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ABSTRACT

lmpac! resistance is olle of tlu: mosl critical characteristics 10 be taken into accolII,l ill
assllrillg the sllilal'i/ily of ceramic products for usc ill swere service conditions. The test methods
currcnilu tnmilab!cfor eoaluating ceramic tile behaviour w ,der these conditions arc inappropriate,
as Ihey depend all syslems of subicctitc visual appraisal, or arc based 011 determining physical
parametersof the nuucrial unrclatcd 10 ih« obsen-edsurfacedefects. A ll instrumen tal IIlm SU Y<'I1Il'111
sys lelll has bem developed, capabl« of qualllifyi llg the mechanical alterations that arise all
impingement by rigid objects, evell whell uisiblc dalllage docs 1I0t appmr at the surface. The
asselllNy consists of all impactor filled toith a force measurement sCl/sor all a pendulu m sys lem,
uhich enablc« craluating material bdllwiour at diffcren: impac! telocitics. The syslelll is highly
rcrsatilc, ami call reproduce diffem' l conditions of use, allowillg adjus tment of the test uariablcs
(iota! impactor mass ami impillgillg lip geolllelry) 10 specific needs.

11, eralnatc the lcucl of damage produced under ceriaill impact conditions, a quantitotii»
parameter has be<'ll defilled relating 10 the mechanical response of the surface al the initial nunncnts
of impact, A nutthcnuuical model has beell used 10 tI,mretically IlI lIllyse the impact of spherical
bodies 011 rigid flal surfaces; the theoretical rcsull« match those[ound 011 usillg the tcs! asselllbly.
The defined parameter is related 10 the clastic consmuts of the material ( Yr.J1l11g's modulus and
Poissoll ratio) and cnablc« eVillualillg the arising cliangc« ill the clastic bclunnour of the surface,
produced by the[ormation of microcracks all impact, A sludy was carried out toitlt differml types
of ceramic nuu criols 10 perify the repmlal,i/ily of the method ami the 'ffeci of impact conditions
(mergy del-do ped, relocits}, geomelry of the impillgil'g obicct, ctc.). The res ults obtninei! confirm
the sui labi/ily of the lIew tesl sys lem for qllllllliialipely assessillg ceramic tile impact resistmtcc.
Usillg the dcnclopcd lest method, assessmml ha» beell init iated of the effect of differelll product
part/meters ({ype of glaze, thickness of the layers, effect of the base, etc.) all tile impact rceistancc,
unth a view to ,hfillillg matvrials design criteria for improuiug the mechanical brhauiour of thcs«
prodllcts.
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1. INT RO DUCT ION

On usin g the term "ce ramic", despite the wid e range of materials covered, there may
be an underlyin g ass ocia tion with the conce pt of fragility, eithe r due to traditional cera mic
uses in makin g artware or to its relation ship with hou sehold cookwa re. Moreo ver, the
problems associa ted with fractures, forme rly appearing in certain ceramic floor and wall
tilin gs, w hich in most cases ste mmed from inad equate installation, ha ve created a n
erroneous image of inappropriate performan ce on impact.

For some reason or another, impact resistance has been a little used cha racteristic for
eva lua ting the beh aviour of ceramic materials. Un til a few yea rs ago test methods were
not even ava ilable for this purpose. At present, the advances in ceram ic tile installation
sys tems, driven by the improvement in fixing materi als and better train ing of tile fi xe rs,
ha ve practically elim ina ted the risk of tile failure, limiting possibl e patho log ies to s urface
deteri orati on ph en om en a.

However, the test met hods described in th e literature II. 2. 31, based mainly on
systems of free falling met al spheres of va rio us sizes, are inapprop riat e for eva lua ting
the surface damage caused by impact on ceram ic tiles for one o r more of the foll owing
reasons:

• The test to determine the ene rgy requi red to p roduce tile failure is performed on
spec ime ns not installed on a rigid base, under very different cond itions from those
tha t the product will face in actu al use.

• Visua l ap praisal crite ria are used to assess the dam age caused, whi ch fail to ensure
appropriate rep roducibili ty or ena ble quanti fyin g the results obtained.

• Test method s are based on determining ph ysical parameters associa ted wit h the
elastic characteristics of the material, unrelated to the ar ising su rface damage
(chips and cracks).

The need to qu an tify the da mage produced during impact, in order to define the
resist an ce of the materials as we ll as to eva lua te the contribut ion of product d esign
va riables, has led to using d ifferent qu antitati ve ins trumenta l techn iques, such as
ind entati on , acce lerornetry!" or ultrason ics measurements in d iffere nt stud ies on the
mechan ical behaviour of materials. Altho ug h these techniques allow evalua ting the
cha nges tha t the material undergoes during the a pplication of force, in the present study
a prototype has been used , design ed to evaluate the mecha nica l response of the su rface
sim ultaneous ly wi th the im pact phen om enon , inco rporating a dynamic force se nso r in the
actua l imping ing ele me nt.

The assemb ly is made up of an ad justab le p latform that bea rs a pend ulum system
(Figure I), consisting of a carbo n fibre mobile bar and an impactor fitte d with a
p iezoelectr ic force measu rement sensor. The elect r ic signal ge nera ted, linea rly
propor tiona l to the force acting on the senso r, is recorded in a h igh -freque ncy oscilloscope
to determine the evolu tion of stress and arising strains du ring im pact.
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Figure 1. Gene-at ph'll' l~' tilt' I'mtolypt'.
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The p rototype is equipped with a se nsor set at an an gle on the swivel ling axis of the
mobil e ar m, w hich allows es tablishi ng the initial height of the impacto r as we ll as linear
ve locity at the mom ent of im pact, and hen ce energy input. The use of a pendulum system
enables ca rry ing ou t impact tes ts w ith ene rgy levels close to crac k ge ne ra tion ini tia tion at
the surface, as well as cond ucti ng successive repe titions at the sa me su rface point. The
assembly is highly ve rsati le an d can reprod uce d ifferen t cond itions of use on mod ifying
im pinging object mass and impacto r tip geomet ry.

To rep rod uce the phen omen on under sim ila r condit ions to those found in service,
test spec imens are fixed by a rigid resin layer on blocks o f reinforced concrete measuring
7.5x7.5x5 ern, followi ng the proced u re se t out in standard UNE-EN ISO 10545 Part 5. A
pneuma tic fas tening system ensures the pe rpend icu lar alignment of the su rface of the
materi al to the sensor-fitte d impactor.

2. MECHANICAL BEHAVIOUR DUR ING IM PACT

Wh en two objects collide, the force applied to the surface produces a strain that can
be reversib le (elas tic behaviour) or perma nent (p lastic beha viour) dependi ng on the
characteristics of the ma ter ial 15•

hl. Many materials, such as meta ls, present bo th types of
behaviour, depending on the intensity of the applied force. For small va lues of a pplied
force, an e las tic stra in is produced proport iona l to Young's modulus (E), but on exceed ing
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a certain limit va lue, the resu lting strain ceases to be reversible and loses its linear growth
relation to applied force. If stress continuous to rise, the stra in progressively stabi lises
until reaching a ma xim um value at w hich fracture occurs.

Homogen eou s ceram ic materials, an d glasses in ge ne ral, are cha racterised by
exhib iting a rapid tra nsiti on from elastic beha viour to fracture, due to their low
mechanical stress relaxation rate on not presenting appreciable pla stic stra in to enable
abso rbing these stresses . These materi als a re known as fragile materia ls, in contrast to
d uctile materials, in w hich fracture is preceded by pl astic st ra in.

For the ty pical energy levels ass ociated with falling househ old objects, un der
appropriate inst allati on cond itions tha t impede ene rgy abso rp tion by tile bend ing, the
arising strains and dam age are limited to the surface of the materia l withou t prod ucin g
failure of the ceram ic bod y. From the moment of in itial conta ct, the stress withstood by the
su rface grows pa rallel to the aris ing strain until peaking, which co rres po nd s to the
moment of maxim um su rface s train (Figure 2).
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Figure 2. Etclu tion of forn' with timefin difff'rmf matvriuls.

After reachi ng the ma xim um force va lue , the impactor inverts its trajectory and the
material begin s to recover its initial form, with progressive reduction of the applied stress
until contact between im pactor and material end s. In the case of rigid materials, suc h as
glass and ceramic tiles, high maximum force va lues are found. Fu rthe rmore, con tac t time
between the surface and impinging object is short, this va lue being proportional to the
system's elastic constants. On the other hand , materi als with a g reater capacity to deform
have longer con tact times and they withstand lower forces, as in the case of pla sti c.
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Sim ilarly, on increasing the velocity of the impinging object a t the moment of
impact, which rises proportionally to the square root of fall heigh t, the ma ximum force
value atta ined increases proportionall y, while contact time remai ns approximately stea dy
(Figu re 3).
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FigureJ. [ POIIl!iOIl ofJi1rct' dllrillg impact from d~ffcrt'JI t It l'igllts.

Furthermore, the evolu tion of force exhibits an ap prox ima tely sinusoida l behaviour,
simila r to the behaviou r that wou ld be found during impact of a sphere of red uced mass
on the flat surface o f a theoret ical materia l w ith p ure elas tic beha viour [71. On a
ma croscopic level, thi s im plies that the response of the tile-adhesive-base sys tem can be
ana lysed, assum ing an elasti c behaviou r and cha racterising it by mean s of a pa rameter
(e.g. the coefficient of res titution) related to its absorbing capacity.

However, significant differences are not found in the sha pe of the curves F=f(t)
correspond ing 10 d ifferent impact velocities; at low values no su rface da mage occurs,
w hile at high ve loci ties concentric and l or radial cracks are prod uced, and even surface
chipping . It is therefo re necessary to assu me that the se fractures do not produce a
su fficien tly subs ta ntial variat ion to be detected in the evolu tion of the force wi thstoo d by
the su rface, o r they are generated and l or propagated after contact time with the
impinging ob ject, d u rin g the surface st ress relaxa tion phase.

3. T HEO RETICAL AN ALYSIS OF RESP O NSE DURI NG IMPACT

The instan taneou s force developed du ring impact o f a spherical object on a flat
surface of much grea ter mass can be found on app lying the laws of cla stic contact from :

F= k-xs

P.GI . 389
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wh ere k is a constant that depends on the mechanical and geometric properti es of the
materi als that collide and q an expo nent that takes the value 1.5 if a hertzian type contact is
assumed!", Deve loping the di fferential eq ua tion of moti on , a pplying a series of
simplifications and approximations, an express ion is derived that defines force versus time:

() 1.14Vo' . (1. 68Vol)F II = /1/ 1 .1' / 1/ ---"-

a m (I ",

12]

13]

where m, is mass of the sphe rical object, Vo ve locity at the initi al mom ent of impact, and
u

m
the maximum stra in reached, which in tu rn can be expressed in the form:

I

[
/1/ V' ] "a m= 1.25_'_'_'

k,

wh ere k, is a constant proporti onal to the sq uare root of the rad ius of the sphe rical object
(R). and "depends on the Young's modulus and Poisson ratio of both objects, as follow s:

14]

t:

I - v 'I
£ ,

k , = '!.. JR - ---,-- - ­
• 3

The evolu tion of force has been confirmed to follow an approxima tely sinusoi da l
behav iour versus time, as predicted by the theoretical equa tions. However, the response
of the materi al can only be considered fu lly clastic in the init ial moments of impact, while
the cha racte ristic critical stress / stra in values of eac h material are not exceeded. For this
reason it was decid ed to use the value of the initi al ma ximum slope of force growth versus
time as a referen ce. Equa tion 2 enables deriv ing the following express ion:

CJF =c .V"
" I 001 0

[5]

C - ! (k" " -0' )
, - ' " /1/ ,

161

Based on the results of the impact test s cond ucted on a range of glazed and un g lazed
ceramic materials, it was confirmed tha t these ma terials exhibit this relation of poten tia l
growth ve rsus velocity, it being possible to cha racterise their elas tic response on the basis
of this para me ter. As Figure 4 shows, the po ten tial adjus tme nts for a ll the types of
materia ls exhibit cor relation coefficients very close to unity, wi th exponents a round 1.4, as
equation 5 predicts.
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4. TYPES OF FRACTURE

Fracture mechanisms in ceramic mater ials have been wi delv studied since the first
investigations on conical frac tures in len ses (Hertz, 1880) until the p rese nt tim e. Two types
can basically be d ist inguished: the frag ile mode, also ca lled hertzian frac tures, and the
pseu do-plastic mod e!",

Wh en a sphe rical object exercises a growing force on the flat surface of a rigid ,
homogen eous materia l, it produces a strain in the surface with rising tensile stress in the
contac t area betw een both clements, reaching maximum stress levels in the circu lar line
th ai d elimits this area. Wh en a cr itical load valu e is reached, a ring crack initiates at the
s u rfa ce of th e m at eria l. coinciding with the line where th e tensil e stresses are
concentra ted, whi ch can p ropagate inwards forming a conical-shaped fracture.

It ha s been ex pe rime n tally observed that the load needed to start this ha s a linear
relation to the radius of the impinging sphere (Aue rbac h, 189l), w ith an increas ing d epth
being reached on raising the load applied to the surface. This behaviour, widely stud ied
by means of sta tic an d d ynamic load tests w ith spherical indenters, is similarly found in
impact ph en omen a on hom ogen eous materials. Figure 5 shows the development of a
con ical crack in the cross sec tion of a porcelain tile test specime n, after im pact w ith a
sphe rical tip of approximately 3 n1l11 radi us .

Figun' 5. Hertzian fracture in a porcelain tile.

P. GI - 391
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Figure 6. PSt'udo-pla:.'tic fractuTc in a ::tml('1{'lln·lJ<Jdy.

On the other hand, heterogeneous ceramic materials, with defined inte rfaces and
high grain size exhi bit qu ite di fferent behaviour, not presenting any tendency to hcrtzian
fracture. Under similar load application conditions, an area of stra in is genera ted subject
to inten se shear stresses under the su rface in contact with the sphe re, while maxim um
shea r stress concentrates along the contac t axis at a depth approxima tely half the contact
radius. Thi s strain, appa rently similar to the one character ising plastic strain processes in
metals, cons ists of mul tiple short microcracks, ge nerated by the shea r stresses and
sca ttered in the strain area, wh ich has an approxi mately semicircular form (Figure 6). On
applying higher loads, tensile stresses can ar ise that spread seco ndary crac ks star ting from
the ini tial damage.

This type of fracture, called pseudo-p lastic, appears at a macroscopic level in a
similar way to plastic strain phenomena, with slig ht sinking of the surface after impact.
However, advancing damage und er the contact surface can lead to the coa lescence of
microcracks prod uced by shear, capable of genera ting cracks under the surface an d even
material detachm ent.

These two fracture mechan isms represent the ex treme cases co rres pond ing
respectively to high ly homogeneou s and heterogeneou s ma terials. In practice, the main
fracture mechan ism exhibited by a certa in material will depend on its nature and on its
internal microst ructure, while there can also be a progressive transition between both
models 1'1 .

Ana lysis of the evolution of impact damage becomes much more complicated in the
case of multilayer sys tems, currently a growing research field . In the specific case of a type
of glazed ceramic tile, made up of a sys tem of three layers of d ifferent nature and
behaviour (fully he terogeneous ceramic body, relatively homogeneou s glaze an d engobe).
a transi tion is observed between both fracture mecha nisms, which can even coexist
depend ing on the intensity of the force applied and curvature rad ius of the impinging
object.

The picture sequence shows that at small fall heigh ts (a) the main fracture
mechan ism is of a her tzian type, exclusive ly affecting the homogeneou s glaze layer,
a lthough the beginning of a pseudo-plastic stra in below the contact area with the

P.GI - JIol2
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Figltn ' 7. [ polut ioll of impact damage in Il mlliti/ayl'r sys tem.

im pactor starts to ap pear. On raIsIng th e fall heigh t, an d th erefore veloci ty at th e
momen t of impact, the hertzian fracture ad va nce s, also affect ing the engobe layer and
subsu rface stra in increases (b) . A t a h igher level of impact ene rgy, besides detachments
of the glaze coating, small cracks and holes appear under the impact area (c), due to the
coa lescence of microcracks genera ted by int erparticle sl ippage. Finally, advance of these
fractu res can give rise to cracks in the cera m ic bod y and detachment of pa r t of th e
materi al (d).

Th is behaviour can vary significantly dependi ng on th e nature, homogeneity,
thickn ess and d istribu tion o f the layers that build up the surface, opening u p a w ide range
of possibi lities which need to be assessed in order to imp rove the mechanical behaviour
of ceramic materials.

5. M ETHOD FO R Q UANTITATI VE FRACTU RE EVALUATION

As ind icated p revious ly, the curves of the evolution of force ve rsus time F=f(t) d o
not exhibit any significant change associated with the genera tion of surface frac tures. Due
to the di fficul ty of evalua ting the aris ing d amage sim ulta neously with th e unfolding
im pact process, it was decid ed to determine the altera tions arising durin g collision by
evaluating the changes in the elastic response o f the ma terial, by mea ns of a second im pact
of eq ua l energy at the sa me point.

P. GI - 393
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Out of the va rious param eters described in the literature for characterising the
elastic response of the surface (max imu m strain, contact time, etc.), the maximum slope of
force grow th at the initi al mom en ts was chosen as a referen ce, because it presents the
grea tes t se ns itivity for d etecting changes in microstructure caused by impact. Wh en
alterations do not occur at the sur face of the test speci men, the valu e of the initi al
maximum slope in both impacts shou ld be identical, conf irmi ng the absence of surface
damage. Starting at a cr itical velocity va lue, which depends on the type of mat erial,
frac tures begin to occur in the surface, revealed by a decrease in the initi al slope of the
second impact (Figure 8), wi th a progressive increase in differen ce be tween both slopes
propo rtiona l to the arising level of dam age, on raising the object's fall height.
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Figu re 8. Etolution offorce at the initial moments.

To qu antify the level of damage ge ne ra ted du ring the first impact, the standa rd
differen ce is used , defined as the va ria tion between the slopes found in both impacts,
calcula ted by linear regression of 100 pairs of individual valu es (equ ivalen t to 2~IS), and
di vid ed by cons tan t C, of the potential adjustment, which depends on the elastic
paramet ers of the materi al, in orde r to allow compar ing the absolute values found
between di fferent materials and geome tries of the object, from:

[7]impact 2

aF
atImpact 1

aF
at

Standard. difference = ----==-'-----=~

Figure 9 plots the evo lu tion of the maximum slopes of both impacts and of the
sta nda rd param eter, in the tests carried out on a glazed stone wa re tile. At low init ial
velocities below 1 m I s no surface dam age or significant differen ces between the values of
the slopes found in both impacts are observed, so tha t alterations can be assu me d not to
exist in the ma ter ial.

I', CI < N-t
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Wh en p rogressively increasing impactor fall height, i.e., ini tial velocity at impact, a
progressiv e rise in d ifference is found between the initi a l slopes, which increases
proportionall y with the level of observed damage.
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Figure 9. El IO/lIliOIl of tht' standard parameter LJI?rSIIS impact pdocity.

At velocities higher than 3 m / s an abru pt cha nge is observed in the slope of the
second impact, coincid ing with the appearance of chipp ing in the gla zed surface. Ana lys is
of the absolu te di fference curve ena bles d etermining the minimum ene rgy at wh ich
defects are genera ted in the sur face, as well as their evolu tion on ra ising im pact energy.

6. EFFECT OF OBJECT CHARACTERISTICS ON RESPONSE DURING IMPACT

A) OBJECf TOTAL MASS

When an object impinges on a tes t spe cimen not fixed on a rigid base, th is deforms
by bending u ntil the strai n limit is reached and a crac k initiat es a t its rear side, which
advance s till causing failure of the materi al. Under these cond itions , the energy requ ired
to fracture the piece, which depends on the cha rac teristics of the materia l an d its
th ickness, presents an approxi mately consta nt value, while the height needed to ca use
fracture inc rea ses proportion ally on reduc ing objec t mass.

P. (;1 - 395
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On the other hand, un d er appropriate installa tion con d itions, most of the kinetic
energy tran smitted d uri ng collision is recove red ind irectly in the object rebou nd p rocess,
while the ene rgy pu t into the ge nera tion and propagati on of su rface d am age is
sig nifican tly red uced with rega rd to total energy d eveloped . For thi s reason, ra ising
impinging object total mass produces no advance in d amage proportional to the
correspond ing rise in ene rgy.

To ve rify the influen ce of object mass on arising su rface d am age, tests were carr ied
ou t incorporating an add itiona l ma ss at the back of the impactor, until ap prox imately
doubling its initi al value. Figure 10 plo ts the resu lts found with bo th masses.

It sho ws that the init ia l slope of force growth d oes not present a significant
dep enden ce on object mass, as predicted by equa tion 6. This implies th at the evolution of
force during the initia l moments is equivalent and depends mainly on the elastic
characteristics of the surface-object system.
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The increase of object mass, holding contac t geometry, slightly raises the va lue of
force an d maximum stra in reached , and therefore increases contac t time between both
objects. However, thi s increase in mass only tran slat es into a sma ll increase in impact
d am age, the effec t of a rise in object mass bein g mu ch less critical than the increase of its
fall height.

B) OBJECT CONTACT GEOMETRY

With a view to determining the effect of object geome try on arising damage, a se ries
of test s was carr ied ou t with spherical tip s wi th a different curva ture radius (R). Figu re 11
plot s the full se t of d ata obtained in the impact tests conducted at the sa me velocity on
poli shed porcelain tile tes t speci me ns with different tips. O n increasing impact tip
curvature radiu s, a rise in the maxirnum force value is ob served , as well as a reduction in
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contact lime between the object and the su rface. This ind icates that the respon se of the
sys tem becomes more rigid on increasin g contact curvature radius, so tha t the sys tem's
elastic constan t would be expected to rise .
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Figure 11 . Inj1IlCl1CC of impact tip xeometry.

In fact, if we ana lyse the evolu tion of the initial slope va lues versus velocity for each
type of im pact tip (Figure 12), it is found tha t the slope of the potenti al adjus tme nt (e,)
increases progressively on raising the value of R. As pred icted in equa tion 4, the value of
the sys tem's elastic constant (k.), increases proportion ally to the squa re root of object
curvature radius, so that the max imum strai n generated on impact by objects of larger
radius decreases.
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Figure 12.Ei'o/utitm of tilt' initial :;;101'(' l't'rSIfS object curvature radius.
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Thi s interdependen ce between system elas tic parameters and object curvature
rad ius could be used to eva luate materi als elasti c cons ta nts, by carry ing out tests with tips
o f different geometry and ana lysi ng the growth of cons ta nt C, from the initial s lope
adjustme nt .

Analysis of the d am age gene ra ted usin g d ifferen t im pact tips confirms that
increasin g object tip curva ture radius significan tly lowers arising su rface damage. As
ind icated p reviou sly, increasing the contac t surface decreases the maxim um penetration
atta ined (no), so that surface st resses will be smaller and the tendency to produce hertzian
fractu re will decrease.
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Figurv 13. Erolut ion (~f tile damase generated with differm l geoll/etrie::;.

As Figu re 13 shows, on ra ising the curvature radius a high er ve locity is required to
cause hertzian fractu res to appear in the materi al. The arising conce n tric cracks present a
larger di ameter on increasing tip radius, becau se tensi le stresses conce ntrate on the
contac t area perimeter. Mo reover, the ad van ce of the arising d amage flatten s on increasin g
object radius, with only conce nt ric cracks appearing at the surface with high va lues of R.

Thi s mean s that contac t geometry, together w ith fall height, are the most critica l
factors affecting the evolution of surface d amage. It w ill therefore be necessary to
accura tely define tes t condi tions to evaluate ma teria ls impact res is tance.

7. CONCLUSIONS

The following conclus ions can be d rawn from the stu dy:

- An ins tru menta l assemb ly has be en developed th at allows ana lysing the
mechanical behaviour of materials by mean s of a qu antitat ive evalua tion of the
changes that occur in th e elastic res ponse of the surface on impact by sphe rical
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objects. The proposed method has high rep eat abil ity and enables reproducin g
d ifferen t rea l cond itions of use, by modifyin g test parameters (imp inging ob ject
mass, contact geome try and impact velo city ).

- Su rface res po nse during the initi al moments of impact can be an alysed , on
ass u m ing pu re elas tic behaviour, which enables using the p roposed method to
evalua te character ist ic elas tic parameters of the materi als.

- The types of fracture that different types of ceramic materials exh ibit have been
ana lysed . In the case of glazed ceramic tiles, hertzian and pseudo-pl astic frac ture
mech anism s can coex ist simultan eously, so that beh aviour on impact can vary
significan tly depending on the nature and distribution of the constitue nt layers.

- The effect of test condi tions on response to impact has been stud ied . It was
confirmed that the geome try of the impinging object and veloci ty at the moment of
contact are the va riables that mo st alter th e ap pearance and advance o f surface
damage.

- The method d eveloped allows studying product design va riables (composition,
microstructure. laver th ickness and di st ribution, etc.) and installati on cond itions
(r igid ity of the base, type of ad hesive, e tc.) w ith a view to improving the
mechani cal behaviour of ceramic floor and wall tiles.
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