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Rheology as a tool in concrete science: The use of rheographs and workability boxes,
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Measurement of /() and M
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Time index: 0.000000 (100 = 1 sec)

Dr. Jon E. Wallevik . : :
rho = 2350 kg/m3 |Cl Rheocenter a S C VI S CO S I y
mu = 110 Pa.s Innovation Center Iceland
tau0 = 90 Pa

no slippage case

No. of cells = 405504
OpenFOAM 2.3.X

Low plastic viscosity
(fast fluid flow)

Dr. Jon E. Wallevik
ICl Rheocenter
Innovation Center Iceland

High plastic
viscosity
(slow fluid
flow)




30 Pa = 30 Pa Dr. Jon E. Wallevik
40 Pa.s mu = 110 Pa.s ICl Rheocenter
2350 kg/m3 - 2350 kg/m3 Innovation Center Iceland

30 Pa Shear Stress (PCI) tau0 = 30 Pa Time index: 0.000000

40 Pa.s 500 mu = 110 Pa.s (100 = 1 sec)

2350 kg/m3 (vonMises) 1, - 2350 kg/m3
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Figure 2: View of the truck used, the slump indicator, and the interior of the drum

y =2033,93x + 8074,00

+C10 R2=0,97 16000 -
11000 acm " 1595, 14x + 7650,97 14000 .,. ’ had
R?=0,91 o 'Yy
y = 1848,00x + 6250,32 T 12000 A &
9000 - mC12 R?=0,89 a 10000 uA
y = 1901,16x + 6074,10 M . E‘ A . A g. m.
oc14 * monitor rotation speed g 8000 - A ® )
7000 L e * POWeT is recorded A e = Py
L R?=0,96
E 4000 ARl
5000 - ®Empty y=6422x+34474 2000 - —
truck RE=1 P
/// 0 T T T
3000 ) . . ; . 0.0 0.5 1.0 1.5 2.0
0 0,5 1 1,5 2
Drum speed (rad/s) Rotational Speed [radls]




16000 -
o0
14000 o oe - 4
' 12000 y -
& 10000 y AL
g 8000 A A 4
g"’ — e
€ H
o A3
oA
0 T 1 I
0.0 0.5 1.0 1.5 2.0
Rotational Speed [rad/s]

Innovation Center
Iceland 11



16000 -

T™S
14000 - L 4
o o * (G =
= 12000 - y
& 10000 = AL
g 8000 - aa b
¢ 1 — |ent|—
G H o
A3
A | H =
0 ' ] . -

0.0 0.5 1.0 1.5 2.0

Rotational Speed [rad/s]




.
. ¢
.
*
0 r r r v
0 2000 4000 6000 800C
Truck Measurement: Yield Value (kPa)
.
5 Ve
>
2
g 02
(%}
S
i_'; 0.15 * o .
° *®
£ .
S 01 ®
£ .
(74
5 0.05
o
500 1000 1500 2000 2500 3000 350

l-U-.l
o
o

Truck Measurement: Viscosity Value (kPass)

National Institute of
Standards und Te:hnology
S. Depart

NISTIR
7333

f{::(%/L
G =Q 70

NISTIR
7333

NISTIR
7447

?

NISTIR
7447

T0

=

Rheometer Visc [Nr

6.0
5.0 - x
E,' 4.0 - o0
m 3.0 - PS *
> 20 S
E 1o, o
.§ 0.0— w ¢
Y C] ¢ @ *
-1.0 1 @® ®
2.0 . : : - :
-1000 1000 3000 5000 700N QONO 11000
Truck YS [kP ;
20
¢ @®
15
x .
10 Q_@i
* .‘
5 s @
0 . . . . .
0 500 1000 1500 2000 2500 3000
Truck Visc [kPa.s/rad]




For real experiments: experimental errors

*C.F. Ferraris, R. Cooley, J. Grein, M. Peltz, M. Topputo, S.
Verdino, Feasibility of Using a Concrete Mixing Truck as a
Rheometer (Orlando, Florida), NISTIR 7447, September 2007:

= Mechanical friction between the drum and the rest of the truck,

= from gearing box, bearing balls, carrying rollers and so forth
= incorrect truck sampling

= insufficient mixing time after addition of chemical admixtures




Measurement of /() and 'LL

The current work is done to investigate the feasibility in using
the truck mixer as a rheological device

The power is calculated in kilowatts [KW]

> can be related to the hydraulic pressure to turn the drum i.e. slump
meter
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KARRENA9/5

Drum volume of 15.7 m?
Max rated drum capacity is 9 m?

Drum speed is between 0 and 0.23 rps
° 1.e. from 0 and 14 rpm

Inclination of the drum relative to the horizontal, 1s 11 degrees




Meshing of the drum was made with =un OpenFOAM
OpenFOAM Utlllty Ca"ed bIOCkMeSh B B B The OpenFOAM Foundation
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Trying to get drawings of the drum on the This was done at the ready-mix plant

inside was not successful. Therefore a Steypustodin ehf in Reykjavik with one of their
direct measurements of the drum was truck mixer . 4

necessary!
. STEYPUSTODIN
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Mesh independence analysis

About 60,000 cells (to the left) & about 400,000 cells (to the right)
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Concrete mixing truck as a rheometer

Check for
Jon Elvar Wallevik™*, Olafur Haralds Wallevik®"
# ICI Rheocenter, Innovation Center Iceland, Arleynir 2, Reykjavik IS-112, Iceland
" Reykjavik University, Menntavegi 1, Reykjavik IS-102, Iceland
ARTICLE INFO ABSTRACT
Keywords: An increasing interest has emerged in correlating the output of the concrete mixing truck to values obtained by
Truck mixer rotational rheometers. The output of the former has usually been the hydraulic pressure needed to turn the drum.
R!le°|08Y In such research, experimental errors can be higher than usual, which makes it harder to obtain confident
Bingham model relationships. To better understand the physical characteristics of the truck's rheological values, the above
g;e;h concrete analysis is made by a series of computer simulations (i.e. with CFD). From this, it is evident that the slope H of

the truck's pressure values depends both on the plastic viscosity i as well as on the yield stress z,. However, for
the intercept G of the truck’s values, it is mostly dependent on the yield stress z,. In addition to this, both values

H and G depend on volume of concrete in the truck as well as on density.

)
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Test setup

The power analysis is done as a function of drum charge
volume 2.5 m3,5.4 m3and 8.2 m3

At different drum rotational speed
f=0.03,0.07,0.11, 015, 019 and 0.23 rps




Test setup (cont.)

Yield stress and plastic viscosity,...
° 1,=0Pa& pu=25Pas
> 1,= 150 Pa & p =25 Pa-s
> 1,=300 Pa & p =25 Pa-s
> 1,=0Pa& pn="75Pas
° 1,=150Pa & p="75 Pas
° 1,=300Pa & p=75Pa-s
> 1,=0Pa& pn=125Pas
° 1,= 150 Pa & p =125 Pa-s
° 1, =300 Pa & p= 125 Pa-s

More than 150,000 CPU hours on the IHPC




Rotation of the drum

Gravity rotation

o Instead of physically rotate the computational
mesh, the gravity-field is rotated

- The system represents no longer an inertial
reference frame

o Coriolis force and the centrifugal force have to be
included




Instead of rotating the drum on a stationary Earth,
the drum is stationary and the Earth rotates around it




Single Rotating Reference Frame (SRF)
Modeling (i.e. here by gravity rotation)

Simulation No. #120824A / CFD Dr. Jon E. Wallevik

mu = 24 Pa.s jon.w@innovation.is

tau0 =0 Pa
f=0.12rps
rho = 2350 kg/m3

ICl Rheocenter ' ,
Innovation Center Iceland Time index: 0.000000




Single Rotating Reference Frame (SRF)
Modeling (i.e. here by gravity rotation)

Shear Rate (1/s) Simulation No. #120824A / CFD Dr. Jon E. Wallevik
14

jon.w@innovation.is

IClI Rheocenter
Innovation Center Iceland Time index: 0.000000
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Analysis of shear rate inside a concrete truck mixer @c,,,sw,,k

Jon Elvar Wallevik®*, Olafur Haralds Wallevik®

3ICI Rheocenter, Innovation Center Iceland, Arleynir 2, Reykjavik IS-112, Iceland
PICI Rheocenter, Reykjavik University and Innovation Center Iceland, Arleynir 2, Reykjavik IS-112, Iceland

ARTICLE INFO ABSTRACT

Article history: In addition to the mixing energy applied to the fresh concrete (i.e. shearing during mixing), the shear history
Received 28 November 2016 after mixing is also important. This applies especially to binder rich concretes like the different types of
Accepted 10 February 2017 high performance concrete (HPC). With this in mind, the shear rate is analyzed inside a drum of a concrete

Available online 20 February 2017 truck mixer. The objective is to better understand the effect of transport of fresh concrete, from the ready

mix plant to the building site. The analysis reveals the effect of different drum charge volume and drum
Keywords: rotational speed. Also, the effect of yield stress and plastic viscosity is investigated. The work shows that the

Truck mixer shear rate decreases in an exponential manner with increasing drum charge volume. It is also shown that
i:’::}: c’::::me for a given drum speed, the shear rate decreases both with increasing plastic viscosity and yield stress.

Rheology © 2017 The Authors. Published by Elsevier Ltd. This is an open access article under t_he CC BY license
Finite volume method (http://creativecommons.org/licenses/by/4.0/).
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Rate of work (mechanical power)

Mase, G.T. and Mase, G.E. [13]; Malvern, L.E. [8]

P[] revars [[ cvas

V = Volume of concrete

Wallevik, J.E., Ref. [11] pp. 386 — 389
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To generate quantifiable data for comparison
30

1.=300 Pa; u=75Pas; V=26m°
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7.=300Pa; p=75Pas; V=2.6m°
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Cross-section of 7 V2 (in [Pa/s])

tau0=0Paand mu=75Pa.s, f=0.19 rpsand timet=16.55,

Increased volume V results in
lower intensity of 77 y*
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1;

‘p=7spi|s; V=25m?

Drum charge volume: V = 2.5 m3,
=54m3andV=8.2m3
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Conclusions

Both the yield stress r, and the plastic viscosity ¢ do influence the slope H, to similar or the

same extent
< This can explain why it has been difficult to experimentally correlate only the plastic viscosity x to the A

value, as reported in [18, 19, 20]

Although the plastic viscosity u affects the G value, its influence is only minor
- This can explain why it has been easier (relatively to the above) to experimentally correlate yield stress 7,
to the G value, as reported in [18, 19, 20].

dr ds
G=0Q7 G=p|g70- |
: Vi g

H=Qu H=pV Q1TO+Q2M+Q3(V+Q4)2+QV5
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Optional Extension
hgpper available alo 2 Yard Drum 3/16 abrasive resistant steel

Trunion Ring Dual corkscrews inside for complete mixing and
discharge of all concrete

55 Gal water tank
12 Volt water

Auburn Gear &
Sauer Danfoss
Mraullc Drives

Rear Pedestal \ox3 Tubing/ Front IIDe destal

All hydraulics run by 24 HP V-twin Honda engine complete with
electric start, gas tank, battery and control handle for full
control of forward and reverse capable of 18 RPM

5. Flud i disc hamed

3. This motion in tum mtates ; ;
s had Shaft. 4. The shaft & mechanically

linked to the work oad

and provides mtany

rechanical motion.
2

heme 3t low pressue
and mouted back to
the punp.

2. This fluid forces the
motor's movable
elements into motion.

1. High pressure fluid from
the hydraulic purrp enters.
the motor here.

Figure 4-9. Basic operations of a hydraulic motor

42
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Optional Extension

hgpper available ;4 2 Yard Drum 3/16 abrasive resistant steel
o Trunion Ring Dual corkscrews inside for complete mixing and
discharge of all concrete

55 Gal water tank

dn

Rear Pedestal \ox3 Tubing Front Pedesta

ye motor

All hydraulics run by 24 HP V-twin Honda engine complete with
electric start, gas tank, battery and control handle for full
control of forward and reverse capable of 18 RPM
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