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Numerical Simulations of Hydration and Pores Characterization of
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Abstract: In order to describe and reconstruct the true irregular particle morphology of cement particles and clarify the hydration
process, microstructure evolution and mechanical property development of cement-based materials, an irregular particle reconstruction
method was proposed by a discrete method and a central growth model based on a cellular automata theory. A cement particle shape
data-base was established. The irregular cement particles were introduced into the CEMHYD3D model, and an irregular basis hydration
model was constructed. The effect of particle shape on the hydration process and pore characteristic parameters were analyzed. The
reliability and accuracy of the hydration model after the introduction of irregular cement particles were verified. The total porosity and
pore size range of the non-spherical-based model are smaller than those of the spherical-based model, while the specific surface area
with various pores of the non-spherical-based model is greater than that of the spherical-base model.
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Fig. 1 2D schematic diagram of central growth law
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y is water-to-cement ratio of 0.23, 0.35 and 0.53, respectively.

3 KALEAR SR A5 R S B E X B

Fig.3 Comparison between experimental and simulated results of hydration heat
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Table 1 Specific surface area with various hydration degrees
. Shperical model Non-shperical model
Hydration degree
y=0.23 y=0.35 y=0.53 y=0.23 y=0.35 7=0.53
0.20 2.9452 2.022'1 1.3057 3.056 2 2.204 4 1.509 7
0.35 4.028 2 2.806 7 1.828 1 4.101 6 2.9802 2.068 7
0.50 5.0132 3.499 1 2.342 4765 8 3.6762 2.5589
F2 BRBVEMRR 3 AK7LMtbER@ERN
Table 2 Specific surface area of three types of pores in spherical base model
. Continuous pore Dead-end pore Isolated pore
Hydration degree
7=0.23 y=0.35 7=0.53 y=0.23 y=0.35 7=0.53 7=0.23 y=0.35 7=0.53
0.20 2.72 1.89 1.30 4.75 5.19 5.28 5.23 5.54 5.64
0.35 0.00 2.57 1.77 3.39 4.77 4.94 4.33 5.16 5.43
0.50 0.00 2.90 2.17 4.88 3.85 4.65 5.07 4.78 522
F<3 AETKEVEARAY 3 X7 AEbRER
Table 3 Specific surface area of the three types of pores in non-spherical base model
. Continuous pore Dead-end pore Isolated pore
Hydration degree
y=0.23 y=0.35 7=0.53 y=0.23 y=0.35 y=0.53 7=0.23 7=0.35 7=0.53
0.20 2.807 6 2.098 4 1.4559 43427 52151 54553 52514 5.586 9 5.738 1
0.35 0 2.726 5 1.963 3 3.640 2 4.679 7 5.2391 4.156 7 5.2292 5.506 1
0.50 0 3.097 7 2.368 2 4.647 3 4.027 3 4.8107 4.769 6 4.721 52715
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