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ABSTRACT

This paper investigates the effect of the concrete containing mineral admixtures(pozzolanic materials such as
fly-ash, ground granulated blast-furnace slag, silica fume and meta kaolin) on the resistance properties to chloride

ion invasion

The purposed testing procedure was applied to the concrete replaced mineral admixtures for 3~4 replacement
ratios under water-binder ratios ranged from 0.40 to 0.55. For the electro-migration test, Tang and Nilsson's method

was used to estimate the diffusion coefficient of chloride ion.

As a results, the water-binder ratios, kinds of mineral admixtures and replacement ratios, water curing periods
had a great effect on the diffusion coefficient of chloride ion, and the optimal replacement ratios had a limitation for
each mineral admixtures. Also, the use of mineral admixtures by mass(replacement of OPC) enhance the resistance
ability against chloride penetration compared with the plain concrete.

The compressive strength was shown related to the diffusion coefficient of chloride ion, the compressive strength
increases with the diffusion coefficient of chloride ion decreasing. Below the 50MPa, the variation of diffusion
coefficient of concrete replaced mineral admixtures was bigger than that of plain concrete.

Keywords : electro-migration test, diffusion coefficient of chloride ion, mineral admixture, compressive strength
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Table 1 Experimental plan

Kinds of mineral S
W/B (%) Mark admixtures Replacement ratios (%) Measurements Age (days)
Plain -
40 FA Fly ash 10, 20, 30 - Compressive strength - 7
45 Ground granulated - - 28
50 BS blast-furnace slag 30, 80, 70 - Diffusion coefficient - 56
55 SF Silica fume 5, 10, 15, 20 of chloride ion - 91
MK Meta kaolin 5, 10, 15, 20
Table 2 Mix proportions of plain concrete
- - 3
Max. of Air contents o o Unit weight (kg/m")
coarse (mm) Slump (mm) (%) W/C B8 | S/ate) Water Cement Sand Gravel
40 45.6 158 395 793 954
250 180425 4515 45 46.7 158 351 829 954
50 479 158 316 861 951
55 47.8 164 298 863 949
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Table 3 Physical properties of materials used

Kind : ordinary portland cement (Type I)
Specific gravity : 3.15, Brain @ 3,200 cm /g

Kind : Washed sand, Specific gravity @ 2.60
Fineness Modulus : 2.60

Kind : crushed gravel, Specific gravity : 2.63
Maximum size : 25 mm
Fineness modulus @ 6.96

Kind : naphthalene, pH : 7.0+1.0 (20C)
Specific gravity : 1.20+0.02 (207C)

Cement

Sand

Gravel

SP agent
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Table 4 Physical properties and chemical compositions of mineral admixtures

Kinds of mineral Specific Brain Ig loss. Chemical proportion (%)
admixtures gravity (cm*/g) (%) Si0: AlO3 FexOs3 CaO MgO SOs
Fly ash (FA) 2.15 3,158 3.57 56.4 237 9.0 25 1.3 1.1
blaf{?&’;ﬂaggagggtfgs) 285 3860 | 027 37 144 04 47 6.4 10
Silica fume (SF) 2.20 200,000 2.10 91.2 1.3 0.8 07 0.3 -
Meta kaolin (MK) 2.59 10,000 - 520 40.0 3.0 1.2 0.5 -
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Diffusion coefficient x10™ (cm?/sec)

[0} 10 20 30 0 30 50 70 0 5 10 15 20 0 5 10 15 20
Replacement ratio (%) Replacement ratio (%) Replacement ratio (%) Replacement ratio (%)
(a) FA (b) BS (¢c) SF (d MK

Fig. 3 Diffusion coefficient according to the kinds of admixture and replacement ratio with age (W/B 45%)
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Fig. 5 Diffusion coefficient of concrete using each admixture with age
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Diffusion coefficient X107 (cm?/sec)

40 45 50 55
w/8 (%)

(a) 28 days
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Fig. 6 Diffusion coefficient of each mixes according to the W/B ratios
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Table 6 Tendency equation of relationship between
compressive strength and diffusion coefficient
according to the kinds of admixture

D=axexp(-bxfw)

v | 2 [ b | s [ of commasive
Total | 9.1313 | 0.0469 | 0.7818 14.4~84.8
Plain | 9.5691 | 0.0396 { 0.8431 23.4~51.2
FA 9.0482 | 0.0438 | 0.8624 15.8~58.6
BS 4.0838 | 0.0340 | 0.7174 14.4~66.3
SF 16.825 | 0.0584 | 0.8200 28.8~84.8
MK 8.3648 | 0.0441 | 0.8210 26.7~69.9
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