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Experiment and mesoscopic numerical analysis of chloridion
penetration in concrete

Jin Libing s Wang Zhen , Wang Zhenqing , Zhang Qingzhang s Liang Xinya
(College of Civil Engineering, Henan University of Technology, Zhengzhou 450001, P. R. China)

Abstract: Using a combination of experimental research and numerical simulation, the effects of coarse
aggregate content, interface area, and porosity on the permeability of chloridion in concrete were studied
from a mesoscopic perspective, Firstly, through the RCM chloridion diffusion coefficient rapid
determination test and mercury injection test, the relationship between different coarse aggregate content,
water-binder ratio, porosity and chloride ionization diffusion coefficient was analyzed; then a program was
established to build a concrete meso-random random aggregate model. Furthermore, the numerical
simulation of chloridion diffusion performance was conducted, and the effects of meso-parameters such as
coarse aggregate content and interface area on the permeation and diffusion of chloridion were analyzed. The
results show that the numerical simulation is in good agreement with the test results, verifying the validity
of the meso-scale numerical model; the chloridion diffusion coefficient decreases with increasing coarse
aggregate content; the concrete porosity increases with increasing water-binder ratio, and further Increase
the permeability of concrete; the permeability of concrete increases with the thickness of the interface zone
and the diffusion coefficient of the interface zone.
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1.1 EHRREEREL

R T WA AR R i TR BE LB K
JiE e X B b U T R s e, o3 il it 5 4
IR R & R AR 5 A R K R L, R AT
RCM 2050 F s R 050 . 12 36 R FH 357 3 ik iR 6 7K e
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Table 1 Concrete mix

gs KR K/ (kge m™3) KiE/(kg+* m3) KK/ (kg m™3) 408K/ (kg m™3)  HEHK/ (kg m3) pEREgSRs

G-1 0.4 378 708 236
G2 0.4 321 602 201
G-3 0.4 264 496 165
G4 0.4 208 389 130
G-5 0.4 151 283 94
S1 0.2 148 554 185
S2 0.3 187 468 156
S-3 0.4 216 405 135
S4 0.5 238 357 119
S5 0.6 255 319 106

822 0 0

698 405 0.15
575 809 0. 30
452 1214 0. 45
329 1618 0. 60
619 1009 0. 37
619 1009 0. 37
619 1009 0. 37
619 1009 0. 37
619 1009 0. 37

1.2 R
1.2.1 XMH4& RIBCREE - A MR 5T
51 ) (CCES 01-—2004) H i Z R H4E ©100 mm X

200 mm A BIFE AR UL 24 h SR IR, B2 B
KA GREE 2022 “C) 9 21 d. 2R )5 ¥ #)
@100 mm X 50 mm AHRIE RS, IRk e e SR i
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Fig. 1 Relationship between coarse aggregate content and

chloride ion diffusion coefficient
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Fig. 2 Relationship between water-to-binder ratio and porosity



130 T K5z L4

% 42 %

0.015

0.010

< 0.005

FUABUE R/ (mL-g )

0.000
1 10 100 1000 10000 100000 1 000 000

o L /nm
#£: ——0.2 =03 —0.4 —=-0.5 =—0.6
B3 ARKEIETIAESILAERIGEZ HHXR
Fig. 3 Relationship between pore size and pore volume incre

ment under different water-to-binder ratios
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Fig. 4 Relationship between water-to-binder ratio

and concrete porosity
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Fig. 5 Relationship between water-to-binder ratio and

chloride ion diffusion coefficient
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Fig. 6 Relationship between concrete porosity and

chloride ion diffusion coefficient
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Fig.7 Two-dimensional random aggregate model
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Fig. 8 Model finite element meshing

H 10 4%, Dy=74. 76 X 1072 m?®/s; Ml& B b T8
BREART AN AT RSB ER LY RN
T, BOrIREE TR TR 0. 5%, IR EE T
HRIIR B U B A E . BUR BT [R] 240, 270,
300 do K ARl e [ (3 5 25 SR 5 44D 45 SR A T
XF H o & B S AR RS TR ER 270 d i BB RN 45 R 5
TR, AT B b A — B DRtk 1 25 S S5 A
SERW) A PER T, P RCM P I 403 79 Bl &R
BOR I 45 R 58 0 270 d BRI R AR Y,
HHXT LA 9 FiR .

8.0

AETYBEREY
(10"?m%s™")

N
o

0.0

0 0.15 0.45 0.6

HbR I
T —— i ——
Mo HHERSRBERML

Fig.9 Comparison of simulation results with test results
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Fig. 10 Relationship between chloride ion diffusion

depth and concentration
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and chloride ion diffusion coefficient
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