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Influencing factors of rheological properties and prediction of rheological behavior of

fresh low water-to-cement ratio cement pastes
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Abstract: The poor stability and complex control methods of rheological properties of high performance concrete
are one of the important factors that affect its popularization and application in civil engineering construction.
Based on the measurements of packing density, rheological properties, and total organic carbon adsorption, the
influence and mechanism of the content of mineral additives on the rheological properties of cement paste with low
water-to-cement ratio were investigated. The results show that, when the volume content of mineral powder and fly
ash is between 0% and 15%, with the increase of the volume, the packing density of the composite cementing
material system will be increased, and the yield stress and plastic viscosity of the cement slurry will be reduced.
Moreover, the above rheological parameters increase with the increase in polycarboxylate superplasticizer (PCE)
dosage and the replacement ratio of mineral additives. Through adopting the particle packing model and recently

developed rheological models, the adsorption-desorption equilibrium rate constant on the surface of the cementi-
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tious material is only related to the nature of the water reducing agent, and the fitted value is 12 for the water redu-

cing agent used in this test. It is concluded that the change in rheological properties by blending mineral additives is

mainly due to the changes in the colloidal interactions and relative packing density of the cementitious particles.

Based on the above findings, an approach for predicting and optimizing the rheological properties of low water-to-

cement ratio cement paste applicable to the cement-slag and the cement-fly ash microbeads system is proposed.

Keywords: adsorption isotherms; packing density; yield stress; plastic viscosity; rheological model
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OPC—Ordinary Portland cement; BES—Blast furnace slag; FA—Fly ash
B 1 BB OE S5

Fig.1 Microscopic morphologies of cementitious materials
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Table 1 Chemical composition of cementitious material (Unit: wt%)

Material Si0, Al,O4 CaO MgO Fe,04 SO, K,O Others
OPC 21.26 5.53 62.42 3.24 2.89 2.83 1.12 0.71
BFS 33.18 12.59 38.16 11.24 2.67 1.14 0.36 0.66
FA 61.12 20.14 8.34 1.03 7.16 0 1.37 0.84

FIR A WA E oK R A S K, fE 700rad/s T
B HE 8 min 753 B 5 B 51 K PRI A o JEURERER
0 T P i 7E (2043)C o

x2 KiEGEEE

Table 2 Mix proportion of cement pastes

Mix proportion/(kg-m™) Water/
Sample i .
OPC FA BFS SP Binder ratio
REF 1899.5 0 0 58.9 0.21
F-5% 1804.5 73.6 0 58.2 0.21
F-10% 1709.5 1473 0 57.6 0.21
F-15% 1614.6 220.9 0 56.9 0.21
S-5% 1 804.5 0 87.2 58.6 0.21
S-10% 1709.5 0 174.3 58.4 0.21
S-15% 1614.6 0 261.5 58.2 0.21

Notes: SP—Polycarboxylate superplasticizer; REF is the control
group of pure cement system; Numbers after F and S are the
volume ratios to cement; F—Blast furnace slag; S—Fly ash.
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Fig.2 Test procedure for rheological properties of cement pastes
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Fig. 3 Effect of blast furnace slag and fly ash on packing density of

cement pastes
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Table 3 Saturated dosage of D, SP in different
cementitious material systems

Sample Dgy
REF 0.61
S-5% 0.79
S-10% 0.85
S-15% 0.89
F-5% 0.63
F-10% 0.67
F-15% 0.68
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