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Newton or Bingham?

Oil + Water + Lecithin = Mayonnaise
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rheology

→ non-Newtonian fluid or Bingham fluid – fluid that does not follow Newton´s law of viscosity. 
Viscosity is dependent on shear rate or shear rate history.

water                    + cement          = paste
    + additives    = mortar / concrete
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rheology
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measuring technology – 1911...now

1918 – Duff Abrams, Concrete Slump Test

“I belive that the big thing [the slump] test can do is to bring 
home the importance of water control in building 
construction” (Abrams D.A. “Proportioning Concrete 
Mixtures”, Proceedings of the American Concrete Institute, 
Detroit, MI, 1922)

1924 – Ahlers J.G., Walker S., Slump Flow

“Field tests of Concrete”, Proceedings of the Twentieth 
Annual Convention of the American Concrete Institute, 20, 
1924.
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Concrete as Multi - Phase System – 
1981 / 1994

J. Teubert
Germany,1981

H. Okamura
Japan, 1994
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Paste vs. Mortar- vs. Concrete Rheology
Cement + Water = Paste

Paste + Sand = Mortar

If the volume of mortar is higher then 52% 
(?) the flow properties of concrete are 
dominated by he flow properties of the 

mortar. 

If he paste volume 
is higher then a 

certain amount X 
the flow properties 
of the mortar are 
dominated by the 
flow properties of 

the paste. 

The flow properties of paste are
 influenced by the ratio of

total particle surface to water (true?)

Mortar + Aggregates = 
Fresh Concrete
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Paste → Mortar → Concrete
Mix Design

Label:
Original Mix

Concrete Concrete Mortar (d<2mm) Paste

Rheometer Rheo CT Viskomat XL Viskomat NT Viskomat NT

Volumen in l: Density 1000 40 4 0,5 0,4

[kg/dm³] [kg] [kg] [kg] [g] [g]

Sand 0/3 2,79 867,5 34,7 3,47 634,604

Aggregates (crushed) 1/3 2,68 166,75 6,67 0,667

Aggregates (crushed) 9/16 2,68 666,5 26,66 2,666

Cement (CEM II/A-LL 42,5 R) 3,00 410 16,4 1,64 299,93 445,86

Limestone 2,60 120 4,8 0,48 87,78 130,50

Water 1,00 166,75 6,67 0,667 121,98 181,33

PCE 1,08 7,375 0,295 0,0295 5,40 8,02

Defoamer 1,04 6,15 0,246 0,0246 4,50 6,69

Mortar (d<2mm) Cement Paste

Viskomat NT Viskomat NT

[kg/dm³] [kg] [l] [kg] [l] [l] [kg] [l] [l] [kg]

Sand 0/3 2,79 867,50 310,93 867,5 310,93 454,91 1269,21

Aggregates (crushed) 1/3 2,68 166,75 62,22

Aggregates (crushed) 9/16 2,68 666,50 248,69

Cement (CEM II/A-LL 42,5 R) 3 410,00 136,67 410 136,67 199,95 599,86 136,67 371,55 1114,64

Limestone 2,6 120,00 46,15 120 46,15 67,53 175,57 46,15 125,48 326,24

Water 1 166,75 166,75 166,75 166,75 243,97 243,97 166,75 453,33 453,33

PCE 1,08 7,38 6,83 7,375 6,83 9,99 10,79 6,83 18,56 20,05

Defoamer 1,04 6,15 5,91 6,15 5,91 8,65 9,00 5,91 16,08 16,72

Air pores 1,5% 15,00 15,00 15,00 15,00 15,00

SUM: 999,1587568087 688,24 1000 377,31 1000,00

Difference: 311,76 622,69
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measuring technology - 1969

"Determination of water/cement ratio as a function 
of cement, as an index for exposed concrete”
Betonstein-Ztg. 35 (1969), H. 11
  
Prof. Dr. Jürgen Teubert,
Obertaufkirchen, Germany 

Viscocorder® 
Fa. Brabender
Duisburg, 1969
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measuring technology – Viskomat PC 1990

1. order 
Mai, 4th, 1990, Schwenk Zement KG, Ulm / Mergelstetten
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Viskomat NT 2020

➔Vessel with  360 ml 
➔Speed 0,001.. 400 rpm.
➔Torque 0..500 Nmm on the probe
➔Scraper is removing gluing material 
from the wall of the vessel. 
➔Temperature control. 
➔Shear stress controlled drive
➔Shear rate control drive
➔Oscillation
➔etc. 
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Different Probes 
Absolute vs.  Relative

Coaxial Cylinder

Plate Cone

Plate-Plate

Mixer Formed Probes

Sphere Probe

Double Gap
(Basket Probe)

Vane Probe
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Viskomat NT
 Torque and speed over time
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Flowcurve Bingham 
T = h*v + g / time: 5’ .. 8’ 
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Flowcurve Bingham 
T = h*v + g / whole time
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Bulkley Herschel
T= a*vb + g  / time: 5’ .. 8’ 
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Bulkley Herschel
T= a*vb + g  / whole time
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Different types of rheometers for different kinds of 
materials and applications: 

Viskomat NT:
0...500 Nmm
0...2 mm
360 ml
0.001...400 rpm

Viskomat XL:
0...10,000 Nmm
0...8 mm
3,000 ml
0.001...80 rpm

eBT-V:
0...10,000 Nmm
0...20 mm
15,000 ml
0.1...30 rpm

SLIPER:
1...1000 mbar
0...4 m/s
6,000 ml
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rheometer - eBT-V

eBT-V:
0...10,000 Nmm
0...32 mm
15,000 ml
0.1...40 rpm or
0.1 ...40 °/sec V-mode:

Vane probe

eBT-V:

mobile rheometer for stiff and self-
compacting (self-consolidating), 
SCC, concretes up to 32 mm grain 
size

P-mode

P-mode: for fluid to no-slump concrete: evaluation of relative rheological parameters
V-mode: Vane-probe-mode for fluid concrete and SCC.
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Measuring technology – eBT-V

Smartphone-App:

Profiles: different measuring profiles are possible

➢ ramp profile
➢ step profile
➢ combinated ramp and step profile.

Examples: 
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SCC: Results eBT-V measurement
 V-mode (Vane probe)
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eBT-V:  torque and speed over time
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eBT-V – flow curve
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Rheology ↔ Pumpability I

"Concrete Pump RB". Licensed under CC BY-SA 3.0 via Commons 
- https://commons.wikimedia.org/wiki/File:Concrete_Pump_RB.JPG#/media/File:Concrete_Pump_RB.JPG

Germany 2018:
1441 Pumps
15,5 Mio. m³ of 52,6 Mio m³
0.2% SCC
Quelle: BTB Jahresbericht 2019
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Rheologie ↔ Pumpability II

τ=η⋅γ̇
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Rheologie + Grenzschicht = 
Pumpbarkeit I
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Rheology + Interfacelayer =  
Pumpbability II

Source: Dissertation E. Secrieru / AiF Abschlussbericht
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SLIPER - Sliding Pipe Rheometer I

Gleitrohr Rheometer
Ein Verfahren zur Bestimmung der Fließeigenschaften
von Dickstoffen in Rohrleitungen.
Dissertation, Kasten 2009

inside
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SLIPER - Sliding Pipe Rheometer II
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SLIPER Measuring Procedure

Lift the pipe Pipe is sliding down by gravity

Add a load and repeat the procedure → data evaluation
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Forecast of Max. Pressure and Flow 
Rate
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Forecast of Max. Pressure and Flow 
Rate II
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●Forecast of Max. Pressure and Flow 
Rate III

Formula of
Kaplan u. Kasten

Quelle: Mechtcherine, V., Nerella, V. N., & Kasten, K. (2014). Testing
pumpability of concrete using sliding pipe rheometer.
Construction and Building Materials, 53, 312–323.
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Forecast of Max. Pressure and Flow 
Rate IV

40 m³/h → 
18 bar

Formula of
Kaplan & Kasten
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Equilibrium Shear Stress

Das Rilem Komitee 266-MRP : Measuring Rheological Properties of Cement-based Materials
hat am 08.09.2019 in seiner Sitzung in Radebeul bei Dresden beschlossen, dass
statt des Begriffes Dynamic Yield Stress der Begriff
Equilibrium Shear Stress verwendet wird. 
Von 23 Anwesenden stimmten 15 dem Vorschlag zu. 
Darunter: Prof. Lowke, Prof. Haist, Prof. Feys, Prof. de Schutter, Prof. Sonebi, Dr. W. Schmidt,
Prof. Mechtcherine, M. Greim, et.al. 
Auf Deutsch: Gleichgewichts-Scherrate. 
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RheoCT – Rheometer for the Concrete 
Mixer

Designed for quality control during the SCC production in the concrete plant.
Viscosity and the drag force on the sphere probe is measured and gives the
 value for the equilibrium shear stress.  

Measure a reference SCC

Make a training set
for the w/c ratio

Make a training set
 curve for the PCE

Feed the inference
 machine

with the  training set

Mix a concrete batch

Stop mixing
 and measure it 

Follow the recommendation
 of the Inference machine → 
add water, PCE or stabilizer

Mix again

Drain the mixer

Make a training set
 curve for the stabilizer

Training Production
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Schleibinger Geräte 
Teubert u. Greim GmbH

Thank you for your attention!
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