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ABSTRACT

Significant damage to concrete results from the intrusion of corrosive solutions, for example, dissolved chlorides
corrode reinforcing steel and cause spalling. Effectively blocks the penetration of these solutions will eliminate or
greatly reduce this damage and lead to increased durability.

This study is to investigate the effects of pozzolanic admixtures, fly ash and silica fume, and a blast furnace slag
on the chloride ion penetration of concretes. The main experimental variables were the water-cementitious material
ratios, the types and amount of admixtures, and the curing time. And it is tested for the porosity and pore size
distributions of cement paste, chloride ion permeability based on electrical conductance, and 180~day ponding test for
chloride intrusion. The results show that the resistance of concrete to the penetration of chloride ions increases as
the w/c was decreased, and the increasing of curing time. Also, concrete with pozzolans exhibited higher resistance
to chloride ion penetration than the plain concrete. The significant reduction in chloride ion permeability{charge
passed) of concrete with pozzolans due to formation of a discontinuous macro-pore system which inhibits flow. It is
shown that there is a relationship between chloride ion permeability and depth of chloride ion penetration of concrete,
based on the pore structure (porosity and pore size distributions) of cement paste.
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Table 1 Chemical and physical proportion of admixture
Chemical composition (%) Cement Fly ash Silica fume Blast furnace slag
Si0, 20.57 53.08 97.33 33.1
ALO; 5.48 25.25 0.24 13.76
FexO3 3.18 12.84 0.33 0.85
CaO 63.03 261 0.3 40.59
MgO 341 1.37 0.33 7.22
503 2.23 0.06 - 1.65
Ig loss 1.24 2.1 442 0.91
Blaine’s specific surface area(cmz/g) 3,240 3,280 200,000 4,550
Specific gravity 3.15 2.17 2.2 2.9
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Table 2 Mix proportions of concrete

Unit of weight (kg/m®)

. . W/B i
Test series Mix. (%) c A P BFS S G Air (%)
1. Plain P40 40 490 - - - 584 1076 1.1
concrete P45 45 462 - - - 642 1010 16
P50 50 400 - - - 711 1013 15
P55 55 351 - - - 767 1019 1.7
P60 60 320 - - - 797 1014 2.5
P65 65 308 - - - 807 994 14
FA45-20 45 370 92 - - 607 1010 11
2. Fly ash FA55-10 316 35 - - 755 1016 19
concrete FA55-20 55 281 76 - - 742 1016 17
FA55-30 246 105 - - 730 1016 11
FA65-20 65 246 62 - - 772 994 2.1
SF45-10 45 416 - 46 - 625 1010 1.2
3. Silica fume | SF55-5 333 - 18 - 763 1016 17
concrete SF55-10 5 316 - 35 - 756 1016 19
SF55-20 281 - 70 - 737 1016 0.6
SF65-10 65 277 - 31 - 713 994 1.6
BFS45-50 45 231 - - 231 625 1010 1.0
4 Blast fumace| BFS55-40 211 - - 140 759 1016 10
slag concrete| BFS55-50 55 176 - - 175 756 1016 1.2
BFS55-60 140 - - 211 754 1016 0.8
BEFS65-50 65 154 - - 154 794 994 1.9
Note) W/B : Water-Binder ratio, P : Plain, FA : Fly ash, SF : Silica fume, BFS : Blast furnace slag
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Fig. 1 Schematic of rapid chloride permeability test
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Table 3 Chloride ion permeability based on charge

passedS)
Charge .
passed Chlor];(_if: Type of concrete
(Coulombs) permeability
4000 < High High water-cement ratio(=>0.6)

2000~4000 | Moderate |Moderate water-cement ratio
(04~05)

Low water-cement ratio( <0.4)
"lowa" dense concrete
100~1000 | Very low |Latex modified concrete,
Internally sealed concrete

< 100 Negligible |Polymer impregnate concrete,
Polymer concrete

1000~ 2000 Low
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Table 4 Results of test

Total prosity Chloride‘i.on Depth Qf

Type of | (30" | Oy eoride fon

concrete coulompos p(6months

7D | 28D [160D| 7D |28D |160D mm) '
P40 340|749 2044 1882 26.3
P45 863|718 2774|2213 31.2
P50 904 | 815 3456 | 2708 334
P55 11851 92.3 | 84.2 [5945|4208| 3565 373
P60 107.4| 89.4 4910|4190 436
P65 118.4| 984 58401 1939 49.2
FA45-20 872|753 1935] 1070 295
FA55-10 934 | 844 3657 2754 354
FA55-20 [121.3] 93.1 | 83.9 |5881|3444| 2189 31.8
FA55-30 94.7 | 85.3 3132|1270 28.3
FA65-20 102.1] 83.2 4544 3760 46.9
SF45-10 80.7 | 70.4 688 | 204 22.6
SF55-5 85.1 | 79.1 2351 | 1548 315
SF55-10 |102.1| 84.8 | 785 |4521|1543| 936 285
SF55-20 874|324 383 | 39 24.4
SF65-10 91.7 | 846 3872| 3349 44.3
BFS45-50 8271731 986 | 447 24.1
BFS55-40 86.0 | 80.5 3297 1684 31.3
BFS55-50 [1055| 85.2 | 79.8 |4867|2725| 1130 28.8
BFS55-60 876|835 1814| 841 26.3
BFS65-50 926|851 4072| 3518 45.1
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Table 5 Grading of chloride penetration

Charge
passed
{Coulombs)| 7day 28day

Chloride ion Type of concrete (Test series)

permeability

160day

P55 | P55, PO,
FA55-20,| P65
SF55-10, | FA65-20 | P80, P6d
BFS55-50| BFS65-50
P40, P45,
P50 | P45, P50,
FAS5-10| P55
FAS5-20, | FA55-10,
FA55-30, | FAS5-20,
SF55-10, | FA65-20),
SF65-10, | SF65-10,
BES55-40| BFS65-50
BFS55-50

High 4000<

Moderate 2000~ 4000 -

P40

FA45-20,
FA45-20, FA55-30,

SF55-10, SF55-5

BFS55-50
SF45-10,
SF45-10, | SF55-10,
SE55-20, | SFS5-20
BFS45-50| BES45-50,
BFS55-60

Low 1000~ 2000 -

Very Low | 100~1000 -

Negligible <100 - - _
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