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Abstract

In this study, compressive strength, chloride penetration profile, steel corrosion, and water
permeability of concrete containing fly ash from NPS and Mae Moh power plants under sea water
were investigated. Fly ash obtained from NPS was ground to have particles retained on sieve No.
325 of 2.0% and then was used as a partial replacement of Portland cement type I at 0, 15, 25, 35,
and 50% by weight of binder. Water to binder ratios (W/B) of concrete were varied as 0.45, 0.55
and 0.65. The 200-mm concrete cube specimens with steel bar of 12-mm in diameter and 50-mm in
length embedded at the cover depth of 10, 20, 50, and 75 mm were cast. Concrete specimens were
cured in fresh water for 28 days, and then they were placed to expose to tidal zone of sea water. The
specimens were tested for compressive strength, chloride penetration profile, and steel corrosion at
ages of 180 and 365 days of exposure in sea water. In addition, water permeability of concrete

specimens was also investigated at 365 days exposure in sea water.

For Mae Moh fly ash concrete, Portland cement type I and V were used to cast concrete. Original
and classified fly ashes were used to replace Portland cement type I at 0, 15, 25, 35, and 50% by
weight of binder. Water to binder ratios were varied as 0.45, 0.55, and 0.65. The specimen
preparation is similar to that of NPS fly ash concrete. These specimens were prepared from previous
research. After the concretes were exposed to tidal zone for 4 and 5 years, the compressive strength,
chloride penetration profile, and steel corrosion were investigated. In addition, water permeability of

concrete was also tested at 5-year exposure in sea water.

The results showed that the compressive strength of NPS fly ash concrete tended to increase up to
the age of 180 days, and it slightly decreased during 180 to 365-day exposure in sea water. Fly ash
concrete was better resistant to chloride ingress than that of concrete without fly ash and the
increase in fly ash replacement could reduce the chloride ingress into concrete. The rusty of
embedded steel bar was not found in all fly ash concretes but it slightly occurred at cover depths of
10 and 20 mm in concrete without fly ash. The higher is the chloride content in concrete, the higher

is the corroded of steel bar.



For Mae Moh fly ash concrete, the results showed the same trend with NPS fly ash concrete that the
increase of replacement and fineness of fly ash in concrete could reduce the chloride penetration
profile and corrosion of embedded steel bar. Besides, the concrete with Portland cement type I
tended to have lower chloride penetration profile than that of Portland cement type V. Moreover, the
compressive strength of concretes with Portland cement type I and V decreased, while those of fly

ash concretes increased at 5-year exposure in sea water.

Keywords: Concrete / Fly Ash / Sea Water / Chloride / Covering / Rusted Steel /

Water Permeability
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Type of Mix Proportion of Concrete (kg/m3) Slump

Concrete | Cement | Fly Ash | Coarse-Agg | Fine-Agg | Water SP (%) (cm)
145CT 424 - 979 767 190 - 7
I45FN15 360 64 960 767 190 2.12 (0.50) 8
[45FN25 318 106 949 767 190 3.18 (0.75) 10
[45FN35 276 148 936 767 190 3.82 (0.90) 8
I45FN50 212 212 917 767 190 6.15 (1.45) 8
I55CT 348 - 1,015 799 191 - 8
I55FN15 296 52 1,001 799 191 1.04 (0.30) 10
I55FN25 261 87 990 799 191 1.74 (0.50) 9
I55FN35 226 122 976 799 191 2.44 (0.70) 9
I55FN50 174 174 963 799 191 3.83(1.10) 8
165CT 295 - 1,039 814 192 - 9
I65FN15 251 44 1,028 814 192 0.59 (0.20) 8
165FN25 221 74 1,023 814 192 0.89 (0.30) 9
165FN35 192 103 1,012 814 192 1.18 (0.40) 9
165FN50 148 148 998 814 192 1.77 (0.60) 8
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Type of Mix Proportion of Concrete (kg/mj) Slump
Concrete | Cement | Original FA | Classified FA | Coarse-Agg | Fine-Agg | Water (cm)
145 478 - - 639 1,024 215 15
V45 478 - - 639 1,024 215 13
145015 406 72 - 639 1,004 215 18
145025 359 119 - 639 990 215 22
145035 311 167 - 639 977 215 23
145050 239 239 - 639 957 215 24
145C15 406 - 72 639 1,004 215 21
145C25 359 - 119 639 990 215 22
145C35 311 - 167 639 977 215 24
145C50 239 - 239 639 957 215 23
155 478 - - 639 971 262 22
V55 478 - - 639 971 262 22
155015 406 72 - 639 948 262 23
155025 359 119 - 639 933 262 25
155035 311 167 - 639 918 262 23
155050 239 239 - 639 897 262 22
I55C15 406 - 72 639 948 262 22
I55C25 359 - 119 639 933 262 22
I55C35 311 - 167 639 918 262 23
I55C50 239 - 239 639 897 262 23
165 478 - - 639 922 311 25
V65 478 - - 639 922 311 24
165015 406 72 - 639 898 311 21
165025 359 119 - 639 881 311 21
165035 311 167 - 639 864 311 22
165050 239 239 - 639 840 311 22
165C15 406 - 72 639 898 311 22
165C25 359 - 119 639 881 311 23
165C35 311 - 167 639 864 311 23
165C50 239 - 239 639 840 311 25
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Cement | Cement

Chemical Composition . v FN-O | FN-F | FM-O | FM-F
Silicon Dioxide, SiO, (%) 20.80 21.52 | 46.08 | 46.70 | 4495 | 44.57
Aluminum Oxide, Al,O, (%) 5.50 3.56 | 12.50 | 12.85| 23.70 235
Iron Oxide, Fe,0, (%) 3.16 4.51 2.04 5.91 10.80 10.4
Calcium Oxide, CaO (%) 64.97 66.70 3.75 4.17 13.80 13.84
Magnesium Oxide, MgO (%) 1.06 1.20 | N/A N/A 3.47 3.29
Sodium Oxide, Na,O (%) 0.08 0.10 0.08 0.14 0.07 0.08
Potassium Oxide, K,O (%) 0.55 0.24 0.88 1.07 2.38 2.59
Sulfur Trioxide, SO, (%) 2.96 2.11 0.82 0.77 1.31 1.24
Loss on Ignition, LOI (%) 2.89 1.74 | 26.63 | 25.06 0.52 0.76
Tricalcium Silicate, C,S (%) 56.50 71.60 - - - -
Dicalcium Silicate, C,S (%) 17.01 7.68 - - - -
Tricalcium Aluminate, C,A (%) 9.23 1.80 - - - -
Tetracalcium Aluminoferrite, C,AF (%) 9.62 13.72 - - - -

Remark: N/A =Not applied
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NPS fly ash Mae Moh fly ash
Determination
Coarse Agg. | Fine Agg. | Coarse Agg. | Fine Agg.
Bulk Specific Gravity (SSD) 2.72 2.61 2.77 2.57
Apparent Specific Gravity 2.74 2.65 2.80 2.61
Absorption (%) 0.43 0.90 0.64 0.96
Fineness Modulus N/A 2.95 6.66 2.63
Maximum Size (mm) 20 N/A 19 N/A

Remark: N/A = Not applied
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Compressive strength (ksc) Curing in W Exposure in SW
fype Curing in water | Exposure in sea water 365-D 365-D in SW | 365-D in SW
o /28-D /180-Din | /365-Din W

concrete | 28-D | 365-D 180-D 365-D

(%) SW (%) (%)
145CT 451 545 585 561 121 96 103
I45FN15 513 580 622 592 113 95 102
I45FN25 | 477 533 575 539 112 94 101
I45FN35 | 426 478 527 484 112 92 101
I45FN50 | 369 442 484 464 120 96 105
IS5CT 395 501 507 457 127 90 91
I55FN15 384 513 475 487 134 103 95
I55FN25 384 470 464 449 122 97 96
IS5FN35 363 433 438 420 119 96 97
IS5FN50 | 327 388 398 381 119 96 98
165CT 309 390 408 411 126 101 105
I65FN15 331 422 417 412 127 99 98
I65FN25 316 411 392 393 130 100 96
I65FN35 | 286 357 341 332 125 94 93
I65FN50 | 254 343 325 327 135 101 95

Remark: W = Water, SW = Sea water, D = Day
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