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ABSTRACT:

The rheological behaviour of a cement paste used in Self-Compacting Concretes (SCC) formulations is compared
to that of an “ordinary” cement paste (OC) devoid of organic admixtures. In order to mimic the flow conditions
experienced by the cement paste in the inter granular space of concretes, the rheological behaviour is investi-
gated in a squeeze flow geometry. By considering the evolution of the squeeze force for different velocities as
a function of the instantaneous distance between the discs, it is found that the behaviors of the two cement
pastes are qualitatively different. For the OC pastes, the force decreases with increasing squeeze velocity for any
given discs separation, indicating that the material is undergoing fluid-solid separation due to filtration of the
fluid phase through the porous media made up by the grains. Such behaviour reflects the very poor flowability
of the OC paste. The behaviour of the SCC paste is qualitatively different. Above a certain critical value of the
speed U,, the force is an increasing function of the speed for any given disc separation. Under these flow condi-
tions the rheological behaviour of the material is that of a viscous, although highly non-Newtonian, fluid which
corresponds to the flowability conditions of the material. For squeeze speeds smaller than U,, the rheological
behaviour of the SCC paste is similar that of OC, indicating that below this critical velocity the material under-
goes solid-fluid separation corresponding then to its non-flowability zone.

ZUSAMMENFASSUNG:

Das rheologische Verhalten einer Zementpaste, die in selbstverfestigenden Betonformulierungen (SCC) ver-
wendet werden, wird mit dem Verhalten einer ,,gewdhnlichen” Zementpaste (OC) ohne organische Beimis-
chungen verglichen. Um die Fliessbedingungen, die von einer Zementpaste im Zwischenraum zwischen den
Betonkdrnern herrschen, nachzuahmen, wird das rheologische Verhalten in einer Quetschflusstromung unter-
sucht. Bei der Analyse der Entwicklung der Quetschkraft fiir verschiedene Geschwindigkeiten als Funktion des
momentanen Abstands zwischen den Scheiben wurde gefunden, dass sich das Verhalten der beiden Zement-
pasten qualitativ unterscheidet. Fiir die OC-Paste nimmt die Kraft mit zunehmender Quetschgeschwindigkeit
fiir einen gegebenen Scheibenabstand ab. Dies deutet darauf hin, dass in dem Material ein Fliissig-Fest-Uber-
gang stattfindet aufgrund der Filtration der fliissigen Phase durch das porése Medium, das aus den Kornern
besteht. Dieses Verhalten reflektiert die sehr geringe Fliesseigenschaft der OC-Paste. Das Verhalten der SCC-
Paste ist qualitativ verschieden. Oberhalb einer kritischen Geschwindigkeit U, ist die Kraft eine steigende Funk-
tion der Geschwindigkeit fiir einen gegebenen Plattenabstand. Unter diesen Fliessbedingungen entspricht das
rheologische Verhalten des Materials dem einer viskosen, obwohl sehr nicht-newtonschen, Flissigkeit, was dem
Fliessverhalten des Materials entspricht. Fiir Quetschgeschwindigkeiten, die kleiner als U, sind, dhnelt das rhe-
ologische Verhalten der SCC-Paste dem der OC-Paste. Dies deutet daraufhin, dass das Material unterhalb dieser
kritischen Geschwindigkeit eine Fest-Fliissig-Trennung durchfiihrt entsprechend seiner Nichtfliesszone.
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1 INTRODUCTION

Self-Compacting Concretes (SCC) are character-
ized by their high fluidity so that they can be
processed without vibration, fill easily small
interstices of formworksand be pumpedthrough

ently contradictory, the formulation of SCCturns
out to be critical and is not well-controlled. The
link between the flow (rheological) properties
and the formulation is actually one of the key-
issues for the design of SCC. If we consider the

long distances. On the other hand, the SCC
cement paste has to be viscous enough to avoid
gravitational or flow-induced segregation. Since
these two types of required properties are appar-
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rheological properties that characterize SCC, the
yield stress must be zero or very low and the
behaviour of its effective viscosity as a function
of the flow field must be controlled. The range of
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4 CONCLUSION

We have presented an experimental investiga-
tion into the behaviour of a SCC paste compared
tothat of an OC paste in squeeze flow geometry.
The OC paste was suspected to undergo flow-
induced heterogeneity due to the phase separa-
tion between the fluid and the particles. This
gaverisetoavelocity dependence of the squeeze
force opposite to that usually expected for a con-
centrated suspension under these flow condi-
tions. This reflects the very poor workability of
the OC paste as formulated here. In contrast, the
SCC paste was found to show a more complex
squeeze behavior. Athighsqueeze speedsand/or
large paste thicknesses, the normal force is an
increasing function of the speed, as expected in
the case of purely viscous flow of the paste.
Under these circumstances, the paste is suspect-
edtoremain moreorlesshomogeneous. At small
speeds and/or small paste thicknesses, the
squeeze behaviourof SCC paste is similar to that
of OC paste. We then determined a qualitative
diagram of the flowability of the SCC paste. From
scaling analysis, we argued that the consistency
ofthefluid phase (polymersolution here) wasthe
key parameter to obtain a stable suspension
under squeeze flow conditions (and/or at rest).
However, in practice we need the shear-thinning
aspect of the fluid phase (small shear-thinning
index) to increase the fluidity of the paste under
processing conditions (such as pumping). Then,
similarly to other types of industrial fluids (such
asdrilling mud), the SCC would be stable relative
to fluid-solid separation at small solicitation
rates (mechanical or gravitational), but flowable
enough at high solicitation rates.
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