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Chloride Ion Diffusion Characteristics of Fly ash Concrete with Age
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ABSTRACT

One of the major degradation processes of reinforced concrete (RC) structure is corrosion of
reinforced steel due to chloride attack. Severe environments, such as marine environment and
exposure to de-icing salts, could accelerate the steel corrosion of RC structures through the
chloride ion intrusion into concrete. In order to delay this degradation process, several kinds of
admixtures have been used in concrete mix. In this study, effective diffusion coefficient of chloride
ion (De) and total passed charge of concrete with and without fly ash were measured using
electrical method. It is found that fly ash concrete has much less chloride ion coefficient than
ordinary concrete at later age. By analyzing the test results, Des at 28 and 90 days was obtained
as a function of water-binder ratio (W/B) and an equation for predicting Der with age was
proposed considering the decreasing rate of Deg.
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Table 1 Chemical composition and physical properties of cement and fly ash

Chemical composition (%) Physical properties
Material . Specfic Blaine
SiO; ALy FeyO3 Ca0 MgO S0s LOI gravity (cm’/g)
Cement 207 5.2 30 62.4 47 24 1.36 315 3450
Fly ash 56.7 21.2 6.0 6.7 14 0.1 344 227 337

Table 2 Mix proportions of concrete(kg/m’)

x;xe I:?(‘)X Water Cement Fly ash Fin:ggregaéeoarse &E% (}llsRX‘{/S W/B
1 185 370 - 74 969 05 - 0.50
OoPC 2 158 450 - 672 1061 - 15 0.35
3 148 550 - 617 1060 - 24 0.27
4 185 296 74 744 956 0.5 - 0.50
FA20 5 158 360 90 661 1043 - 15 0.35
6 148 440 110 605 1038 - 24 0.27
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Table 3 Compressive strength (MPa)

. . Age(days)
Mix type { Mix no. 7 8 %0 120 365
1 26.3 28.6 32.5 380 40.7
oPC 2 42,6 46.9 49.8 56.7 63.8
3 58.0 66.2 714 746 76.5
4 20.7 29.3 329 395 418
FA20 5 36.8 45.0 487 56.9 63.3
6 43.8 62.4 72.0 74.8 81.0

32 B3 W3
3 AP 2YRe ZAYEY 57 EHL Uitk & Mo Be4E FR40] o}
Asjol e AaFAo]l Yun B 5 Yuk? A% 37 A8F A¥AHE Yehlle Table 48 RW,

20039x & sheeEs =23 683



W/B7 We48 XY @o]l Biadte BFS vehdon, & WX FA20 IEY B¢

of 271dE o & & Jvehyou AE 28Ydye OPC £AdES vl£d e 1 o3z F

3 Zadte] OPC EZE vlg wf¢ @2 #%S Yehlido. A& Eol, W/BZE 0359 B+ A%

28Ul A FA20 3 Ee F3A3leo] OPC A E S A vHlxdgo, AH NYAME 1/2

Table 4 Total passed charge(Q, coulombs)

Mix Type| Mix no. Age(days)
7 28 90 180 365
1 10916 6155 5122 4558 4200
OPC 2 6106 4165 3573 3287 2419
3 4539 2664 2306 1977 1628
4 10727 5725 3128 1904 1050
FA20 5 7649 4152 1879 1160 593
6 5764 2642 A8 758 401
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Fig. 3 Effective diffusion coefficient of chioride ion with age
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Fig. 4 Relation between W/B and effective diffusion coefficient of chloride ion at (a) 28 and {b) 90 days
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Table 5 Decay coefficient of diffusion coefficient with age

. . Desr (X109 Decay coefficient of Dy (m) R?
Mix type Mix no.
D Dy Dyt =Dsg Drer=Dw Drer =Dag Drei=Doo

1 3.25 1.82 0.25 0.28 0.80 0.80

OPC 2 2.30 1.29 0.22 0.32 0.61 0.89
3 1.08 0.88 0.35 032 0.62 0.85
4 3.25 1.43 0.30 041 0.66 0.86

FA20 5 2.27 0.96 0.30 0.42 0.56 0.85
6 1.10 0.66 0.48 0.48 0.99 0.99
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