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Influence of Mineral Admixtures on the Diffusion Coefficient
for Chloride Ton in Concrete
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Abstract

The qualitative factors influencing the ingress of chloride ion into concrete are water-binder (W/B) ratio, cement type, age,
chloride ion concentration of given environment, wet and dry conditions, etc. Thus, an objective of this experimental research
is to investigate the effects of cement types and environmental conditions on the chloride ion diffusion characteristics in con-
crete through the chloride ion diffusion test. For this purpose, the diffusion coefficients for chloride ion in concrete with three
types of cement such as ordinary portland cement (OPC), binary blended cement (BBC), and ternary blended cement (TBC),
were measured for the concrete specimens with W/B ratios of 32%, 38%, and 43%, respectively. The diffusion coefficients for
chloride ion were also measured for the concrete specimens with W/B ratio of 43%, which were subjected to standard curing
and field exposure conditions. It was observed from the test results that the resistance against chloride ion penetration increased
with decreasing W/B ratio and those of BBC and TBC concretes were greater than that of OPC concrete. Therefore, it was
revealed that the use of these cements containing mineral admixtures is required to extend the service life of RC structures
exposed to chloride environment. On the other hand, it was noted that the resistance against chloride ion penetration of field
exposure test specimens was slightly lower than that of standard curing test specimens due to the penetration of chloride ion
under the irregular ambient temperature, splash of wave, and cycle of wet and dry.
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Table 1. Physical properties of cement

Setting time
(min)

Compressive strength
(MPa)

3 days | 7 days |28 days
3.15 250 370 340 23.5 33.0 40.0

Fineness
(m*kg)

Density
(g/em’)

Initial | Final

Table 2. Physical properties of fine aggregate

Densi Absor- | Unit Weight of

Specimen ( g/cm% ption | weight |passing No. 200[ F.M.
(%) | (kg/m?) sieve(%)

River sand| 2.60 1.47 1597 22 2.43

Table 3. Physical properties of coarse aggregate

. Gmax | Density |Absorption|Unit weight
Specimen (mm) | ( gcm3) (%) (ke /m3) F.M.
Crushed rock 20 2.65 0.58 1648 7.27

Table 4. Physical properties of mineral admixtures

Specimens Specific gravity Fineness (m?/kg)
GGBFS 2.89 490
FA 2.23 375
SF 22 20,000
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Table 5. Properties of superplasticizer

. . Solid content uantity (% .
Type Specific gravity pH (%) (by V(v)eight tg]f(c;r)n ent) Main component
Superplasticizer 1.21 8 41 0.2~2.0 Sodium salt of a sulfonate naphthalene
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Table 6. Mix proportions of concrete

Unit weight (kg/m?)
G W/B S/a Binders
max Cement type SP (Bx%
om | | % oPe |y o s | ¢ B0
orC BFS FA SF

OPC 160 500 0 0 0 691 966 1.10
BBCl1 160 350 150 0 0 687 959 0.85

20 32 42
BBC2 160 250 250 0 0 684 955 0.85
TBC1 160 200 200 100 0 707 910 1.55
OPC 164 432 0 0 795 907 1.00
BBCl1 164 302.4 129.6 0 791 902 0.80

20 38 47
BBC2 164 216 216 0 0 788 899 0.80
TBC1 164 172.8 172.8 86.4 0 779 899 1.25
OPC 165 388 0 0 0 811 925 1.00
BBC2 165 194 194 0 805 918 0.80

20 43 47
TBCl1 165 155.2 155.2 77.6 0 798 910 1.03
TBC2 165 194 174.6 0 19.4 802 915 1.23

Table 7. Exposure conditions of concrete
Environmental temperature (°C)
. Sodium chloride
Specimens (NaCl, %) Minimum of Maximum of Mean of
monthly mean monthly mean monthly mean
Standard curing 0 20 20 20
Seashore exposure 34 9.1" 18.9" 13.6"

*Results of coastal oceanographic observation of HUPO STATION
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Fig. 3 Detail of migration set-up
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Fig. 6 Diffusion coefficient for chloride ion of concrete with three W/B ratios
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Table 8. Diffusion characteristics of concrete

W/B(%) Cement type (x1 0(,11)22212 /s) m R?
oPC 11.84 0.30 0.92

0 BBCI 5.39 0.49 0.99
(Standard) BBC2 3.01 0.34 0.94
TBCI 4.16 0.61 0.98

OPC 16.13 0.28 0.98

38 BBC1 6.92 0.48 0.98
(Standard) BBC2 3.93 0.35 0.93
TBCI 4.40 0.57 0.98

OPC 17.29 0.26 0.99

a3 BBC2 5.02 0.34 0.95
(Standard) TBC1 4.71 0.56 0.98
TBC2 391 0.54 0.98

OPC 17.85 0.25 0.90

43 BBC2 533 0.31 0.94
(Seashore) TBC1 4.75 0.51 0.92
TBC2 4.40 0.53 0.94
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