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Ordinary concrete

high w/p, low sp/c

mixing power

mixing power

t<t =t

mixing time

\4

Power curve (or torque)

SCC...

low w/p, high sp/c

exp. decay — t *

overmixing

mixing time

Cazacliu B., Mixing self compacting concrete: mixers, mixing
methods, mixing time, RILEM Publications PRO90 2013
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ELECTRICAL INTUT AND TIME OF MIX USING GEAVEL AGOREGATE.

WATTMETER

Level of
stabilized power

Hatt 1921
Tests of Concrete Mixer




WATTMETER
B el

STRONG WEAK
* Maintenance * Rheology

- No sensor in the mixer PViscosify 2 parameters 1 measure
e Cheap P PWull slip 2 new parameters
* Well established PCrashing depends on wearing

* For DRY concrete




mixing power (kW)

o

dry powder
181

mechanism
2nd
mechanism

MIXOMETER — mixing mechanisms

granular suspension

4th
mechanism

time (minutes)

2 4 6 8 10

Cazacliu B., In-mixer measurements to describe the mixture
kinetics during concrete mixing, Chemical Engineering
Research and Development, Vol.86, 1423-1433, 2008




MIXOMETER — mixing mechanisms

Wet powder niform Concrete




same concrete during 2 months
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Aggregates moisture evolution
Measured by drying
RMC Plant

07/06

Power measurement for batches
of a same mix-design
RMC Plant

Ngoc-Dong Lé, Amélioration de la régularite
du béton en production, PhD 2007
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WATTMETER

B
STRONG

* Maintenance
- No sensor in the mixer

* Cheap

* Well established

"« For DRY conc
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LICHTENBERG 1926 - method of and
apparatus for determining the consistency

of concrete




VISCOPROBE

strain gauge

in concrete immerged sphere




wattmeter signal

WATER

introduction|

WATER

introduction

30

VISCOPROBE

The viscoprobe average force curves
follow the wattmeter curves,
with a better differentiation
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Cazacliu B., Brunquet E., On-line mixing end-
point detection by power measurement,
Rilem Proceedings pro054, 2007




VISCOPROBE
|

8- wattmeter signal

Much better with upper water
proportioning

Good repeatability — see curves
+9and + 10
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wattmeter signal
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VISCOPROBE

Maximum of power !

-16
o
Y I

Minimum of force for the
viscoprobe

For low water proportioning

(-161/m3 ie slump flow 49cm ) the
viscoprobe average force show a minimum
when wattmeter shows a second peak!
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What is the structure of the flow

Nuclear Magnelic Resonance

Philippe Poullain, Etude comparative de
I'écoulement d'un fluide viscoplastique dans
une maquette de malaxeur pour bétons : PIV,
IRM et simulation numérique, PhD 2003




What is the structure of the flow

Experimental

3 drag force probes O

blades

Viscoprobe (planetary movement)
- MFMi (circular movement)
- MFMe (circular movement)

5 levels of mixing speed W:
( with constant w/W)

100% (nominal), 75%, 50%, 25%, 10%

Ngoc-Dong Lé, Amélioration de la régularité du béton en
production, Degree awarded May 2007




What is the structure of the flow

Experimental

Rheometry on samples

for each tested concrete

blades
(9 SCC mixture tested)

Drag force = F (rheology, velocity)

—20

for a known rheology the drag force is a measure
of the concrete velocity around the probe




What is the structure of the flow

Numerical simulations

code FloMix (IFSTTAR) :

- velocity field determined by

FME fictitious domain methods

- 2D, non-slip boundary conditions
- several Bi and Re numbers tested

Bi =1 /[ uQ
Re = pQR2 [ u

Velocity intensity
scaled 0 to 0.5 of scraper velocity

Bi=0,32,64and 100; Re =1




structure of the flow

addition of two flows _ mixing star flow

Non-inertial

reference frame !

low Re / Bi high Re / Bi




Yield stress by rheometry, t_(Pa)

450

400

350

300

250

200

150

100

Concrete rheology - Drag force
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Viscosity by rheometer,  (Pa.s)
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200 ; Dragforce (N)

Vibrated concrete

160 Rheometer fluidity curve

] —_—

120 -

i

WWWWWWWWWWWWWW . s

il o —
- 1’_ In-mixer fluidity curve
80 -
40 - :
4
, T )

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2




STRONG

* Maintenance
- No sensor in the mixer

* Cheap

* Well established

WATTMETER




Moisture content

Cazacliu B., In-mixer measurements to describe the
mixture kinetics during concrete mixing, Chemical
Engineering Research and Development, Vol.86,
1423-1433, 2008




Moisture content
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Moisture content

Microstructure + Temperature

Composition #  Workability
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Other methods

The primary object of this invention is to pro-
vide a method of determining the consistency of
a concrete mixture which takes cognizance of the
fact that the center of gravity of a baich of con-
crete in a mixer shifts in proportion to the rela-
tive consistency or water content, or workability
or Howahility, of the concrete as altered and in-

fluenced by variations in the water content in the

ingredients or by changes in the mixXing water, or
to other variations of the factors affecting con-
sistency changes in the mix.

Clagett 1938 - Method of determining the

consistency of concrete mixtures




COSTS

VISCOPROBE

MOISTURE METER
MIXOMETER

WATTMETER

CONCLUSION
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Slum P (cm):
WATTMETER
MIXOMETER
VISCOPROBE

MOISTURE METER




THANK YOU !

Acknowledgement to SKAKO Concrete




