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Experimental analysis and numerical simulation of chloride
ion diffusion in concrete with cracks
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(1. College of Civil Engineering, Hebei University of Technology, Tianjin 30040, P. R. China;
2. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, P. R. China)

Abstract: Process of chloride ion diffusion in concrete with cracks is studied to accurately assess durability
performance of concrete structure with cracks. Preparation of cracks with nondestructive method is
proposed, which can produce cracks in internal concrete or on its side face effectively. Chlorine salt solution
immersion experiments on the concrete with cracks is conducted. It is studied on the chloride ion diffusion
effect of specimen with single slit and double slits, and revised chloride ion diffusion coefficient, and
simulating chloride ion diffusion process of concrete with cracks. Research results show that the chloride
ion diffusion will occur along or perpendicular to the cracking direction, and decreasing of the water cement

ratio, resistivity to chloride ion diffusion in cement mortar specimens increased significantly. In a specific
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range, increasing cracks spacing, the chloride ion diffusion interaction between double slits obviously

decreases. And simulation results in ANSYS are in good agreement with those data obtained in test.

Keywords: concrete; cracks; chloride ion; diffusion test; numerical simulation
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Table 1 Mix proportions of mortar
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Fig. 1 Graphic model of experimental setup
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Fig. 2 Concrete specimens with double cracks
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Fig. 3 Chloride ion diffusion depth in single slit specimens
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Fig. 4 Chloride ion diffusion depth in specimens

with different water cement ratio
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Fig. 5 Chloride ion diffusion depth in double slits specimens
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Fig. 6 Chloride ion diffusion depth in specimens

with different water cement ratio
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Fig. 7 Chloride ion diffusion model in concrete with cracks
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Table 2 The growth rate of chloride ion

concentration on the crack width

¥ /mm /% % /mm R/%
0~0.05 54.1 0.2~0.3 33.4
0.05~0.1 43.3 0.3~0.4 34.1
0.1~0.2 38.2 0.4~0.5 32.5
.44 HEREAMNIABTRESHGHm MNT

AR BE TR , A TR RE L SE TR 1n) (R v
MRS ARE ALK 13 s, MWEH R UE
FABEIRBE P S B T B B R T o IR EE
GBS U . 4 Z5% T8 AR R i, SR A8 TR K
FAETWE TR RN, YEEFRESET 79
mol/m® W}, X R (1) 15 Ak Bk fE BD b X — S P Ak
W .

1000~ 1000
Tl T
£ D st | .
= 750] "ue e, T = 750
< 2 £
£ 500/ #X 500 ..
® D) ® ", .
&’ H” 1 "y, ".v
R it 'l,," "y, ey,
® "llm:::::"

y/min y/min

(a)B4555)50.05 mm

=]
S
S

vever, vvvev,

~
w
=]

w
[=3
3

»
w
3

SN
Yy b, T,
ay Ty
I"lu "
uy, Ty
l""'l:u:‘. Yvey .

0 5 10 15 20 25 30 0 5 10 15 20 25 30

ST/ (mol-m ™)
BT (mol-m™)

y/min y/min
(c)Z48%55)%0.2 mm (d) 4% 35 0.3 mm
e « 0 ¢« 5mm + 10mm - 15mm

B 13 BREFARFANSBETRESS
Fig. 13 The distribution curve of chloride ion

diffusion along the direction of cracks propagation

SRS TR BBl BT R TR Dy 1) (B e D7 1))
73 A BLANE 14 Bras o NI Al DLFE i, 48 TR
JE 2 15 mm {9 I AR A S 1 e I oK T
i A% TR B L 15 ] 214 2R 4% TR 3 31 3k I — PR 22 % 51
BT HOT A B R, SR EE T Oy 0. 3 mm i,
ZER 9 10 mm {1 IF R I R Y S B 1 E 0 A A
BT RAETEE D 0. 2 mm A T E N

400 400,
& &
S 300f™ 2300 (™,
E E
#4200 00l T,
g%mo gElOO.
ol L R L L ) 0 " h f n ]
10 20 30 40 50 10 20 30 40 50
y/min y/min
(a) EETE)E0.05 mm (b) 45 %0.1 mm
400 400
& IR
2300 Z300[™
= E
jgzoc 200
E]oc r%lm_““‘w
e
10 20 30 40 50 10 20 30 40 50
y/min y/min
(c) HEFE0.2 mm (d) 2858 0.3 mm
b ] + 0 ¢*5mm + 10mm - 15mm

B4 EETHREARAOHEEFRESH
Fig. 14 The distribution curve of chloride ion diffusion

perpendicular to the direction of cracks propagation

4 Z5ig

DL B e AR BE L iy B B
TR T IO £ 2 A Ty vk Rl AT T AR
TR A B B 5 . OF N ANSYS B X S & 74
A B AT TR AR I 4598

1)) 4t 18 G 458 i o 28 4% S 77 125 i 2 52 B
T A T B e TR R AT A ) R A TR RE R L T
TN TR A 2 0 2R B T A U7 S0 R L T T R
BB N 2 R BEATAE ST TR BE W A PE
55T

) WEEW IR P& T o R AU R EE Kk
Ji& J5 1o B T T T B 4% R 5 ) T HOVE L Bl K
FRYE RN B0 A A AP0 B 7 PR RE ] 2 4R
L YA N 20 mm B, BAE R A & B TP EL
A& H W AE T /N T 288 M BE A 10 mm [,

DEGEHIE T AE FE GRS B &
S Az b i [) 55 52 i R 3R B TE T SR FAE IR BE 1 b
HH B B2 B, I ANSYS Bk % 47 24 4% VR 8k 1 rp
A T o R AR AT T ORLL, SR T YRR T
0~18 d 3G AH XS B S o AR 5 T I ) PR 3R, 24 4% 9 )3
XF TR BE B 1R B 1B 2 A s e A
MBLAE TN T 0.1 mm I 4O B B A 2R 4E T8
JEE B A0 S B 2 P 1Y K e B T 2 2 A T
0. 1 mm I, GBS 74 BIOR BE 38 K AR5 2%



42 P RAREHRERKE A

% 39 &

P4 ¥

[ 1] GOWRIPALANAN P, SIRIVIVATNANON V, LIM C
C. Chloride diffusivity of concrete cracked in flexure [J].
Cement and Concrete Research, 2000, 30(5): 725-730.

[ 2] WIN P P, WATANABE M, MACHIDA A. Penetration
profile of chloride ion in cracked reinforced concrete [J].
Cement and Concrete Research, 2004, 34(7). 1073-1079.

[ 3 ] skpBWE, iR AE R . 45, S48 0 TR 58 + 0 S0 7 9 iU
WA L], T 1% ,2012,29: 97-100.
ZHANG S F, LU C H, CHEN H, et al. Influence of
cracks on chloride dffusion and reinforcement corrosion in
concrete [J]. Engineering Mechanics, 2012, 29: 97-100.
(in Chinese)

[ 4 ] LINDQUISTI W D, DARWIN D, BROWNING J, et al.
Effect of cracking on chloride content in concrete bridge
decks [J]. ACI Materials Journal, 2006, 103 467-473.

L5 0 5k X0, 3 R 0. Ao 4% 228 4 IR B+ S8 B 715 %

SR L] CBUBE TR A 274, 2011, 33(6): 90-92.
ZHANG S P, LIU J P, DONG L F. Influence of
shrinkage cracking on chloride ions transport of concrete
[J]. Journal of Wuhan University of Technology, 2011,
33(6): 90-92. (in Chinese)

[ 6] 5KAEJm Bt 2 . 1R &E 1 i 2048 X R 4= AR 1

BRI [T 1. MG R 88 TR K 27 2% i, 2010, 31(6).
720-724.
ZHANG J, JU X C, GONG C X. Effect of cracks in
concrete on chloride penetration [J]. Journal of Harbin
Engineering University, 2010, 31 (6). 720-724. (in
Chinese)

[ 7 SERAR. 5 FTE 0 B oF 24 IR BE 1 9 19 % 12 WL 3 M AR
FZNLID]. HLH WL K%, 2011
YAN Y D. Transportation of chloride ions in damaged and
cracked concrete and its action [ D]. Hangzhou: Zhejiang
University, 2011. (in Chinese)

[ 8 JISMAIL M, TOUMI A, FRANCOIS R, et al. Effect of
crack opening on the local diffusion of chloride in cracked
mortar samples [ J]. Cement and Concrete Research,
2008, 38(8): 1106-1111.

[ 9 ] TAKEWAKA K, YAMAGUCHI T, MAEDA S.
Simulation model of deterioration of concrete structure due
to chloride attack [ J]. Journal of Advanced Concrete
Technology , 2003, 1(2): 139-146.

[10] KATO Y, UOMOTO T. Modeling of effective diffusion
coefficient of substances in concrete considering spatial
properties of composite materials [J]. Journal of Advanced
Concrete Technology , 2005, 3(2): 241-251.

(117 ISHIDA T, IQBAL P O, ANH H T L. Modeling of

chloride diffusivity coupled with non-linear binding capacity
in sound and cracked concrete [J]. Cement & Concrete
Research, 2009, 39(10): 913-923.

C12] FEH B . 2488 X5 i TR B L T A M2 pF 52 (D). 5 45 -
W LKA, 2010,
ZHUANG Q C. Influence of crack on durability of marine

[ D1 Qingdao
University, 2010. (in Chinese)

[13] DJERBI A, BONNET S, KHELIDJ A, et al. Influence of

concrete Qingdao: Technological

traversing crack on chloride diffusion into concrete [ ] ].
Cement & Concrete Research, 2008, 38(6) . 877-883.

C14] BEKAR A M R, Fig e, AR T JF 2R & - Ay &

B RIA L] ] WL R 2 4 CL2E RO S 2011, 45(12)
2128-2133.
YAN Y D, JIN W L, WANG H L. Chloride ingression in
cracked concrete under saturated state [J]. Journal of
Zhejiang University (Engineering Science) , 2011,45(12):
2128-2133. (in Chinese)

L157 b 3. YR BE A vh 53k i 1% i DL 20 R 40 9 4 ik s 24 [ D .
B WL R4, 2012,

FU C Q. Transport mechanism of chloride in concrete and
corroded RC expansion model [ D]. Hangzhou: Zhejiang
University, 2012. (in Chinese)

[16] ISHIDA T, IQBAL P O, ANH H T L. Modeling of
chloride diffusivity coupled with non-linear binding capacity
in sound and cracked concrete [J]. Cement & Concrete
Research, 2009, 39(10): 913-923.

[17]J KWON S J, NA U J, SANG S P, 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.

[18] AMEY S L, JOHNSON D A, MILTENBERGER M A,
et al. Predicting the service life of concrete marine
structures: an environmental methodology [J 1. ACI
Structural Journal, 1998, 95(2) . 205-214.

[19] ACHARI G, CHATTERJI S, JOSHI R C. Chloride
transport due to wick action in concrete[ C|// RILEM
International Workshop on Chloride Penetration into
Concrete, 1995. 74-76.

[20] e N\ R 2L i 22 . Kiz TR IR &E L i R . JT)
2701998 [M]. dtxt . o = 51 Toll th pi it . 1998.
Ministry of Transport of the People’s Republic of China.
Testing code of concrete for port and waterway

270-1998 [ M .

Architecture &. Building Press, 1998. (in Chinese)

engineering: JTJ Beijing:  China

(3 xS



