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Abstract:

Steady state and transient rheological behaviours of a one-coat render mortar are considered experimentally
using a shear rheometer equipped with the vane geometry. The flow curves performed at controlled shear-rates
exhibit highly pronounced minima, which is attributed to shear localization and strong thixotropy. This latter
property is further investigated separately by considering the temporal growth of the apparent stress at very
low shear-rate, reflecting the material’s microstructure rebuild up following shearing at different high shear
rates. It is found that rebuilding characteristic time is roughly independent upon shear history, indicating that
this is a material parameter. The influence of water dosage rate on the rheological behaviour is considered. As
expected, apparent viscosity and yield stress decrease with increasing kneading water amount. The rebuilding
up kinetics is found to be non sensitive to water dosage rate, suggesting that the material’s processability would
be preserved when changing this parameter, although significant creeping may be expected at high water
dosage rates. 

Zusammenfassung:

Das stationäre und transiente rheologische Verhalten eines einlagigen Putzmörtels wurde mit Hilfe eines Scherr-
heometers experimentell untersucht, das mit einer Schaufelgeometrie ausgestattet ist. Die Fließkurven, die bei
kontrollierten Schergeschwindigkeiten aufgenommen worden sind, weisen ein ausgesprochenes Minimum auf,
das einer Scherlokalisation und einem starken thixotropen Verhalten zugeschrieben wird. Dieses thixotrope Ver-
halten wurde weiterhin speziell untersucht durch Messungen des zeitlichen Spannungswachstums bei einer
sehr niedrigen Schergeschwindigkeit, das den Wiederaufbau der Mikrostruktur des Materials nach einer Sche-
rung bei unterschiedlich hohen Schergeschwindigkeiten wiedergibt. Es wird gezeigt, dass die charakteristische
Zeit für die Wiederherstellung näherungsweise unabhängig von der Vorgeschichte der Scherung und damit ein
Materialparameter ist. Des Weiteren wurde der Einfluss der Dosierungsrate für Wasser auf das rheologische
Verhalten untersucht. Die scheinbare Viskosität und die Fließspannung nehmen erwartungsgemäß mit dem
Wassergehalt ab. Die Kinetik des Wiederherstellungsprozesses hängt nicht von der Wasserdosierungsrate ab,
so dass die Verarbeitbarkeit des Materials bei Dosierungsänderungen erhalten bleibt. Jedoch ist ein signifikan-
tes Kriechen bei hohen Wasserdosierungsraten zu erwarten.

Résumé:

Le comportement rhéologique d’un enduit monocouche est considéré en utilisant un rhéomètre équipé d’une
géométrie vane. Les courbes d’écoulement obtenues à taux de cisaillement imposé montrent l’existence d’un
profond minimum qui peut être attribué à la localisation du cisaillement ainsi qu’à la thixotropie. Cette dernière
propriété est étudiée séparément en considérant l’évolution temporelle de la contrainte apparente à de très
faibles taux de cisaillement, ce qui correspond à la restructuration de la microstructure du matériau au repos,
après un fort cisaillement. Les résultats montrent que le temps caractéristique de restructuration est indépen-
dant de l’histoire de sollicitation ce qui suggère que cette propriété est un paramètre matériau. Par ailleurs, nous
avons considéré également l’influence du dosage en eau sur le comportement rhéologique. Comme on pouvait
s’y attendre, la viscosité apparente ainsi que la contrainte seuil diminuent en augmentant le dosage en eau. En
revanche, la cinétique de restructuration est peu sensible aux taux de dosage en eau, ce qui montre une certaine
robustesse de la formulation. 
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where s• and so are respectively the equilibrium
and the initial stresses and tr the characteristic
of structure rebuilding. a is a constant, which is
order 1 in our case. 

Figure 10 represents a typical fit of the
rebuilding branch of the stress curve with a
stretched exponential (Equation 6). The water
dosage rate in this case is 24% and the material
is presheared at 50 s-1. The best fit leads to an
average equilibrium stress s• = 1549 Pa, tr = 339 s
and a = 1. 

All the rebuilding branches were fitted with
the functional form (Equation 6) and the charac-
teristic time and the equilibrium stress (which is
actually the static yield stress) were determined.
It is found that the characteristic time is almost
independent upon the shear history. This indi-
cates that it is a material property. Moreover,
unexpectedly, it is also roughly insensitive to the
water dosage rate. It can be readily seen in Fig-
ure 9 that the stress reaches its steady state
plateau during roughly the same period of time
for all the rebuilding branches. 

On the other hand, the average equilibrium
stress decreases strongly with increasing knead-
ing water content (Figure 11). Yet, even for a
dosage rate of 40 % the material can withstand
its weight for a layer thickness up to h = s•/rg (r
is the density of the material = 1400 kg/m3) =
0.7 cm. In practise, h is between 1 and 1.5 cm. For
a dosage rate of 30 % the maximum layer thick-
ness is 3.5 cm. However the yield stress is reached
only within the characteristic rebuilding time
during which some sagging would occur. Then
from practical point of view the main parameter
should be the required time period for the stress
to exceed rgh = 210 Pa (taking h = 1.5 cm). For
water dosage rate of 24 %, this time period is
about 15 s. For 30 %, the material can withstand
its weight after about 200 s during which the
material creeps. 

4 CONCLUSIONS

The rheological behaviour, including equilibrium
flow curves and thixotropy, of a rendering mor-
tar was investigated. It was found that the equi-
librium flow curve loops obtained by increasing-
decreasing shear-rate displayed a particularly
complex shape. Depending upon shear-rate
interval the material showed both thixotropy
and rheopexy. Moreover, the flow curves exhib-
ited deep minima. This has been interpreted
physically by invoking shear-localization and
thixotropy. At this point, one can wonder if the
presence of minimum in flow curves may have
practical implication regarding optimization of
pumping energy. 

Thixotropy was investigated separately by
considering stress temporal growth (related to
structure rebuilding) following shearing at differ-
ent rates. It was showed that the stress growth
curve could be well fitted using a stretched expo-
nential. This allowed determining a rebuilding
characteristic time that was found to be roughly
independent upon shear history. This parameter
can be then considered to be a material parameter. 
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Figure 11 :
Equilibrium stress at a very
low shear-rate (0.01 s-1) or
static yield stress versus
water dosage rate.
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