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ABSTRACT

C ue of the imporinnt properties of building products is durabilily. Ceramic buildillS
products, including ccrantic tile» for outdoor IIS~, hare 10 be[ros! res istant ill order 10 liare a lOllS
service life. Diffcrcnt tupcs of laboralory tcs!« call be pelfarmed 10 determine the[rest resistance of
ceramic lilt's: at the SIOVCIlil7l1 National SlIildillg and Civil Engineering Institute [ros t resistance
I~s ls 011ceramic liles are performed accordiug 10 II I ~ standurd EN ISO 10545-12. 011 the basis of
the resul ts of screral years experience of peljiJl'lll illg frosl resistance test« a ll cerantic tiles, 1711

attempt hns b~ell made 10 chamcterize I/I~ fr os: damage occurring dllrillg these tcst« ill relation 10
the manufacturing [a ctors iohich influence the reaction of the material 10 frost action. Some cases
offrosl damase ill situ arc also presented.
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INTRODUCTION

The d u rability of bu ildi ng materia ls de pends on severa l di fferen t va ria bles; one of
which is the materia l' s frost resist ance. Two main factors influence thi s res istance: the
climatic cond itions to w hich the material is ex posed and the rea ction to frost ac tion of the
material.
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Th ere is no ge ne rall y accep ted th eo ry w hi ch co u ld d escr ibe ho w fro st d am age
occu rs, b u t th ere is ge ne ra l ag reemen t tha t both a h igh moisture con te n t (i.e. a hi gh
d egree of sa tu ra tion) a nd low tempe ratures a re req u ired .": The clima tic cond itions
w hich ch a racter ize a ty pi ca l frost-d am aging w in te r could consist o f several d ays o f
hea vy rain foll ow ed by low temperatu res.!': ,. 31 Accord ing to th e record s of the
Hyd rometeorol ogi cal Institu te of Slovenia, Sloven ia h as very het e rogen eous cl imat e
co nd itions : th ere is a con tine n ta l clima te in th e north-east , a seve re al p ine climate in
the Alps, an d a sub-Me d ite rr ane an cl imate in th e sou th -w es t. Th e mi xin g of all th ese
e ffec ts results in large cha ng es in wea ther cond itions wi th in sm all areas, over sh ort
period s of tim e. In suc h an enviro n men t th e possib ility of ce ra m ic p rodu cts bein g
fro st-d a maged duri ng the w inte r is hi gh . Po rous m at erial s m ay be satura ted wi th
wat e r, and w hen the tem pera ture d rops to aoc th e freezing process begins . When
wa ter free ze s, it ex pa nd s, a nd if insufficien t space is ava ilab le th e rising pore
pressu re can ca use se rio us d amage to the ma te rial.

How ceramic build ing ma terials, suc h as ceramic tiles for ou tdoor a reas, clay roofing
tiles and facing b ricks, rea ct to frost ac tion depen d s on severa l differen t va riables, such as
the effect of the material, its compos ition and prope rties an d the effect of production
metho d s'". The suitability of clay for manufacturing a frost-resistan t produc t depends
mostly on the type of clay minera ls present, and on the mineral content and particle size
distribut ion. During manufactu ring processes the technological parameters of sha p ing,
d rying, firing, and coo ling, may intro duce certa in faults or wea knesses, whi ch can
deter mine the final frost resistance of the product.t" All these variab les influence the
nat ure of the ceram ic body - the pore size and size distribution , the pore shape, and the
strength of its structu re'?', as we ll as the nature of the surface layers (espe cia lly in the case
of glazed ceramic tiles).

In order to pred ict the frost res istance of a ceramic p roduct w hich is cons tantly
exposed to weathering, in our case ceram ic tiles for ex ternal cladding, certa in laboratory
tests have to be performed . The ava ilable test methods may be d ivided into two grou ps:
d irect testing and indirect tes ting. Direct testi ng makes use of repea ted freezing-thawi ng
cycles in a climatic cha mber, accord ing to different standard methods which simu late
natu rally occurrin g weather conditions. Indi rect testing is based on the fact that pore
structure and pore size di stribution have a major effect on the beh aviour o f materials
when exposed to freezing and thawing . Such tests can be used to pred ict w hethe r or not
the material will suffer frost d amage.

LA BORATORY TESTS

A se ries of d ry- p ressed and extrud ed ce ra mic tiles wi th a w a te r abs orp tion of
less tha n 3% were ex pose d to freezing-tha w in g cy cles acco rding to the sta nda rd
method EN ISO 10545- 12. Af ter im p regn at ion w ith water, a t an a ir press u re low e red
by 60 kPa, th e tiles were subjected to freez ing-thawing cy cles. In each cycle th e
tempe rature w as lowered to be low - 5°C at a ra te not exceed ing 20 °C / h . The
m ini mu m temperature w as ma in ta ine d fo r 15 m inutes. The ti les w ere th en imme rsed
in w a te r a t a temperat ure of +5°C for nex t 15 m inu tes . In each test 100 suc h cycl es
we re performed .
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All of the types of frost damage observed in the laboratory tests can be classified into
four ma jor groups: pee ling , ch ipping , crazing and lamination.

The most common ly detected type of d am age observed on the d ry-p ressed glaze d
ceram ic tiles aft er the freezing-tha w ing test was peeling of the glaze. In Figures 1,2 and 3
large-scale peeling of the glaze of so me tiles from Bib group, having a wa ter ab sorption
between 2 and 3%, can be see n. In Figure 4 the beginning of pe eling of the glaze of cera mic
tiles from grou p Bla, having a w ater ab sorpti on of 0.1%, is shown. The reason for th is
d amage was probab ly the lack of adherence between the glaze and the ceram ic body.
Water entered the free sp,lCe under the glaze, froze and then expa nded . There was an
increase in the p ressu re on the glaz e from below, w hich caused se para tion of the glaz e
from the cera m ic bod y surface, i.e. peeling. It w as obse rve d th at the glaz ed ceramic tiles
w ith a water ab sorpt ion of between 0.5 % an d 3 % (Figures I, 2 and 3) su ffered more
ex tensive peeling damage than the glazed ceram ic tiles w ith a wa ter absor p tion below 05
,;;, (Figure 4). The reason for such beh aviour may be the lower firing tem perat u re for
prod ucts with a higher wa ter absorption. At such temperatures hardly any melting takes
place, and only dry sinlering occurs.'?' Thi s process leads to a ra ther weak bond between
the ceram ic body an d the glaz e surface, w hich can after exposu re to severe cond itions
result in frost d amage. The reason for peeling o f the glazed surface, es pecia lly o f porcela in
ceramic tiles, may also lie in the second firing of the glaze . The thin layer between the
ceramic body and the g laze su rface can the refore be cons ide red as the "weak point " of
g laz ed ceram ic tiles rega rding to fros t resistance.
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Figl/H>4: PeelillS of fh('gla:t' of ceramic tiles group BII1 I ~t1cr froM rcsie tancv test.

The seco nd major group of detected frost damage was chipping , i.e. the breaking-off
of cone-sha ped pieces of tile cons isting not only of the glaze but also of the ceram ic body.
Thi s type of d am age is presented in Figu res 5 and 6. Thi s type of d am age is probabl y due
to an increase in the volume of water that has penetrated into the ceram ic body when the
tiles were subjected to freezin g. When water inside the pores freezes, the ceram ic body is
subjected to a cons iderable tensile forces, wh ich can lead to dam age.

Figllres 5, 6: ChippiJlg - frost dill/filS/' to dry-pressed glazed ceramic tiles afta fro:, ! resis/ll/lCe test.

The glazed ceram ic tiles whi ch were exposed to freezin g-thawing tests also suffered
craz ing damage, w hich can be see n, in Figure 7. Th is type of d amage is probably caused
by the stresses which occur, under severe exposure cond itions, du e to the different
coefficients of expansion / contra ction of the glaz e and the clay body. As a result a network
of hairline cracks occur on all or part of the glazed sur face of the tile. After further
exposure of su ch damaged tiles to cycles of freezing and thawing , other types of damage,
such as chipp ing, may also occu r.

O. "'_l:I"_,,;o

Figure 7; Cncing (?fg/ aze of dry-pressed :;:/az t'd ceramic tiles aper frost n'si" tmICt' test,
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Figu res 8 and 9 show damage in the form of laminati on of the ceramic bod y of
ex tru ded unglazed tiles . In these cases th e d am age was probabl y due to the sha ping
process, because in general ceram ic tiles of th is type are frost resistan t. The ex trusion
process may have resulted in a lam inated st ructure, In thi s process the degree of de-airing
and the tim e between the shaping and d rying a re ve ry im portant factor s.!" The resu lt,
afte r freez ing and tha w ing cycles, was a de-lamina tion of parallel layers.

As already sta ted , laborato ry fros t resist ance tests are performed in o rder to detect
non-frost resis ta nt p rodu cts. However, not all non-frost resi stant ceram ic tiles can be
detected becau se th e reliability o f frost resista nce tests is not absolute . Eve n thoug h many
cera m ic tiles are subjec ted to laboratory tests, many cases of frost damage still occu r in
situ . In Figures 10 and 11 tw o exam ples are present ed of cases of frost d amage to dry
pressed glaze d cera mic tiles, w hich had been decla red by the manufacturer as suitable
for out door areas, and ha d been install ed as cla d d ing for a ba lcony and for a path around
a house.
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Fou r types of frost damage we re observed on the ceramic tiles w hich we re su bjected
to frost resistance tests: peeling, chipping, craz ing of the glaze, and lam ination of the
ceram ic body. All these d ifferen t types of damage are typ ical for the rea ction o f ceram ic
tiles to frost ac tio n, a nd they are re lated to m an y d ifferent va riables suc h as the type of raw
ma terial, its prepa ra tion, and the technological pa rame te rs of sh aping, drying and firing.
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Also, during the ma nufac tu ring process certain faul ts may occur in the mater ial, which
resu lt in its poorer resistance to frost.

Labora tory freeze-thaw tests can be used to detect non-frost resistant ceramic tiles,
bu t unfortunately the reliab ility of such tests is not absol ute. It is ver y di ffi cult to eva luate
the frost resistance of cera mic tiles accord ing to only one test, especially regard ing the
length of the ir servi ce life. This is becau se the wh ole sys tem, not only the tiles but also the
othe r materials used for installation of the tiles, must be frost resista nt, and properl y
installed .
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