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Study on Chloride Ion Diffusion Model in Crack Zones of Saturated Concrete Structure
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Abstract: In order to accurately characterize the behavior of cracks in accelerating chloride ion transport on
both sides of the concrete, the concept of effective influence distance of cracks was proposed, and the crack
pores were non-uniformly distributed according to the distance perpendicular to the crack surface in the
modified equivalent medium model. The expression of chloride ion diffusion coefficient in crack zones of
concrete was established based on the principle of flux conservation. Based on the existing experimental data,
the applicability of the modified equivalent chloride ion diffusion model established in this paper was verified.
Finally, the characteristics of non-uniform acceleration of chloride ion transport on both sides of concrete by
cracks were discussed, and the influence of crack spacing and number on chloride ion transport was explored. It
finds that the results obtained by the modified equivalent chloride ion diffusion model are in good agreement
with the experimental data. The parametric studies show that with the increase in the distance perpendicular to
the crack surface, the chloride ion content continues to decrease, and the chloride ion content on both sides is
only 19% of that at the crack center point at the same depth of effective influence distance of cracks. The
number of cracks has a certain influence on chloride ion diffusion, and the maximum increase in chloride ion
content in multi-crack areas is 2% and 17% compared with that of single cracks. In addition, with the increase
in the number of cracks, the diffusion capacity of chloride ions first increases rapidly and then flattens. The

crack spacing has a significant effect on the multi-crack area of concrete, and with the increase in crack spacing,
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the overall chloride ion content in the multi-crack area decreases rapidly, and the decrease is the most obvious

in the central area.

Keywords: bridge engineering; cracked concrete; effective influence distance; chloride ion transport
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Figure 1 Modified equivalent diffusion model

TR T BE R L bR 2 4k X A TR
B AE AT R

(1) 2455 X T P90 IR B = in 5 2% 0 7% A BR 1) R
BN R A A SURR S 2L 4 A S0 W RS L, TE S R 3
FlN S 9 BREHN Do

(2) P ZEE L S8 T M B 1 — L e 2
IE ST E AT N A IR L Y R
551 A% T PR B L IR IOC R

(3) Z 3 aE XU B+ 88 9 iR Hou M4

() AT T, 5 — 24
5D, DMEALUT .

Y I B [, Do

(4)

Du=D,+ D, (5)
2D, 2 B S Y R I 43 T U TR A
BRI R
Kwon 5555 i B £ 4F 1 5K 7 18 BE - 245 4 k15
P R T RS X ERR A TV R
D, 5 5¢ b IR BE S B TR B D, I8 478 25 1k iR AL
Sl K FR I BAIR LR A8 T fw) i R R
Bkl
D, =(31.61w* 4+ 4.73w + 1)+ Dy, w = 0.1 mm(6)
X T AN E B YRR B D, 1Y BUE , Djerbi
SEHEAT TG BENL T D T AR TE I w i Kk
AL B AR
D,=2X10 "w—4X 10"
D,=14X 10"

30 pm << w << 80 pm
w > 80 pm

(7)
TR AT W B R, ) HE T 2 AR
Tﬁ%%;&ﬂ“E YE(E2) .

lo—21,=0
fe—f

§Acr'

¥
i

(a) A BURE & X IR

Aeri
/

Koo e
A

(b) H LR DX
B2 SHETHRER
Figure 2 Interaction of multiple cracks
20 2 AR () B TR A I BRI 2 Ca) 7R, 8
B 20l EE Z VAT AE SRR AT DL % A —
AR BT M, (BRI



%24

BEH R L EMERREAE TV RERAFR 121

ML R BE AN 2(b) Ir |, 24,1, , e i 1 4 4%
rh ) VR A AR S AR S R A L e — 2
RS T AT K, ZEMEGXEZ 2 AT,
BE T 3E ESFE A SR HE S RS U R T
REMEE A

D.=D,+>" D., (8)
Arbron RLEEHRH .

A 30K 5K (6) 15 B 1 S A B T H R BU0E A
YEJG 82T 3, 1R =X (4) A1 X (8) TH A& 1E I 1 51
B YRR RO

FIH Fick 25 — 12 Tk 5K fiff 24 4% 9 0 TR B - 4514
A Y, TR

ac °C
;:Dm?(o<z<zw) (9)
K CRHAB TR D, & B T 1R B R EE
- ZLRE S X I ) 5 LA TR EE A B B 24 T R I i)
MR B 2 A A
MR 5 C(2=0,>0)=C,,C(2>0,
X

1=0)=Co, 15 2N A N -
(10)
2Dt }

orcerl AR 25 bR B CON RIS TR E .
FECHNREE LA FAAE TV AR D.,

5 RMEAE FWE C.HEMLT, A LUE A Matlab

KAEATIE G — e ntE G R XA E T

o
2 ABTIVHBEAERIE

21 REFYHMEEESILWHEE

R v 224 4 5 o B/, SR R A T AR T
el ) S o, A 2 F 0 b AT i 0 B, (ROF B0 A 15
) £, 58 BB I 07 1 o o A B AR TR AR i1 U7 3R
il AT B SRS D) R R K P SR 2R AT T
B TR ik, & B T R EE TR T 19 10~20 mm
N, SRR TR B R R ok TR B S B T e R B
XL B A Bt A 2 5% ) B A 980 /0N | 79 2R 5 o [ S0 8
TRk TR B A BB R R T R AT . ) A
JESL T REE R SR TR RS R R A Y R
Z I H A = 07 U Ko 5 B 45 R B IE T
2 A B, S B B 5 B A R AR T
T RAETT 7 0] 20 mm N IR B AR E A 2 REEY

Cla,t)=Cy+(C,— co)[l — erf

AL

ZEA Mg P EAE YRR AL L
W] 72 5 T 2445 7 Il Y HOREE , 5 448 58 9
FRBCRBES RS HUEVIM G, HIERZSHES
FHOR M0 ek, S AL B A S L, e BUE (E
10 mm 15 mm #1 20 mm #E473F 5, W4 34~ B 15
LRSS C AR & BRI, 52850
KA L7 o

S, B AE K AR SEY IR 58 AR R X 4 A T .
A RS 100 mm 1 57 J7 1, 4% 58 0.3 mm, IR
JE 40 mm, HAASHLE 1,

1 RRBIANSH

Table 1 Parameters obtained from test

C/% w/  JHH/ D,/ D, /(1071 -
W mm d (10 " m?es ) m?es )
0.8[1— )
[ 160 4.0[28/(28+0)]"" 14
exp(—0.0252)]

T8 3 A AR A A 2 SR R 06 X B L T
29 9% A B Se FEBUE 10 mm . 15 mm A1 20 mm X
FE TV R, g5 R K 3TN .

0.8
\ — 1,=10 mm 5 45 5
- 1,=15 mm {845 R
e 061 - —-1,=20 mm 545 5
I]\EH ot SCRRIR g2
N |
i 0.4
e
® 0.2+
0 L L L L )
0 10 20 30 40 50
W /mm
(a) BB %44 15 mm
0.8
—1,=10 mm 155 25 5
N 1,=15 mm 545 5
o 067 ‘«\\ -—-1,=20 mm | & 45 1
= N, - kR
4o | \
N 0.4
e
i 02l
0
0

R /mm
(b) Mg %44% 30 mm

B3 HEMERELINEETFEE

Figure 3 Chloride ion content in concrete near cracks
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different numbers of crack
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Figure 5 Chloride ion content under non—uniform

acceleration effect of cracks

BT HE%

WIEZ /mm
(a) Z2 2488 DX 0 IA) s B A
051
0.4

031

BT EE%

®

-15 -10 -5 0 5 10 15
rpl 5 B 448 1Y P B /mm
(b) Z 255 X B 14310
Eo6e AREHREFEEETERLIEBETFEE
Figure 6 Chloride ion content in concrete with

different crack spacing

R AN WK fe el TP 2k o AETRBE L TRIE 40
mm Ak, A [A) 2 EE (8] B A0 R T R L
0.08%0~0.40% , BA BRI 22 5, H S E TR MR E
Bl A % 4% ) R 28 /B 2 3 . 1R 6(b) 2 TR
BE LRI N 40 mm B, 2 4 KU B T B E
ZLEE ] FE A B O, B BT R R A, T IR S A R Y
TE 2 ZEE X 0P o il DL, G088 & & Ry
fii 55 22 R 4% 1) BE R DIAR OC o S [A] 2R 4% 8] B0 T 5 2
TY R BEA R KA R

4 ik

SHIBUE/ - VEAY F R S A NE U Paie S R 3 3
Jay 8 A YR R L ST T AR XIS R T B
RBE REA ORI B R RO R G E TR
B RAE IXAB IE B T HOBE A o X T B A I
B B 5 7R ST RO R T S A R SR IE T RSB IR
14 SR 1 7 TR O R A P L AR B LR 4

(1) R =ik R iE A s T RS
IR R BA —EW TSI BIEAE T
BB RT3 45 R A 2 A IS 45 R W) & R 4F Bl &
BT REE TR R0, S T B e > X R
] 24 4 XoF T 00 902 o5 1 S 0 A% J 119 AR 3 50 ok
P, AT RIORS Wt M W 5 S A SR BE P Y U T
oA

(2) 2B A X T B AR, 22
B X MU R T i R — RS XA AR KR T [
RIS 248 JT R T 3 mm L6 mm B A5, 25 R4 X IS
BT A — AR B R PR TR 206 R 17 05 2
SE ) BE XT T S8 1 00 YT OA B3 R B R AR (]
) 09 R, TR OB T A R IR X B SRR T A
TN G NSNS Ui R N TR N Y < R o e i
SEAFIRBE T A T i

(3) REEEAT ROR WA I 5 1) I o 28 B X G 8
TY AT W AR B Oy T RO, R
A SR W BE R IO R E fE, X TR AR B A —
S o DL, T — A BRS04 8 B AR A AR T B R
S A BES BN ER LR

S & 3Lk -

References:

(1] AR, Je i B R =M, 55 . i R ) ¥R o6 - B SR it )



124 o oA B® 2025 4
B Ak AU 73 [I]. A %,2019,39(3):84-89. admixtures on durability of concrete in corrosive
ZOU Xiangnong, LONG Junxian, CHEN Yuxiang, et al. environment[J]. Journal of China & Foreign Highway,
Prediction method of resistance degradation for corroded 2022,42(6):202-205.
prestressed concrete bridges[J]. Journal of China & [10] HE7K 7R, Bk B 8 X0 2@ k4 . S A BE T JF 2R 8 + i A
Foreign Highway,2019,39(3):84-89. PEWFIE HE R[], BSR4 5 TR 24 410,2015,32(4):21-30.

(2] % UK K4 B R PR F RT I it 2 %l YAN Yongdong, YAO Changjian, LIU Ronggui, et al.
[ 321 33k Bt 28 P A3 BT [0]. TR AR S % ,2021,41(6):1-5. Research progress on durability of cracked concrete under
FU Hongyuan, CHEN Changrui, CHEN Changfu, et al. chloride environment[J].Journal of Architecture and Civil
Analysis of anchor rod corrosion process and anchored Engineering,2015,32(4):21-30.
slope stability in CI" environment[J]. Journal of China & (117 AR X0 S R T VR 056 - 2 4 AR I 9 S5 7 1% fi 1k I
Foreign Highway,2021,41(6):1-5. WET HE R [T]. ik iR #h 2 412,2015,43(6):829-838.

[3] T B AR s A A B i T IR B MU Song, LIU Jianzhong. Review of chloride transport
ik 2 40 0L (A 8L 0], T AN B L 2024,44(2) £ 174-181. properties in concrete featured with different cracking
ZENG Tianbao, CHEN Hong, HUANG Xiaogi, et al. characteristics[J].Journal of the Chinese Ceramic Society,
Mesoscopic numerical simulation of concrete cracking 2015,43(6):829-838.
caused by nonuniform corrosion of strands [J].Journal of (12] BTG5 3R DA A6 £F 2 0 98 0 38 05 - 1) fof A A 1280 5
China & Foreign Highway,2024 , 44(2):174-181. [J]. PN B, 2022,42(4) :203-205.

[4]  THMESE, F T VREE LR L b D B TR Y CUI Haijun. Experimental study on durability of
it A PEBRSE (0], BR R HE % ,2022,52(6) : 73-T8. polypropylene fiber to sea sand concrete[J]. Journal of
LIN Pengzhen, WANG Yunyi. Durability of concrete China & Foreign Highway,2022,42(4):203-205.
bridge exposed to chloride ion erosion in saline alkali soil (131 SKASHE, Jy it S Hh 65 ok 0 8 5 1 %0l 75 i B 700
[J].Bridge Construction, 2022, 52(6): 73-78. WF 5 30 J [T, M RE L 55 5 TR 55 41,2019, 37(5): 848-

[S] LAy G LB 0 0 AR £ P T 6 B89
5RO B U R VR[], 2 045 K 2% R L2016,37(1): ZHA.NG. Juhui, .FA.NG Che.ng. Research progress on
107-125. service life prediction of reinforced concrete structures

Lo . . under chloride attack[J].Journal of Materials Science and
DU Xiuli, JIN Liu, ZHANG Renbo. Review on effect of ] )
external mechanical loadings on chloride penetration and Eflgmeer:n%fOl9,37(5):i48-852§9. o )
diffusion into concrete[J]. Journal of Building Structures, [14] %%%,Xuﬁ?ﬁii%‘]f?,ﬁ.*Yw@*éf”ﬁﬁﬁ?ii%ﬁ%%
A IR BE b B N SRS T AR PR ], K TR 4, 2014,
?16,37(1-)5107—125. A ‘ 47(12):82-90.

[6] %%%’¢Yﬂﬁ’$%%’% CHAEIREE L B IR SRR T LU Chunhua, LTU Ronggui, CUI Zhaowei, et al. Study on
BB BRI ). 123 B.2016,36(5):230-234. chloride penetration into flexural cracked reinforced
GAO Zirui, LT Shue, JIN Mingdong, et al. Study on concrete beams subjected to drying-wetting cycles[J].
modified chloride ion transport model in fractured China Civil Engincering Journal,2014,47(12):82-90.
concrete [J].Journal of China & Foreign Highway,2016,36 [15] WANG H L,DAI J G,SUN X Y, et al. Characteristics of
(5):230-234. concrete cracks and their influence on chloride penetration

(7] RETE, E WG X IS IF SR BE £ 4 B T 5 AL [J]. Construction and Building Materials, 2016, 107:
R BE B I [J] IR BE 1-,2014(9):19-25. 216-225.

ZHANG Hongguang, WANG Shuguang, LIU Weiding.etal. © 6] - b3 48 B B 7 5 i 55 o B0 107 04 WL 8 + O 4 A0
Study on the mechanism and numerical modeling of S TR 52 AT 5T ], R B 1-,2015(6):54-57.

chloride ingress in cracked concrete[J]. Concrete,2014(9): LU Wenpan,ZHAO Tiejun,MA Zhiming,et al.Influence of
19-25. higher stress on chloride ion corrosion in concrete[J].

[8] 2o, WRaE AR, X e I8, 46 . 4 IR P IR BE T TR B+ M 2 e Concrete,2015(6):54-57.

B TR T AR BT ST (9], 2 it 5 0 Bk 4 ,2023,40(5): [17] KONIN A, FRANCOIS R, ARLIGUIE G. Penetration of
72-77. chlorides in relation to the microcracking state into
LI Qiang, CHEN Zhilin, LIU Longlong. Study on reinforced ordinary and high strength concrete[J].
durability of concrete bridge against chloride ion erosion Materials and Structures,1998,31(5):310-316.

in hot marine environment[J]. Journal of Highway and [18] PENG J X,HU S W,ZHANG J R,et al.Influence of cracks
Transportation Research and Development, 2023, 40(5): on chloride diffusivity in concrete: A five-phase mesoscale
72-77. model approach[J]. Construction and Building Materials,

(9]  skZm, SRBUR, PNAL . Gl BR85S A1 Jom 530 o 1R 36 L Tk A 2019,197:587-596.

TR [7]. TP AR 1% ,2022,42(6) :202-205. [19] TAKEWAKA K,YAMAGUCHI T,MAEDA S.Simulation

ZHANG Aili, GUO Yanfeng, SUN Hong. Influence of

model for deterioration of concrete structures due to



# BEH R L EMERREAE TV RERAFR

125

[20]

(21]

[22]

[23]

(24]

chloride attack[J]. Journal of Advanced Concrete
Technology,2003,1(2):139-146.

KWON S J,NA U J,PARK S S,et al.Service life prediction
of concrete wharves with early-aged crack: Probabilistic
approach for chloride diffusion[J]. Structural Safety,2009,
31(1):75-83.

AUDENAERT K, MARSAVINA L,DE SCHUTTER G.
Influence of cracks on the service life of concrete
structures in a marine environment[J]. Key Engineering
Materials,2008,399:153-160.

HORYL W B T4 45 TR AR PR AR T R Bk 2 4% DX
S T AL S R 7S 0], fE R AR W 4R ,2017,36(4): 1113-
1119.

DONG Rongzhen,GAO Yin,WEI Jun,et al. Transport state
of chloride ion in concrete crack area under dry-wet cycle
[J]. Bulletin of the Chinese Ceramic Society,2017,36(4):
1113-1119.

5K A4 X0 500 ER NPT R S TR T 2R BE L i b
RO FE (7], SR B4 41,2018,21(2):299-303.
ZHANG Juhui, LIU Yinghui, SHI Zhemin. Diffusion
property of chloride in cracked concrete[J]. Journal of
Building Materials,2018,21(2):299-303.

B K R S T 5K ST %A K TR R - SR R T A
I BE P AN UL 73 A [J]. 4 2 R 2 R (AR R),201 7,
37(6):38-46.

HU Dalin, CHEN Dingshi, ZHANG Lixing, et al.
Mesoscopic and stochastic analysis of chloride ion erosion

in saturated concrete by numerical tests[J]. Journal of

[25]

[26]

[27]

(28]

[29]

Chang’ an University (Natural Science Edition),2017,37
(6):38-46.

DJERBI A,BONNET S,KHELIDJ A,et al.Influence of
traversing crack on chloride diffusion into concrete[J].
Cement and Concrete Research,2008,38(6):877-883.
KA B A2 B0 A T RS TR B O T U E
FH A 96 BF 9 B B A4 [T]. £ R #5155 R 8% T E,2017,
39(2):35-42.

ZHANG Xijin, TIAN Wenling, WANG Haoyu, et al.
Experimental analysis and numerical simulation of
chloride ion diffusion in concrete with cracks[J].Journal of
Civil,Architectural & Environmental Engineering,2017,39
(2):35-42.

B RRAE ) A S TR R AR BE - R s T i HL
FREHTT]. TR J12#,2016,33(5):50-56,73.

JIN Liu, DU Xiuli, LT Yue. Study on chloride diffusivity
coefficient in
Engineering Mechanics,2016,33(5):50-56,73.
SRR A AR R e MRS TR T 2R BE R
B TS [J]. VTR 24 24 I (1 2 ), 2011,45(12):2127-
2133.

YAN Yongdong, JIN Weiliang, WANG Hailong. Chloride

ingression in cracked concrete under saturated state[J].

cracks within saturated concrete[J].

Journal of Zhejiang University (Engineering Science),
2011,45(12):2127-2133.

MU S, DE SCHUTTER G, MA B G. Non-steady state
chloride diffusion in concrete with different crack densities
[J].Materials and Structures,2013,46(1):123-133.



