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Abstract 

Fresh rheoplastic concrete usually is characterized on the job site with standardized 
methods such as Slump, Slump Flow or VEBE Test. The obtained values are used to describe 
both the initial fluidity of the concrete and the workability retention, but these methods are not 
able to characterize the rheological properties of concrete which may have an important 
impact on its production. 

The rheology improvement of rheoplastic concrete thanks to more advanced 
superplasticizers allows the solution of difficult situations where the higher concrete 
stickiness impedes easy placing and affects the quality of the surface. 
From the mixing time to the surface finishing, through the pumping and placing, the concrete 
rheology plays a key role on the construction life, but its quantification in each steps is not an 
easy task. 
In this paper, the rheology of concretes cast with different superplasticizers is quantified by 
new test methods able to simulate and differentiate the placing step: the laboratory trials 
validate the test methods and the best performing admixtures. 
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1. INTRODUCTION 

Concrete technology has already achieved almost the limit in terms of “traditional” 
performances: it is possible to produce members with extreme mechanical and flexural 
properties, to pour concrete that retains workability for hours under the most severe 
conditions and to assure very high performances in terms of durability and aesthetics. 
But pushing concrete towards such extreme implies working with a material that increasingly 
becomes difficult to handle, to move, to pump, to pour and to finish. 
New performances, other than water reduction and workability retention, are required today to 
meet the customer requests and to enter a new part of the market (labor) where the 
contribution of superplasticizer is not fully exploited. 

Rheology is, by definition, the study of the flow of matter, primarily in the liquid state, but 
also as “soft solids” or solids under conditions in which they respond with plastic flow rather 
than deforming elastically in response to an applied force. As a colloidal system, rheology of 
concrete can be expressed by the Bingham model. A Bingham fluid is a viscoplastic material 
that behaves as a rigid body at low stresses but flows as a viscous fluid at high stress. The 
yield stress (τ0) determines the value when concrete begins to flow under its own mass. The 
plastic viscosity (µ) determines the flow time or speed of concrete during pouring or 
pumping. This value indicates how easily the concrete can be placed or filled into forms. 
The traditional methods of measuring slump or slump flow are not capable of characterizing 
the fundamental rheological properties of concrete during the processes of mixing, 
transporting, and placement. 

Rheometers for concrete are designed to characterize the static yield stress, the dynamic 
yield stress and plastic viscosity of the concrete. A high static yield stress is desirable because 
it reduces formwork pressure and increases the resistance to segregation. But for ease of 
pumping, placement, and self-consolidation, a low dynamic yield stress is necessary. The 
dynamic viscosity provides cohesiveness and contributes to reducing segregation when 
concrete is flowing. 

Till now, the tests performed in lab and job site were focused on evaluating the workability 
of fresh cementitious materials by measuring a change in slump or slump flow. These 
industrial tests are, in most circumstances, directly correlated to yield stress. Although 
cementitious materials are not only yield stress fluids, this pragmatic approach was justified 
by the fact that yield stress is often the most relevant parameter to describe the ability of a 
material to fill, under its own weight, a formwork or more generally a mold.  

Recent trends in modifying mix design (reducing W/C ratio, adding harsh aggregates, etc.) 
have shown, however, dramatic consequences on the workability of the material and workers 
at the building site often complain about these “sticky” concretes that they are unable to 
vibrate and surface finish. This “stickiness” and, more specifically, the additional stress 
needed to place the material, is not only related to yield stress but also to plastic viscosity. 
Therefore, a reduction of both yield stress (τ0) and plastic viscosity (µ) contributes to 
improving rheology of concrete. 

The practical evaluation of stickiness and rheology, in general, is a tough task, being rather 
difficult to attribute a single number to the “perceived feeling” of rheology that customers 
have.  

Usually, rheometer is used to measure yield stress and plastic viscosity values but both 
these numbers are not so directly and easily correlated to concrete properties measured on the 
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job site and not all job sites are typically equipped with this instrument. Some test methods at 
laboratory scale have been developed [1] [2], but new tools have to be developed with the aim 
to simulate some aspects of the work at the job site, like placing, vibration and finishing. 
Moreover, they have been thought to be portable. 

“Placeability” is used herein as a measure of the ease of moving concrete after pouring. In 
this paper a new method for characterizing placeability is reported: a special formwork which 
is equipped with a probe was developed, where probe shape, size, depth in concrete and 
displacement rate can be modified in order to achieve the best simulation of the placing in the 
real formwork. The use of different admixture could strongly impact the behavior of the 
concrete in this respect [3]. 

2. TEST METHODS 

2.1 Rheometer 
Generally the rheological characterization of concrete is carried out with rheometers. 

Different examples are available in the market: the instrument used for this study is the RHM-
3000 ICAR Rheometer (Germann Instruments) (see figure 1). 

 
Figure 1: RHM 3000 ICAR Rheometer 

The yield stress and the plastic viscosity are measured by a vane able to rotate in a 
specific and proper designed container: 

- The first parameter is proportional to the maximum torque detected when the vane 
constantly rotates at 0.025 rev/s 

- The second parameter derives from the slope determination (according to specific 
calculations) of the interpolation line of six torques measured at six decreasing 
rotational speeds from 0.6 to 0.1 rev/s. 

 
2.2 Portable placing simulator 

The aim of this device is to assign a number to the feeling of the skilled operator who can 
detect differences between concrete mixture by moving them with a trowel but is nor able to 
quantify them.  

The developed portable tool quantifies the torque needed to move an embedded paddle in 
the concrete through a pulley system (the figure n°2 explains the entire equipment). 
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Figure 2: Placing Simulation Tool  

The formwork is filled with 30 liters of concrete: the embedded paddle connected to a 
wheel trolley moves via a steel wire while the pulley constantly rotates through the rheometer 
(RZR 2102-Control by Heidolph).  The torque evolution is recorded by a laptop connection 
and relative acquisition software: figure n°3 shows an example 

 

 
Figure 3: Example of torque evolution recorded 

The reproducibility of the test method has been fully assessed: after approximately hundred 
different concrete repetitions the standard deviation among the tests is 8%. 

The limit of the test method can be identified in the minimum consistency class necessary 
in order to have reliable measurement: below 10-12cm slump the measured torque exceeds 
the maximum value of the rheometer. 
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3. MATERIALS AND MIX DESIGN 
The tests have been performed comparing two superplasticizers having different 

chemistry: 
 

- Polycarboxilate ether (PCE); 30% solid content solution; density 1.040gr/cm3 
- Polyaryl ether (PAE); 30% solid content solution; density 1.080gr/cm3 

 
PAE chemistry is a technology for which BASF filed patent applications [4] which proved 

to be very effective in improving rheology of concrete. 
Limestone Filler, dolomite crushed Sand 0/4, Coarse Aggregates 8/12 and 12/19 have been 
used in this investigation: Table 1 explains the characteristics of aggregates 

Table 1: Aggregates Properties 

 Limestone 
Filler 

Sand /04 Coarse Agg. 
8/12 

Coarse Agg. 
12/19 

Density (kg/m3) 2710 2741 2754 2753 
Water Absorption 
(%) 

NA 0.9 0.8 0.8 

  Cumulative Sieve Retention (%) 
16mm    66 

12.5mm   87 98 
8mm   98 100 
4mm  8 100 100 
2mm  29 100 100 
1mm  46 100 100 

0.5mm  56 100 100 
0.25mm  72 100 100 
0.125mm  89 100 100 
0.063mm 100 98 100 100 

Fineness Modulus NM 3.00 6.87 7.66 
 

The experiments have been carried out with 3 different Italian cements: 
 

- CEM II/A-LL 42.5 R Monselice 
- CEM II/A-LL 42.5 R Colacem Gubbio 
- CEM IV/A-P 42.5 R Colacem Gubbio 

 
All cements reflect the limits according the EN 197-1: the average 28dd compressive 

strength is between 42.5 and 52.5 MPa. 
The higher concrete stickiness is generally observed when higher fines (cements, binders, 

sands) and low water/cement ratio compose the cementitious matrix, so the materials have 
been combined according to the mix described in the table 2, where 400kg/m3 of cement and 
50kg/m3 of limestone filler have been blended in w/c = 0.48 concrete and the admixtures have 
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been dosed in order to achieve 220±10 mm slump. The same table also reports the concrete 
fresh properties measured for each combinations. 

Table 2: Mix design & concrete fresh properties 

Sand 0/4 1050kg/m3 
C.Agg. 8/12 364kg/m3 
C.Agg 12/19 405kg/m3 
L.Filler 50kg/m3 
W/C 0.48 
Cement 400kg/m3 
Cement Type CEM II/A-LL 42.5 R 

Monselice 
CEM II/A-LL 42.5 R 

Colacem Gubbio 
CEM IV/A-V 42.5 R 

Colacem Gubbio 
PCE (% b.w.c.) 0.70  0.80  0.85  
PAE (% b.w.c.)  0.75  0.80  0.85 
Slump (mm) 225 220 215 225 220 225 
Air (%) 1.8 1.9 2.1 2.0 2.1 2.2 

 
Apparently all concretes seem similar, because the measured slump and air content do not 

different so much. 
However the rheological evaluation shows how the different admixture chemistry has an 

impact on concrete stickiness and above all on the feeling of the operators. 
Both the ICAR Rheometer and the Placing Simulator assessments have been carried out for 
each concrete: the yield stress and the plastic viscosity have been compared towards the 
maximum torque detected by the new equipment. 
Figure 4 show the different behavior of the torques measured in the CEM II/A-LL 42.5 R 
Monselice serie. 
 

 
Figure 4: Placing Simulator (CEM II/A-LL 42.5 R Monselice) 

PAE based admixture is able to reduce the max torque while the PCE reaches a torque 
value 3 times higher than the new molecule. 

The Table 3 summarizes all values measured and demonstrates as the Placing Simulator is 
in line with the results and differences obtained by the ICAR Rheometer. 
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Table 3: Rheological parameters 

Cement Type CEM II/A-LL 
42.5 R 

Monselice 

CEM II/A-LL 
42.5 R 

Colacem Gubbio 

CEM IV/A-V 
42.5 R 

Colacem Gubbio 
Admixture PCE PAE PCE PAE PCE PAE 
ICAR 
Rheometer 

τ0 (Pa) 1242 917 1144 1058 980 1241 
µ (Pa*s) 175 90 220 112 250 115 

Placing 
Simulator 

Torque 
(Ncm) 3510 1500 4221 1740 4310 1650 

Operators’ Feeling 
(Stickiness detected 

by trowel) 

The 
Higher 

The 
Lowest 

The 
Higher 

The 
Lowest 

The 
Higher 

The 
Lowest 

 
In all cases the Placing Simulator results demonstrate that PAE technology reduces the 

maximum torque and this trend is in line with the differences of plastic viscosity (µ). On the 
other hand not substantial differences can be observed from the yield stress (τ0): the behavior 
can be easily explained by the fact that this parameter is more correlated to the slump, and 
because all concretes have similar workability, the yield stress values reflect it. 
The availability of new chemistry and its capability on rheology improvement allows some 
considerations: 

- Better Rheology approach – Concrete stickiness reduction 
- Durability Improvement approach - The water content can be reduced improving both 

mechanical properties and durability 
- Cost Optimization approach - The cement content can be reduced maintaining the 

same water-cement reduction and the mechanical properties by consequence 
The following example (Table n°4) explains the last approach and the results measured 

with both Rheometer and Placing Simulator confirm the possibility to optimize the cost 
maintaining the same properties of daily concrete: 

Table 4: Cost Optimization approach example 

CEM II/A-LL 42,5 R Monselice 400kg/m3 370kg/m3 
Admixture PCE 

(2,8 l/m3) 
PAE 

(3,0 l/m3) 
W/C 0,48 0,48 

Slump (mm) 225 220 
Air Content (%) 1,8 2,0 

ICAR Rheometer τ0 (Pa) 1242 1145 
µ (Pa*s) 175 186 

Placing Simulator Torque (Ncm) 3510 3600 
Operators’ Feeling 

(Stickiness detected by trowel) 
Similar 

Stickiness 
 

30kg/m3 of cement can be reduced maintaining the same water-cement ratio (mechanical 
properties) and rheology. 
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4. CONCLUSIONS 
New performances, other than water reduction and workability retention, are required 

today to meet the customer requests and to enter a new part of the market (labor) where the 
contribution of superplasticizer is not fully exploited and rheology improvement is one such 
new performance. 

Its characterization can be obtained with rheometers, but in most of the cases the values 
(yield stress and plastic rheology) cannot be understood by all operators who work in the 
concrete production field. 

The development of an easy, comprehensive and portable tool that can correlate the 
science of rheology (rheometer) with the concrete life (operators’ feeling) is a must: the 
Placing Simulator is able to bridge these two realities. 

The quantification of the stickiness reduction due to the new PAE technology can be easily 
measured by the Placing Simulator supported by the Rheometer avoidance. 

The rheology improvement achieved by PAE polymer allows one to enhance the concrete 
performances in terms both of durability improvement (lower water content) and cost 
optimization (lower cement content). 
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