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ABSTRACT
Vane rheometers are widely used in determining the rheological properties of concrete. However, the geometry
of the vane can have an impact on stress calculation. This research falls within this context. Indeed, an
experimental study, using a rheometer with an inverted double U-shaped vane, was carried out to study the
rheological behavior of self-compacting concrete (SCC) with different granular skeletons. The accuracy of the
results was then discussed with respect to the distributions of pressures, stresses and shear rates within the gap,
by conducting Computational Fluid Dynamics (CFD) simulations.
The experimental results obtained showed that SCC has a nonlinear behavior which can be described by the
Herschel-Bulkley model. In addition, a ratio (gravel/ sand) close to 1 could ensure a low shear threshold and a
sufficient viscosity to avoid segregation. In addition, numerical simulations showed that the shape of the blade
used can generate depression areas which can affect the global stress value. Moreover, it was found more
interesting to round the bottom corners of the blades in order to reduce the risk of segregation. Numerical
analysis also revealed that the rheometer used can also provide suitable shear rates for concrete mixing or
pumping studies.
KEYWORDS: Self-compacting concrete, Rheology, Vane rheometer; Computational fluid dynamics,
Yield stress, Viscosity.

INTRODUCTION

Benmammar et al., 2019) and, in some cases, durability
(Dhiyaneshwaran et al., 2013). However, the use of high
dosages of additions to SCC requires rigorous control of
the rheology, because these concretes require certain
amounts of water and superplasticizer (Ashteyat et al.,
2012).
The constituents of SCC are affected by a complex
balance of inter-particle forces (frictional, colloidal,
electrostatic, steric, van der Waals,…, etc.), thus
generating a time dependence and non-Newtonian
viscoplastic behavior (Hackley et al., 2001), which
implies a certain discontinuity between the stationary
and the flowing conditions (Hosseinpoor, 2019). The
visco-elastoplastic behavior of self-compacting concrete
can be described by linear models, such as the Bingham

Self-compacting concrete (SCC) is distinguished
mainly by its properties in the fresh state. This concrete,
which is characterized by a large volume of paste and an
optimized granular distribution, presents little resistance
to flow and has sufficient viscosity to ensure good
stability. Some environmental advantages, such as the
substitution of cement with mineral additions or
industrial by-products, are worth mentioning. These
substitutions can improve workability (Ghomari et al.,
2011), mechanical performance (Vivek et al., 2017;
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geometry and numerical simulations indicated that the
shear flow varied differently, depending on the radial or
tangential direction (Ovarlez et al., 2011), but remained
practically unchanged with respect to the height of the
vane (Savarmand et al., 2007). Wallevik et al. (2016)
used a full four-bladed vane in their numerical
simulations. The authors noticed that the zone at the end
of the blades, also known as the shear zone, remained
the most exposed zone to segregation due to the pushing
of aggregates by the blades. Recently, the same authors
have shown that the migration of particles induced by
the shear rate plays a very important role in the
distribution of aggregates in a concrete element
(Wallevik et al., 2020). Furthermore, other numerical
studies have clearly shown that most of the material
between the vane blades rotates as a solid body, at a
speed equal to that of the vane (Savarmand et al., 2007;
Nazari et al., 2013).
The contribution of this work is two-fold. The first
objective is to perform an experimental study on the
behavior and the rheological parameters of several selfcompacting concretes which differ mainly by their
granular skeletons, using a rheometer with new vane
geometry. This is a double U-shaped vane that allows
minimizing the vibrations of the system during the test
and makes the measurements more stable thanks to the
limitation of friction at the lower face (Soualhi et al.,
2017). This contribution is very useful for the
optimization of the granular skeleton of SCC. It also
allows confirming that the rheometer is very efficient
and is particularly practical for on-site (in situ) technical
investigations.
The second objective is represented by simulating,
using the CFD method, the rheological test with this new
vane geometry which had never previously been the
subject of modeling. The experimental results obtained
in the first part of the study were used to estimate the
percentage of error between the results of the
experimental tests and those of the numerical
simulation. Thus, several numerical CFD simulations
were carried out at different speeds, as recommended
during the rheological test. Note that this contribution is
essential to know the distribution of shear stresses
within the gap during a rheological test and to highlight
the parasitic effects due to the geometry of the vane. In
addition, the study of the shear rate distribution can
provide important information on the advantages that

model, or non-linear models, such as the modified
Bingham model (Feys et al., 2013) or the HerschelBulkley model (de Larrard et al., 1998).
The use of vane rheometers, particularly those with
simple geometries, has become widespread in the
characterization of concrete, because they allow the
study of the fundamental intrinsic parameters of the
material (shear threshold, plastic viscosity) based solely
on analytical formulae that allow calculating the shear
rate as a function of the rotational speed and the shear
stress as a function of torque (Koehler et al., 2004;
Estellé et al., 2008; Heirman et al., 2009; Feys et al.,
2013). However, concrete rheometry remains a fairly
limited practice in terms of accuracy, as it turned out that
different rheometers generally give different
measurement results (Banfill et al., 2001; Feys et al.,
2013; Haist et al., 2020). It is widely admitted that the
geometries of rheometers may be partly responsible for
certain errors that are due to parasitic phenomena, such
as bulk flow, gravity-driven segregation, wall sliding,
slip
layer
formation,
shear-induced
particle
migration,…, etc. (Coussot, 1999; Wang et al., 2011).
Furthermore, the shear rates or shear speeds applied
during a rheological test could have an influence on the
rheological parameters, especially low speeds, which
can lead to an underestimation of the shear threshold
(Haist et al., 2020).
According to Le et al. (2013), errors often come from
rheometers with simple geometries, because these
devices cannot avoid these secondary phenomena and
require special attention. Rheometers based on a fairly
complex geometry, such as the Tattersall MK-2
rheometer, are more efficient, but face the difficulty of
developing an analytical method for calculating the
rheological parameters.
Although not many studies have been conducted in
the field, some of them have highlighted the contribution
of numerical CFD methods in the analysis of flows in
vane rheometers. It is worth citing Eslami Pirharati et
al., (2020), who studied the flow of fluids in a wide gap
rheometer with six-bladed vane-in-cup geometry using
CFD simulations, revealing that the flow of the material
is heterogeneous due to the blades of the vane. For this
same vane geometry, the highest shear rates were
observed at the ends of the blades, with peaks identified
specifically at the upper and lower corners of the inner
cylinder. Other studies were carried out with the same
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tests indicated that the filler did not contain clay. The
aggregates used were class 0/4 for sand and 4/8 and 8/16
for gravel.
The different particle size distributions of the
materials used are shown in Figure 1, while their main
characteristics are summarized in Table 1. Furthermore,
a highly water-reducing superplasticizer (Sp) was used
in our study. Its density was 1.17 with a dry extract
content equal to 35%. The dosage recommended in the
study was that corresponding to saturation.

this new rheometer can offer for studies on selfcompacting concrete.
Experimental Program
Materials and Formulations
The binders used for the formulation of the selfconsolidating concrete under study were composed of
Portland cement CEM II / A 42.5 and limestone filler
(LF) containing mainly calcium oxide with a mass
concentration of approximately 53%. Methylene blue
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Figure (1): Particle size distributions of the materials used
Table 1. Properties of the materials used
Properties of the
constituents

Cement

Limestone filler

Sand 0/4

Coarse
aggregate 4/8

Coarse
aggregate 8/16

Absolute density (kg/m3)

3032

2700

2580

2660

2600

Blaine specific surface area
(cm2/g)

3650

5122

-

-

-

Sand equivalent (%)

-

-

77

-

-

Fineness modulus

-

-

3.08

-

-

Fines content (< 80µm)

-

-

12.39

-

-

Water absorption (%)

-

-

1.6

1.3

0.5

Experimental compacity

0.553

0.586

0.636

0.563

0.567

The concretes tested were formulated based on the

compressible packing model implemented in the René
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LCPC software, which highlights the real compactness
as a function of the compaction index (Sedran et al.,
1994). This approach depends on the compactness of the
granular skeleton, the matrix of which may be obtained
using a theoretical model based on the packing of polydispersed granular classes and their interactions. In

addition, the normative requirements regarding the
minimum or maximum contents, depending on the
exposure classes, were also taken into account (Taleb et
al., 2017). The formulations studied differ particularly
in their granular skeletons. The mass compositions of
the mixtures are summarized in Table 2.

Table 2. Mix design of the tested self-compacting concrete
ID

Cement
[kg]

LF
[kg]

Sand
[kg]

G4/8
[kg]

G8/16
[kg]

G/S

Water
[l]

W/B

Sp
[kg]

Paste volume
[m3]

SSC1
SSC2
SSC3
SSC4
SSC5

350
350
350
350
350

102.7
106.4
110
112.9
115.4

908
856
810
769
732

242
257
270
282
293

484
514
540
564
586

0.8
0.9
1
1.1
1.2

207
208
210
211
212

0.46
0.46
0.46
0.46
0.46

7.47
7.44
7.41
7.39
7.36

0.366
0.369
0.372
0.374
0.376

characterization of SCC :
• Slump flow test (EN 12350-8),
• L-Box test (EN 12350-10),
• Sieve stability test (EN 12350-11).
Rheological measurements were then carried out
using a coaxial vane-type rheometer. The apparatus
shown in Figure 2 is equipped with a stirrer and a
container, 25 cm high and 30 cm in diameter,
comprising on the inner side part 16 rods all parallel to
the axis of the container, which serve to prevent the
sliding of concrete on the wall of the container. The
agitator is controlled by the Watch and Control software,
v. 2002, developed by JULABO Labortechnik.

Mixing and Testing
After dry mixing the aggregates for one minute, they
were then mixed for another minute with 1/3 of the total
amount of water needed to allow their wetting and better
adhesion to the paste thereafter. The binder and the
superplasticizer diluted in the remaining amount of
water were then added to the mixture and the resulting
concrete paste was then mixed for 3 minutes to allow the
admixture to be more effective and to ensure better
deflocculation of the fine particles, thus making the
mixture more fluid.
The mixtures obtained were first tested using the
recommended and standardized tests for the

Figure (2): Apparatus and container used
The vane used is shown in Figure 3. This is a double

U-shaped vane; it is 15 cm high with a radius equal to
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5.25 cm. This vane was introduced into the mixture until
it was level with the surface of concrete; a 10cm thick
layer of concrete was then just below that vane. The
shape of the blade makes it possible to reduce the

vibration of the device, thus minimizing the segregation
of the self-compacting concrete during the test (Soualhi
et al., 2017).

Figure (3): Vane used (internal cylinder)
performed in each speed level.
The torque selected for the rheological analysis
The rheological measurements were performed
corresponds to the average of the torques measured in
during the decreasing velocity phase in order to prevent
the steady state. In order to limit the observational errors
the impact of both the behavior of concrete and its timeand to ensure the steady state for each speed level, the
dependent properties and to test the concrete in a
calculation of the coefficients of variation of the
sufficiently destructured state. The speed profile used
measurements was done systematically for each
for the rheological tests is presented in Figure 4. It
rheological test. These coefficients of variation make it
consists of 6 steps of 20 s, with rotation speeds ranging
possible to know the relative dispersion of the torques
from 48 rpm (5.02 rad / s) to 8 rpm (0.83 rad / s),
measured for each speed level and during a given period
preceded by a plateau of 110 seconds of pre-shearing
of time. Usually, the last 10 measurements
with a maximum speed of 48 rpm, which allows erasing
corresponding to each torque give the steady state.
the history of the previous shear and the memory of an
initial structure. Note that 20 torque measurements were

Figure (4): Evolution of torque (T) and rotational speed (N) as a function of time
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considering the rotation of a non-Newtonian fluid in
laminar flow. With regard to the calculations, they were
carried out in the transient mode.

When concrete is considered as a Herschel-Bulkley
fluid, as described by Equation (1), the relationship
between torques and rotational speeds is expressed by
Equation (2).

Mathematical Formulation of the Rheological
Behavior of SCC
The tonsorial representation of the shear stress of
self-compacting concrete, which is viewed as a nonNewtonian fluid, can be expressed as a function of the
non-Newtonian viscosity as follows:
τ  D ∙D
(6)

τ
γ

τ
Kγ
if τ τ
(1)
0
ifτ τ
where:
𝜏 is the yield stress, K is the consistency index, γ is
the shear rate and n represents the flow index.
T G HN
(2)
where G and H represent, respectively, the intercept
and slope of the curve (T - N).
The rheological parameters (τ0, K and n) are then
determined by Equations (3), (4) and (5).
τ

where τ and D are the stress tensor and strain tensor,
respectively.
In the non-Newtonian model under the Fluent
software,  is considered to be a function of the shear
rate  only.
Note that  is linked to the second invariant D
through the following relation:

(3)

K

n

(4)


n

j

D: D.

(7)

(5)
Consequently.
τ   .

where R (m) is the radius of the vane, R (m) is the
radius of the container and h (m) is the height of the
blade.

(8)

Software Fluent provides four options for modeling
non-Newtonian flows, including the Herschel-Bulkley
law. It is widely acknowledged that the problems in
conducting numerical simulations with the HerschelBulkley model are mainly attributed to the discontinuity
in its descriptive law. The shear threshold 0 is the
parameter that characterizes the continuity of the shear
stress / shear rate curve. If  < 0, no shearing occurs and
the material remains rigid, because the apparent
viscosity tends to infinity; on the other hand, beyond the
shear threshold, the material is sheared and begins to
flow with a shear thinning or shear thickening behavior.
It is worth indicating that the Fluent solver deals
solely with continuous relationships. Moreover, it
should be noted that this discontinuity requires
following a mathematical approach that allows
modifying the Herschel-Bulkley law to make the
relation continuous in order to integrate it into the Fluent
solver. The modified Herschel-Bulkley model was
integrated into Fluent while introducing an additional
rheological parameter called the critical shear rate  .

Numerical Simulation
Simulation Tool
The Ansys Fluent numerical simulation software v.
6.3 was used in this research. Usually, the
Computational Fluid Dynamics (CFD) resolution
involves several steps. The first one concerns the
geometry of the flow domain; it is determined by
considering the interaction of solid elements with the
fluid. The numerical network is then defined by means
of a meshing. Once the boundary conditions are defined,
the numerical simulations can be carried out using a
solver.
The geometry investigated in the present study was
performed with the help of the Ansys Fluent Gambit v.
2.4 preprocessor developed for Fluent; this software
allows creating the meshing and defining of the
boundary conditions. The designed file will be exported
to the Fluent solver (post-processor) for the analysis and
development of the results.
The boundary conditions were defined by

Note that the value of the critical shear rate, which has
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experimental and numerical results and to highlight the
effect of the vane geometry on the distribution of
pressures, stresses and shear rate within the gap.
For our simulations, it was decided to consider the
critical shear rates value as equal to 0.001 s-1. This value
was chosen based on the results of Le et al. (2013), who
indicated that this value is small enough to obtain
reliable results.
Furthermore, the simulations must be carried out over
the entire speed profile used in the experimental part. Six
simulations, corresponding to the rotational speeds used
during the experimental tests, were therefore carried out
for each concrete. The rotational speeds considered were
0.83, 1.67, 2.51, 3.35, 4.18 and 5.02 rad/s. In order to
achieve the best agreement between the experimental
results and the simulation results, the parameters below
were taken into consideration:
- The optimal mesh cell size.
- The number of iterations.
- The optimal value of the critical shear rate  .

no physical meaning, must be specified by the user. A
very small value of  should improve the
approximation given by the initial Herschel-Bulkley
model. Therefore, the fluid will have a second-order
shear-thinning behavior within the interval [0,  ], with
a very high consistency K.
• For 
 γ

:


2



K



2

n

n

1




.

(9)

When combined with Equation (8), this relation
gives:


τ

• For 
 γ



2

K



2

n

n

1




.

(10)

:
K






.

(11)

Therefore:


τ



 .

(12)

- The spatial discretization method.
- The gravity effect.

Thus, the consistency index (K) of the initial
Herschel-Bulkley model must be equivalent to the ratio
⁄
of the modified Herschel-Bulkley
K

Meshing
The 3D meshing presented in Figure 5 was realized
with tetrahedral elements in order to guarantee good
accuracy of the results. All cells are high-quality cells so
that no warping or distortion occurs. The mesh includes
372 826 tetrahedral cells with 78 466 nodes.

model integrated in the Fluent solver.
Three-dimensional (3D) numerical simulations were
carried out to study the behavior of SCC characterized
by the Herschel-Bulkley model during the rheological
testing. These simulations would make it possible to
evaluate the percentage of error between the

Figure (5): Meshing of the simulated area
of SCC as indicated by the data shown in Table 3.

RESULTS AND DISCUSSION
Experimental Results
The formulated mixtures exhibit the characteristics
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Table 3. Rheological characterization of tested concrete
ID

Slump flow

L - Box %

SCC1
SCC2
SCC3
SCC4
SCC5

660
685
710
735
725

74
81
91
93
89

SCC2

K
[Pa.sn]
65.21
68.98
55.93
50.62
83.01

n
0.670
0.590
0.686
0.484
0.494

speed, which engenders larger rheological parameters.
Indeed, when the ratio (G / S) drops, the fines of sand
tend to capture the polymers of the superplasticizer and
adsorb a greater quantity of water in comparison with
gravels; this would induce larger threshold and viscosity
values of the mixture. In addition, increasing the sand
grain concentration amplifies, on the one hand, the
contacts between fine grains and consequently increases
the shear threshold of mortar and therefore of the whole
concrete. It increases, on the other hand, the specific
surface of the mixture, which requires a higher amount
of water; otherwise, the viscosity will be higher.
Moreover, when the (G / S) ratio tends towards 1.2, the
contacts between the gravel aggregates are greater and
may induce the appearance of granular congestion,
which increases the rheological parameters of selfcompacting concrete.
The values of the coefficients of variation (CV),
depicted in Figure 6, indicate that in general, the last low
speed levels exhibit the largest fluctuations in torque
measurement and require special attention.

When the gravel-to-sand (G / S) ratio is less than 1,
the spread of concrete decreases and the passage
capacity is affected due to the reduction in the volume
of the lubricating paste which is necessary to wrap the
aggregates and avoid any possible friction (Table 2).
On the other hand, when the (G / S) ratio goes beyond 1,
the dosage of sand, which is necessary to fill the voids
between the gravel aggregates, decreases and this tends to
increase the resistance to the flow and destabilize the
mixture. These results suggest that increasing the crushed
sand content improves the stability of concrete and therefore
reduces the phenomenon of segregation. The mortar then
becomes more consistent and keeps the large aggregates in
suspension, because water is retained by sand. This result
may be affected by the reduction in the quantity of coarse
aggregates which are often the source of segregation.
With regard to the rheometer tests, it may be noted
that the lower torques were obtained for SCC containing
similar masses of gravel and sand (G / S = 1). Figure 6
shows that moving away from this ratio requires
increasing the torque in order to maintain a given rotation

SCC1

0
[Pa]
35.11
26.66
25.85
33.08
20.13

Sieve stability
(%)
4.37
6.88
8.08
10.74
10.63

SCC3

SCC4

SCC5

CV
3

3

2.5

Torque (N.m)

2.5

2

2

1.5

1.5

1

1

0.5

0.5

Coefficient of variation (CV)

3.5

3.5

0

0
0

8

16

24

32

Rotational Speed (rpm)

40

48

Figure (6): Evolution of torques and variation coefficient as a function of rotational speed
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with respect to the experimental value may be calculated
by the following expression:

In addition, the results obtained showed that the
concretes under study are characterized by a nonlinear
Herschel-Bulkley model of shear thinning type, as
illustrated in Figure 6. This model may prove to be
beneficial for SCC, because a higher viscosity at low
shear speeds ensures good resistance to segregation.
However, lower viscosity with high shear rates would be
favorable when placing SCC.

ε (%) = |Simulated value - Experimental value|/
(Experimental value)

Figure 7 shows that the difference between the
experimental values and the simulation values increases
as the rotational speed goes down. In fact, during the
experimental tests, the low speed level (8 rpm) always
exhibited the strongest fluctuations. This observation is
due to the fact that, for low rotational speeds, the torque
measurements are not very accurate due to the
sensitivity of the rheometer torque sensor; this would
induce a stronger dispersion. This dispersion is
responsible for the above mentioned deviation which
increases for low rotational speeds. Moreover, when the
shear rates are low, the Brownian forces are dominant
and the alignment of the particles is quite anisotropic,
which can cause fluctuations in the measurements. On
the other hand, the measurements are more stable when
the rotational speed increases, because the particles
become aligned along the flow direction.

Numerical Results
For each rotational speed, the torque value is
determined by the simulations carried out. It is
nevertheless assumed that, in concrete rheology, the
deformation of the material occurs by relative sliding of
the layers on top of each other, without transfer of
matter. This would result in an orderly movement of the
particles, which occurs without stirring the material and
without variation in volume. Therefore, the flow is
considered to be in a laminar regime. Consequently, for
the numerical simulations, the flow is considered to be
in a laminar regime and the calculations are carried out
in the transient mode. For the couette flow, the
numerical resolution is provided by the SIMPLE
algorithm. The relative error () of the simulated value

SCC1

SCC2

(13)

SCC3

SCC4

SCC5

Average

30
25

 (%)

20
15
10
5
0
0

8

16

24
32
Rotational speed (rpm)

40

48

Figure (7): Relative error between the simulated value and the experimental value
Figure 7 clearly indicates that the average error
varies from 10% to 15% for rotational speeds ranging
from 48 rpm to 16 rpm. However, the error was around

25% when the rotational speed was equal to 8 rpm due
to the reasons mentioned above. It is worth mentioning
that errors around 25 %, between the experimental
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pressure seems more significant near the vertical rods of
the vane, where it can reach the value of 45 Pa.
Furthermore, depression areas appeared behind the
blades; their values were closely related to the applied
rotational speed. The depression zone can affect the total
value of the torque and may therefore lead to a deflection
of the streamlines due to the displacement of the
particles from the high-pressure zone to the lowerpressure zone. As a result, the torque value may drop.

results and simulation results, are quite common (Le et
al., 2013; Banfill et al., 2001). This suggests that our
simulation results are quite close to reality. Further
simulations were performed on SCC 3 (G / S = 1) for the
purpose of studying the distribution of pressures,
stresses and shear rates within the gap.
The results of the numerical simulations, depicted in
Figure 8, clearly suggest that the pressure in the mixture
is proportional to the rotational speed applied. It tends to
increase when the speed goes up; moreover, this

(a)

(b)

(c)

(d)

(e)

(f)

Figure (8): Pressure distribution (Pa) in the gap as a function of 
For speeds greater than or equal to 3.35 rad / s (32
rpm), it was observed that the pressures become nearly
identical throughout the gap. These pressures are even
greater downstream of the rods attached to the outer

cylinder; they help prevent bulk flow. For lower
velocities, simulations clearly indicated that the
pressures were uniformly distributed as a function of the
radius in the gap. Furthermore, Figure 9 shows that the
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greatest shear stresses are exerted by the tips of the
blade. These stresses cancel out near the rods. The
simulations clearly showed that the gap diameter was
quite sufficient for the full shearing of the sample. On
the other hand, the shear stresses between the rods of the

vane were smaller, because the fluid was practically
trapped in that zone. Moreover, the presence of a blade
with 4 hollowed-out rods resulted in square-shaped
shear stress distribution inside the inner cylinder.

Figure (9): Distribution of the shear stress (Pa) as a function of  inside the gap
suggest that the viscosity-related parameters have more
impact on the pressure distribution within the gap. These
results are in good agreement with those provided by
Wallevik (2014), who reported that pressure is highly
sensitive to viscosity. However, Figure 10 (c) shows that
the pressure is less sensitive to the shear threshold. On
the other hand, Figure 11 indicates that the shear stress
in the gap seems to be affected by all three input
parameters. It is worth noting that the stress distribution
inside the gap appears to be moderately sensitive to the
variation of the shear threshold, whereas it is strongly

Numerical Sensitivity Analysis
An analysis of the sensitivity of the input parameters;
i.e., the shear threshold (0), consistency coefficient (K)
and consistency index (n), of the numerical approach,
was carried out on the distribution of pressures and
stresses within the gap. The sensitivity of the response
to the test was studied by fixing the values of two input
parameters while varying the third parameter by ± 50%
from the reference value that was identified
experimentally using the reference formulation (SCC3).
The results presented in Figures 10 (a) and 10 (b)
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dependent on the consistency coefficient.

Figure (10): CFD modeling - sensitivity of pressure to the input value of shear threshold (a),
consistency coefficient (b) and consistency index (c)
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Figure (11): CFD modeling - sensitivity of shear stress to input value of shear threshold (a),
consistency coefficient (b) and consistency index (c)
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generally varies between 0.46 s-1 and 63.7 s-1. This shear
rate is quite satisfactory for the pumping operation, as it
is close to the experimental results reported by Feys
(2009) who found out that the shear rate of concrete in a
pumping pipe varies between 10 s-1 and 50 s-1.

Rheometer Shear Rate
The study of concrete rheology is often limited by
the shear capacity of the rheometer blades. It is therefore
very important to determine the shear rate range within
which the agitator can be used for testing concrete.
Figure 12 shows that the shear rate is axisymmetric; it

Figure (12): Shear rate near the blades and within the gap
This range from 10 s-1 to 50 s-1 is interesting for
studying the mixing operation for which the shear rate
generally varies between 10 s-1 and 60 s-1. In addition,
the agitator used may provide shear rates that are
compatible with the conventional casting process of
concrete in its formwork or with its behavior in a mixer
truck, where the shear rate is around 10 s-1 (Wallevik et
al., 2017). Furthermore, the simulation carried out
allowed noting that the shear rate becomes maximum at
the upper-inner corners of the blade and quite high on
the surface of the base of the blades, where its values can
reach ten times those obtained at the blade. Therefore, it
would be more interesting to modify the geometry of the
blade by rounding its corners in order to eliminate the
high shear areas and reduce the risk of segregation.

properties for the numerical simulation. Several
numerical CFD simulations were then carried out, at
different speeds recommended during the rheological
test, in order to study certain flow parameters in the
rheometer and to highlight its shear capacity. Based on
the findings of this study, the following conclusions can
be drawn.
• The results of the rheological tests are coherent and
reasonable. However, the low speed levels may exhibit
large measurement fluctuations and therefore require
special attention. Furthermore, it was observed that an
excess of aggregates or sand may be particularly
detrimental to the workability of SCC, as this can
generate a significant increase in the shear threshold and
in the plastic viscosity due to the increase in the volume
concentration of the solid.
 The experimental results show that the T-N curve is
not linear, but exhibits a shear thinning behavior.
The Herschel-Bulkley model can therefore be used
to accurately describe the rheological behavior of
self-compacting concrete.
 The numerical simulation results show that the
pressure within the mixture is proportional to the

CONCLUSIONS
This paper presents an experimental and numerical
study on the rheological behavior of self-compacting
concrete. The rheological tests were performed using a
rheometer with double U-shaped vane geometry. The
experimental data was used to determine some
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applied rotational speed and tends to become larger
downstream of the rods attached to the outer
cylinder. In addition, depression areas appear behind
the blades and can decrease the total torque value.
 The greatest shear stresses are exerted at the tips of
the vane, which is perfect for a rheological study of
concrete. These stresses are rather low between the
rods of the vane, because the concrete is practically
trapped in that zone. It also emerges from this study
that the gap diameter is sufficient for complete shear

of the sample.
 The sensitivity analysis indicated that it is important
to
accurately
determine
the
rheological
characteristics of SCC, in particular those related to
viscosity.
 Finally, the simulations carried out showed that the
rheometer used can provide rheological data that is
suitable for studies relating to the mixing, transport,
placement and pumping of self-compacting
concrete.
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