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open questions

• what is the origin of cohesion of cement paste?
• what are the phenomena which cause setting (stiffening)?

 precipitation of hydrates?
 growth of CSH nuclei?
 aging?

• what causes the differences in paste rheology with 
different admixtures?

• how can we control 
 hydration rates?
 microstructure?
 mechanical properties?
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origin of cohesion

C3S and C-S-H in suspension: at high pH ≈ 13 the 
silanol surface groups will hydrolyze:

the surfaces will be negative with high charge density:

σ ≈ 0,8 C/m2 at pH 14
σ ≈ 0,2 ÷ 0,4 C/m2 at pH 12

why can surfaces with like charges attract?
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correlation forces
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experimentally
cement paste is an attractive colloid

just after mixing: the paste is elastic 
and yields for large enough strains

w/c = 0,5
Φ = 0,39
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experimentally
cement paste is an attractive colloid

just after mixing: the paste is elastic 
and yields for large enough strains

yield stress can be measured 
also with a continuous 
deformation: yield stress is 
equal, yield strain is larger

flow start-up is dilatant
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yield stress and yield strain exhibit exponential 
scaling with particle concentration

0,4 0,45 0,5 0,55
1

10

f(x) = 0,17 x^-1,25
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the scaling exponent is a function of microstructure
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cement paste undergoes a fast stiffening

during the dormant period

at Portlandite precipitation there is 
an upwards inflection
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stiffening is reversible before Portlandite 
precipitation

“shearing interrupts aging”

or

“sharing resets the distribution of 
heterogeneities”
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the loss modulus decreases on increasing 
frequency

typical of an attractive gel: energy 
dissipation is due to particle 
extraction from its local position 
into the fluid
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after Portlandite precipitation G’(ω) is constant 
and G”(ω) decreases up to ωcrit function of 
concentration

the elastic properties of paste are 
a function of collective motion
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in flow cement paste is shear thinning at low
shear rates and shear thickening at high shear rates

w/c 0,48
Φ = 0,40

viscosity increases over time, as a 
function of the shear imposed 
before measuring
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shear thinning can be explained by:

• stress distribution and the formation of 
stress bearing structures

 (Silbert, Farr, Melrose, Ball)

increasing shear rate increases 
cluster persistence
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shear thinning can be explained by:

• agglomerate formation and disruption 
induced by the hydrodynamic field 

(Snabre and Mills; Potanin; Morbidelli et al.)

 Φi ≈ (RF/a)D-3 
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⇒ describing the agglomerates does not 
imply fractal scaling or growth: only 
density variation with size 

⇒ fractal dimension is high D ≅ 2,8: 
aggregates are almost compact, 
but not homogeneous

⇒ this approach delivers the fractal 
dimension of the agglomerates, related to 
porosity, and the agglomerate breakup 
stress, related to interaction energy
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• modeling of the agglomerate 
breakup region gives agglomerate 
strength, related to interaction 
energy

w/c 0,48
Φ = 0,40

yield stress critical shear rate

agglomerate breakup
flow instability
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• in the hypothesis that the connecting 
surfaces of the elastic chain are C-S-H 
nuclei it is possible to deduce dimensions
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flow instability and shear banding
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admixtures to improve cohesivity 
and robustness of SCC

paste: 362 l/m3 
water/fines by weight: 0,36 water/fines by volume: 1,09
paste solids volume fraction: 0,48
sand/all aggregates: 0,5
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admixtures to improve cohesivity 
and robustness of SCC
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admixtures to improve cohesivity 
and robustness of SCC

admixture dosage: PCE 3,66 kg/m3 of a 24% solution
Ph 6,41 kg/m3 of a 30% solution
PCE+Ph 5,04 kg/m3 of a 28% solution

blend PCE + Ph: 36% PCE + 64% Ph as dry matter
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rheology of the mortar
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rheology of the paste
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rheology of the paste

suggesting a different paste microstructure and inter-particle strength



27

concluding remarks

• cement paste rheology is controlled entirely 
by the attractive particle interactions in the 
dormant period

• the presence of superplasticizers modifies 
rheology but also microstructure – 
heterogeneity distribution

thank you!


