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A Study of the Effect of Mineral Admixtures on the Chloride Diffusion
of the Concrete Immersed in Chloride Solution
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ABSTRACT

The corrosion of reinforcement induced by chloride ingress is the main deterioration cause of coastal reinforced
concrete structures. In this paper, an experimental study was executed to investigate the effect of the kinds and
replacement ratios of mineral admixtures (fly-ash, ground granulated blast-furnace slag, silica fume and
meta-kaolin), W/B and curing time on chloride diffusion of concrete by long-time immersion test in chloride
solution. According to the result, the use of mineral admixtures was effective in improving the resistant to chloride
ingress. The chloride penetration depth and diffusion coefficient were decreased as replacement ratios of mineral
admixture were increased. The kind and replacement ratio of the mineral admixture are more important than the
W/B in reducing the chloride diffusion of concrete. Chloride binding capacity of mineral admixture, which was
sequenced in the order of MK>Plain>SF>BS>FA in this study, showed that MK was most effective. Although
curing time had an effect on the chloride diffusion of all concrete mixtures, the effect was gradually decreased
with time. Therefore, it can be said that the time of form work removal after 7 days curing is not important from

the viewpoint of chloride ingress.
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Table 1 Experimental plan
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Type of | Replace- |Standard| Measure- (Immersed
W/B| mineral ment curing ment time
admixtures | ratio (%) | (days) items (days)
Plain - + Chloride
8jg BS 30,50,70 . 7 | penetration g?
0.50 FA 10,20,30 .98 depth . 182
' SF 5,10,15,20 - Chloride .
0.55 . 330
MK 5,10,15,20 concentration
Table 2 Mix proportion of the plain concrete
w/C S/a Unit weight (kg/m’) Sp
(%) Water | Cement | Sand | Gravel | (xB,%)
040 456 158 395 793 954 05
0.45] 467 158 351 829 957 0.5
050 477 158 316 861 951 0.5
055| 478 164 298 863 949 0.5
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Table 3 Physical properties and chemical composition of mineral admixtures

Kinds of mineral Specific Blain Ig. loss Chemical proportion (%)
admixtures gravity (cm¥g) (%) Si02 AlOs FesOs Ca0 MgO SO3
Ground granulated
blast-furnace slag (BS) 2.85 3,860 0.27 33.7 144 0.4 417 6.4 1.0
Fly ash (FA) 2.15 3,158 3.57 56.4 23.7 9.0 2.5 | 13 1.1
Silica fume (SF) 2.20 200,000 2.10 91.2 1.3 0.8 0.7 0.3 -
Meta kaolin (MK) 2.59 10,000 - 52.0 40.0 3.0 1.2 | 05 -
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Fig. 1 Plan of immersion test in chloride solution
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Fig. 2 Chloride penetration depth for plain
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dYE AP Ao AAT T AH 30Ye) 24
RO ZHES] Zlold AREBS vhehd Aoluk

29 FgAAANN Zo] 0~15mmAAE W/ A
glo] A%E dgEFo] fAIg oY, Zol 15mmbE
7t AEZoANE W/CIH ARSE AslBdo] 271519
) B3], 0~5mmole] FUQSEGe TR 790
AS7t BZPA R vlaA oF 164 AL O 2o
U, o7} AoASE Aol aste] HE 1570 9
Aol Al FA7|7el BAGL0] SALSHA VrERdT)

Fig. 5% &34 542 2age 312AA7E A
W%h 9= E3A AN o AuXsee 2
= gl oialA, 27 7Y W 28UZF EFGAS A A
g 5ol 34 F AR 30U S w2

stRZCIESS| =28 M7 55(2005)



0.8
o, Curing time
20%FA WB b1 28D
06 055 O | ®

050 Al A
045 O | ®
040 O | m

0.4

0.2

Chloride content(% of Con'c wt.)

0 10 20 30 40
Distance from the surface (mm)
(a) FA20
0.8
I Curing time
E 10% SF WB b 28D
= 055 0 @& ||
8 0.6 050 A A
us 0451 © >
¥ 040 O a
g
2
s
=]
(5]
L]
b=
=
<
=
Q
i
30 40

Distance from the surface (mm)

(c) SF10

0.8

50% BS w/B

0.6

0.40

0.4

0.2

Chloride content(% of Con'c wt.)

0 i 1 1

0 10 20 30 40
Distance from the surface (mm)
(b) BS50
o8
3 Curing time
0,
E 10% MK WIB 77D [ 28D
" 055| O | @
3 06 050 A| A
< 045 & | - &
040| D ®
£ —
e 04
i)
[~
=]
(5]
g 02
T
L
-=
&)
0 i 1 ]
0 10 20 30 40

Distance from the surface (mm)

(d) MK10

Fig. 5 Chioride profiles for different kinds of admixture (330 days)
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