In an y event, an adequa te design of the expansio n join ts necessary
in eac h case has proved to be esse ntial. .

On the othe r hand. one author (fl) mentions th e effect of the th ermal ex pa ns ion
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coefficient of the tile upon shear strength and to the flexural bond strength of th e backgrou nd l
rendering and rendering/mortar (adhesive) interfaces. when variations of temperature occur
in the whole. It is evident th at the obten tion of an interval for these coefficients (of the til e).
which wou ld lessen the existing tensil e stresses would be most beneficia l in situat ions
such as facades su bjec ted to important cycles of thermal sho ck.

All th e experiments described in this study. up to th is poin t. have been carr ied out
by subjecting the models to laboratory conditions. far less demanding than those to be
found in certain ci rcumstance s (ex teriors subj ected to frost. important thermal shocks andl
or the effects of wa ter]. We though t it convenient to carry out some tests where th e models
wo uld be subjected to differen t conditions. In th is man ner. we are able to d iscover new
behaviour. es pecia lly of the ad hesi ve. seeing that the charac teristics of the tile in many
cases are determined by other conditioning factors (for example. s toneware prod ucts sho uld
be used in exterio rs whe n there is a poss ibility of fros ts].

In plate 9 we can observe the types of failu re which occur in the debon di ng of some
stoneware tiles belonging to group BI (WA< 3%). fixed with a type Badhesive and subjec ted
to different co nd itions . Th e action of the water (both th rough immersion and in the fros t
cycles) produces a sign ificant vari at ion in the type of failure obtained . right th rough from
an AF-T typ e of debo nding (in the til e-ad hesive int erface] to an AF-S type (in the adhes ive
subs trate interface). Th e corres ponding shear streng th values are the following:

- 28 days in laboratory conditions: 16.5 kg/cm 2
- subjec ted to 12 thermal shoc k cycles with a T = 110" C: 6.2 kg/cm2

max

- subjected to th e actio n of water : 11.9 kg/cm2
- subjected to 25 freez e-thaw cycles: 8.3 kg/ cm2

Th ere is a significant loss in shear streng th value s.

A more complete study of this poin t would require an analys is of th e possible
interactions between th ose charac teristics of the tiles that have an effec t, and the in dicated
cl ima tic conditions.

4.5.2. Thickness/surface a rea ratio of the cer a mic piece

Different authors (16) s tate that this ratio is another variable in the common aim to
im prove the charac teristics of the bond . The explanation is obv ious: seeing that there are
joins in the fixing. the tile does not ad here only at the back bu t also at the sid es. Th e thi cker
the til e. the greater the increase in the surface area . This rise wi ll grow with the in crease in
the area of the joints with in the total til ed area . which in tu rn. will be determi ned by th e
width of th e joints and of the tile sizes employed.

Thus . in sma ll til e sizes (for example . mosaics) of a substa ntia l th ickn ess. the
thickness/surface area rat io may have notable effects upon the whole of the adhesive strength .
In th is context. we should like to give a sp ecial mention to the tili ng technique of the
«trencadis» (sm all. irregular fragments. resulting from the cutting up ofla rger tiles) employed
in the modernist architecture of the start of the century. Despite the time that has elapse d .
it still persists on facades and roofs in all its beauty and splendo ur. than ks -in par t- to the
use of the facts that we have jus t descri bed.
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Throughout thi s article. we have stressed the importan ce of the effect that th e different
til e chara cteristic s have upon the ir gre ate r or lesser adhesion strength to ce men t morta r
subs tra tes .

The different behavi our has heen stud ied of tw o ty pes of adhesi ves (a cerno nt itio us
ad hes ive with hydraulic binders -w h ich we have na med «type A»- and its homol ogue with
mixed hinders -»ty pe B»), wi th regard to th e charac teris tics men tioned.

We have analyzed in depth th e effec t of the wa te r abso rp tion (WA) of th e biscuit .
having obta in ed the She ar strengt h-WA curves for stoneware and porous ti le bodies.

Regarding thi s po in t. the foll owing conclus ions shou ld be mentioned:

- In the s toneware til e bodies. an increase in th e WA of th e bi scuit (from 1% up to 8 % )
produces a sign ifican t inc rea se in she ar stre ng th . Th is rise depends on th e adhesive
and th e typ o of body employed. Thus we can obse rve how th e in crea ses ob taine d
are greater for th e «ty po A,>adhesive than for «type B». although. on th e othe r hand .
the ab solute values are alwa ys hi gher for th e latter. Regarding th e type of bo dy . we
must s tate th at the increases in she ar stre ngth are lower in th e whi te bod ies than in
th e red.

- This behaviour. which corresponds to th e sto neware til e bodi es . is differen t in th e
case of th e porou s til e. For thi s typ e of body. th e init ial tendency is sim ila r. that is .
th ere is an in crease in th e she ar stre ngt h with the degree of W,\ of th e biscuit. On ce
a ce rta in value of WA has been attaine d (different for each of th e two adhesi ves) th o
shear s trength not on ly stops in creasing . but begins to s lowly d imin is h as th is
variable rises.

- These cur ves. obtaine d for ceme nt mortar subst ra tes . varv on usi ng a d ifferent typ e
of subs trate. For a rende re d bri ck substrate . with greater surface wa ter abs or p tion
than that of the cemen t mort ar background. th e di fferences in the processes of se tting
and elim ina tion of th e excess hyd rati on wa ter. provoke a «s lid ing» of th e ob tained
curves toward lower Wl\ va lues. In cons equence. greater values of shea r s treng th
ar e usu ally ob taine d with rendered bri ck subs tra tes th an wit h ce men t mortar ones .
in th e industrial WA ran ges of stoneware and porous tile producti on. This tende ncy
has been found em ploy ing only the «type A» adhesi ve (cemen tit io us adhesi ve with
hydraulic bi nders).

We have shown the import an ce of a «good design » for th e ribs on th e back of a til o.
Based on th e research carr ie d out . we ad vise th e use of so ft. sy mmetrica l design s. w ith
widel y se para ted geo me tries. high degrees of compac tion a nd rib depths no grea te l' than 1
- 1.3 mm .

And fina lly. we have di scussed th e beneficial effect of a suffic ient sur face roughness
on the back of th e til e . and how this variable intera cts with th e water ab sorpti on of th e
biscuit. This interaction indicat es that as WA de creases. sur face rou ghness plays a mom
important part in adhesi on .
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