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The influence of water to cement ratio, HRWRA content and viscosity modifying admixture content on the
rheological characteristics of cement grouts considered as Herschel–Bulkley fluids is studied experimentally.
Results show that cement grouts without chemical admixtures and cement grouts containing only a viscosity
modifying admixture present a shear-thinning behaviour with an approximately constant value for the
exponent n of Herschel–Bulkley model. On the contrary, grouts containing a HRWRA content near the
saturation point exhibit quasi Binghamian behaviour. The Herschel–Bulkley model describes properly the
rheological behaviour of cement grouts without chemical admixtures. It can be applied correctly to grouts
containing HRWRA and/or viscosity modifying admixture in a shear rate range comprised between 4 s−1 and
100 s−1 and can be used to predict satisfactorily the Marsh cone flow time of cement grouts of widely varying
compositions.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cement-based grouts are widely used for filling post-tensioning
ducts to protect wire strands against corrosion and to transfer stresses
between the strands and concrete. To facilitate pumping and to
provide full voids penetration in the duct and proper coating of steel
surface, grout mixtures should be fluid enough. Moreover, after
grouting, grout mixtures should not present sedimentation of cement
particles or bleeding of free water filling the upper parts of post-
tensioning ducts to ensure corrosion protection, stress redistribution
and freeze–thaw resistance [1]. High fluidity and stability of cement
grouts are also the main requested properties for diverse grouting
applications including anchorage, ground treatment, rock or soil
permeability reduction, concrete repair and oil well completion [2]. To
ensure high fluidity, stability and adequate mechanical properties,
chemical admixtures such as High RangeWater Reducing Admixtures
(HRWRA) and viscosity modifying admixtures (VMA) are used
separately or together in grout mixes with the aim to obtain
appropriate properties [3]. The systematic study of the influence of
these admixtures on the rheological behaviour of cement grouts is
therefore of great importance in order to improve grouting results.

Many studies on the rheological behaviour of cement-based grouts
have shown that these materials are viscoplastic fluids presenting a
yield stress,whichmust beovercomeby the shear stress so that theflow
takes place [2,4,5]. The rheological behaviour of the grouts can be shear-

thinning type [6–8] or shear-thickening type [9,10], dependingonmany
parameters such as solid concentration (water/cement ratio), interac-
tion between particles, size and shape of grains … [11]. It can be
described satisfactorily by the Herschel–Bulkley model [11–13] charac-
terized by three parameters: yield stress τ0, consistencyK and exponent
nwhich relates, in the case of simple shear, the shear stressτ to the shear
rate γ̇ by the following relation (Eq. (1)):

γ̇ = 0; if τbτ0
τ = τ0 + K γ̇n

; if τ≥τ0
:

�
ð1Þ

When n=1, the Herschel–Bulkley model is reduced to the
Bingham model which is also used in the literature to simulate the
rheological behaviour of cement grouts [5,8]. However, the Bingham
model cannot take into account the nonlinearity (curvature) of flow
curve of the grout, which is generally significant at low shear rate [14].
It overestimates the yield stress for the shear-thinning fluids [14] or
underestimates, even gives a negative yield stress, for the shear-
thickening fluids [15].

Other analyticalmodels (Casson, de Kee, ...) have also beenproposed
in the literature to describe the rheological behaviour of cement grouts
[16]. However, these models have no further application in the flow
description of cement grouts. Until now, only the Bingham [17] and the
Herschel–Bulkley models [18,19] have been used to predict the Marsh
coneflow timeallowing toverify the validity of thesemodels to describe
the flow of cement grouts.

Thepurposeof this paper is to study the influenceofwater to cement
ratio, HRWRA and VMA contents on the rheological characteristics of
cement grouts considered as Herschel–Bulkley fluids and to verify the
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