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® Freeze/Thaw testing
e Shrinkage testing equipment
® Viskometer

e Setting Measurement

« Special Applications




® Freeze/Thaw testing

® \/iskometer

e Setting Measurement

« Special Applications



sein. Die beim Versuch bewegte obere Tischplatte sall rd. 16 kg
wie]%en.

er kegelige, 20 om hohe
Trichter aus 2 mm dickem Blech
{Bild 2) hat oben 13 cm, unlen
20 cm lichten Durchmesser?).

3, Ausfdhrung des Ver-
suchs. Beim Versuch mull der
Ausbreittisch waagerecht und
unverriickbar  gelagert sein.
Vor dem Versuch sind Tisch-

latte und Innenfliche des
richters mit einem leuchten
Tuch abzureiben.

Der Betan wird in 2 etwa
gleich hohen Schichten in den Bild 2.
mitten auf den Ausbreittisch
gestellten Trichter gefillt und jede Schicht mit einem Holz-
stampfer von quadratischem Querschnitt (4 cm Seilenlinge) 10mal
leicht bearbeitet, Beim Filllen muB sich der Arbeiter auf die
unten am Trichter angebrachten beiden FuBeisen stellen. Nach
dem Fiillen ist die Form oben mit der Kelle eben abzuziechen und
die freie Fliche der Tischplatte zu reinigen.

Eine halbe Minute nach dem Fiillen wird der Trichter an den
Grilfen langsam lotrecht hochgezogen, wobei sich der Beton je
nach seiner Steife schon mehr oder weniger setzt. Ilieraut h-egzt
man den Ausbreitiisch am Handgriff 15mal®] langsam um ¢ =4 cm
(Bild 1) an und 1iBt ihn wieder fallen. Dabei breitet sich der
Beton aus.

Dann werden die zu den beiden Tischkanten gleichlaufenden
Durchmesser g und g2 des ausgebreiteten Betons gemessen
(Bild 1). Das AusbreitmalB ¢ ist das Mittel beider Durchmesser,
es wird in ganzen em angegeben.

i pm— = faamx 2 hic

Spread Table or Slump Flow
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4C
Rheometer

Danemark
2007
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Shear

Slressd.
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Power law {n>") Mawtonian

Bingham

Power laww (re )

Shear rate, 7
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Shear Stress: T —
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Fluid layers are moved without mixing

Laminar Flow

Shear rate: material property /]

. adv : N
T T T—nY

U
=2
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Shear Stress

T=ny

>

Shear Rate }/
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1 .

+ Cement — Paste www.schleibinger.com

Water



Bid 1: Zusammenballungen von Partikeln in verdiinnten (flocculated state) und
konzentrierten Suspensionen (flocculent state) nach Powers [6]

Liquid T —
+ Rigid

= something new!

Helmuth, R.A.; Structure and Rheology of Fresh Cement Paste, Int. Congress
Chem. Cem., 7th., Paris 1980

Powers, T.C.: The Properties of Fresh Concrete, John Wiley & Sons, N York, 1968
www.schleibinger.com



T

Shear Stress

Curve fitting for the measured range
T=n'Yy + T,

/

>

Shear Rate )/
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Yield Stress

Small A

>

Fineness
Filling ratio
r bubbles? ™ —> Big Air bubbles?
Plasticizer
>
Viscosity

www.schleibinger.com



Standard Rheometer

www.schleibinger.com
Source: Wikipedia



* Aggregates «— Gap Size and Volume
» Sedimentation

* Segregation

* ...SOMe more

www.schleibinger.com
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Drehmoment-Messung E N /
MeBantrieb (Searl-System)
] oz

d’ =

] —

MeBantrieb (Couette-System)

Y A l A

-

Bild links : http://homepages.compuserve.de/ctmattke/

www.schleibinger.com


http://homepages.compuserve.de/ctmattke/

Plastic Fluids with Yeald Stress

Sha

Shearrate

Problems with bulding materials and standard rheometers:
Sedimentation and Segrigation
short measuement ? But whats about time dependecy?

www.schleibinger.com



Paste vs. Mortar- vs. Concrete
Rheology

Cement + Water Paste

The flow properties of paste are
influenced by the ratio of
total particle surface to water (true?)

Paste + Sand = Mortar

ﬂ‘ he paste volume
is higher then a
certain amount X

the flow properties
of the mortar are

dominated by the S Concrete

Mortar + Aggregates =

flow properties of

\\ the paste.

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

mortar.




Ermittlung eines zementabhédngigen Grenzwasserzementwertes als
Kenngrofie fiir Sichtheton

Determination of water/cement ratio as a lunclion of cemant, as an index for exposed concrete
Détermination d'un rapport limite eau/ciment. en fonction du ciment, comme indice pour béton exposé

VON DIPL -GEOCOL. JURGEN TEUBERT, PDOING

"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 Jurgen Teubert,

Obertaufkirchen, Germany Viscocorder ® der

Firma Brabender
Duisburg, 1969

www.schleibinger.com
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0..10000NmMm

0..500 Nmm

0.001..80 rpm
Speed
Torque
Frequency
Amplitude

0.01..400 rpm

1 www.schleibinger.com



Mostly mixer type probes are used

>Relative Results
>Relative Flowcurves
>Long Test Time Possible

www.schleibinger.com



Coaxial Cylinder

Plate-Plate

Plate Cone

Mixer Formed Probes

Double Gap (Basket Probe)

Ball Probe

Vane Probe wwwschleibinger.com



Rheology laboratory Dyckerho ff

Approx.3500 measurements peryear:
-Quality controlofallcementtypes
| -Effectofadditives

| -Answering to customercomplaints

-R & D

mmp> G om ents with optimised workability and high uniform ity

Dr.Hornung Dyckerhoff AG - Quo vadis caementum, Regensburg 29.02.2012 ﬂ ,C El"h:

www.schleibinger.com



Rheomety in quality control:

Torque M f(time t)

Konsistenz/Leim
CEM IVA-LL 42,5N,w/z=0,47

10

DrehmomentM [Nm
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Dr.Hornung Dyckerhoff AG - Quo vadis caementum, Regensburg 29.02.2012

ﬂ Dyckerhoff
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Schleipinger
SLIPER

Schleibinger
Gerate, Germany

Schleibinger
Gerate
Germany

Details,
Theory
of
operati
on

Dibstrance: e nsiar

Pragrurs Funesr

www.schleibinger.com




= :‘:\Antriebswelle

Abmessungen in mm

. Das Zweipunkt-Rheometer mit dem unterbrochenen spiralformigen Messpaddel, das bei Hochleistungshetonen
erwendet wird

www.schleibinger.com



Fig. 8
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|ICAR Rheometer with Vane Probe |

Koehler and Fowler, Univ.
of Texas
Austin, USA, 2005
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Plate-Plate:
No well defined shear stress

Figure C- 2: The BTRIHEOM rheometer

.com



1000.00

Viskomat XL
Moment/ Zeit Messungen 2. Juli min 2..20

800-00 mEms i EmE i mEr s mEmr s nam : e smEm s s s Er s Em—.

Torque / Nmm

200,00

GO0 |-mrmreme e e

2013_Jul_:_Tuwe_02_20_S0.dat
2013 Jul > Tue 09_50_33.dat

2012 Jul 2 Tue_10_21_05.dat

2013 _Jul_: Tuwe_02_20_50.dat Ii: 10.274g: 169602 koor :0.39722
013 Jul 2 Lme U9 SU 33dat h: 5636 g: LOLAGS kory -0 TTSES

2013 Jul 2 Tue 10 21 05dat h: 4075 g: 76560 korr -0.68805

400,00 |- e -y WY | -

Table 5: Spread table values for mix 2

Specimen

Spread table value / mm

2a

460

2b

570

2¢

590

25.000

30.000

www.schleibinger.com




Force

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



y =2269,6x + 77,473
R?=0,8808

600
® o =3860x+ 172,46
— 4 Z—
E 500 R2=0,9544
£ N
£ 400 7
: P
£ 300 J!
4o Kage
g 200 A4 — R
= 100 X _ )~ N —
. ;

0,00 0,02 0,04 0,06 0,08
Geschwindigkert [m/s]

SCC - Increasing Water content by 51 /m3

Quelle: Abschlussbericht Konstroll, Kusterle, Fleischmann et. al.

0,10

0,12

+51 H,0

¢BIl.1
wBl1.2
xB1.3
eBl.4

+BI1.5

www.schleibinger.com



Pressure Sensor

Pipe
Smartphone

Distance Sensor

A special rheometer
For measuring the
“pumpability” of
fresh concrete!
Operating principle

”%, Putzmeister

www.schleibinger.com



1 1]

Fill in the fresh concrete Measurement-
And mount the extension pipe 1 pipe is sliding down

Remove the extension pipe 2-
Drain the concrete

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 FlieBeigenschaften von Dickstoffen in Rohrleitungen; Dissertation TU Dresden, 2009

* Knut Kasten (Erfinder), Putzmeister Concrete Pumps GmbH (Anmelder); Rheometer fur Dickstoffe, Patent DE 10 2008 059 534 Al

* 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: Priifen der Pumpbarkeit von Beton - Vom Labor in die Praxis, Bautechnik Heft 11, 2014

* Knut Kasten, Einflisse auf die Pumpfahigkeit von Betonen und deren Beurteilungsmdoglichkeiten; Vortrag: 19. Tagung "Rheologische Messungen an Baustoffen", HS Regensburg, 2010

www.schleibinger.com



Bingham media Putzmeister

Shear stress 7 N

P=tot iy / o
Yield stress T, p====" L Viscosity
Shearrate /
Pipe Boundary Plug
/ Iayer/
7 pZe=

2010-03-10 Knut <asten Capyright reserved g

www.schleibinger.com



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
Pipe

-Ultrasonic distance sensor

“Range 80 - 1600 mm Smartphone
- 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 @@&@ﬁ
o

&

Distance Sensor
Pressure Sensor

www.schleibinger.com



Software: Running the Test |

The App Sliper is controlling the instrument. — —
2 Tabs = user interface layers: 8 ) G ool 1304
- Sliper = Controlling he instrument LOCAL REMOTE

- Data = Data evaluation.

Sliper Start . Stroke # :5
Starting the data acquisition:
- the sensors are switched on Pact:-l 30, 2 [m ba I’]
- the actualmeasurement values are shown on the phone:
-- actual pressure Start Pause Stop

-- 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

50
time [gse¢]®Peed Imms

Stroke Stop
- the pipe is reaching the lower end position
- the signal is changing from yellow to red

—— Prassure [moar] tii"l"le LSEC]



Software: Runing he Test |

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

DATA SLIPER DATA SLIFER
Measurement: Measurement:

2014-12-11 12:22:19 Stroke 1/4  2014-12-11 12:22:19 Stroke 1/4

Distance [mm]
pressure [mbar]

time [sec] time [sec]

+ Distance [mm] + Speed (mmys|

« Pressure [mbar]

Distance and Speed Pressure



Software: Data Evaluation

Tab Data @D =z o] O B b T . oexll 22:0¢ ¥ 8T L00xl 2157
- Shows all stroke series stored on the Smartphone DATA SLIPER DATA SLIPER
- Management of he measurement data sets Measurement Measurement
(delete series, export data sets) 2014-12-11 12:22:19 Table 2014-12-11 12:22:19 Graph Press
- Show each single stroke graphically, calculate forecast,, .. i regensbur, Germany
-- Define parameters of the measurment series Customer: Putzmeister - Batonpumpenhersteller
-- Place of he measurement, customer, mix design o
-- Geometry of the instrument Sl
-- Prameters for the pumpability forecast Stroke Px mbar] Qx [m3/h]
1 1793 2,24
2 2120 377
3 2382 4,60
Evaluate data 4 2636 5,50 3
- Survey of a series in a tabular with all px and Qx 5
- Automatic detection of invalid strokes, for example ¢
speed =0 during the stroke *
- Single strokes may be deleted from the series
p-Q Diagramm ©oamam




Pressura [mbar]

300

250

200

150

Sliper - pressure data

100

Tirne [s]

12

www.schleibinger.com



Stroke # 3
Stroke # 2
—
Stroke #1

Time [5] [e=—

Inputs:

- output [m3/h]

- pipeline parameters
-lenght [m]
-diameter
-bulk density..

P [mbar]

Q [m3nh]

@)

Forecast

P [bar]

Q [m3h]

www.schleibinger.com



Software: Forecast

i D @B 2 T dooxl 21:51 DLl @ B 3 T wooxl 2151
Forecast Calculation
DATA SLIPFER DATA SLIPER

Tabular with Forecast Measurement: Measurement:

2014-12-11 12:22:19 forecasttable 2014-12-11 12:22:19 forecast
Diagram Of he Forecast Input parameters

01 [m3/h] 9.0 02 [m3/h] 89.0

_— 100Q
L2[m] 50.0 L3[m] 100.0 L4 [m] 200.0
plka/m? 2,40 him 0.0

Table Results

0 [m3/h] P [bar] L [m]
9.0 35,24 50.0 @ 500
89.0 243,00 50.0 b
@
9.0 70,48 100.0 @
89.0 485,99 100.0 e
9.0 140,95 200.0
£9.0 971,98 200.0

50
Q [m3/h]

Prognose 50m Prognose 100m Prognose 200m




Tattersall BTRHEOM* BML ICAR eBT2

S I\<Ilix - Take a Sample » Measure - Modify Batch - Mix -» Take a Sample - ..

© Shearing The Concrete is Changing the Concrete!

* Eric P. Koehler, W.R. Grace & Co.: Test Methods for Workability and Rheology of Fresh Concrete, ACI Fall Convention November 20009.

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



Torque Mixing Tool [Nmim)]

Feh. 29, 1944,

100

80

60

40

20

G. MAXQN, JR

CONGHELE COHSKSTIETY WITIm

T Filed fug. 6, 1941

& Eheetiu-Ehoot 2

2,342,749

&0

120
Time [sec]

180

240

300

23

20

Torgue [Nmm]

y=0.1257x+ 8.1028

20

40 60 80 100
Speed of Mixing Tool [rpm]

120

140

o.k. for standard
concrete

NOT sensitve enough
for SCC



Mixer |
Grace Verifi® - former RMC Ltd.- former RS Solutions

Verifi® System Components

Standard warm weather configuration; additional components required for freezing temperature.

L
\ (e -

Nozzles for Water (Top)
and Admixture (Bottom)

Temperature Sensor

In-Cab Display with
Driver Controls

=

External Slump Flow Valve(s) Admixture Tank Flow Meter(s) Control Box Hydraulic Pressure Drum Speed
Display (Water or Admixture) (Verifi Disperse™ Only) (Water or Admixture) Sensor Sensor

Quelle: http://verificoncrete.com



Fast Measurement in the Mixer ||
— Built in Probe 7

Convi Viscoprobe 2004

Patented Oct. 8, 1928 1,730,893

UNITED STATES PATENT OFFICE

HRICHE A, LICETERBERE, OF ML WAL Kex, TWIZOOHN BTN, ASHTGNOR TO MOFRARING COR-
BANY, OF MIOLWAUCNKEE, WISSONSTN, & CORFOEATION

METHOD OF AND APPARATIS FOR DETEAMINING THE COMNSISTENMT OF CONCAETE
Azpieatlen 0Tl Jule . 1328, Bertwl Ha, 120 0BG

Abb. 3

Probes Must be Clean!

Event Shear Rate

Sedimentation of big particles 10*...10*s™

Selfconsolidation 107 ...10% s? Measuring at Low Shear Rates
Drip down by gravity 10°... 10" st



Technology for monitoring and adjusting

the consistency of fresh concrete

The heart of the Concrete Optimizer, the sensor, is
installed on the hatch of ready mix truck's drum, coming
in direct contact with the concrete. In this configuration,
ready-mix producers can monitor the temperature and
consistency of the fresh concrete while in transit, and at
the job site. The Concrete Optimizer is able to adjust the
consistency of the concrete until it meets the customers
requirements,

Performance specifications:

-Slur‘np:accuracyr of +/-10mm
-Vclume: accuracy of + f - 0.2 m3
-Temperature

-L,Ir'lifc:rr'nitzg,r

-Mixing quality

Indication of segregation

A report generator offers a variety of
reports and graphs

Sensor, Operating Principle 7 —

GPS and truck

CONCRETE OPTIMIZER 2011 Nova Award Nomination 19
Exlemal Disolzy, Showng Dilfzrenl Variables Ruule on Sensolrele Web Server

Truck Sensar Unit Panel Before and (External and Intemezl View) After Mo unting

Quelle: http://www.sensocrete.com

r.com




* 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..51/ m?°.
* Not Necessary (but nice to have)

- Measuring Viscosity in Pa*s and Yield Stress in
Pa



- 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

/}

27,5mm

> |

—

- —95mm

E
=)
5]

250 mm

Schleibinger Gerdte| __ . T $|

Building Materials Testing Systems SR

Projekt KONSTROLL, Kusterle, Fleischmann, et.al.

GEFORDERT VUM

Bundesministerium
fiir Rildung
und Forschung



0,28 F _
[Sch05] [ 0,=0,28
[Ber85] ;20286 F 0,=0,286
47 r?
[Low13] L U 0,=033
O 42
o Q; F ) = Qi F(m,v) v
Y 0T 42 4mr? Y =5,

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 r? |



Increasing and Decreasing Speed

W

Program Max. Speed Max. shear rate Total time

R1 1 0,0118 0,123 120
R2 2 0,0235 0,245 60
R3 5 0,0588 0,600 24

Total angle

[°]
360

360
360



A 4

Program

S1
S2
S3

Const Speed
n [min-1] v [m/s]
0,05 0,00058
0,25 0,00280
1,0 0,01176

Low constant speed

Shear Rate Total time Total angle
Y [s-1] t[s] [°]
0,006 120 35
0,031 120 180
0,123 60 360



N\
T
w3tatic
Yield Stress“ Aufwirtskurve

Statische _ Bingham —
Fliefigenze \ _ el Viskositat

: B‘m%""“mM
Bingham — et
Fliegrenze ' Abwiartskurve
Tatsachlich ___——
Fliefgrenze




wtatic

Yield Stress
A Statische wDynamic
o Fliefsgrenze Yield Stress*

Dynamische
Flief3grenze

10 %
>

Zeit / Weg

Time



Program FC

o

y = 154,35x + 30,65

Schubspannung [Pa]
o

&

Scherrate [57]

140

3

Program CS /v = const

8

oo
O

Schubspannung [Pd]
= o
O =]

[~
=}

o

zuriickgelegter Weg [°]

Shear stress at low speed
v=0,01176 m/s
= 0,123 s



Schubspannung [Pd]

300

250

200

150

100

[
=

Pro

s

gram FC

P WM“ !

‘M

0,05

01 015 02 025 03
Scherrate [57]

Schubspannung [Pd]
—_ — (%] ] [#5) (]
5 8 8 8 8 8 8

o

Program CS

\ t = 20 min

0 60 120 180 240 300 360

zuriickgelegter Weg [?]



Schubspannung [Pa]

200

2

3

w
o

Program FC

__
y = 96,337x + 10,771

0,05

01 015 02

Scherrate [57']

0,25

03

auf B2.1
ab B2.1
auf B2.3
ab B2.3
auf B2.4
ab B2.4

Schubspannung [P
N 3 3 8 8 B

O

Program CS

/' B2.4

o l B2.3

M e
0 50 100 150 200

zuriickgelegter Weg [7]



1 high viscosity, slow 2 medium viscosity, slow;

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




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

o with an always clean probe

o with low shear velocity

9n fresh un-sheared material

91ln a short time

©The System can be inline
integrated into the concrete
production process

Next steps:

9 Integration in a mixer in a precast plant
o Shear rate and yield stress calculation with CFD tools



* The rheological problems are increasing with the particle
size.

e Don'tturn a screw with a hammer! There is no universal
viscometer for building materials!

www.schleibinger.com



