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(A study of Threshold Chloride Content of Fly Ash Concrete in Marine environment)
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Abstract

The objectives of this investigation were to study the effect of W/B ratios and
fly ash on threshold chloride content of concrete under marine environment. Mea moh
fly ash was used as a partial replacement of Portland cement type [ at 0, 15, 25, 35, and
50% by weight of binder. Water to binder ratios (W/B) were varied as 0.45, 0.55, and
0.65. Concrete cube specimens of 200 mm were cast and steel bars of 12-mm in
diameter and 50-mm in length were embedded at coverings of 10, 20, 50, and 75 mm.
Subsequently, the hardened concrete specimens were cured in fresh water until the age
of 28 days and then were exposed to tidal zone of marine environment in Chonburi
province. The specimens were tested for water soluble chloride content at the position
of embedded steel bar and corrosion of embedded steel bar after being exposed to tidal
zone of sea water for 2, 3, 4, 5, and 7 years. The threshold chloride level (T) was
evaluated from relationship between chloride content at the position of embedded steel
bar and initial corrosion of embedded steel bar. '

The results showed that the threshold chloride level (free chloride) of concrete
decreased with increasing of fly ash replacement (especially in low volume fly ash) and
the decrease of W/B ratio.

Keyword ; Marine environment, Fly ash, Threshold chloride, Corrosion, Covering
depth
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Reinforcement Delamination
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Mix proportions of concrete (kg/m’)
Mix Cement Fly Fine Coarse Water W/B
Ash | aggregate | aggregate
145 478 - 639 1,024 215 | 045
145F15 406 72 639 1,004 215 | 045
145F25 359 119 639 990 215 | 0.45
145F35 311 167 639 977 215 | 045
145F50 239 239 639 957 215 | 045
I55 478 - 639 971 262 | 0.55
I55F15 406 72 639 948 262 | 0.55
I55F25 359 119 639 933 - 262 | 0.55
[55F35 311 167 639 918 262 | 0.55
I55F50 239 239 639 897 262 | 0.55
165 478 - 639 922 311 0.65
165F15 406 72 639 898 311 0.65
165F25 359 119 639 881 311 0.65
165F35 311 167 639 864 311 0.65
165F50 239 239 639 840 311 0.65
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a1 27

Chloride Content (% by Wt. of Binder)

Mix 10-mm Covering 20-mm Covering 50-mm Covering
Depth Depth Depth
145 4.41 2.61 0.00
155 5.00 2.00 0.64
165 6.42 4.61 1.23
145F15 5.41 1.82 0.15
145F25 5.21 2.00 0.0+
145F35 4.64 1.86 0.00
145F50 3.43 0.41 0.00
I55F15 5.21 2.43 0.00
IS5F25 6.20 2.00 0.00
I55F35 5.24 1.62 0.00
I55F50 4.40 0.40 0.00
I65F15 6.61 3.64 0.10
165F25 A.64 1.62 0.00
165F35 5.40 0.A1 0.00
165F50 4.60 0.21 0.00
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a3 %

Chloride Content (% by Wt. of Binder)

Mix 10-mm Covering 20-mm Covering 50-mm Covering
Depth Depth Depth
145 5.92 4.80 2.07
I55 7.00 5.45 2.23
165 7.64 425 3.02
145F15 5.60 2.30 0.30
145F25 7.64 2.24 0.00
[45F35 5.07 2.00 0.00
145F50 3.83 0.60 0.50
I55F15 7.00 4.30 0.14
ISSF25 6.80 3.40 0.24
I55F35 6.43 3.04 0.30
IS5F50 6.80 0.80 0.00
165F15 7.32 4.80 0.21
165F25 7.40 4.20 0.11
165F35 6.80 3.20 0.1
[65F50 6.20 1.66 0.00
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nan4dl

Chloride Content (% by Wt. of Binder)

Mix 10-mm Covering 20-mm Covering 50-mm Covering
Depth Depth Depth
145 6.21 5.11 0.63
155 7.22 5.64 2.00
165 8.43 6.24 2.83
I45F15 5.80 2.42 0.42
I45F25 5.64 2.43 0.00
145F35 542 1.62 0.00
[45F50 4.00 0.83 0.00
I55F15 6.80 4.00 0.24
155F25 6.30 3.45 0.10
[55F35 5.80 2.20 0.23
155F50 5.40 0.80 0.00
165F15 7.40 4.60 0.52
165F25 7.60 4.30 0.90
165F35 7.00 3.50 0.23
165F50 5.50 2.40 0.10
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a5
Chloride Content (% by Wt. of Binder)
Mix 10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth

145 6.16 5.22 0.51 0.00

I55 7.12 5.73 2.10 0.81

165 8.50 6.72 2.81 1.08
[45F15 5.80 2.60 0.30 0.00
145F25 6.10 2.51 0.30 0.00
145F35 5.40 2.22 0.30 0.00
[45F50 4.24 0.91 0.00 0.00
I55F15 7.10 4.40 2.00 0.32
I55F25 6.65 3.73 1.00 0.00
I55F35 6.50 3.42 0.30 0.00
155F50 6.50 1.40 0.23 0.00
165F15 7.54 4.80 1.08 0.30
165F25 5.80 4.54 0.70 0.32
165F35 7.20 1.40 0.40 0.32
165F50 6.50 2.50 0:11 0.00
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a1 71

Chloride Content (% by Wt. of Binder)

Mix 10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth

145 6.5 5.6 0.6 0
I45F15 6.2 2.9 0.5 0
145F25 6.1 2.5 0.2 0
145F35 5.3 3.1 0.2 0
145F50 5 1.2 0.1 0
155 7.8 5.7 1.9 0.9
IS5F15 5 4.7 1.8 0.6
I55F25 6.9 3.4 1.8 0
I55F35 6.1 3.8 0.4 0
I55F50 5.3 1.2 0.6 0
165 7.8 6.2 3.1 1
[65F15 6.5 3.9 1 0.3
165F25 7.9 4.7 0.6 0.6
165F35 7.3 3.6 0.9 0.2
I65F50 6.1 2.6 0.1
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Rusted Area (%)
Mix
10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth
145 26.0 5.5 0.0 0
[45F15 20.2 5.2 0.0 0
145F25 22.5 5.0 00 0
145F35 20.2 5.0 0.0 0
[45F50 31.8 5.0 0.0 0
155 95.5 9.5 0.0 0
I55F15 81.2 6.2 0.3 0
[55F25 97.1 4.7 0.3 0
IS5F35 87.0 3.3 0.0 0
155F50 95.0 2.0 0.0 0
165 97.1 17.0 3.7 0
165F15 100.0 16.7 0.5 0
165F25 96.6 5.0 0.0 0
165F35 35.5 2.1 0.0 0
165F50 53.1 5.0 0.0 0
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Rusted Area (%)
Mix
10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth
145 100.0 233 10.0 0
145F15 65.5 4.9 0.0 0
145F25 29.2 2.7 0.0 0
[45F35 73.2 6.6 0.0 0
145F50 61.0 0.0 0.0 0
I55 100.0 2.7 0.6 0
I55F15 100.0 15.0 0.0 0
[55F25 100.0 6.6 0.0 0
I55F35 100.0 39.8 0.0 0
I55F50 99.2 0.5 0.0 0
165 100.0 88.9 14.9 3 |
165F15 100.0 86.5 1.1 0
165F25 100.0 82.2 1.1 0
165F35 100.0 45.6 3.7 0
165F50 100.0 5.0 1.1 0
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Rusted Area (%)
Mix
10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth
145 100 45.1 10 0
[45F15 22.8 13.3 0 0
145F25 34.5 5 0 0
145F35 34.5 10 0 0
145F50 55.7 4.2 0 0
I55 100 76.9 10.9 1
I55F15 100 14.6 0 0
I55F25 100 9.5 0 0
I55F35 100 8.6 0 0
[55F50 100 13.3 0 0
165 100 84.9 11.1 5
165F15 100 3.3 0 .
165F25 100 87 0 0
J65F35 100 42 4 0 0
I65F50 87.5 3.2 0 0
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Rusted Area (%)
Mix
10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth
145 100 45 4 0
145F15 100 20 2 0
145F25 100 30 2 0
[45F35 100 7 0 0
I45F50 100 5 0 0
155 100 100 70 40
I55F15 100 %5 5 0
I55F25 100 100 5 0
I55F35 100 30 2 0
I55F50 100 14 2 0
165 100 100 80 60
165F15 100 100 23 0
165F25 100 95 4 0
165F35 100 93 2 0
165F50 100 25 0 0
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Rusted Area (%)
Mix
10-mm Covering 20-mm 50-mm 75-mm
Depth Covering Depth | Covering Depth | Covering Depth
145 100 65 3 0
[45F15 100 30 10 0
145F25 100 40 7 0
145F35 100 15 0 0
145F50 100 30 2 0
155 100 . 100 90 60
I55F15 100 . 100 15 0
I55F25 100 100 %0 0
I55F35 100 65 0 0
I55F50 100 24 | 0
165 100 100 100 70
I65F15 100 100 23 0
165F25 100 . 100 3 0
165F35 100 87 1 0
165F50 100 32 0 0
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