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ABSTRACT

Centuries ago, European builders developed a reliable mealls of installing. tilefor high-traffic,
high-lise applications which relied 011 the layillg of a sand strata betweell tile structural substrate
alld the mortar-bedltile composite top layer. Due to spaceOleigllt) requirements and other COllcem s,
the sand strata method for tile installation is, for all practical pllrposes, extinct. lvlodem theory,
11011'el'Cr, explains that the sand strata."de-colipies '" the tilefrom the structure, allOil'illg structural
mOl'emelltwitllOlI t damage to tile tile layer. Approximately elel'ell years ago, a modem analogof the
sand strata system lms developed il l which a thin, doretail corrugated polyethylelle sheet[unctions
as the dccoupling layer (commercially blOWIl as '" DITRA'"). During this presentation, it unll be
denumstrated that tile DlTRA sheet allou« the Ilormal loading forces exerted 011 the tile surjace to
11e ll'idely distributed through a forgil'illg shear plane, similar to that which trould be expected ill
the sand strata. These results contradict other work and theories which sllggest that extremely
strong. bOllds are Ilecessary bettccen the tile GIld substrate to maintain a crack-free tile surface. III
fact, it is proposed that a weak interface is more forgil'illg, allowillg suostantial morctncut ill the
substrate ioithou! allY etndence of cracking ill tile tile - not el'ell ill the grollt joillts. This system
also alioto« differential expansion and contraction bcttceen the tile and the substrate alld ca ll be used
01 1 post-tension concrete slabs - olle of the most problematic surface» to tile. To understand hou:
this system accommodates stress withill a tile assembly, the stress-strain relationship for materials
WIder load will be reoieu -ed, followed by a ceramic matrix composite allalogy that illustrates 11011'
stress buildup and stress reduction are possible with ill composite layers. Tile sllOrtcomillgs of
directly bOlldillg tiles, or settillg tiles ill a[orcc-conductioe bond, will be craluatcd ill ilu:COIltext
of large-scale tests performed 011 tile directly bonded to concrete slabs. Fiualb}, it will be
demonstrated that an cffectn» means of "de-coupling" the tile covering f rom the substrate,
[undamcntat to successful tile instnllations, cal l beachieved il l a COil temporary thin-bed applicatiOlI.
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1. INTRODUCTION

CASTELLO:" (~ I' \l" )

The primary challenge the tile industry faces is successfully joining or l11arn /i llS the
variou s components that make up a tile assembly, components that are not only
dissimilar in their physica l properties, but in their function as well. Traditionally, each
component or layer of the tile assembly could be divided into four distinct categori es:

1) struc tural elements, 2) substra tes or bases, 3) bonding materials and joint fille rs.
and 4) the ceramic tile layer.

Ceramic tiles are the veneer compone nts of the assembly that functi on not onlv ,lS

decorative treatments, but as a working surface of the finished building envi ronment.
Becau se ceram ic tiles are hard, brittle, and unforgiving ma terials, they a re depen dent
upon the dimensional stability of the assembly to which they are bonded be fon - thc v
becom e a viable surface covering,

Movement forces are present in all tile installations due to the dimension al in- tab ilitv
of const ruct ion elements that make up the assembly. Dimension al instab ility is IMgl' h' ,1
func tion of cha nges in mo isture content, temperature, and load ing (both dead ,1I1d live
loads) of the cons truc tion elements themselves . The resultant forces can be c1'1"i fiL'd ,1S
compressive, tensile, and shear and mani fest at the shear plane or mater ial interfaces of the
tile sandtoich. It sho uld be noted that these forces can occur in combina tion.

Ana lysis of the physical prop erties of each material in the tile sand wich dictates th"t
an intermediary component, one that will allow independent movem ent between till' tile
cove ring and the building structure witho ut contribut ing a stress dyn ami c of its own, is
necessary to achieve a crack-free tile surface.

Centuries ago, European bui lders developed a reliable means of installing tile for high·
traffic, high-use applications wh ich relied on the laying of a sand strata bet ween till'
structu ral base and the mortar bed / tile composite top layer (Figu re 1). The sand stral.t " ,IS
the intermediary component that de-coupled the tile from the structure, allowing stru ctu ral
movement without damage to the tile layer. In addition, it allowed the norm al lin' hId
forces exerted on the tile surface to be widely distributed thro ughout a forgiving she.u 1'1 ,111<',

." . .

' . • ' . ' #' ,

. ~ . .

Sand

Figure 1. A schematic cross SL'et jott of the tradit ional methodfor de-coupling
the tile from the substrate - the sand strata method.

A more recen t analog of the sand stra ta method is a 2" thick, wire-reinforced nu nt.ir
bed over a slip sheet or cleavage membrane. As shown in Figure 2, the principl e c lcm en t-.
that make this type of installation viable are: 1) the mass of the 2" mortar bed holds the
floor section to the structu ral base; 2) the mortar bed provides an effective load d ist ribu li, in
p lane, allow ing normal live load forces exerted on the tile surface to be widely dist rib u te-d
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th rou ghout the assembly, and 3) the cleavage membrane isolates the enti re tloor sec tion
from the st ructural base, preventing stresses in the bu ild ing struc ture from telegraph ing
th rough to the tile covering . However, the principle di sad van tage of thi s system compared
to the stand stra ta me tho d of ins tallat ion is that the mo rtar bed can contr ibu te to the
assembly its ow n dyna m ics (i.e. sh rinkage d u ring the hyd ration process, the rma l
expansion and contraction, cu rling, etc.), wh ich can lead to dam age of the tile covering.

fi gure 2. Tilt' more rC((' 1I 1approach ft) the sand <tmta mcthod- the u-irc-rrinjorccd two iI/eli mortar bvd (li'er a :,1i11
:-:11t'et (d cat'I1St' Hlcmbnll/(·). TTIt' (('irt' Jill':' bCt'll omitft'd for clarity.

Figlln' 3. The direct bond l1Ief}wli of tile installation, ill (('hid, the tift> i,:, directly /lm /ded to tilt'slIIIMrate USitlS u thin bond (oat.
No metllOiI oj de-colll'liIlS ;:'o used ill this case, and as illustrated Oil fht' rig/It. cmcb ill tilt' slI h:'o trate becollle cracks ill tIll.' tilt'.

P. GII - 15



CASTELL6 :'J (SPA I:'J)

No nethe less, due to many factors (e.g. assembly height and weight, which, in most
cases, affect the stru ctu ra l design requi reme nts of today's bui lding env ironment;
economic viabili ty; the shortage of skilled labor; and the de ma nd for simplifica tion of the
installation process), the sand strata method for tile install ation and its more recent
analog are, for all practical purposes, extinct.

Today, the landscape has changed dramatically. The most mo numental cha nge our
industry has undergone in the last millennium has been the shift from the trad itional
mu d-set installat ion to the thin-bed or di rect-bond method of installation, as illus trated in
Figure 3. The implications of this shift are profound and far-reaching .

Figure 4. The modem nuaTog to tlte sand strata method commercially knount as: DTTRA. The image 0 1/ the left illustmtes
the corrugated nature of the polyetJlylene sheet, with tilt?polyethyfeut? ·webbing bonded to the boltom. The right shows
DITRA ill a Iyt.'ical installation, sen -ing to de-couple tilt' substrate from the tile layer, alloU'hl~ the tile assembly to act

independently from the substrate.

Traditiona l wisdom has alwa ys maintained that an intermediary compo nent tha t
allows for independent movement between the tile cove ring and the building structure,
without contributing a dynami c of its own, is necessary to achieve a crack-free tile
surface. In light of this, contem porary wisdom states that an extreme ly strong bond
between the tile and substra te is all tha t is needed in a d irectly bonded system to achieve
a crack-free tile installation. The problem with th is line of reasoning is that the
contribution of each layer in a tradition al system to the system's overall mechan ical
viability is either ignored or not addressed .

Approximately eleve n years ago, a mod em analog of the sand strata system - one
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in which a thin, doveta il cor rugated po lyethy lene sheet with a polyethylene webbing, or
scrim, thermally laminated to the underside, fun ctions as the de-co upling layer
(commercially known as "DITRA") - was developed. The DITRA shee t, illu st rated
sche matically in Figure 4, allows the normal load ing forces exerted on the tile surface to
be widely distributed through a forgiv ing shear p lane, similar to that which would be
expected in the sand stra ta. Th is system also allows d ifferential expansion and
contract ion between the ti le and the substra te and can be used on post-ten sion concrete
slabs, one of the most problem atic surfaces to tile. To understand the mechani sm s of thi s
system, one must first evalua te the relationsh ip between stress and strain .

ST RESS -ST RAIN RELATIONSHIP (A BRIEF INTRO DUCTION)

To provide a bas is for evaluating the various bond ing systems, and the causes of
installation failure, it is necessary to briefly review the importance of the stress -stra in
relationships for mater ials under load. Figure 5 is a typical stress-strain relationship for a
ceramic (brittle) mater ial. There are basically two wa ys of approach ing the stress-strain
p roblem : 1) from a perspective of the applied stress; and 2) from the viewpoint of the
stra in within the material.
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Figure 5. A ::, trt'~ 'i- -~ trai1J diagram iJ/II :"tratillg the dijft'rm ct' bl'tU't't' ll a typical cona('/l' and 11 ceramic tilt', Note tJzt'
51411::,tl1 l1 t ial diffi'n'IlCt';l1 =-fn':,::, dez'eI0l' t'd in tilt' ceramic ti ft> (26-1 AIPa) and ill tilt' CO" crete <ubstratc (72 M Pa) at a ::,imilar

<train letvl m.3 ~:~. J. \'\'71 ih' thest' strai11 tcrel, pwbably exceed tlu:fi l i / IIre ::, tn~5 Ieivle. which nm par~/ ::'(~I l ~fica ll fly. tllI::'
illustration still prol'idt'5 a r"INlI/able covwarieon. (Tire dmdic modl/III::' ralues ll't're tnken fr om Rt:f. 1. )

The first approach is probably the most common, viewi ng the problem as d icta ted
by the appl ied stress . Under an applied stress, a strain is developed, following an elas tic
behavior. This means that the stra in is proporti onal to stress and that upon unl oading of
the specime n, the sample returns to its ori ginal d imension s. For brittle materials, the
ela stic behavior model reasonably describes the deformation beha vior. In addition,
defects or flaws within the materi al represent stress ampli fiers; the magnitude of the
ampl ificat ion is dependent on the orientation and morph ology of the flaw. The weakest
link theory, as frequently used to describe the mechan ical behavior of cha ins,
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appropriately states that the larges t flaw dominates the strength of a brittle material. The
presence of tensile stresses is often di fficult to discern, as the stress state within the
material is dictated by the geometry of the speci men and the load ing conditions. Th is
failure is usu ally catastrophic as there are few tou ghen ing mechanisms ava ilab le to
absorb crack energy, so the crack is free to grow at a maximum rate of the speed of sound
in the ma teri al. From this perspective, we tend to eva luate performance based on the
stresses imposed on the system.

For non-brittle materials, such as metals, instead of observing failu re at a cri tical
stress level, the system begins to deform plastically. The critica l stress level is refer red to
as the yield point. Once the yield poi nt has been exceeded, and the sam ple has plastically
deformed, the sample exhibits permanent deform ation upon unloading. Although plastic
defo rma tion is probably not a possibility in a tile system, it is useful to recognize that the
mechanical behavior of metals provides the basis for the evalu ation of most mechani cal
prop erty problems.

The second approach views the problem as the amount of strain a material can
sus tain until failure occurs. In th is case the am ount of stress exhibited in a material is
d ictated by the amount of strain imposed . If the strain is sufficiently large, the critical stress
is exceede d, resulting in failure. As before, the failure mechanisms are ide ntical - the
perspective is slightl y d ifferent however. This perspective is ideal for interpreting tile
installation failu res (and successes).

Fina lly, the relationship between stress, s, and stra in, e, is determ ined by the elastic
modulus (or Young's modulus), E, followi ng Hooke's law. The larger the elastic modulus,
the larger the stress is de veloped (or necessary) for a given strain level. The elast ic
modulus for concrete and ceramic tile differ, as well as the elastic moduli for ceramic tile
of d ifferent compositions . In more gene ral terms, the greater the elastic modulus, the
stiffer the material. These descr iptions are genera lly used to describe tensile (or
compressive) stresses but can also be used to describe shear behavior, in which the shear
stress, T, is related to the shear stra in, y, thro ugh the shear modulus, G . The equations for
tensile and shear beha vior are:

0 = EE T = Gy (l)

In the case of tile installat ions, the stra in leve l can be de veloped throug h a number
of avenues, and as such, the strains are additive. As described above, these strains are
propo rtiona l to stress levels, and when a critical amount of stress is deve loped, failure in
the form of cracking or de-bonding takes place. There are several sources of stra in in a tile
installation, as discussed below.

SOURCES OF STRAIN IN TIL E INSTA LLATIONS

There are several sources for st ra in genera tion within the tile layer. In addi tion to
shear stresses (which, for the purposes of these d iscussions are always presen t), ten sile or
compressive stresses can be gene rated in the tile layer. The stress sta te can be extrem ely
complicated for a variety of reasons, includ ing the differences between the substra te and
the tile, an d becau se of the differences in the mechani cal properties of the bonding layers.
Examples of tensi le (+) or compressive (-) stress sources are listed in Table I, denoted by
sign, assuming a constant condition in the bond ed phase. For example, contraction due
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to curing in a conc rete subs tra te wou ld gene ra te compressive st resses in the tile layer,
.N,um ing no othe r st resses w ith in the tile layer.

Strain Source Stress in the tile layer

Contraction due to curing o f a concrete subs trate -
Flexu re of a concrete subs trate

between support piers (sagging, concave tile bonded surface) -
over support piers (a convex tile bonded surface) +

Elast ic Modulus mismatch (depends on Ilexure conditions ) -/+

Cracking in the substrate +
Opening of cracks in the subs trate +
Moisture expansion of the tile -
Cooling/Heat ing stresses

Cooling from the tile side +
Heating from the tile s ide -

Thermal ex pans ion mismatch (assumes uniform heating) (opposite for cooling)

C.T .E. (tile) > C.T. E. (subs tra te) -
C.T.E. (tile) < C.T .E. (substrate) +

Pinning of the tiled surface at the wall s (de pends on location ) -/+

Static and dynamic loading of the tile unclear

1,, /11 1' 1. ~(" I ,.n ·:, (~f<train awl the rt'::' lIlti"g stre~~ ill a ti le la,lIef. Tensile 5tre~~e:, are denoted leith '- '; (o11lI'rt'~~ i i.'t' :, trt'~~t'o;;.

.». ,f"/111ft'd tvittt -:', Tt,1t.:.ih' 5tr6~l':' will It'ad to (rackillg of till' tilt' layer; comprcssiiv ::, t rt'~:'t'~ , under ideal cond ition-:
:,Jwllld not lcad to cracking, bul ~f o:' l ~(fi.cit·lI tl.lIlargt'. (a ll CllI i 't' the tile 10 buckle,

Th ese st rain development routes can be natu rally grou ped in to two broad
((lll'go ries : tens ion and com p ress ion. In ceramics in general, compressive stresses are
lk,irl'd , bu t in the case of tile installa tions, as noted previously, excess ive com p ress ive
strl"·"C'S w ill prod uce buckling. However, in a directly bonded sys tem, tensile stresses
m ust be av oided, as they w ill almost always lead to cracking, either in th e grout joint, the
mortar bo nd coat, or in the tile. Even if small tensile st resses are present. cracking can
occur in the bond coat, providing a location for fut ure cracking of the tile surface - again,
eithe-r with in the tile itself or in the grout joints. In addition, significant she ar stresses can
d eve-lop between the tile and the bond coa t, and I or between the bond coa t and the
sub st ra te, lead ing to tile de-bond ing .

Speci fically, under tensile stress conditions wi thin the tile, tw o prob lems can occur:
1) If the bond coat possesses a low shear strength, tens ile stresses in the tile (and
correspond ing ly compressive st resses in the bond coat) can create su fficie nt shea r st ress
to cause shear failure in the tile-bon d interface, and the tile will de-bo nd . 2) In con ditions
of high bond coa t shear st reng th, de -bo nd ing of the tile w ill not occur, the tensile s tra in is
tra n- tcrrcd to the tile, and ten sile cracking of the tile resu lts.

Similarly, u nd er compressive stress con d it ions within the tile, compressive failure is
Ull likl'h" (d ue to the fact that ceramics tend to be very strong in comp ression), so de
bOllding of the tile occurs either by shear failu re of the tile-bond interface, or by tensile
failun- of the bond through flexure of the tile. (Flexure of the tile away fro m the sub strate
will prod uce tensile stresses perpe ndi cu lar to the tile surface. )

Allow ance for stress de ve lopment d uring the install ation p rocess has trad itionally
bel'n co mpensated for by using the more recent ana log of the sa nd strata method . There
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are two principle methods for executing this sty le of insta llation . One method is to install
the tiles on a mortar screed that is still plastic. It is understood that immediately covering
the freshly placed mortar with tile slows the rate of hydration in the mortar screed,
thereby red ucing the amount of stress exerted on the sys tem due to shrinkage. The second
method is to ins tall the tiles using a d ry-set mortar after the mortar screed has cured .
Once the tiles are placed, the dry-set mortar is allowed to cure, thereby circu mv enting the
effects of shrinkage. If the tiles we re installed before the mortar bed cured, ad d itional
residual stresses could develop in the tile layer, potentially leading to cracking.

Problems with cracked substrates

In cracked subs trate situations, as the crack opens or closes, significant shea r
stresses de velop which, depending on their direction, can gene rate tensile or compressive
forces wi thin the tile bed. Obviously, a cracked subs trate represents one of the most
dan gerous potentials for tile install at ion failure.

Thermallyactitated stress detclopment

Another factor is that thermal stresses gene rated by heating and cooling cycles are
common, an d thereby represent a dynamic fat igue potential. This situa tio n is
com pou nd ed by the fact that the concrete and the mor tar probably do not ha ve the same
CTE, that the tile CTE can vary significantly (de pending on the typ e of tile used), and that
the grout will have yet another CTE. Thermal stresses can be significant and as such,
cannot be ign ored.

Therefore, thermally activated str ains can create sig nificant stresses due to
d ifferences in thermal expansion coefficient (CTE). Even a sma ll CTE mism atch can lead
to substantial strains when incurred over the d ista nce between expans ion joints. It should
be noted that there can be a broad range of CTEs based on tile types (i.e., porcelain, terra
cotta, etc.), thin-set mortars, grou t compounds, and concrete.

As an example, in a situa tion in which the concrete subs trate and the mortar have
the same CTE of 10 x 1O~ / 0C, and a typical tile has a CTE of 6 x io-z-c. prod uces a
d ifference in CTE of t. = 4 x 1O~ / "C. If the concrete was 10°C wa rme r than the tile surface,
th is wou ld produce a tensile strain in the tile layer of 0.04 mm /meter (40 um Zrneter),
Over a five me ter span, th is amounts to a strain of 0.2 mm (200 um). Using the tile elastic
modulus (88 CPa) shown in Figure 5, and assuming tha t all of the stress is concentrated
in the tile layer (i.e., no stress in the concrete substrate), thi s wo uld genera te a ten sile
stress within the tile layer of 3.5 MPa. While this st ress is probably not sufficient to
d irectly cause failure, when combined w ith other residual stresses, it p rovides a
significant contribution.

In the case of in-floor hyd ron ic heating sys tems, sys tems where the heating tubes
are ove rla id with an approximately 2" mortar screed, there is a high potential for stress
bui ldup within the system. For exa mple, sup pose the room to be heated is relatively cold,
i.e. 100e. It is not uncommon for the water temperature inside the heating tubes to reach
45°C to produce a desired tem pera ture of 25°C on the surface of the tile. Th is results in a
temperatu re differential of 35°C with in the assembly. Du ring the process in which the
sys tem develops its operating tempera ture, the lower porti on of the screed is heated first
and expa nds at a larger rate than the upper portion of the screed. Using the the rmal
properti es detailed in the previous para graph, a strain of 0.7 mm (700 urn) is developed
over a five meter span, producing a stress within the tile of 12.3 MPa - eve n if only for
a br ief period of time.
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In light of th is, it becomes ev ident tha t a force -cond uctive bo nd between the tile and
the screed is under cons iderable stress due to the strains im posed, and as such, it is
reasona ble to conclude th at these strains are a signif icant contribut ion to tile ins ta lla tion
failu res over rad iant heated floo rs .

UNDERSTANDING STRESS BUILDUP AND RED UCTIO N

The ceramic matrix composi!« al/alogl!

Ce ra mic fiber re inforced ceramic matri x composites offer a "high-tech" ana logy to
the tile install ati on problem . In britt le matrix com posi tes, if a stro ng bo nd develops
bet ween the fibe r and the matrix, the com posite wi ll exhibit brittle failure. If the in terface
is weak, the fiber is ab le to deform indepe nde nt ly of the matrix and as such can exh ibit
sign ifica nt increases in toughness th rough the ene rgy absorbing mechanisms of fibe r
pu llout and crack deflection . Th e fibe r-ma trix inter face must exh ibit shear fai lu re for the
fiber to adequa tely de-bo nd and prevent catastrophic failu re. Strong bo nd ing leads to
poo r performance . In prope rly designed sys tems, it is no t un common to observe crack ing
within the matri x bu t not in the fi bers - in fact, the fibe rs bridge the cracks in the ma tr ix
p roviding the appearance of an in tact specimen.

It h as also been demonst rated that fiber com posites, whe n tested in bend ing (i.e.,
the modu lus of rupture test) act ua lly fail in a shea r / comp ressive mode on th e
compressive side of th e spe cimen, rath er than in tension on the tensile side of the test
spe cimen. The shear stresses d eveloped during the tes t are sig nificant, and, when coupled
with the compressive stresses, lead to failu re. This cond ition is ana logous to the situation
w ith rig idly bonded ceramic tile - a th in sheet of m ateri als bonded strongly to a
substrate wh ich can exhibi t a (relatively ) sign ifi can t amount of be nd ing during loa d ing.
Relieving the shea r stresses would increase the streng th of the sa mple.

In the case of sma ll cross-section materials like fibers, the material is inhe rently more
flexible because the strain developed in the fiber, even und er sub stant ia l bendi ng, usua lly
does not exceed the stra in limi tation s of the materi al. The same is true of tile / mor tar / grout
assembla ges in de-coupled systems. Th e sma ll cross section of the tile layer would
natu rally allow for greater flexibility, provi de d the strain lim it is not exceeded . When the
tile is rigid ly bon ded to the substrate, however, the stra in is transferred to the tile through
the bond coat and com pounded by the combined th ickness of the entire substrate-tile
assembly. O nce the strain lim it of the tile is exceeded, fract u re resu lts . Allowing the tile
layer to move independentl y of the subs trate greatly increa ses the amount of flexure the
subst rate can accommodate without causing failure in the tile layer.

Large-scale tests 01 / tile bonded 10 col/crcte slabs

Large-scale deflection experiments conducted at Corne ll University (Ithaca, NY),'" on
tile d irectly bond ed to reinforced concrete slabs (6.7 x 1.2 meters, 20 ern th ick), demonstrated
that tile would de-bond when sufficient deformation of the slab was obtained. The strain
exh ibited in the tile, both on the tensile and compressive side of the beam, was amplified by
its rigid bo nding to the concrete. In the Co rne ll work, subs tantial strains we re developed,
sufficient to cause buck ling of the tile layer on the compression side of the flexed slabs and de-

11]. G. DUERI F1 \: ""'DM. G \1c L \ RF'\ . "Final Rt'/W! {~f Tiftod Slab T(':, "~ . " (Resea rch s u p po rted by the Tile Co uncil of America )
Cornell University August, 199-t
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bonding and cracking on the tensile side . One inference of the test was that obtaining greater
shear strength would have prevented de-bonding of the tile. Based on the analysis presented
above, however, it would appear that the opposite would more likely be true. If the interface
between the tile and the concrete substrate allowed the tile to flex independently of the
substrate, a significant portion of the stresses would have been relieved, and the tile wo uld
have more likely withstood much greater deform ations prior to de-bonding.

..Anti-fracture" membralles lOS. directly bonded crack-isolation membralies

To da te, there is no accepted definition for "anti-fractu re" wi thin the tile industry. In
pr inciple, "an ti-fracture" membranes wo uld be applied ove r the en tire surface to be tiled
and should add ress most or all of the sources of stra in or sha pe deformat ion encountered
th roughout the life of the ins tallation.

Grout
Joint

Grout
Joint

Tile

Tile

Figure 6. Sclwnnnic illustration of tilt' two C0 111 1110 11 a p p TOllcJlt>::; used with crack isolation ",emlnG/u's. The dias mm 0 11 the
Iti t sl/(JU's thr mellll'faIH' used to dircctly address i'xis/iug cracks it! tilt' substrate. The illustration 011 f1li' risM IN 'S tilt'

crack ;solatitlll mentbmne oper til t' entire sII1,stra!t' slI rfact', The IN ' of the:::.1' membrmlt's d Ot'S 1101eliminate ti't' force
nmdllclil't' bill/dillS sitnaticn 'which ll'ad:;; to cracking ill the tile assl'mbly due to strain trtlll1 t'rfrom tlu' substrate.

P. GII - 22



CASTELLO." (SI'AI1'\) 98

Crack-isolat ion membranes, on the other hand, address ex isting cracks o r crac ks
th at may develop in the future . They do not add ress the dynamics of the en tire
install ation. These membranes consist of flat composit e sheets or co ld liquid tro wel
appl ied mate rial s that ca n be applied in two ways: 1) in narro w bands over ex ist ing
crac ks in the substra te (as illustrated in Figure 6), or 2) over the en tire surface.

It sho uld be noted that the tile ind us try refers to cr ack-iso la tio n memb ranes and
"an ti-fractu re" membranes as one in the same, though the y a re not. This is large ly a
ma rket ing phenomen on .

"Crack-isola tion" membranes were initially developed as a means of preve nting
crac ks fro m d eveloping in the finished tile su rface. However, the re are severa l problems.
Because these membran es are flat and very thin (30 - 40 mil) they are inco rporated into
the till' assembly in a for ce-conductive bond; thus the installation is lef t to the mer cv of
the stra in development factors and the deformation of the substrate . What thi s mea,{s in
practical terms, is that d ifferen tial movement w ith in a th in laye r (mean ing the upper and
the lower portion of the membrane ) is min imal a t best. One co uld argue, if a thi cker
membrane were used, th at the e lastic properties of the membrane co uld acc om moda te
shea r s tresses. However, a tte m pts in thi s d irection have proven to be unsu ccessful , due to
the fac t tha t the load bearing capacity was subs tan tia lly reduced probabl y d ue to
compressi ve flexu re (pe rpend icu lar to the tile surface) of the membran e under sta tic and
dynamic loa d ing cond it ions . In sum ma ry, it must be considered th at a force-conductive
bond still exists in this assemb ly. Th er efore, it is diffi cult to measure or even es tima te the
effec tiveness of cu rren t crack is'olation memb ran es considering the mult itude of possible
stresses and the physical characteristics of th e floo r assembly. In thi s ligh t, there is no
reas onab le way to es tablish mean ingful gu idelines for their use in today's bui lding
environme nt.

CREATING A FORGIVING SHEAR INTER FACE

Till' stu id stra ta alla /oSIf

The sa nd st ra ta system provided a forgiving shear plane " na tura lly" as an
unbonded gra nu la r mass. A granula r solid , or packed bed, has a limited shear cohes ion.
In these systems, the shea r st reng th is directly, but weakly related to the confin ing
pressure. In sand strata systems, the mortar layer is re latively th in (1.0- 1.5 ern), but there
is a di stinct interface bet ween the mortar bed and the sand laver. Even under the worst of
circu ms ta nces, the morta r w ill infiltr at e the sand layer to ~ lim ited ex ten t, a llowing a
sign ifican t a mou nt of free dom with in th e sa nd st rata . Thus, assu m ing the til l' was
install ed p roperly, the tile is " free" to move independen tly of the subs tra te an d therefore,
in manv anc ien t insta llations, fa ilure wi thi n the tile la ver was avoid ed . Therefore, the
sand st~ata method pro vided an effective means o f de-coupl ing the mortar bed th rough
the poor co hesion afforded by a packed gran u lar mass.

Th e only means of reducing stress bu ildup between the till' and the substra te is to
create a forg iving shear plane w hich allows movement w ith in the bo nd ing system plane.
It is essen tial th a t the till', mortar be d , and g rout be able to move as a coherent shee t,
independent of the subs tra te - that is, the morta r bed must be "de-co u pled " from the
substrate. Bonding the ti le firml y to the substra te w ill for ce stress buildup and ultim ately
fa ilu re. The sand s tra ta method or, more rece nt lv, the mortar bed method, effectivelv de
couples the morta r bed / tile assemb ly th ro ugh' a cleavage layer of sa nd or a cleavage
membrane.
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In add ition, these sys tems p rovided an effective load-d istribu tion plane, allow ing
no rmal live load forces exerted on the tiled surface to be widely dist ributed through out
the assemb ly. Mod ern tile insta llations de mand a similarly reliable shear interface.
However, due to the design requireme nts in today's building environme nt, the shea r
inter face mu st necessarily be lightweight and compac t.

Tile de-coupling of the DITRA Syslem

Creating a forgivi ng shea r plane th rou gh the use of a compact, dovetail corrugated
polyethy lene sheet-applied membrane (DITRA), which is mechan ically bonded to bo th
the substra te (throug h a thin mortar bond coat) and the tile, is the ideal solut ion to the
problem.

The webbing, or scrim, on the un derside of the memb rane, or matting, es tablishes a
mechani cal bond to the dry-set mortar applied to the subs trate. The cut-back, dovetail
design of the upper side of the matting establishes a mechan ical bond to the tile. The
sys tem allows the tile to be locked to the subs tra te in the vertical direction, while allowing
relatively large in-plane motion . By allow ing this motion, the sys tem also allows for
movem ent toiIII i ll cracks and beha ves not unl ike a shear inter face created by an unbon ded
granular mass, as evinced with the sa nd strata method. Moreover, it alla"ws the normal
load ing forces exer ted on the tile surface to be widely d ist ributed th rou gh out the
assembly.

The rib structure allows for free space within the bond ing layer. Th is space is
esse ntial to provid e flexibility within the bond ing plane, providing greater freedom for
the relief of stresses. In add ition, this free space provides air channels between the
membran e and the substrate, thu s allow ing any residua l moisture in the subs trate to
eva po rate, thereby permitting vapor equa lizat ion with in the sys tem. This is par ticu larly
impo rtant in tod ay's building env ironme nt where most - if not all - tile substra tes are
moistu re sensi tive.

The most significant aspect of th is solution, however, is that the objective has been
achieved witho ut the use of a force-cond uctive bond, thus neutralizing the vas t majority
of stresses in a tile installation . This does not suggest (no r is there any evi de nce from the
field) tha t the tile assembly sho uld be weakly bonded to the floor, or that the tile sho uld
be easily rem oved, but that the ins tallation system allows for in-pla ne motion.

As pointed out previously in the ana logy for therma l stress development, the
sys tem wo uld need to allow for significant motion (under certain conditions estima ted to
be 700 rim over a five meter d istan ce) in the plan e of the installat ion . Therefore, the use of
expansion joints, with the expressed intention of allow ing thermally gene rated stresses to
be d issipa ted, is still a necessary part of tile installation .

CONCLUSIONS

In conclus ion, cera mic tiles are hard, brittle, and un forgiving materia ls and, as such,
are dependent upon the dimensional stability of the asse mbly to which the y are bon ded.
Movem en t forces are presen t in all tile installations due to the d imen sional instab ility of
the struc tural compone nts tha t make up the assembly. Ana lysis of the mechani cal
properti es of compos ite systems tells us that these forces man ifest them selv es at the shear
plane or material interfaces of the tile saudunch, In th is ligh t, failu re is likely to result if the
comp onents of the tile assembly are joined together in a force-cond uctive bond.
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The methods of installing ceram ic tile have changed over the years. However, the
physical d ynamics of a tile assembly have not . Tradi tional installation methods add ressed
these dyn ami cs by de-coupling the tile cover ing from the building struct u re th rough the
use of a sand st ra ta or a mortar bed placed over a slip sheet. Today, de-coupl ing the tile
covering from the substrate can be achieved in a con temporary th in-bed applica tion
th rough the use of a compact, dovetail corrugated polye thylene sheet -applied membrane
(DITRA). Thi s installation approach does not el iminate the need for sk illed tile installers,
nor does it allow poor quality workman ship. What it does is provide the opportun ity for
reliable tile installat ions on problematic substrates.
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