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A BSTRACT

Flexibility of adhcsire mortars is a pery important property ill all tl105C si tuations trhcrc tile»
arc 511bjccted to diffcrcn! and larse morcmcnts, such a5 facades and large slab». Eraluation of this
property i5 1I0t comptetcli: un drrs tood yd , l'lYII thollsh there arc methods that propose its
drtrrminat ion . This report studies, throug}: all experimental toork , some adhcsirc mortars
atailabl» ill the Braz ilian market. A methodology presented Ily lI EAtc - 1III ioll Ellrop<'<'lIl1c pailI'
L'asn'mellt Technique dtms la Cons truction is used. Initial results shou: the I'iability of the method
proposed throug): a comparatitv allalysis of til" flexibility of the mortars tested.

1. A IM S OF THE PRESEN T WORK

The present work aim s to discuss the flexib ility of adhesive mortars used in ceramic tile
setting . Through laboratory tests, several kinds of mortars available at the Brazilian market
were tested . An appa ratus developed by the au thors was used according to the met hod
described in UEAtc - Union Europeennc pour L'ugrcment Technique dans la Constru ction,
Ten different mortars were ana lysed according to the same method . The test proced ure also
aims to allow a simple and reliable verification of ad hesive mortar flexibility for contractor
and construction companies. A new factor F is proposed in order to classify mortars.
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2. TYPOLOGY OF ADHESIVE MORTARS

Adhesive mortars are mor tars with a very specific destinat ion : they should allow
bo nd ing between ceramic tile and different substrates. There are adhesives mo rtars with a
large range of application and properties. The correct selection of adhesive mortars must
consider the particular require ments of each situation un der engineering and architectural
points of view, includ ing substrate and tile properties and application conditions.

The most common available adhesive mortars in the Brazilian market can be
divided into the followi ng categories:

• ord ina ry adhesive mortars;
• polymer modified ad hesive mortars - one component;
• latex modified ad hesive mortars - two components.

These mortars are cement based materials that usually have an addition of chemical
admixtures in order to mod ify their properties. Ordinary mortars are often modified only
wit h cellulose admixtures, while one component mortars are often modified with
redi spersible powd ers. Most of the time ethy lene /viny l polym ers are used for th is
purpose. Sometimes acrylic powder is used too. When part of the admix ture is latex
based , adhesive mortars are nam ed latex modifi ed or two compo nent adhesive mo rtars.
In this case ethy lene / vinyl, sty renes and acrylics polym ers are used for manufactures.

The Brazi lian draft standa rd on the speci fication of adhesive mortars classifies this
mater ial according to the adhesive bond , open time and sagging. Adhesive mortars are
classified into three differen t types. Basic differences are based on ope n time and bon d
strength. Table 1 below shows this classification .

Property Test Method Unit Adhesive Mortar Type

Oral I 2 3 3 E

Open time 18:406.04.Q03 min > 15 > 20 > 20 > 30

Bond strength at 28 days: 18:406.04.Q04

arr cure N I mm' > 0.5 > 0.5 > 1,0 > 1,0

underwatercure N I mm' > 0.5 > 0.5 > 1.0 > 1.0

hot house cure N f mm:: - > 0.5 > 1,0 > 1.0

Sagging 18:406.04.Q05 mm s 0.5 s 0.5 s 0.5 s 0.5

Table 1. M echanical req" i~t'mellts of adht'S;l'f.' mortars according to Brazilian draft standards
IASSOClA C;:AO BRASlLElRA DE NORM AS TECNlCAS. 1997).

It is usual to find in Brazil adhesive mo rtars termed flexible. This classification is still
confu sed because the concept of flexibility applied to adhesive morta r is still not clear.
Only adequa te standard isation based on research will so lve this question

3. FLEXIBILITY OF ADHESIVE MORTARS

While hardening of Portl and cement takes place, adhesive mortar ga ins bond and
mechani cal strength. On the other han d, layers of di fferen t material tha t make up the
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adhered ceramic tile sys tem come to work togethe r. Becau se of that , int erfaces and
ma terials are subjected to movements that create stresses tha t must not exceed material
strength and bond between them.

Although influenced by different degree of restriction, ceramic tile facade panels
defined by con trol joints need to d issipate stress to keep adequate performance and avoid
problems. Bon d, however, is not the only property tha t matters. Cera mic tile sys tems
must absorb some degree of stress. Adhesive mortars, therefore, must be selected
accord ing to the situa tion they are going to be subjected to . Sunbaked large panels of
ceramic tile demands more flexibi lity to avoid bond problems.

Cyclic load may also cause damage. Repeated movem ents of expans ion and
contraction can influ ence bo nd and cause failu re because of fatigue . Flexibility also can
avoid these problems.

The study of bui lding moments tha t can interfere in the performan ce of cera mic tile is
one of the most important features of the tiling design process. These movements have both
internal and exte rnal origin and can be classified accord ing to their main or igin, as follows:

• movements due to per manent load;
• movements d ue to variable load ;
• movements d ue to the action of temperature;

• movements d ue to the action of humidity;
• mo vements d ue to structu ral deformation;

• movements of foundations.

Depending on each particular case, one mechanism that genera tes movements
become s more im portant than ano the r. Generally, however, the ceramic tile designer
must pay ca reful attention to th e possibil ity of ther mal sho ck and hygro scopic
movem ents. In the last few years structu ral deformation was usu ally critical, especially in
h igh rise build ings. Dry ing shr inkage of masonry and stucco have to be always taken into
consideration if cement based materials are used .

One of the most impor tant problems about the performance of ceramic tile facades
is to es tablish the magnitude of the movements tha t must be absorbed by the ad hered tile
system. In other words, the designer sho uld be able to predict which is the flexibi lity
necessary for the adhe sive mortar and joint grout.

Ad hesive mortars become flexible through the add ition of polymers with
elastomeric properties. Acrylics, styrenes and ethylene / viny ls are polymers used wi th
that purpose. On the hand, polymers usually increa se bond streng th too. Is usu al to find
in Brazil ad hesive mor tars called ord inarv or flexible. This classifica tion is still confused
becau se the flexibility concept of adhe~ive mortar is still not clear. Only ad eq uate
standardisation based on resea rch will so lve this quest ion.

Germa n standard isation DIN 53.265 (1980) also describes a method to evaluate the
capability of deformation based upon the evalua tion of shea r st rength of ad hesive mortar.
The test p rocedure considers the shear strength necessary to break the bond between two
ceramic tiles, both se t on concrete prism s. A minimum streng th of 2,3 KN associated with
a minimum deformation of 0,3 mm is required . The product of the streng th multip lied by
the deformation must be supe rior to 1 kN.mm. According to RIUNNO; MURELLI (1992)
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it is quite d ifficu lt to get a good reproducibility of specime ns, specially when one has to
set tiles on a 1.5 mm thick bed joint and moreover, keep the concrete prisms parallel to the
ceram ic tile during the preparat ion of specimens .

Amer ican standard isation ANSI A118.4 (1 992) de scribes a method to evaluate the
modulus of elasticity which can be conside r an indirect way to measure the capability of
deformation. Test procedures, however, do not fix numeric parameters to classify adhesive
mortars deformabil ity. For RIUNNO; MURELLI (1992), who stud ied th is method, the
determination of the modulus demands very accurate apparatus that increases error.

To be cons ide red flexible, adhesive mortars mu st satisfy requirements of mipimum
load and stra in during flexion tests. The UN ION EUROPEENNE POUR L'AGREM ENT
TECHNIQUE DANS LA CONSTRUCTION (1990) describes a procedure to eva lua te
flexibility of ad hesive adhes ives mor tars. The flexion test described uses a spec imen
where a 3 mm thick layer of mortar is set on a board of expande d polystyrene foam. As
an indicat ion flexibility may be recogni sed if failure load is equa l or exceeds 3 N while the
correspond ing deform ation mu st be equal to or exceed 5 mm. The authors also
reprod uced this test procedure. They verified a strong influ ence of the polys ty rene sheet
whe re the mortars specimen is prepared . Neverthe less, these autho rs cons ider the UEAtc
/ CSTB procedure, the most ade quate lab test to eva luate adhesive mortars flexibility.

4. LABORATO RY WO RK

In orde r to eva lua te the flexibil ity of adhesive mortars a laboratory expe rime ntal
study was carried out. Based on the wo rk of RIUN NO; MURELLI (1992), the procedure
recommend ed by UEAtc (1990) was used . First tests were run aimed to develop a chea p
and easy-to-use appa ra tus that could reproduce cond itions described by the method.
After evalua ting two di fferent test mechanism s, an apparatus that contro ls deformation
was chosen. Detailing of procedures is described bellow.

4.1. MATERIALS

A polystyrene sheet was used as a substrate for the application of mortar. The sheet
was 5 mm thick and had a density of 16 kg /m'. Accord ing to the d irective density sho uld
be between 15 a 20 kg / m'. It wa s cut into parts of 300 length and 80 mm width, as requi red .

In orde r to prepare adhesive mortars specimens on the sheet, a 300 mm long, 45 mm
wide and 3 mm thick timber mask was prepared . All adhesive mortar spec imens had
these dimensions.

Ten d ifferent ad hesive mortars were tested . These mortars were classified into
di fferent kinds, according to their composition. Table 1 shows this classification.

ORDISARY A DHESIVE POLYMER MODIFIED LATE.'I: MODIFIED
MORTARS AD HFSl VE M OR TAR S AD HESIVE MORTA RS

OM I PM M 1 LMM I

01.12 PM M 2 LMM 2

- PMM 3 LMM 3

- PMM 4 LMM 4

r;,ble 2. Diffr re1l1kinds of adlte~ive mortars that were ft':,tcd.
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4.2. TESTING APPA RATUS

In order to prepare mortar a di git a l scale was used . Dosage of ad mixtu res and water
were in weight. A laboratory mixer was used to mix mortar ' s compone nts.

A steel tro wel wa s used to spread mo rtar on the su rface of the polye thy lene sheets.
Timber masks were used to guaran tee the geometric the shape of the specimens.

In order to test specimens under flexu ral load accord ing to th e UEAtc (1990 )
recommendation a new apparatu s wa s d eveloped. An analog ic extenso rnete r wa s used
to contro l specimen deformati on w ith an accu racy of 0,01 mm. The di gi tal sca le w as also
used to measure app lied load . A chrono me ter contro lled spe ed test. A view of the test
ap para tus is shown in Figure 1.

digital scale

meta l rod

specimen

ication support

metal support frame

n screw

extensometer
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load appl icat io
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~ y
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Fig ure I . Al'parallj ~ 1 1 ~t'd 10 control deiornuuiun urid mt'a~ltrt' load Ifl/(icrfl t'xl/raJ Ie::. ! {~f l1d l le~ il 't' ntortur-,

4.3. TESTING M ETHOD

Mixing procedures

Adhesive mor ta rs we re prepa red accordi ng to the manufacturer 's specificat ions,
taking int o cons ideration the recommend ed amount of wa ter and ad mixture dosage. A
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p lane ta ry mixer was used to mix materi als for at least 2 min. Fresh morta rs remained
resti11g for abo ut 10 min. After that, mortars were mixed once more for 1 min.

Testing procedure

After positioning the spec imen in the apparatus, the extensometer and d igi tal scale
we re se t up. The ope ra tor began controll ing 2 mm /min d ispl acem ent a t the cen tre of the
specimen th rou gh a screw as seen in Figure L The scale was used for load measu rem ent.
The operato r assistant took note of load when failure occurred . One has to pay careful
attention to the load shown by the scale. Whe n the first crack happen s, the load usu ally
is relieved. Thi s observation is particularl y important when adhesive morta r is
considerably deformable. A mirror in the correct position can also show whe n the first
crack ha ppens, but a spot light is necessary.

4.4. TESTS RESULTS

Test results are presented in Table 3. Load and deforma tion at rupture is shown
acco rdi ng to the UEAtc (1990) proced ures. Values of load represent the average of six to
ten determina tions for each kind of mo rtar. Coefficien t of variation remains around 15 %.
Facto r F is the product of deformat ion in mm by the load in g, d ivided by 1000. This
number can be used to simplify understanding and comparison of deformability
considering load together.

ORDI NARY MORTARS defmnalion - mm load - g F taetor

OM I 0.85 160 0.1

OM 2 0.91 149 0.1

POLY MER MODIFI ED debrmation - mm load - g F taetor
MORTARS

PMM I 4.13 370 1.5

PMM 2 1.84 304 0.6

PMM 3 2.53 436 1.1

PMM 4 4.15 374 1.6

LAT EX MODIFIED def>nnation - mm load - g F melor
MO RTARS

LMM I 4.40 612 2.7

LMM 2 HI.3I 277 2.9

LMM 3 5.53 334 1.9

LMM4 11.00 218 2.4

MINI MAL REQ UIREMENTS 5.00 300 1.5
ACCORD ING TO UEAtc

(1990)

Tab le 3. Deformation and load ojfl exural tes t ofadhesite mortars hardened fil m.
Ffactor is a sUKsested parameter.
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5. CONCLUSIONS

CASTELL6N (SPAIN)

Based on test results it is possible to conclude, in general terms, that the flexibility of
the adhesive mortars referenced OM, PMM, LMM grows in this orde r due to the amount of
polymer added. Chemical and physical properties of polymers also interfe re in the results.

Test procedures and apparatus, in spite of their simplicity, show good results for
evaluating flexibility, specially when flexibility is not very low or high. Tests of mortars
with very high or very low flexibility are more difficult to conduct and to measure load
and deformation at rupture. Low flexible mortars crack very suddenly and highl y by
flexible seem to never crack - only very small cracks can be seen. In these situa tions more
accurate equipment should be used.

In the nea r future the authors intend to improve the apparatus and compare its
results to an INSTRON machine recently purchased by the laboratory. A larger number of
results may be used to allow a classificati on of adhesive mortars according to flexibility
and categories of utili sation.

Results allow identifyin g a strong tendency of high flexibility in late x modified
mortars. This particular feature could also be observe d by RIUNNO; MURELLI (1992)
through a similar comparative work.

It is recommended that researchers keep on studying flexibility to verify if the
UEAtc (1990) directives are enough to consider the flexibility of adhesive mortars. It is
suggested setting up an international laboratory program to evaluate the properti es of
mortar in order to reach definitive parameters to elaboration of ad equate ceramic tile
facade design. One should also remember that flexibility is only one requirement of
adhesive mortars. Many others have to be considered. Designers mu st take into account
that for each particular situation other requirements may arise, such as: tensile bond
strength, shear streng th, open time, durability and applicability.
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