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Water Film Thickness Model of Cement Paste Considering the Effect of
Superplasticizer
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Abstract: The experiments of wet packing density measurement and flow spread test of cement paste with different
water solid ratios and different superplasticizer contents were conducted. The variation process of filling water,
flocculating water and surplus water in the cement mix with the increase of admixture was analyzed , and the release
effect of flocculating water and densification effect of particle accumulation of superplasticizer were quantitatively
clarified. A modified water film thickness model considering the effect of superplasticizer was proposed and compared
with the existing test results. The results show that the content of flocculating water can be calculated by the difference
of saturated water ratio under different superplasticizer contents, which is linearly related to the superplasticizer
contents. The modified water film thickness has a good linear correlation with the cement paste expansion, and the
model can well predict the working performance of cement paste, which can provide references for scientific concrete
mix ratio design.
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Table 1 Chemical composition of cement

Sio, ALO, CaO Fe,0, MgO

K,0 Na,0 MnO TiO, P,0. 1L

20.87 5.24 63. 87 2.72 2.77

0.92 0.17 0.11 0.42 0.07 1.94
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Table 2 Mix proportions and flow spreads of cement pastes

Mix proportion/g

No. Flow spread/mm
Cement Water Superplasticizer

0.62(0.20)-0 2296. 30 459. 26 0 100. 0
0.62(0.20)-0. 10 2296. 30 459. 26 2.30 100.0
0.62(0.20)-0. 15 2296. 30 459. 26 3.45 100.0
0.62(0.20)-0. 20 2296. 30 459. 26 4.61 100.0
0.62(0.20)-0. 30 2296. 30 459. 26 6.91 100.0
0.62(0.20)-0. 40 2296. 30 459. 26 9.22 100.0

0.775(0.25)-0 2095.77 523.94 0 100. 0
0.775(0.25)-0. 10 2095.77 523.94 2.09 176.0
0.775(0.25)-0.15 2095.77 523.94 3.14 260.0
0.775(0. 25)-0. 20 2095.77 523.94 4.18 375.0
0.775(0.25)-0. 25 2095.77 523.94 5.23 410.0
0.775(0.25)-0. 30 2095.77 523.94 6.57 427.5
0.775(0.25)-0. 40 2095.77 523.94 10. 45 450.0

0.93(0.30)-0 1927.46 578. 24 0 101.5
0.93(0.30)-0. 10 1927.46 578. 24 1.93 249.0
0.93(0.30)-0.15 1927.46 578. 24 2.90 410.0
0.93(0.30)-0. 20 1927.46 578. 24 3.86 490.0

1.085(0.35)-0 1784.17 624. 46 0 164.0
1.085(0. 35)-0. 10 1784.17 624. 46 1.78 408.5
1.085(0.35)-0. 15 1784.17 624.46 2.67 435.0
1.085(0.35)-0. 20 1784.17 624. 46 3.56 500. 0
1.085(0. 35)-0. 30 1784.17 624. 46 5.34 520.0
1.085(0.35)-0.40 1784.17 624. 46 8.90 521.0

1.24(0.40)-0 1660.71 664. 29 0 189.5
1.24(0.40)-0. 10 1660. 71 664. 29 1.67 472.5
1.24(0.40)-0. 15 1660.71 664.29 2.51 530.0
1.24(0.40)-0. 30 1660.71 664.29 5.01 560. 0
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Fig.2 Schematic diagram of water solid ratio and void ratio
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Table 3 Minimum water ratio, basic water ratio and
saturated water ratio

Packing

w/% umin density o thos

0 0.758 0.569 0.700 1. 040
0.10 0.651 0. 606 0. 600 0. 830
0.20 0.523 0.657 0.450 0. 640
0.40 0.499 0.667 0.450 0. 600
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