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Abstract:

Measurements of the viscosity of non-Newtonian fluids and suspensions having a solid volume fraction of about
30% or more is of major interest from an industrial point of view. Cement paste and cement grouts for injection
grouting applications, with water to cement ratios typically in the range of 0.4 and 0.6 - 0.8 by weight, are two
examples of industrial fluid systems. Few in-line techniques are available on the market that can be used for
these fluid systems and under realistic field conditions. The so-called UVP+PD in-line rheometry method com-
bining the Ultrasound Velocity Profiling (UVP) technique with Pressure Difference (PD) measurements is a
promising new tool for industrial applications. This paper presents an initial pre-study that aims to demonstrate
the feasibility of the UVP+PD method using cement grouts for process monitoring and control of grouting appli-
cations under realistic field conditions. The UVP+PD method was tested and found successful for continuous in-
line measurements of concentrated micro cement-based grouts with water/cement ratios of 0.6 and 0.8. The
test set-up consisted of a combination of an experimental “flow loop” and a conventional field grouting rig —
UNIGROUT, from Atlas Copco. The rheological properties were determined, directly in-line and the parameters
obtained were subsequently compared with off-line measurements using a conventional rotational rheometer.

Zusammenfassung:

Viskositatsmessungen an nicht-newtonschen Fluiden und Suspensionen mit einem Feststoff-Volumenanteil
von 30% oder mehrist firindustrielle Anwendungen von hochstem Interesse. Zementleim und Verpresszement,
mit einem Wasser-Zement-Gewichtsverhaltnis von 0.4 und 0.6 - 0.8, sind zwei typische Beispiele fuir Fluide in
der industriellen Anwendung. Nur wenige In-Line Methoden sind am Markt verfligbar die fiir solche Fluide und
unterrealen Bedingungen angewendet werden konnen. Die UVP+PD In-Line Rheometrie kombiniert Ultrasound
Velocity Profiling (UVP) mit Pressure Difference (PD) Messungen und stellt eine vielversprechende neue Metho-
de dar, die in solchen industriellen Rahmenbedingungen eingesetzt werden kann. Dieser Artikel beschreibt eine
Vorabstudie, die die Ausfiihrbarkeit der UVP+PD Methode an der Prozessiiberwachung und zur Steuerung des
Ausgiessens von Verpresszement unter realen Bedingungen untersucht. Die UVP+PD Methode wurde getestet
und fiir gut befunden in durchgehenden In-Line Messungen von verdichtetem Micro Zement-based Verpress-
zement mit einem Wasser-Zement-Verhaltnis von 0.6 und 0.8. Der Test-Aufbau bestand aus einer Kombinati-
on einer experimentellen ,,flow loop“ und einer konventionellen Verpressanlage — UNIGROUT, Atlas Copco. Die
rheologischen Eigenschaften wurden direkt In-Line gemessen und die Messwerte wurden anschlieRend mit off-
line Messungen an einem konventionellen Rotationsrheometer verglichen

Résumé:

Les mesures de viscosité de fluides non-newtoniens et de suspensions ayant une fraction volumique solide d'en-
viron 30% ou plus sont d'un intérét majeur d'un point de vue industriel. Les pates de ciment et coulis de ciment,
avec destaux eau / ciment généralement dans lagamme de 0,4 2 0,6 - 0.8 en poids, sont deux exemples de sys-
témes de fluides industriels. Peu de techniques en ligne, disponibles sur le marché, peuvent utilisées pour ce
type de fluides et dans des conditions réalistes sur le terrain. La méthode dite de rhéométrie VU+PC en ligne
combinant la technique de vélocimétrie ultrasonore (VU) avec des mesures de perte de charge (PC) est un outil
nouveau et prometteur pour des applications industrielles. Cet article présente une pré-étude visant a démon-
trerlafaisabilité de la méthode VU+PCen utilisant les coulis de ciment pour le contrdle des processus et le contro-
le des applications d'injection dans des conditions réalistes sur le terrain. La méthode VU+PC a été testée et il a
été démontré qu’elle est efficace pour effectuer des mesures continues en ligne de micro coulis concentrés a
base de ciment avec des taux eau / ciment de 0,6 a 0,8. Le banc d'essai est constitué d"un dispositif d'écoule-
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er,ahigheryield stress was also observed for w/c
ratio 0.8 since the sample was measured after a
longer period of time after mixing. Atime depen-
dent behaviour of the cement grouts was
observed by the yield stress increasing with time
for both w/cratios 0.6 and 0.8, which agrees well
with the in-line results. As can be seen from the
flow index in Table 3, w/c ratio 0.8 also showed
a more shear thinning behaviour than 0.6 and,
for w/cratio 0.8 after 30 minutes mixing, a com-
paratively higher flow index was achieved. The
consistency index was found to be higher for the
water/cement ratio of 0.6 than 0.8 which indi-
cates a higher viscosity for the thicker grout, as
expected. The largest discrepancy in the flow
curves is associated with the sample measured
66 minutes after the mixing for w/c ratio 0.6. It
is believed that thisis an erroneous result caused
by a non-representative sample taken from the
field equipment and into the laboratory, as dis-
cussed above. It should be noted that the prob-
lem of obtaining a representative sample from
the process clearly illustrates the main disad-
vantage with conventional off-line measure-
ments for process monitoring and control and
thus gives a strong motivation/argument for
measuring in-line, directly in the process pipe,
using e.g. the UVP+PD method.

The viscosity versus shear rate flow curve is
showninFigure 7bforthe off-linemeasurements
obtained using the ARES-G2 rheometer. This
curve shows the apparent viscosity as given by
the slope from the origin to the respective raw
data points. As expected, the flow curves show a
Newtonian plateau and a time dependent
behaviour, especially seen in the w/co.8 grout. It
should be noted that, for the UVP+PD method,
the viscosity is determined by taking the gradi-
ent of the shear stress versus shear rate flow
curve at individual shear rates, which is often
called the “shear rate dependent viscosity”. It is
thus important to be aware of the difference
between the two methods when comparing the
data presented in Figures 6b and 7b.

5 CONCLUSIONS

There is a need in the construction industry and
in grouting practice to develop an in-line mea-
suring device to determine the rheological prop-
erties of cement based grouts in the actual
process, continuously and in real-time. Such a
device would facilitate the steering of the grout-

This is an extract of the complete reprint-pdf, available at the Applied Rheolo

ing procedure, enable pro-active decision mak-
ing during execution and give continuous quali-
ty assurance. A pre-requisite is that such moni-
toring equipment should be reliable, robust and
easy to use.

In this feasibility study, the UVP+PD method
developed at SIK was demonstrated to be a
promising new tool for flow visualization and in-
line viscometry of micro cement based grouts.
The grouts used were prepared with water/
cement (w/c) ratios in the range of 0.6 - 0.8, by
weight, which are typical for grouting applica-
tions in practice. A new type of transducer was
tested that allows measurements directly from
the transducer/wall interface and offers both
higher energy output and increased spatial reso-
lution compared to commercially available trans-
ducers. It was demonstrated that instantaneous
velocity profiles could be measured under realis-
tic field conditions across at least half of the pipe
diameter, which is required for determination of
volumetric flow rate and rheological properties.
In contrast to the conventional flow meters cur-
rently used in the field, the high data acquisition
rate of the UVP+PD method in combination with
the possibility to determine the complete radial
velocity distribution allows real-time monitoring
of the flow as well as optimization of the pump
type and operations. Moreover, the UVP+PD
method and system used were demonstrated to
be capable of determiningthetrueflow curveand
rheological properties of cement based grouts,
both directly with the non-model gradient
method and by curvefitting tothe Herschel-Bulk-
ley rheological model. Although not the main
objective of this study, relatively good agreement
with conventional rheometers was found for
measurements made under steady-state flow
conditions and over the same range of shear
rates. Still, more work on optimization of the
transducer and flow adapter design is needed for
better measurement accuracy and robustness
under actual field conditions.
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