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Some of our Customers..
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Our Products

● Viskometer

● Freeze/Thaw testing

● Setting Measurement

● Special Applications

● Shrinkage testing equipment
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Measuring the Workability

● Viskometer

● Freeze/Thaw testing

● Setting Measurement

● Special Applications

● Shrinkage testing equipment
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Reality - Rheometers for Concrete 
1911..2015!

Spread Table or Slump Flow
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Slump with Camera

4C 
Rheometer
Dänemark 
2007
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Rheology
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SCC – Self Compacting Concrete
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Workability vs. Rheology

stiff

.

.

fluid
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Plate-Plate Modell

Force F Shear Stress τ

Area A

τ=
F
A

Shear Stress:
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Laminar Flow

γ̇=
dv
dh

Shear Stress τ velocity v

Fluid layers are moved without mixing

Laminar Flow

 material property η

τ≈ γ̇ τ=η⋅γ̇
Shear rate:
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Newtonian Fluids

=⋅̇

Shear Rate
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

Material Viscosity / mPa*s

Water 1

Blood 10

Olive oil 100

Honey 10000
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Newton or Bingham?

Water
+ Cement = Paste

H
2
O
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Paste – Modell

    Liquid
+ Rigid

= something new!= something new!
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Bingham Fluid
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Shear Rate ̇

Curve fitting for the measured range
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Influences in the Rheological 
Properties of Mortar and Concrete

Viscosity
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Reference

Fineness

Filling ratio

Big Air bubbles?Small Air bubbles?

Water

Plasticizer
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Standard Rheometer

Source: Wikipedia
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Problems 

● Aggregates ↔ Gap Size and Volume
● Sedimentation
● Segregation
● ...some more
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Cylinder Rheometer f. Concrete 
(Nukem)
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Why not a Cylinder?

http://homepages.compuserve.de/ctmattke/
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What happens in the „Bingham“ 
Gap ?

Plastic Fluids with Yeald Stress

Shearrate
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Problems with bulding materials and standard rheometers: 
Sedimentation and Segrigation
short measuement ? But whats about time dependecy?
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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 = 
Concrete
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The beginning of the story...

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

Paper from 
Professor Jürgen Teubert, 
Obertaufkirchen, Germany 

Viscocorder ® der 
Firma Brabender
Duisburg, 1969
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Viskomat PC 1990

1. order 
Mai, 4th, 1990
Schwenk Zement KG
Ulm / Mergelstetten
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Viskomat XL – Viskomat NT – eBT2 - SLIPER

3 ltr.

360ml

20 / 40l.

0.001..80 rpm

0.01..400 rpm

0..500 Nmm

0..10000Nmm

0..2mm

0..6..8 mm

0..16..20mm

Speed
Torque
Frequency
Amplitude

Speed
Torque
Frequency
Amplitude

Speed

6 l

0..20 mm
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Viskomat a Couette Type 
Rheometer

➔Relative Results
➔Relative Flowcurves
➔Long Test Time Possible

A vessel is rotating and the force 
on the probe is measured

Mostly mixer type probes are used
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Different Probes
Absolute  vs.  Relative

Coaxial Cylinder

Plate Cone

Plate-Plate

Mixer Formed Probes

Ball Probe

Double Gap (Basket Probe)

Vane Probe



www.schleibinger.com

Rheology Lab at Dyckerhoff I

D r .  H o r n u n g  D y c k e r h o f f  A G  – Q u o  v a d i s c a e m e n t u m ,  R e g e n s b u r g  2 9 . 0 2 . 2 0 1 2       

R h e o l o g y l a b o r a t o r y D y c k e r h o f f  

A p p r o x .  3 5 0 0  m e a s u r e m e n t s p e r  y e a r :
- Q u a l i t y  c o n t r o l o f a l l  c e m e n t t y p e s
- E f f e c t o f a d d i t i v e s
- A n s w e r i n g t o c u s t o m e r c o m p l a i n t s
- R  &  D

C e m e n t s w i t h o p t i m i s e d w o r k a b i l i t y a n d h i g h  u n i f o r m i t y
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Rheology Lab at Dyckerhoff II

D r .  H o r n u n g  D y c k e r h o f f  A G  – Q u o  v a d i s c a e m e n t u m ,  R e g e n s b u r g  2 9 . 0 2 . 2 0 1 2       

R h e o m e t y i n  q u a l i t y c o n t r o l :
T o r q u e M  =  f  ( t i m e  t )

K o n s i s t e n z / L e i m
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1 0 / 0 3 - 2 - 2 3 3  ( 1 8 . 0 1 . 1 0 )

1 0 / 0 4 - 2 - 2 3 3  ( 2 5 . 0 1 . 1 0 )

1 0 / 0 5 - 2 - 2 3 3  ( 0 1 . 0 2 . 1 0 )

1 0 / 0 6 - 2 - 2 3 3  ( 0 8 . 0 2 . 1 0 )

1 0 / 0 7 - 2 - 2 3 3  ( 1 5 . 0 2 . 1 0 )

1 0 / 0 8 - 2 - 2 3 3  ( 2 2 . 0 2 . 1 0 )

1 0 / 0 9 - 2 - 2 3 3  ( 0 1 . 0 3 . 1 0 )

1 0 / 1 0 - 2 - 2 3 3  ( 0 8 . 0 3 . 1 0 )

1 0 / 1 1 - 2 - 2 3 3  ( 1 5 . 0 3 . 1 0 )

1 0 / 1 2 - 2 - 2 3 3  ( 2 2 . 0 3 . 1 0 )

One Type of Cement different weeks
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Concrete Rheometers
ICAR Rheometer ConTec

Viscometer (BML)
BT Rheom Schleibinger 

Viskomat XL
Schleibinger

eBT2
Schleipinger

SLIPER

Invento
r / 
Develo
per/ 
Origin

University of Texas 
Austin Dr. Koehler, Mr. 
Fowler

ICI Rheocenter 
Island, ConTec 
Island, Wallevik

Rheometer
Developed in 
France, by de 
Larrard et al. 

Schleibinger Geräte 
GmbH, Germany

Schleibinger 
Geräte, Germany

Schleibinger 
Geräte
Germany

Picture

Details,
Theory 
of 
operati
on
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Tattersal (1979)
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Different Probes for the FCT 
Tester  (Enzler 1993)
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ICAR Rheometer with Vane Probe I

Koehler and Fowler, Univ. 
of Texas
Austin, USA, 2005
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Schleibinger Vane Probe
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BML Cylinder Rheometer Island
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BTRheom - Plate-Plate Geometry

BTRheom

➔Relatives Messverfahren
➔Sehr kurze Messungen  

Plate-Plate:
No well defined shear stress
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Viskomat XL vs. Spread Table
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eeBT2 Moved Special Formed Probe

1 controllable angular speed
2 different radius ->
2 drag speeds->
In each moment a pair of measurement 
values for a Bingham curve



www.schleibinger.com

E-BT2 – Flow Curve  

SCC – Increasing Water content by 5l /m³ 
Quelle: Abschlussbericht Konstroll, Kusterle, Fleischmann et. al.

+5l H
2
O
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SLIPER - Sliding Pipe Rheometer

NEW A special rheometer
For measuring the 
“pumpability” of
fresh concrete!
Operating principle
by: 
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SLIPER - Sliding Pipe Rheometer

a) fill in the concrete and mount the 2nd part of the Tube
b) tube is sliding down during measurement
c) remove the 2nd tube and drain the concrete

    * Knut Kasten; Gleitrohr – Rheometer, Ein Verfahren zur Bestimmung der Fließeigenschaften von Dickstoffen in Rohrleitungen; Dissertation TU Dresden, 2009
    * Knut Kasten (Erfinder), Putzmeister Concrete Pumps GmbH (Anmelder); Rheometer für Dickstoffe, Patent DE 10 2008 059 534 A1
    * Viktor Mechtcherine, Venkatesh Naidu Nerella, Knut Kasten : Testing pumpability of concrete using Sliding Pipe Rheometer, Construction and Building Materials, 53 (2014) 312–323
    * J. Kronenberg : „Die Betonpumpe ist schuld!“ WISSENSPORTAL baumaschine.de 1(2011), Autor Anja Kittelmann, Communication Marketing, Putzmeister Holding GmbH
    * Egor Secrieru, Marko Butler, Viktor Mechtcherine: Prüfen der Pumpbarkeit von Beton - Vom Labor in die Praxis, Bautechnik Heft 11, 2014
    * Knut Kasten, Einflüsse auf die Pumpfähigkeit von Betonen und deren Beurteilungsmöglichkeiten; Vortrag: 19. Tagung "Rheologische Messungen an Baustoffen", HS Regensburg, 2010
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Rheology + Boundary Layer = 
Pumpability
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Sensors und Electronic
Low power elektronic with  Bluetooth wireless interface

user interface with any actual Android ( >= 4.0) Smartphone
High power LiPo rechargable battery supplies the sensors and data acquisition unit inside the SLIPER for more then 24h. 
 Special battery charging tray. 

-Presure sensor 
-Range: 0-1 bar

-Ultrasonic distance sensor
-Range 80 - 1600 mm

- max. time for one single stroke:  57 s
- Measurement and calibration data are stored in a nonvolatile Flash RAM

-LED for indicating he actual system state

-Bluetooth 2.0 interface 
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Software: Running the Test I
The App Sliper is controlling the instrument.
2 Tabs = user interface layers: 
- Sliper = Controlling he instrument
- Data = Data evaluation.

Sliper Start
Starting the data acquisition: 
- the sensors are switched on
- the actualmeasurement values are shown on the phone:

--  actual pressure
--  pipe position / mm
--  number of strokes already done
- - battery voltage

 
Stroke Start
- pipeis in the upper position, signal green
→  the start time is recorded and the signal is changing from green to yellow 
     

Stroke Stop
- the pipe is reaching the lower end position
- the signal is changing from yellow to red
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Software: Runing he Test II

Sending the data to the 
Smartphone
-  the date are transferred to the phone
-  the data are stored as a new stroke on 
the Smartphone

Another Stroke
- Lift up the pipe again and ake further 
measurements 

Finsih the Stroke Series
- press the button STOP on the 
Smartphone. 

New Series
- Start data acquisition again with the 
button START on the Smartphone

Pause
- The button PAUSE disables the 
automatic stroke detection. You may 
change or rearrange the instrument

Distance and Speed Pressure



www.schleibinger.com

Software: Data Evaluation

Tab Data
- Shows all stroke series stored on the Smartphone
- Management of he measurement data sets
 (delete series, export data sets)
- Show each single stroke graphically, calculate forecast
  -- Define parameters of the measurment series
  -- Place of he measurement, customer, mix design
  -- Geometry of the instrument
  --  Prameters for the pumpability forecast

Evaluate data
- Survey of a series in a tabular with all px and Qx
- Automatic detection of invalid strokes, for example
speed =0 during the stroke 
- Single strokes may be deleted from the series

p-Q Diagramm
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Typical Pressure over Time with 
different Loads
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The Expert System
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Software: Forecast

Forecast Calculation

Tabular with Forecast 

Diagram of he Forecast



 

Concrete Rheometers

  

** Markus Greim, Rheol. Measurement on Building Materials, Ann. Trans. Of the Nordic. Rheol. Soc., Vol 5, 1997

Tattersall 
Two-Point*

BML 
Viscometer*

BTRHEOM* ICAR 
Rheometer*

How to Measure SCC Consistency?
Why we Should Do It in a Another Way?

* Eric P. Koehler, W.R. Grace & Co.: Test Methods for Workability and Rheology of Fresh Concrete, ACI Fall Convention November 2009.

eBT2 
Viscometer**

Mix → Take a Sample → Measure → Modify Batch  → Mix → Take a Sample → ... Mix → Take a Sample → Measure → Modify Batch  → Mix → Take a Sample → ... 

Shearing The Concrete is Changing the Concrete!Shearing The Concrete is Changing the Concrete!



Fast Measurement in the Mixer – 
Power – Torque ?

o.k. for standard
concrete

NOT sensitve enough
for SCC
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Mixer I
 Grace Verifi® - former RMC Ltd.- former RS Solutions 

Quelle: http://verificoncrete.com



Fast Measurement in the Mixer II
 – Built in Probe ?

Convi Viscoprobe 2004

Event Shear Rate

Sedimentation of big particles 10-4 … 10-1 s-1

Selfconsolidation 10-2 … 10-1 s-1

Drip down by gravity 10-2 … 10-1 s-1

Pipe flow 100 … 103 s-1

Mixing 101 … 103 s-1

Probes Must be Clean!

Measuring at Low Shear Rates
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Mixer II
 Sensocrete, Canada

Quelle: http://www.sensocrete.com

Sensor, Operating Principle ?



Requirements and Specifications

● Prerequesite: 
– A well working SCC Mix Design and its 

Measurement Values as Reference

● Necessary
– Fast Measurement, (Mixing + Measuring) < 3..4 

min.

– Sensitive Enough to Detect  for Example 
Water Deviation < 3..5 l / m³.

● Not Necessary (but nice to have)
– Measuring Viscosity in Pa*s and Yield Stress in 

Pa



The Ball Measuring System – 
Experimental Setup

  

- Mixer stops 
- Probe is immersing into the concrete
- Low Track Speed 0..~50 mm/s
- max. 1 single revolution
- Probe is removed and cleaned
- mixer is starting again 

Projekt KONSTROLL, Kusterle, Fleischmann, et.al.



Estimation of Yield Stress and Viscosity

  

Author Literature Transformation

Schatzmann [Sch05]

Beris et al. [Ber85]

Lowke [Low13]

   

τ=
0,28 F
4 π r²

τ y=
0,286 F

4π r²

τ0=
0,33F r
4π r²

Qi

Q s=0,28

QB=0,286

QL=0,33

Just an estimation, not absolute necessary for quality control!

Tests with different sphere diameters (50..120 mm) at 0..50 mm/s → 
Transformations don't scale with r²  !



Program FC

 

Increasing and Decreasing Speed

Program Max. Speed Max. shear rate Total time Total angle

 n [min-1] v [m/s] t [s] [°]

R1 1 0,0118 0,123 120 360

R2 2 0,0235 0,245 60 360

R3 5 0,0588 0,600 24 360

γ̇ [s−1]



Program CS

  

Low constant speed

Program  Const Speed Shear Rate Total time Total angle

 n [min-1] v [m/s]   [s-1] t [s] [°]

S1 0,05 0,00058 0,006 120 35

S2 0,25 0,00280 0,031 120 180

S3 1,0 0,01176 0,123 60 360

γ̇



Evaluation of the Results for Program FC

 

„Static
 Yield Stress“



Evaluation of the Results for Program CS

  

„Static
 Yield Stress“

„Dynamic
 Yield Stress“

Time



 

Experimental Program

Shear stress at low speed 
v= 0,01176 m/s

 = 0,123 s-1

Program FC Program CS / v = const

γ̇



Experimental Program –
Influence of Rest Time

Program  FC Program CS

γ̇



 

Experimental Program 
– Different Mix Designs

Program FC Program CS



Experimental Program - 
Flow around the Sphere 

  

1 high viscosity, slow 2 medium viscosity, slow; 

3 low viscosity, fast; 4 low viscosity, slow;



Next steps...

  

With the Ball Measurement System, 
the quality of SCC can be controlled: 

with an always clean probe 
with low shear velocity
In fresh un-sheared material
In a short time 
The System can be inline 
integrated into the concrete 
production process

Next steps:

Integration in a mixer in a precast plant
Shear rate and yield stress calculation with CFD tools
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Some (maybe wrong?) 
Conclusions:

● The rheological problems are increasing with the particle 
size.  

● Don't turn a screw with a hammer! There is no universal 
viscometer for building materials!


