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— 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.

A

water + cement = paste
+ additives = mortar / concrete
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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.

sein. Die beim Versuch bewegte obere Tischplatte soll rd. 16 kg
wiegden,

er kegelige, 20 cm hohe
Trichter aus 2 mm dickem Blech
(Bild 2) hat oben 13 cm, unten
20 em lichten Durchmesser?).

3. Ausfiihrung des Ver-
suchs. Beim Versuch mull der
Ausbreittisch waagerecht und
unverriickbar gelagert sein.
Vor dem Versuch sind Tisch-
%latie und Innenfliche des

richters mit einem feuchten
Tuch abzureiben.

Der Beton wird in 2 etwa
gleich hohen Schichten in den Bild 2.
mitten auf den Ausbreittisch
gestellten Trichter gefillll und jede Schicht mit einem Holz-
stampler von quadratischem Querschnitt (4 cm Seitenldnge) 10mal
leicht bearbeitet. Beim Fiillen muBi sich der Arbeiter auf die
unten am Trichter angebrachten beiden FuBeisen stellen. Mach
dem Fiillen ist die Form oben mit der Kelle eben abzuziehen und
die freie Fliche der Tischplatte zu reinigen.

Fine halbe Minute nach dem Fillen wird der Trichter an den
Griffen langsam lotrecht hochgezogen, wobei sich der Beton je
nach seiner Steife schon mehr oder weniger setzt, Hierauf hebt
man den Ausbreittisch am Handgriff 15mal®) langsam um ¢ =4 cm
(Bild 1) an und laBt ihn wieder fallen. Dabei breitet sich der
Beton aus.

Dann werden die zu den beiden Tischkanten gleichlaufenden
Durchmesser gt und gz des ausdebreiteten Betons gemessen
(Bild 1). Das Ausbreitmali ¢ ist das Mittel beider Durchmesser,
es wird in ganzen cm a:agege‘ben.'_ )
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Die Messung der Konsistenz von Betonmirtel und ihre Bedeutung fiir
die Verarbeitungseigenschaften des Frischbetons

Measuring the consistency of concrete mortar and its importance to the workability
of fresh concrete

BETONWERK -+ FERTIGTEIL-TECHNIK, HEFT 4/81
Von Dipl.-Geol. Jiirgen Teubert, Obertaufkirchen

e

WABBER + ZEMENT

I\

ZEMENTLEIM + SAND

I\

MOERTEL + GROBZUBCHLAG

[T

-

Bild 1. Schema zur Eintellung des Frischbetons in Feststoff- und Flis-
sigphasen

Fig. 1. Diagram for the subdivision of fresh concrete into solid and
liquid phases

Flg. 1. Schéma des classifications de béton dans ces phases solides
et fluides

J. Teubert
Germany,1981

CONCRETE LIBRARY OF JSCE NO. 25, JUNE 1995

MIX TESIGN FOR SELF-COMPACTING OONCRETE
(Translation from Proc. of JSCE, No.496/V - 24, 1994.8)

concrete
mortar

(e ratio of fine aggregate volume >
f

(water-cement ratios by volume>

1
(coarse aggregate volume )

Ceontent of superplasticizer * content of air entraing agen

trial mixing

slump-flow test

V-funnel test

Fig.17 Mix design system for self-compacting general-purpose high-performance concrete

H. Okamura
Japan, 1994
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Cement + Water = Paste ,f -

L

-

"y 1 The flow properties of paste are

influenced by the ratio of
total particle surface to water (true?)

N

Paste + Sand = Mortar

~ If he paste volume
is higher then a - -

certain amount X
the flow properties

of the mortar are \‘
dominated by the Mortar + Aggregates =

flow properties of I Fresh Concrete
the paste. ; o

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

mortar.
www.schleibinger.com



Label: Original Mix Concrete Concrete Mortar (d<2mm) Paste
Rheometer Rheo CT Viskomat XL Viskomat NT Viskomat NT
Volumen in I: Density 1000 40 4 0,5 0,4
[kg/dm?] [kl [kl (kg] (8] (8]
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-LL42,5R) 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/dm’] [kl (1] (kg (1] (1] [kl (1] (1 (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 9,00 591 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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Ermittlung eines zementabhdngigen Grenzwasserzementwertes a
KenngriBe fiir Sichtbeton

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

VON DIPL.-GEOL. JURGEN TEUBERT, POING

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

Prof. Dr. Jurgen Teubert,
Obertaufkirchen, Germany

Viscocorder®
Fa. Brabender
Duisburg, 1969
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1. order
Mai, 4th, 1990, Schwenk Zement KG,

Ulm / Mergelstetten

Schlmihingar Gerdte
Edeltravdsirade 51

8000 Minchen A2

! SOl Laara ' 13
‘Aufbau, Installatic 4 Ink binghré M

Rochiner - AT gempati : M
[NEC PBe, Drucke )
1

Die Renutzeroberfldche ist entsprechend dan AusfGhrr
wie mit Herrn Dr. Hornung besprochen, 2u realisierc

A1sonsten geltan die Anforderungen aus dem Pflichten-
t sowie der‘in Ihrem Angebot beschrichbene Leistungs
|katalog der Hard= und Software.

Bis zu 6 Kurvo'n’a'i_l'nd mittelbar, am Bildschirm werden
der Hittelvert, ymax und ymin dargestelit.

sind Festprelse. . ¢ sowwens
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*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.

www.schleibinger.com



Coaxial Cylinder

Plate-Plate

Plate Cone

Mixer Formed Probes

Double Gap
(Basket Probe)

Vane Probe Sphere Probe
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Viskomat NT
Regensburg 2020
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Torque / Nmm
:
s
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T Paste Lsession |
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Time / min
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Torque / Nmm

Viskomat NT Bingham Modell
Regensburg 2020

g
2

g
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Torque / Nmm

100.00

60.00

20,00 |t i N )

0.00

Viskomat NT Bingham / all data
T=h*N+g
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200.00
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Viskomat NT Bulkley Herschel
T=g +a*(N*b)
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Torque / Nmm

Viskomat NT Bulkley Herschel / all data

100.00

20.00 AN T

T =g +a*(N*b)
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Flowcurve Paste 11 g= 090762 = 004502 b= L45835°E_ga.b £0.0061 0273 |
.. Flowcurye Martar 1 =1.56125 a= 101522 b= €.78505 E.gab: 0186 0033 §:

Flowcurve Paite 20 g= 0.90900 a= 0006224 b= 1.43963°E_g:a b 0.0L13 0036

Floweurve Martari2  g=241724 2= 0.66937 b= 691995 E_gab : 0077 D.0221 |-

100.00 150.00 200.00
v /rpm
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Viskomat NT:
0...500 Nmm
0..2mm

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..4m/s
6,000 ml

www.schleibinger.com



eBT-V:

mobile rheometer for stiff and self-

compacting (self-consolidating),

SCC, concretes up to 32 mm grain o

size e '-

eBT-V;
0..10,000 Nmm \

0..32mm
15,000 ml P-mode

0.1..40 rpmor
0.1...40 °/sec

V-mode:
Vane probe

.

R—

[

P-mode: for fluid to no-slump concrete: evaluation of relative rheological parameters

V-mode: Vane-probe-mode for fluid concrete and SCC.

www.schleibinger.com



Measuring technology — eBT-V

Smartphone-App:

Profiles: different measuring profiles are possible

> ramp profile
» step profile
» combinated ramp and step profile.

Examples:

Profile:ramp_up_down
Select Operation
Send to eBT-V as new defa
Change Profile
Show Profile
Edit Name and Comment

Delete

Q
Qest 1V stéf

Qtest 2 V rafhp "m‘u b et 30

www.schleibinger.com



SCC: Results eBT-V measurement
V-mode (Vane probe)

11:32 B 1133 M I

Slope=1,216 [Nm.s]

Torque vs. time ' Intercept Point=0,011 [Nm]

Results at a glance

Measure Date: 12.03.2020
Measure Time: 12:06:06

Comment: WS2020 Regensburg
Relative Parameters

Yield Value (Y): 0,0105 Nm
Viscosity Value (V): 1,22 Nm.s

Bingham by Reiner - Riwlin

toaue.[wml.

Yield Stress: 2,92 Pa
Plastic Viscosity: 46,33 Pa s

0
W $2020 Reé’&wsﬁ{gﬂrgk&eﬁoving &1 80 dﬁSZOZ[ﬂIﬂegeSnégJeaJ%ev%é&aive 0.4
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Torque [Nm]

1,8

1,6

1,4

1,2

0,8

0,6

0,4

0,2

eBT-V Measurement - over time
Torque [Nm] Target Speed [rev/s] Speed [reVv/s]
05 g
~-045 T
]
- &
04 8
&
o ©
oo
035
- 0,3
— 0,25
~0,2
'MM. A Al‘
WAV
M\M\m -
\
% 01
A WL Z VAV a
‘ B 0,05
D e e et aaaded
0
10 20 30 40 50 60 70 80
Time [sec.]
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Torque [Nm]

eBT-V Measurement - Flow curve

® Torque [Nm]- - - - = = - - Linear (Torque [Nm])

0,7

0,6

0,5

0,4

0,3

0,2

0,1

f(x) = 1,22 x+ 0,01
R*=0,99

\ \ \ \ \ \
0,05 0,1 0,15 0,2 0,25 0,3

Speed [rev/sec.]

0,35

0,4

0,45

0,5
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"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

an pumpen in Deutschland 2014 bis 2018
2.500 1336 1343 1338 1387 1.441
2.000
1,500
1.000
500
Jahr 2014 2015 2016 2017

Cuslle KBS BTE

Gef B in D hland 2014 bis 2018
in Mio. m?
250 189 15 142 155 155
20,0
15,0
100
50
Jahr 2014 2015 2016 2017 2018

Qesller: BTR



Shearstress

T=1Y

1Shearstress =

T

Yield Stress

Shearrate

Newton Fluid

»
>

Viscosity

Shearrate

Bingham Fluid

Profile of the Shearrat
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Bingham media il

Shear stress 7

T="Ty ¥ LY '
Yield stress 7, ~__ _ _ 1 Viscosity
Shearrate 7
Pipe IBomm:la\ry Plug
ayer
S

201002 19/Knul Kasien

-

Secrieru, Butler, Mechtcherine, Bautechnik, Heft 11 (2014) 797-81{ wawschlsibinger.com



Pipe wall

F_riction at the Shear in lubricating layer
pipe wall Shear in concrete bulk

Pressure P

¥ y
‘ ; Velocity profile Shear stress '— Shear rate L

- Hydrodynamical interaction X
between particles

Source: Dissertation E. Secrieru / AiF Abschlussbericht
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Smartphone

o

&

Distance Sensor

Pressiure Sensar

Gleitrohr Rheometer

Ein Verfahren zur Bestimmung der FlielSeige

von Dickstoffen in Rohrleitungen.
Dissertation, Kasten 2009

Putzmelster iNSide

Tafte
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Rohr 1

Mess-
/ strecke
Rohr 1
Ronr 2 Rohr 2
L ﬂ
Rohr 2
&
[ | I | I
a) Beflllen und b) Messvorgang - c) Verlangerungsrohr
Verlangerungsrohr Rohr gleitet abnehmen und
aufsetzen nach unten entleeren

www.schleibinger.com



Add a load and repeat the procedure - data evaluation www.schleibinger.com



Forecast of Max. Pressure and Flow
Rate

G " all87% W 18:07

Screenshot wird gespeichert...

tE il 87% W 18:07

) Measurement: 2018-05-30 14:24:00 —) Measurement: 2018-05-30 14:24:00 “ Measurement: 2018-05-30 14:24:00
Stroke 1/12 - Pressure Curve Stroke 1/12 - Distance and Speed Table of Strokes
Curve
vurve Place: Bethune
Duration=0 sec Customer: Schleibinger
- Formula: Mortar3
/ Comment:
/ Strokes:
Stroke Px [mbar] Qx [m3/h]
: 1 55.5 21.75
:Fmax=205lnbar 2 638 29 84
' POI=149miBar - |

£ . 3 69.0 30.30
o P[]r:154mt|z1r —

£ 16 | ; = 4 72.5 31.24
[1}] | _—

= ‘ — & 200 5 74.6 32.82
2 R o

S e ﬁl = 6 79.5 34.83
& 1 =

WJ 7 79.0 37.41

8 75.6 36.80

: g 78.7 40.04

Time [sec] Time [sec] 10 76.1 39.01

« Filtered Pressure [mbar] « Distance [mm)] . Speed [mm/s
1 79.9 42.88
12 79.1 40.04
4 / A \ < 3 - - g { B

www.schleibinger.com



Forecast of Max. Pressure and Flow
Rate |l

e il 87% W 18:07 20 " als7% W 18:07 90 " als7% N 18:07
) Measurement: 2018-05-30 14:24:00 ) Measurement; 2018-05-30 14:24:00 ) Measurement: 2018-05-30 14:24:00
Table of Strokes p-Q Chart of Strokes Calculation of the Forecast
Place: Bethune | Yield Pressure a=2.7 [10-3 bar] Input of Variable Parameters
Customer: Schleibinger "%Pressure Gradient b=0.9 [10-6 bar h/m]
Eormula: Mortatd 10 Q1lm¥h] 9.0 Q2[m3/h] 89.0
Comment: 1 R —"
Strokes: L2[m] 50 L3[m] 100 La[m] 200
Stroke Px [mbar] Qx [m3/h]
1 55.5 21.75 D2[m] 0.126 plkg/m3 2400 h[m] O
) 63.8 22.84
3 69.0 30.30 E Table of Results
o
4 72.5 31.24 % Q [m®h] L [m] P [bar]
5 746 32.82 > 9.0 50 5.28
w
6 79.5 34.83 g 89.0 50 14.49
7 79.0 37.41 9.0 100 10.57
8 75.6 36.80 89.0 100 28.98
g 78.7 40.04 20 25 30 35 40 45 50 9.0 200 21.13
Q [m3/h]
10 76.1 39.01 @ ressure [mbar]  Pressure regression 89.0 200 57.96
1 79.9 42.88
12 79.1 40.04
g4 {: %\_‘? .} Bl 44 < 3’::2 :—‘ P 44 < @’:{ ::- B
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15
B OCField Pipe length : 58 m
| {=—0C Siiper pe length
m A OC-F1Field
£ AR
® SCC-F2 Field
§ o 9-
o 5 ;
2
2 6-
g
4L I6'L| |
A _ A
I T T i
PH [ ] 0 '.'-.'-: -Ivi" | | | r | |
| oA e m o w
Flow rate, Q |
@ Flow rate (m'/hr)

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

4

“ Measurement: 2018-05-30 14:24:00
Calculation of the Forecast
Input of Variable Parameters

Q1[m3/h] . 9.0 02[mé/h] 89.0

L2[m] 50 L3[m] 100 vr4[m] 200

Formula of
Kaplan & Kasten

D2[m] 0.126 plkg/m3 2400 h[m] O

Table of Results

Q [m?/h] L [m] P [bar]
9.0 50 5.28
89.0 50 14.49
9.0 100 10.57
89.0 100 28.98
9.0 200 21.13
89.0 200 57.96
g { < > e

0 “Fale7% MW 18:07

Rate IV

PG " alle7% W 18:07
“ Measurement: 2018-05-30 14:24:00

Forecast Chart

=
@
0
g
5
w
7
@
| =
a8

sl T0 a0 a0 100
Q [m3/h]

— Forecast 50m- - - Forecast 100m— =Forecast 200m Error Bar:10%|

-
@

F
v
4

i<
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Static yield stress

Dynami d stress
Equilibrium Shear Stress

Shear stress, 1, (Pa)

Time

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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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.
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Schleibinger Gerate
Teubert u. Greim GmbH

Thank you for your attention!
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