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ABSTRACT:

In practice, while placing concrete in a formwork by pumping, the pressure generated by the pump is not con-
trolled. In order to enhance the safety on the worksite, and in view of the current economic and ecologic argu-
ments, it would be useful to dispose of an equation able to predict pressure losses based on the rheological prop-
erties of the concrete and the pipe configuration. This paper describes the derivation of an extended version of
the Poiseuille formula, for shear-thickening materials with a yields stress, described by the modified Bingham
equation. This formula is applied to flow-tests with self-compacting concrete. The results prove the applicabil-
ity of this extended Poiseuille formula, showing that the flow is occurring in laminar regime, with no significant
wall slip.

ZUSAMMENFASSUNG:

In der Praxis wird beim Pumpen des Betons in die Verschalung der durch die Pumpe erzeugte Druck nicht regu-
liert. Zur Verbesserung der Sicherheit auf der Baustelle und im Hinblick auf aktuelle wirtschafliche und 6kolo-
gische Argumente ware es niitzlich, liber eine Gleichung zu verfiigen, mit deren Hilfe man die Druckverluste
aufgrund der rheologischen Eigenschaften des Betons und der Rohrkonfiguration vorausberechnen kann. Die-
se Abhandlung beschreibt die Herleitung einer erweiterten Version der Poiseuille-Formel fiir Scherverdi-
ckungsmaterialien mit einer FlieRgrenze, wie in der gedanderten Bingham-Gleichung beschrieben. Diese Formel
wird bei Stromungstests fiir selbstverdichtenden Beton angewandt. Die Ergebnisse bestatigen die Anwend-
barkeit der erweiterten Poiseuille-Formel und zeigen, dass die Stromung im Laminarregime ohne nennenswer-
tes Wandgleiten erfolgt.

RESUME:

En pratique, lorsqu'on pompe du béton dans un coffrage, la pression générée par la pompe n'est pas régulée.
Afin d'améliorer la sécurité sur le chantier, et en considérant aussi les arguments économiques et écologiques
habituels, il serait utile de pouvoir disposer d'une équation mathématique capable de prévoir les pertes de charge
basées sur les propriétés rhéologiques du béton et du systéme de conduites. Cet article décrit la dérivation d'une
version élargie de laformule de Poisseulle, pour matériaux en dilatation aveclimite d'élasticité décrite parI'équa-
tion de Bingham modifiée.Cette formule est ensuite appliquée a des essais d'écoulement réalisés avec du béton
autoplacant. Les résultats prouvent la validité de cette formule de Poisseulle élargie et montrent que I'écoule-
ment se fait en régime laminaire, sans glissement significatif a la paroi.
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of fine materials in order to maintain the stabil-
ity (to avoid segregation) [3]. Concrete, in gener-
al, also shows time dependent behaviour like
thixotropy and non-reversible loss of workabili-
ty [4 — 8]. Under some conditions, SCC can even
show shear-thickening behaviour [g —14]. In this

1 INTRODUCTION

Self-Compacting Concrete (SCC) is a special type
of concrete which does not need any form of
external compaction due to its adapted compo-
sition [1 — 2]. Compared to traditional concrete,
SCC has a lower yield stress, in order to enhance

the fluidity and the self-compactability. On the
other hand, it has a higher viscosity, caused by
the lower water amount and the higher volume
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case, a more extended rheological model must
be applied, which is chosen to be the modified
Bingham model (Eq. 1) [10, 11]:
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This is an

m The flow is occurring in laminar conditions:
Thishasbeen provenin Section 5.1, with a New-
tonian Reynolds number between 1 and 10,
indicating thatthe flow conditions are farfrom
turbulent.

As a result, this extension of the Poiseuille for-
mula is applicable to the obtained test results
with self-compacting concrete, taking into
accountthatnoslippage nearthewallisallowed.
The question remains whether this formula is
also applicable to high speed concrete flow, dur-
ing pumping for example, when discharges are
obtained between 10 and 30 I/s, which are a fac-
torioto 20 higherthanthe discharges measured
in flow tests described in this paper [15, 16]. This
will be investigated through further research.

7 CONCLUSIONS

Based on the steady state rheological properties
of fresh self-compacting concrete, including
shear-thickening behaviour, an extension of the
Poiseuille formula has been developed analyti-
cally. This extended Poiseuille formula has been
applied to the results of flow tests of concrete
through a horizontal steel pipe, where the dri-
ving pressureis caused by gravity. Thetest results
indicate that for long pipes of 6, 9 and 12 m, the
extended version of the Poiseuille formula is cor-
rect, but for short pipes and highly fluid SCC, the
influence of the secondary effects is becoming
significant.

The pressure losses have proven to be linear-
ly dependent on the length of the pipe, the rheo-
logical properties and the discharge. As a result,
theflowisoccurringinlaminarregime with nosig-
nificant wall slip. Although, the no slip condition
is the most difficult to verify and special attention
should be paid to it when the concrete has a ten-
dency to segregate. The extended Poiseuille for-
mula is not valid for traditional concrete, due to
the absence of shear-thickening behaviour, and
thistest setup does not seem applicable duetothe
high yield stress of traditional concrete. Further
research must point out whether this formula is
also valid during high speed concrete flow, for
example due to pumping.

ACKNOWLEDGEMENTS

The authors would like to thank the Fund for Sci-
entific Research (FWO) in Flanders for the finan-
cial support and the technical staff of the Mag-

neland Hydraulics laboratory forthe preparation
and the execution of the flow-tests

REFERENCES

[1] De Schutter G, Bartos P, Domone P, Gibbs J: Self-
Compacting Concrete, Whittles Publishing,
Caithness (2008) 296.

[2] Okamura H, Ozawa K: Mix design for Self-Com-
pacting Concrete, Concrete library of JSCE 25
(1995) 107-120.

[3] Wallevik OH: Rheology - A scientific approach to
develop self-compacting concrete, Proc. of the
3rd Int. Symp. on Self-Compacting Concrete,
Reykjavik (2003) 23-31.

[4] Tattersall GH, Banfill PFG: The rheology of fresh
concrete, Pitman, London (1983).

[s] Wallevik JE: Rheology of particle suspensions,
Ph.D.thesis, The Norwegian University of Science
and Technology, Trondheim (2003).

[6] Baudezl:Physical aging and thixotropyin sludge
rheology, Appl. Rheol. 18 (2008) 13495

[71 Roussel N: Athixotropy model for fresh fluid con-
cretes: theory, validation and applications, Cem.
Conc. Res. 36 (2006) 1797-1806.

[8] JarnysS,Roussel N, LeRoy R, Coussot P: Thixotrop-
ic behavior of fresh cement pastes from inclined
flow measurements, Appl. Rheol. 18 (2008) 14251.

[9] Feys D, Verhoeven R, De Schutter G: Fresh self

compacting concrete, a shear thickening materi-

al, Cem. Conc. Res. 38 (2008) 920—929.

Feys D, Verhoeven R, De Schutter G: Evaluation of

time independent rheological models applicable

to fresh Self-Compacting Concrete, Appl. Rheol.

17 (2007) 56244.

Yahia A, Khayat KH: Analytical models for esti-

mating yield stress of high-performance pseudo-

plastic grout, Cem. Conc. Res. 31 (2001) 731-738.

Bouras R, Chaouche M, Kaci S: Influence of Vis-

cosity-Modifying Admixtures on the Thixotropic

Behaviour of Cement Pastes, Appl. Rheol. 18

(2008) 4560.4

Cyr M, Legrand C, Mouret M: Study of the shear

thickening effect of superplasticizers on the rhe-

ological behaviour of cement pastes containing

or not mineral additives, Cem. Conc. Res. 30

(2000) 1477 - 1483.

Heirman G, Vandewalle L, Van Gemert D, Walle-

vik OH: Integration approach of the Couette

inverse problem of powder type self-compacting
concrete in a wide-gap concentric cylinder

rheometer, J. Non-Newtonian Fluid Mech. 150

(2008) 93-103.

Kaplan D: Pumping of concretes, Ph-D-thesis (in

French), Laboratoire Central des Ponts et des

Chaussées, Paris (2001).

Crepas RA: Pumping Concrete, techniques and

applications, 3rd edition, ElImhurst (11l.). Crepas &

Associates, Inc. (1997).

[10]

(]

[12]

[13]

[14]

[15]

[16]

pxtract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

Applied Rheology

Volume 18 - Issue 6



[17]

[18]
[19]
[20]

[21]

[22]

[23]

Guptill NR et al: Placing Concrete by pumping
methods, Report of ACl committee 304, American
Concrete Institute (1996).

Fox JA: An introduction to engineering fluid
mechanics, The MacMillan Press, London (1974).
Macosko CW: Rheology — Principles, Measure-
ments and Applications, Wiley-VCH (1994).
Ferguson J, Kemblowski Z: Applied Fluid Rheolo-
gy, Elsevier Applied Science, London (1991).

De Larrard F, Ferraris CF, Sedran T:, Fresh Con-
crete: AHerschel-Bulkley material, Mater. Struct.
31(1998) 494-498.

Roussel N, Geiker MR, Dufour F, Thrane LN, Szabo
P: Computational modeling of concrete flow: a
general overview, Cem. Conc. Res. 37 (2007)
1298-1307.

ThijsselJ: Formulaeforthe friction head lossalong
conduit walls underturbulent flow, 3rd IAHR con-
gress, Grenoble (1949) 1—11.

This is an extract of the complete reprint-pdf, available at the Applied Rheolqg

[24]

[25]

[26]

[27]

(28]

[29]

FlattRJ: Towards a prediction of super-plasticized
concrete rheology, Mater. Struct. 27 (2004)
289-300.

Wallevik OH, Nielsson I, Wallevik JE: Testing SCC
—Report on Workpackage 5: Rheology, European
Research Project Testing SCC (2004).

De Schutter G: Guidelines for testing SCC, Euro-
pean Research Project Testing SCC (2005).
Geiker MR, Brandl M, Thrane LN, Bager DH, Wal-
levik OH: The effect of measuring procedure on
the apparent rheological properties of self com-
pacting concrete, Cem. Conc. Res. 32 (2002)
1791-1795.

Mewis J: Thixotropy —a general overview, J. Non-
Newtonian Fluid Mech. 6 (1979) 1-20.

Barnes HA: Thixotropy — a review, J. non-New-
tonian Fluid Mech. 70 (1997) 1-33.

http://www.appliedrheology.org

Applied Rheology
Volume 18 - Issue 6

gy website



