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Cement paste as multiphase (non)colloidal
particulate dispersion and its viscoelastic
rheological behaviour

Cement paste is mostly regarded as non-Newtonian fluid
and its liquid-like behaviour described with Bingham model
obtained from flow curve. This simplified consideration of
cement paste is adequate for conventional use of material,
nevertheless employment of novel chemical admixtures,
supplementary materials, and casting technologies
expanded the set of properties required for
characterization. In addition to viscosity, elasticity is
essential for modern cementitious materials. The
paper/presentation will discuss the rheometry protocols
and equipment and their significance in thorough
characterization of fresh cementitious materials. Impact of

recovery time, surface smoothness and shear rate will be — Prof. Goran Turk, Sabina Dolenec,
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Particulate suspension/gel

multiphase liquid (solid particles in liquid medium): dilute and dense
the rheological response and (gel) elasticity are direct functions of the
particle volume fraction

biggest concern (since ancient times): STABILITY

particles, larger than about 1 um tend to settle under gravity unless
the particle density matches that of the suspending medium, or the
suspending medium is very viscous

small particles are maintained in suspension by Brownian motion
particle collisions often leads to aggregation, followed by gelation or
gravitational settling




Cement paste/mortar/concrete
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Rheology of particulate suspensions/gels

» Poor reproducibility

e Sensitivity to suspension/gel preparation

e Sensitivity to shear history

Extremely limited range of linear viscoelastic response
« Slip

problems
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Bingham model
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y time

B Recover

Prolonged recovery time helps improving reproducibility

Recovery time could be regarded as ,property” of the mixture

— the time in which structure roughly builds (structuration)
Bingham model drastically overestimates yielding stress — why not
use measured/calculated values?
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« Values obtained in measurements are highly dependent on
geometry surface smoothness/roughness

« Use of geometry with rougher surface results in higher shear
stresses and viscosities,

« finer irregular coarseness (sandpaper) seems to provide
highest sensitivity (question of sample height!)

« Slip is apparent on smooth surface even at low shear rates — it can
be identified with ,loss” of correlation between shear rate and shear
stress/viscosity
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B Shear rate
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B Shear rate
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B Shear rate

« Cementitious materials are shear rate-dependent — the correlation
IS not linear

« Constant mixing at various shear rates has impact on viscous
behaviour and structural recovery of cementitious materials:

« use of higher shear rates tends to result in higher shear
stresses with pronounced peak in first cycles, but then values
drop and remain constant

« use of lower shear rates results in lower shear stresses in first
cycles, values then start to increase and stabilise (effect of
sedimentation?)
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