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Numerical Study of Chloride Diffusion in Unsaturated Cementitious
Materials Based on Pore Network
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Abstract: This study employed the pore network modeling (PNM) method to describe the pore structure of
cementitious materials, while also considering the moisture distribution within the pore network. Further, a 2D
numerical model for chloride diffusion based on the pore network was developed. The feasibility of the model was
verified by comparing it with the third-party tests. By considering pore structure characteristics including porosity,
pore size distribution, connectivity, and tortuosity, this model studied the influence of the microstructure on the
chloride diffusion process. Results show that the diffusion performance of chloride highly depends on the saturation
degree and the characteristics of pore structure. The decrease in porosity and the reduction in average pore size can
lead to a decrease in the chloride diffusion coefficient of cementitious materials. Moreover, there is an inverse
relationship between tortuosity and connectivity. When connectivity is below 0.7 and tortuosity exceeds 1.5, the
relative diffusion coefficient of chloride is less than 0.2, indicating a significant improvement in the chloride erosion
resistance of the material.
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Fig.1 Pore placement and channel connection algorithm

(a) Schematic of the pore network (b) Local magnification of the

model(size: 50 pmx50 pum)

pore network model

B2 AL ) 4 A5 A

Fig.2 Pore network model

B o) 245 A5 0 ) % 3 B8 AR E f RE o T R A IR T R 4%
H AL B A 4 R L T R S e 3 e AL B R 5 B
LB B A HE(EDRE S BB AL BN EOA 7240, FL
B o 28 A5 50 e 1 58 BE (o) 7T ph R 2R

7]:

M marked

(1)

M iotal

i R R Al 22 AL A R AL B EE A TP B I A T

P 0 TS 58, 2 LR 300 1 14 0 B
K (R UG L) 5 4B 5 L 19 (1K
R KPR ML B R
EE M 2, 1 F T

. (2)

1.2 JFBIMRETHKS S HEE

AR AR ST, PB4 7 53 23 A 1AL B 1 2%
(1) 6 3 P 2% B 3 AR AR AR K I AL TR IS S FREAIR
FLBR S5 1 119 32 38 1, Dol 2 S8 B 1 I A, AT R I
FEEH Y BT RE . AT R FI L BLAT 35 4K
PSR AR ATE 2 o K U0 5 SO K ALER 5
RN BT ALY LA . RS2 AL AT REL B K 2>
IR AT AL T H B LB AR X TR — e E A A
JE S, 2B/ Tl SR v B FLBR BRSBTS, T2 48
T r FLBRAL T TR

K 3R T BEAE K ML FITEE A RIS, 7K 3 BU5E LR
A B n] SRR 1 Y 3 3 AL B A AR A Bl . el B
3L < 2 K AR RTEE S 100 Y0 B T A 32 38 1 LB 7K
ORISR T R B e 5 24 K A A
2 8006 I, RALUE Ao 14, ik, 52 7 I Ze il f=
AFFIIR Y B, BAR SR E AL 8 % (Bl T
ARIKFN % B E, S48 T 1 f R IO B R AR ==K
TR 9 1000 B4 BRI (19— 22 47 5 K M A
B 22 50 00 I, T 22 9 AL B T4 , SRR T 1 AT IR A i
i AL BT DX I e — A WA T T A A D, R
TAEFL B ZE A PR BE R IR R R Liu %8m0
WFFEUE S, T 1% B B UL AR 1 RDIR 257K 20 20 A
X F AR TR BN B A —E AR E . fEIRIE



42 @®mOs M

B

520 %

TR Y& 5 b4 B LB 25 4 v, 38 3 32 5 SR M K LB
F1% 2 30 P o, DA B % A HL SR K i FLBRL AR R S

Maximum
diffusion depth

(a) S, =100% (b) S,=80%

S 3 30 AL B AR B A ELAE, TRVRE AT LR B bR e 2 2B T
fr%ﬁo

Il Water-filled pore
Dried pore

Water distribution in
pore network

I Connected pore
I Disconnected pore

Maximum

Connected pores for
chloride diffusion

(©) S,=50%

3 A [l K A A RE TR 7K 2393 A1 AR 1 1

Fig.3 Water redistribution and chloride diffusion channels at different water saturations
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Table 2 Parameters of pore size distribution

No.  Pore size/pm  Porosity(by volume)/ %

Location parameter

Shape parameter ~ Connectivity Distribution characteristic

1 10 %=1 25 —1.2788
2 5% 10 -2 25 —1.8788
3 10 °-5 25 —2.8788

1.2 0.62 Small
1.2 0.64 Middle
1.2 0.62 Large
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