5 51 &5 8 i JiE S > B < N Vol. 51, No.8

I

2023 4 8 J JOURNAL OF THE CHINESE CERAMIC SOCIETY August, 2023

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20221098

% SIS L B 235 A4 Y AR RIS 458 -9 e P R P A Y

ERE XER

(1. B R W TIEE R E A=, B 2002405
2. RilgH ASLEFAEM R R A S 4R E Sl E, B 200240)

B F: ROV Z LN R, R S A EFLBR G R I S . I8 B LR R 2 BE KR K AL R AN I AR
s BRI EAT 0 B — P T I AR AL BR S5 A R B BE TSR o T SR (K KPR SR AR SO A 4, AT TETT e T LI # )
ST ARERRZS K 3 73 A BEAEL LA AN RIS A2 23 RO 37 AR B TR SGIE o 5 T RO AR G 7 BOR Bom
RIS HORMTLE o FLBRE p FITEENIEMEILE B, H— B REMTT a SHFI G p 5 a LUK B*5 p I
MIRFR, HELEL TUENESE f(at), pt), B O)FAEMARE LY Bk A BAL . BEBIAL AT L7 43 % R TR
FLIREE 52 AS R 7KK B AN A IR TR 5200 ey I AR R 5 DA AR A PR L B 45 40 R FEAIT SRR R - O M e 4R 1 T — N30
IO A -

KEBIR): VL YRLERE: WARRIAY, FLERZEM: ARMLAN x
FESHES: TU2S  XHATFERS: A XERS: 0454-5648(2023)08-1950-12 _,’jé' \

Prediction Model for Diffusivity of Unsaturated Concrete by
Considering Time-Varying Pore Structure
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(1. State Key Laboratory of Ocean Engineering, School of Naval Architecture, Ocean & Civil Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China; 2. Shanghai Key Laboratory for Digital Maintenance of Buildings and Infrastructure, Shanghai
200240, China)

Abstract: As a typical porous media material, the diffusivities of concrete are closely related to its pore structure. It is necessary to
propose a model for predicting the diffusivities based on the time-varying pore structure since the pore structure can continuously
change with the hydration process. In this work, the parameters of the pore structure, the moisture distribution in the unsaturated state,
and the prediction and validation of the relative diffusion coefficients of cement paste at different saturation levels were analyzed
based on the reconstructed cement paste microstructure. It is indicated that the predicted relative diffusion coefficients are related to
the extracted pore parameters (i.e., hydration degree a, porosity p and dimensionless peak pore size B®), and the relationships between
o and time t, p and ¢, and B and p were systematically analyzed, and a diffusivity prediction model containing the time-varying
parameters f (a(t), p(t), B'(t)) was proposed. The proposed model can fully consider the time-varying process of concrete pore
structure affected at different water-cement ratios and hydration time, thus providing a microscopic perspective approach for
analyzing the diffusivities of unsaturated concrete from the perspective of time-varying pore structure.
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(a) Hydrated microstructure

(b) Pore skeleton
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Fig. 1 Modelled microstructure of cement paste
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Fig. 2 A schematic of pore structure
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Fig. 3 Demonstration of map distance calculation
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Figs.4 Simple demonstration of identifying pore groups
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Fig. 7 Water filling procedure in a 500x500 lattice unit slice with porosity of 0.3
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Table 1 Normalized mineral composition of Portland

cement CEM 1 42.5 113 W/%
CsS C,S C5A C4AF
67.61 13.84 8.97 9.58

W is mass fraction.

*2 BEUAESH

Table 2 Parameters of simulated samples

Sample No.  Water-cement ratio  Time/d  « p B/voxel
1 0.5 7 66% 0.2477 1476
2 0.5 14 82% 0.1798  1.331
3 0.5 28 91% 0.1387  1.233

®3 B-HERER
Table 3 Third-party experimental results

Experimental information

Water-cement  Binder . Curing age/ Ref.
. Specimen
ratio type month
0.5 CEM I Mortar 6 Olsson et al. 1*3
0.53 42.5N Mortar 2 Olsson et al. *4
0.5 CEM1 Cement paste 12 Zhang et al. P!

04 05 06 07 08 09 10
Saturation degree
K9 B SR g R e E

Fig. 9 Comparison of predicted and tested results
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Fig. 10 Pore parameters of cement paste under different
hydration degree
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Fig. 11  Comparison of predicted and calculated results

(water-cement ratio is 0.5)
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