ADHESIVE AND RHEOLOGICAL PROPERTIES OF MORTAR JOINTS
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ABSTRACT:

Adhesive properties of fresh mortar joints containing different dosage rates of a water-soluble polymer (cellu-
lose ether based) are investigated using the probe tack test. This test consists of measuring the evolution of the
normal force required to separate at a given velocity two plates between which a thin layer of the sample is
sandwiched. Three different adhesive components are inferred from the measured stretching force: cohesion,
adhesion and adherence. The influence of the polymer dosage rate and the pulling velocity on the evolution of
these adhesive properties is investigated. The adhesive components are then related the rheological properties
of the mortars which are shown to behave as Herschel-Bulkley shear-thinning fluids.

ZUSAMMENFASSUNG:

Die adhasiven Eigenschaften von frischen Mértelverbindungen, die unterschiedliche Anteile eines wasserl6sli-
chen Polymers (basierend auf einem Zellulose-Ether) enthalten, werden mit Hilfe des Klebtests untersucht. Die-
ser Test beinhaltet die Messung der Normalkraft, die notwendig ist, um bei einer bestimmten Geschwindigkeit
die beiden Platten zu trennen, zwischen denen sich die diinne Probe befindet. Aus den Messungen der Nor-
malkraft geht hervor, dass drei Komponenten wesentlich sind: Kohdsion, Adhdsion und Klebkraft. Der Einfluss
der Polymerkonzentration und der Dehngeschwindigkeit auf die adhasiven Eigenschaften werden untersucht.
Die adhasiven Komponenten werden mit den rheologischen Eigenschaften der Mortel in Beziehung gesetzt, die
sich wie scherverdiinnende Herschel-Bulkley-Fluide verhalten.

RESUME:

Les propriétés adhésives des mortiers joints contenant différents taux de dosage en polymére hydrosoluble (a
base d’éther de cellulose) sont étudiées en utilisant un test d’arrachement. Ce dernier consiste a mesurer I'évo-
lution de |a force normale nécessaire pour séparer, a une vitesse donnée, deux plateaux paralléles entre lesquels
se trouve une couche mince d’un échantillon pré-comprimé. Trois différentes composantes caractérisant les
paramétres adhésives du matériau sont déterminées a partir de la force d’arrachement mesurée : la cohésion,
I’adhésion et 'adhérence. L'influence du taux de dosage en polymére et de la vitesse d’arrachement sur I'évo-
lution de ces paramétres est étudiée. Les parameétres adhésifs sont reliés aux propriétés rhéologiques. Ces der-
niéres sont déterminées en montrant que les mortiers sont bien modélisés par un fluide d’Herschel-Bulkley rhéo-
fluidifiant.
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1 INTRODUCTION

The probe tack test is widely used to character-
ize debonding properties of different types of
soft materials. This includes for instance pres-
sure-sensitive adhesives (PSA) [1-5]. It has been
shown that the tackiness of these copolymer-

both liquid properties, to wet the surface when
the bond is formed and solid properties, to sus-
tain a certain level of stress during the process of
debonding [6, 7]. On the other extreme case, a
large numberof studies have been devoted tothe
problem of Saffman-Taylor instability arising

based materials arise form a complex combina-
tion of cavitation and visco-elastic dissipation. In
order to be effective, an adhesive must posses
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when separating two plates between which a
Newtonian ora Non-Newtonian fluid is confined
[6-m].
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Figure 16:

Comparison between the
cohesion stress and the yield
stress for different polymer
concentrations.
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between the shear-thinning character of the
polymer solution and the shear-thickening con-
tribution ofthe granular phase. Thefluidity index
remains smaller that unity indicating that the
mortars are shear-thinning in the shear-rate
interval considered.

3.7 RELATIONSHIP BETWEEN THE ADHESIVE
AND THE RHEOLGICAL PROPERTIES

The above experimental results showed that the
rheological behaviour of the mortar joints can be
well-described using the Herschel-Bulkley mod-
el. In addition, in our tack test experiments the
instantaneous distance between the plates is
remains small compared to the sample diameter
at least up to gap corresponding to Fmax. Under
these conditions, one can use a lubrication-type
approach to calculate Fmax [22]:

_277:R3To+27tk 2n+1 "E RV Y
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(1)

InEquation1Risthe sampleradius, R, theinstan-
taneous distance between the plates corre-
spondingto F, , and Vthe pulling velocity. From
Equation 10one can determine the cohesion force

by setting V = 0. That is:

27R*T,
wh = h
3 (2)

Figure 14 represents in diagrammatic plot a com-
parison betweenthe cohesion stresses measured
in the tack test experiments the yield stresses
determined in shear-rheometry for different
polymer contents. We use Equation 2to calculate
the cohesion stresses from the cohesion forces
determined in the tack tests.

Figure 16 shows that for low polymer con-
centrations (0.055 and 0.11 %), the values of the
cohesion stress are close to those of the yield

stress. In this case the flows involved in the tack
test and shear-rheometry are similar. Increasing
the dosage rate of the polymer the cohesion
stress becomes higher than the yield stress and
the gap between the two quantities increases
with polymer content. A possible explanation is
the increase of the elongational contribution to
the flow with polymer content in the tack tests.

4 CONCLUSION

Adhesive properties of mortar joints containing
different dosage rates of a cellulosic ether based
additive were investigated using the probe tack
test. From the measured tack force curves 3 dif-
ferent adhesive quantities were determined,
including adhesion, cohesion and adherence. It
was found that the evolution of these properties
versus polymer concentration wasin generalnon
monotonous. Such behaviour was attributed to
the competition between different opposing
effects of the polymer, including air-entraining,
lubrication of granular contacts, increase of vis-
cous drag, etc. More investigation of these dif-
ferent effects of the polymer additive is needed
in orderto achieve quantitative interpretation of
the tack test results.

Finally, a tentative comparison between
adhesive and rheological properties was pre-
sented. In particular the cohesion stresses that
were determined from the tack tests were com-
pared to the yield stresses. It was found that the
cohesion stress was comparable to the yield
stress at low polymer content. At higher polymer
concentrations the cohesion stress became larg-
er than the yield stress and the gap between the
two increases with polymer content. This was
attributed to an eventual increase of the elonga-
tional contribution to the flow in the tack tests
due to the polymer.
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