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Water Permeability of Mortar Investigated by Partial Bounce-Back Lattice Boltzmann Method

LI Kai'?, XU Li"?, YANG Lulu"*, SHI Caijun"*
(1. Key Laboratory for Green and Advanced Civil Engineering Materials and Application Technology of Hunan Province, College of
Civil Engineering, Hunan University, Changsha 410082, China; 2. International Science and Technology Innovation Center for Green
and Advanced Civil Engineering Materials of Hunan Province, Changsha 410082, China)

Abstract: To clarify the mechanism of water transport in mortar, a three-phase model consisting of fine aggregate—interfacial
transition zone (ITZ) —cement paste was developed to represent mortar, and then the water transport process in mortar was simulated
by a partial bounce—back lattice Boltzmann method (PBB-LBM). The influences of aggregate volume fraction, the ITZ’s thickness
and pore structure on the water permeability of mortar were evaluated. The results show that mortar’s water permeability declines at
an increased aggregate content and it is always below cement paste’s water permeability at a thin thickness of ITZ and a low porosity.
Once the thickness of ITZ exceeds 150 um or its effective porosity is two times greater than that of cement paste, the permeability of
mortar is close to or even above the matrix’s water permeability. This is attributed to the competitions among the ITZ effect, aggregate
dilution effect and tortuous transport path in mortar.

Keywords: mortar; interfacial transition zone; lattice Boltzmann method; water permeability
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Table 1 Particle size distribution of fine aggregate

Sieve size/mm Passing percentage/%

1.180 100.00
0.600 24.24
0.300 9.02
0.150 3.10
0.075 0.06
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(a) Three-phase model of mortar (b) Enlarged photo of a particle

ITZ represents the interfacial transition zone.
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Fig. 1 Meso-structure of mortar
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Exp denotes experimental data.
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Fig. 2 Porosity of the ITZ at different distances to aggregate’s
surface
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(b) Partial bounce-back (PBB)
B4 85 B3 A1 bR HUE [ (A4 i Ak i A= i i

Fig. 4 Collision of density distribution function at solid points
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Fig. 7 Numerical result and analytical solution of flow velocity distribution between two parallel plates at different n
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Fig. 12 Three dimensional structure of mortar at different aggregate contents (ITZ thickness is 50 pm)
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Fig. 15 Tow dimensional meso-structure of mortar at different aggregate contents (ITZ thickness is 100 pm)
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Fig. 17 Water permeability of mortar at different ITZ thicknesses
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