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Abstract

This research studied the initial corrosion of reinforcing steel in concrete containing ground
rice husk-bark ash (GRBA) under marine environment. Control concretes were prepared using
Portland cement type I with W/B ratios of 0.45 and 0.65. GRBA concrete were cast using GRBA to
replace Portland cement type I at the percentages of 15, 25, 35, and 50% by weight of binder at the
same W/B ratios of the control concretes. Concrete cube specimens of 200x200x200 mm’ were cast
and steel bars of 12-mm in diameter and 50-mm in length were embedded with concrete coverings of
10, 20, 50, and 75 mm. Concrete specimens were exposed to a tidal zone of marine environment in
Chonburi province. The specimens were tested for free chloride content at the position of embedded
steel bar, corrosion of the embedded steel bar and free chloride penetration in concrete after being
exposed to tidal zone of sea water for 2, 3, 5, and 7 years. The free chloride penetration and chloride
threshold levels obtained from this testing led to the determination of time to initial corrosion of
GRBA concrete. The results found that the use of GRBA as high as 25% replacement in concrete

greatly prolongs the time to initial corrosion of the reinforcing steel in the concretes.

Keywords: rice husk-bark ash, initial corrosion, chloride threshold content, concrete cover,

marine environment
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CI (by Wt. of binder)
dis.
Mixture 2-year exposure 3-year exposure
(mm)
Acid Water Acid Water
5 3.98 3.70 5.37 4.62
15 2.08 1.99 3.27 2.54
25 1.39 1.37 2.23 1.85
165 35 1.29 1.20 2.10 1.85
45 0.73 0.68 1.11 1.00
55 0.31 0.29 0.52 0.45
65 0.19 0.17 0.33 0.32
75 0.06 0.05 0.11 0.08
5 3.53 2.98 4.19 3.66
15 1.94 1.69 2.52 2.18
25 1.27 1.14 1.68 1.50
145 35 0.50 0.30 1.07 1.03
45 0.28 0.11 0.42 0.35
55 0.06 0.05 0.10 0.09
65 0.00 0.00 0.09 0.08
75 0.00 0.00 0.04 0.03
5 4.51 3.83 5.30 4.20
15 1.13 1.00 1.56 1.40
25 0.55 0.47 0.65 0.61
165GRBAILS 35 0.47 0.32 0.65 0.59
45 0.35 0.19 0.53 0.43
55 0.21 0.19 0.31 0.25
65 0.10 0.07 0.23 0.22
75 0.00 0.00 0.04 0.03
5 3.31 2.80 4.63 4.40
15 0.91 0.76 2.07 2.15
25 0.40 0.32 0.91 0.53
165GRBA2S 35 0.33 0.30 0.52 0.46
45 0.19 0.16 0.31 0.27
55 0.04 0.04 0.08 0.07
65 0.00 0.00 0.08 0.07
75 0.00 0.00 0.00 0.00




~ = 7 a A ) A Yy o 13 <
MINN KN 1 ‘]ﬁilﬂﬂlﬂTiL!,‘VI'iﬂcﬁllﬂlﬂﬂﬂa@hliﬂcluﬂﬂuﬂiﬁﬂNﬁllLfﬂlLﬂaﬂlﬂa@ﬂllllﬁa\‘ILLGHHTVIglmﬂu

na12 uaz 3% (ae)

CI (by Wt. of binder)
dis.
Mixture 2-year exposure 3-year exposure
(mm)
Acid Water Acid Water
5 4.47 3.70 4.83 4.72
15 0.83 0.68 1.33 1.26
25 0.26 0.23 0.52 0.43
165GRBA3S 35 0.22 0.19 0.52 0.40
45 0.17 0.15 0.26 0.22
55 0.08 0.06 0.13 0.11
65 0.05 0.04 0.11 0.08
75 0.00 0.00 0.06 0.03
5 2.27 2.09 3.92 2.55
15 0.50 0.47 1.32 1.25
25 0.28 0.26 0.51 0.55
165GRBAS0 35 0.11 0.12 0.64 0.55
45 0.05 0.03 0.49 0.45
55 0.02 0.02 0.16 0.12
65 0.01 0.01 0.13 0.11
75 0.00 0.00 0.08 0.06
5 3.65 3.17 4.16 4.02
15 1.14 0.91 1.56 1.10
25 0.23 0.19 0.62 0.42
[45GRBAIS 35 0.15 0.13 0.29 0.22
45 0.10 0.09 0.15 0.11
55 0.02 0.01 0.02 0.01
65 0.00 0.00 0.00 0.00
75 0.00 0.00 0.00 0.00
5 3.10 2.59 3.61 3.09
15 1.58 1.40 1.86 1.94
25 0.34 0.28 0.72 0.64
[45GRBA2S 35 0.24 0.23 0.39 0.32
45 0.07 0.06 0.21 0.18
55 0.01 0.01 0.02 0.01
65 0.00 0.00 0.00 0.00
75 0.00 0.00 0.00 0.00




~ = 7 a A ) A Yy o 13 <
MINN KN 1 1]%111'@11ﬂTiL!,‘VI'iﬂcﬁllﬂlﬂﬂﬂa@hliﬂcluﬂﬂuﬂiﬁﬂNﬁllLfﬂlLﬂaﬂlﬂa@ﬂllllﬁa\‘ILLGHHTVIglmﬂu

na12 uaz 3% (ae)

CI (by Wt. of binder)
dis.
Mixture 2-year exposure 3-year exposure
(mm)
Acid Water Acid Water
5 2.71 2.40 3.05 2.94
15 0.41 0.34 0.72 0.68
25 0.28 0.23 0.82 0.28
35 0.16 0.14 0.41 0.24
145GRBA35

45 0.12 0.10 0.14 0.12
55 0.01 0.01 0.04 0.02
65 0.00 0.00 0.00 0.00
75 0.00 0.00 0.00 0.00

5 2.37 2.09 3.35 2.65
15 0.50 0.46 1.73 1.57
25 0.41 0.39 0.83 0.77
35 0.32 0.28 0.42 0.39

[45GRBAS50

45 0.25 0.13 0.37 0.32
55 0.06 0.05 0.12 0.09
65 0.00 0.00 0.09 0.07
75 0.00 0.00 0.04 0.01
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CI (by Wt. of binder)
Mixture dis. (mm) 5-year exposure 7-year exposure
Acid Water Acid Water

5 7.73 7.13 9.41 8.55

15 4.51 4.21 5.62 5.02

25 3.34 3.02 3.75 342

165 35 2.12 2.04 2.54 2.43
45 1.20 1.11 1.34 1.23

55 0.55 0.52 0.68 0.61

65 0.37 0.35 0.46 0.41

75 0.12 0.10 0.14 0.12

5 591 5.34 6.97 6.53

15 3.92 3.81 4.64 4.32

25 2.63 2.52 3.21 3.14

145 35 1.32 1.22 1.50 1.35
45 0.45 0.42 0.51 0.50

55 0.19 0.18 0.24 0.23

65 0.11 0.10 0.13 0.13

75 0.06 0.05 0.08 0.07

5 5.15 4.98 6.06 5.62

15 3.51 2.92 4.16 3.58

25 2.27 2.22 2.67 2.52

165GRBA15 35 1.48 0.96 1.72 1.47
45 0.62 0.52 0.74 0.64

55 0.33 0.32 0.37 0.39

65 0.27 0.25 0.31 0.32

75 0.06 0.04 0.04 0.02

5 6.13 5.96 7.22 6.62

15 3.80 3.19 4.44 3.69

25 2.80 1.93 3.36 2.76

165GRBA25 35 0.89 0.78 1.05 0.87
45 0.42 0.35 0.50 0.42

55 0.10 0.11 0.13 0.12

65 0.10 0.09 0.12 0.11

75 0.01 0.00 0.03 0.01

55
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CI (by Wt. of binder)
Mixture dis. (mm) 5-year exposure 7-year exposure
Acid Water Acid Water
5 6.67 6.18 6.92 6.84
15 4.25 3.78 5.02 4.17
25 2.95 2.46 3.42 2.81
165GRBA35 35 1.01 0.94 1.22 1.21
45 0.91 0.87 1.07 0.97
55 0.54 0.51 0.72 0.58
65 0.47 0.45 0.57 0.54
75 0.09 0.07 0.11 0.10
5 5.02 4.89 5.74 541
15 3.23 3.10 3.77 3.48
25 2.34 2.26 2.76 2.52
165GRBAS0 35 1.55 1.53 1.91 1.78
45 1.30 1.05 1.60 1.40
55 0.52 0.49 0.70 0.58
65 0.32 0.18 0.37 0.23
75 0.15 0.09 0.21 0.14
5 6.09 5.04 7.21 5.74
15 3.20 2.90 4.14 3.59
25 1.40 1.31 1.73 1.63
145GRBA15 35 0.35 0.25 0.45 0.36
45 0.25 0.19 0.31 0.25
55 0.07 0.05 0.10 0.07
65 0.02 0.02 0.04 0.02
75 0.01 0.00 0.01 0.01
5 5.33 4.81 6.23 5.48
15 2.55 245 3.21 3.01
25 1.10 1.01 1.51 1.26
[45GRBA2S 35 0.65 0.55 0.79 0.68
45 0.54 0.17 0.67 0.53
55 0.12 0.11 0.18 0.15
65 0.09 0.06 0.13 0.10
75 0.01 0.00 0.02 0.01
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CI (by Wt. of binder)
Mixture dis. (mm) S-year exposure 7-year exposure
Acid Water Acid Water
5 4.84 4.55 5.50 4.54
15 4.05 2.72 5.34 3.47
25 1.88 1.75 2.48 2.15
35 0.65 0.55 0.86 0.70
[45GRBA35
45 0.39 0.35 0.51 0.45
55 0.18 0.15 0.24 0.19
65 0.11 0.10 0.15 0.12
75 0.01 0.01 0.01 0.01
5 4.45 4.34 5.38 5.10
15 3.57 3.56 4.57 4.45
25 2.24 2.13 2.98 2.60
35 1.40 1.33 1.85 1.66
[145GRBAS50
45 0.52 0.50 0.81 0.70
55 0.33 0.21 0.42 0.39
65 0.23 0.18 0.30 0.24
75 0.1 0.09 0.15 0.12
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Time to Initial Corrosion of Steel Reinforcement in Concrete

Containing Rice Husk-Bark Ash under Marine Environment
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Abstract

This research studied the initial corrosion of reinforcing steel in
concrete containing ground rice husk-bark ash (GRBA) under marine
environment. Control concretes were prepared using Portland cement

type I with W/B ratios of 0.45 and 0.65. GRBA concrete were cast using

o

* L"ldJEJul?j’ VAABOULNAIY (Corresponding author)

e

E-mail address: wichian@buu.ac.th

GRBA to replace Portland cement type I at the percentages of 15, 25, 35,
and 50% by weight of binder at the same W/B ratios of the control
concretes. Concrete cube specimens of 200x200x200 mm’ were cast and
steel bars of 12-mm in diameter and 50-mm in length were embedded
with concrete coverings of 10, 20, 50, and 75 mm. Concrete specimens
were exposed to a tidal zone of marine environment in Chonburi
province. The specimens were tested for free chloride content at the
position of embedded steel bar, corrosion of the embedded steel bar and
free chloride penetration in concrete after being exposed to tidal zone of
sea water for 2, 3, 5, and 7 years. The free chloride penetration and
chloride threshold levels obtained from this testing led to the
determination of time to initial corrosion of GRBA concrete. The results
found that the use of GRBA as high as 25% replacement in concrete
greatly prolongs the time to initial corrosion of the reinforcing steel in the
concretes.

Keywords: Rice husk-bark ash, initial corrosion, chloride threshold

content, concrete cover, marine environment
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(o002 szianii 1(0) 1AAZIBYA (GRBA)
Silicon dioxide, SiO, 20.80 87.0
Aluminum oxide, ALO, 5.50 1.08
Iron oxide, Fe,0, 3.16 2.58
Calcium oxide, CaO 64.97 1.25
Magnesium oxide, MgO 1.06 0.5
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