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Abstract

In this study, compressive strength, chloride penetration profile, and corrosion of
embedded steel bars in Portland cement type V concrete containing fly ash from
fluidized-bed (FC) and pulverized combustions (PC) under marine site were
investigated. Fly ash obtained from fluidized-bed combustion was ground to small
particle which retained on a sieve No.325 about 2-5% by weight. Fly ash from
pulverized combustion was received directly from the power plants. The fly ashes were
used to replace Portland cement type V at the percentages of 0, 15, 25, 35 and 50 by
weight of binder. A water to binder (W/B) ratio of concrete was kept constant at 0.65.
The 200x200x200 mm® concrete cube specimens were cast and steel bar of 12-mm in
diameter and 50-mm in length were embedded at coverings of 10, 20, 50, and 75 mm in
concrete specimens. The cylindrical specimen with 100-mm in diameter and 200-mm in
height were also cast for the strength test at 28 days of curing and S-year exposure in
marine site. Concrete specimens were cured in fresh water for 28 days and then were
placed at the tidal zone of sea water at Chonburi Province. The specimens were tested
for compressive strength, total chloride penetration and corrosion of embedded steel
bars after being exposed to the tidal zone of sea water for 5 years.

The results showed that concrete containing fly ash from pulverized
combustions produces a better chloride resistance than that ground fly ash from
fluidized-bed combustions. All fly ash concrete had better chloride resistance and steel
corrosion than that of Portland cement type V concrete. An increase of fly ash
replacement in concrete (not more than 35%) could reduce the chloride penetration and
steel corrosion in concrete. In addition, compressive strength development of concretes
containing fly ash from pulverized combustion was higher than those of concrete
containing fly ash from fluidized-bed combustion.

Keyword; Fluidized-bed combustion, Pulverized combustion, Marine environment,
Fly ash, Portland cement type V Chloride penetration, Steel corrosion
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Mix Proportion of Concretes (kg/mz)
Slump
Mix Cement Fly Ash Fine Coarse Sp
v : Water (cm)

TypeV | NPS | Mae Moh | Aggregate | Aggregate (%)
v 295 - - 814 1039 192 - 8
VFCI5 251 44 - 814 1025 192 0.2 8
VFC25 221 74 - 815 1017 192 0.3 7
VFC35 192 103 - 815 1009 192 04 7
VFC50 148 148 - 815 996 192 0.6 5
VPCI15 245 - 43 815 1039 187 - 7
VPC25 215 - 72 815 1039 187 - 7
VPC25 186 - 100 815 1039 186 - 9
VPC50 132 - 132 815 1039 172 - 7
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55030n 19 beaker BTN a1 v 7114 ity AgNo, v ausuazaeudauiy
Tdvandan o '

91303078 NaCl 0.05 M (500ml)

asazaeNaCl 005 m 1ol fennaspumanudhduiiniveuves
a1savait AgNo, (19 neiloy 4 Aumia)

NaCl fiua Tuiana (Mw) =585 £

ml
9 NaCl 52310 1.46 n5u Tuinnaen 3 Amus)

fvaanududuuesasazaly NaCl

g 1000

e T e 500
B mol

=9

l
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NaCl(ag) + AgNo, —> AgCI(s) + NaN o,(ag)

mol NaCl 1

INTUNIT —_— =—
mol AgNo, 1

mol NaCl = mol AgNo,
MV = (MV)AgNo 3
M,~.V

nac- Ve =M v

AgNo3 ~ AgNo3
My, TINMIAIUIN, V.o, 370 pipet 10 ml

_ ., mol
AgNo3 - * 1
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~ a S 1 ~ - o ~ 1
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235 dmsvesddsznoumuniiveudoufunamssnuuuvgda ladiuauazyanes 155 &
USunamasnverisilsznoundn sio,,  ALO, uaz Fe,0, fiuiouns 65.41 uag 72.51
AR LI NTINUNDTINYDA Si0,, ALO, UAZ Fe,0, YoUNDIUAUMINMIHIILUHG R
\1 L4 [ ] 9 g = Pt = = Yy o Y A v 9

aduazoy lugaedovaz 50 D1 70 uatioanniliuim LOI phiudesas 25.0 genisos
E4
ay 6 UINATIIL ASTM C 618 3 hiaunsasadremduil egludiauiiu Class F uay
Class € 14 dnndrawiuii Idnamswnuuuyanes 159 uSunamasmvesmsisznoundn
484 Si0,, ALO, Uz Fe,0, fufesnz 72.51 uag fis1 Lol $ovaz 0.07 emisadaiudaim
#U Class F AT021035374 ASTM C 618 Tagasnsznoumaniivosiaquszau uaadamin
A Aq = 3 ::,d 1 [ Y A 3
#1 4.1 waaswnewiHlFlumsAnyiasiiivunalvgqavewiasmiiny 19 uu. uaziin
o L} o \ ~ 1 3 Vo @t é
Tugdannuazideamiiy 6.85 dauulasivazidoaiin lugdannuazideanifiy 2.95 49
9 o ) o {1 . .
avanasenum IugdannuazdunreanasmMuiiaEne 5.5-8.5 HazuInswazioon
IM5zHI19 2.2-3.1 (ACI 221R-89) AT 1T 4.2 UAAINANINATDUNIAINNIUANTUNIZUAZAS
3

AATNY011UDINIATINAINUIATFIU ASTM  C127-88 1Ay ASTM  C128-93 laundiu
ko v

gz ianuavesniasrunniazazsdon luannzdudiui aiiiy 2.72 uag 2.61
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A o o4 'u
m31ei 4.1 sslszneumaniivesiagyszau

, YuFnudlesauaud oy
asmlszneumand (%) I
: Uszinna 5 FC PC

| Silicon Dioxide, Si0, | 21.52 46.7 36.02
Aluminum Oxide, ALO, | 3.56 12.85 20.58
Iron Oxide, Fe,0, 3.56 591 1591
Calcium Oxide, CaO 66.70 4.17 18.75
Magnesium Oxide, MgO 1.06 - -
Sodium Oxide, Na,0 7 0.10 0.14 0.69
Potassium Oxide, K,0 7 3.56 1.07 1.69
Sulfur Trioxide, SO, 3.56 117 2.24
Loss On Ignition, LOI 1.74 25.06 0.07

MINA 4.2 fAANAYBINIATIY

I
MSNATOL —
I[TIKeIY WIGIIURTIDYRA
Bulk Specific Gravity (SSD) 2.72 2.61
Apparent Specific Gravity 2.72 2.61
Absorption (%) E 0.43 0.90
Fineness Modulus ' 0.43 2.0l
Maximum Size (mm) 20 N/A

Remark: N/A = Not applied
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_ Parameter
Time Chloride, CI Sulphate, SO,”
Sample Condition pH
(mg/L) (mg/L)
2001 January Clear, No Color 8.2 18,000 2,200
2001 October Clear, No Color 7.9 17,000 2,200
2002 May Clear, No Color 8.2 18,000 2,500
2002 September Clear, No Color 7.8 18,000 2,500
2003 August Clear, No Color 7.9 17,000 2,500
2003 December Clear, No Color 8.2 19,000 2,700
2004 April Clear, No Color 8.2 16,000 2,500
2005 February Clear, No Color 8.2 18,000 2,200
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a5l
CI penetration at 5-year exposure
Mix % by weight of concrete % by weight of binder
dis. (mm) Cl" (%) dis. (mm) Cl (%)
5 0.80 5 3.82
15 0.46 15 2.21
v 15 0.42 15 2.01
15 0.0 15 1.71
H 0.42 15 0.58
60 0.04 60 0.19
5 0.71 5 3.70
15 0.38 15 1.96
VEC15 15 0.33 15 1.74
15 0.71 15 1.31
15 0.6 i5 0.42
60 0.04 60 0.5
5 0.67 5 3.75
15 0.38 15 2.21
VEC25 15 0.36 25 1.99
15 0.13 35 0.70
45 0.05 45 0.58
60 0.00 60 0.00
5 0.38 5 2.27
15 0.29 15 1.76
VFC25 15 0.27 15 1.64
15 0.80 35 0.63
35 0.02 45 0.12
60 0.00 60 0.00
15 0.4¢ 35 2.97
45 0.71 35 2.12
VFC25 15 0.29 35 1.96
15 0.19 15 0.71
45 0.03 35 0.38
A5 0.50 60 0.50
5 0.40 35 2.60
15 0.38 15 1.92
VPCI5 45 0.31 15 1.64
35 0.63 35 0.63
45 0.00 35 0.27
60 0.0 60 0.00
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Cl penetration at 5-year exposure

Mix % by weight of concrete % by weight of binder
dis. (mm) ClI' (%) dis. (mm) Cl' (%)

5 0.61 5 3.52

15 0.34 5 1.94

VPC25 L 15 0.25 25 1.46
35 0.17 25 0.97

15 0.04 45 023

60 0.00 60 0.00

5 0.63 5 3.93

15 0.25 45 1.57

VPC35 25 0.21 25 1.31
25 0.08 25 0.52

45 0.04 45 0.06

60 0.00 60 0.06

5 0.61 5 4.57

15 0.27 15 2.05

VPC50 15 0.23 » 25 1.73
: 25 0.08 35 0.63
15 0.01 45 0.06

60 0.00 - 60 0.00
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CI penetration at S-year exposure

Mix % by weight of concrete % by weight of binder

dis. (mm) CI" (%) dis. (mm) CI (%)

5 0.69 5 3.32

15 0.45 15 2.16

v 15 0.45 15 1.70

35 0.34 35 1.62

45 0.10 15 0.48

60 0.03 60 0.14

5 0.69 5 343

45 0.37 35 1.92

VEC15 15 0.19 35 0.98

35 0.18 35 0.92

45 0.03 35 0.36

60 0.01 60 0.05

5 0.64 5 3.56

15 0.35 15 1.94

VFC25 15 0.13 15 0.74

35 0.07 35 0.41

45 0.04 45 0.22

60 0.00 60 0.90

5 0.35 5 2.10

45 0.14 35 0.87

VEC35 45 0.00 25 0.98

35 0.08 25 0.46

45 0.07 45 0.08

60 0.00 60 0.00

5 0.42 5 2.85

15 0.18 45 1.09

VFC37, 15 0.10 25 0.71

15 0.08 35 0.52

45 0.01 45 0.14

60 0.00 60 0.00

5 0.45 S 2.34

15 0.26 45 1.39

VEC35 45 0.10 25 0.95

15 0.03 45 0.39

45 0.05 45 0.27

60 0.00 60 0.00
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CI penetration at 5-year exposure

Mix % by weight of concrete % by weight of binder
dis. (mm) Cl' (%) dis. (mm) CI' (%)
5 0.56 5 3.26
15 0.29 15 1.68
VPC25 15 0.09 15 0.56
35 , 0.09 35 0.37
45 0.03 35 0.37
60 0.00 60 0.09
5 0.61 5 3.79
35 , 0.21 15 1.31
VPC35 15 0.09 15 0.53
35 , 0.09 35 0.37
15 0.01 o0 0.06
60 0.00 60 0.09
5 0.57 5 4.30
35 , 0.21 35 1.70
VPCS0 25 0.09 35 0.70
35 0.05 35 0.56
45 ~ 0.00 45 0.00
60 0.00 60 0.00
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Abstract

in this study, compressive strength, chloride penetration profile, and corrosion of embedded steel bars in
Portland cement type V concrete containing fly ash from fluidized-bed (FC) and pulverized combustions (PC) under
marine site were investigated. Fly ash obtained from fluidized-bed combustion was ground to small parﬁcle: which
retained on a sieve No.325 about 2-5% by weight. Fly ash from pulverized combustion was received directly'frdm
the power plants. The fly ashes were used to replace Portiand cement type V at the percentages of 0, 15, 25, 35
and 50 by weight of binder. A water to binder (W/B) ratio of concrete was kept constant at 0.65. The 200x200x200
mm’ concrete’ éﬁbé specimens were cast and steel bar of 12-mm in diameter and 50-mm in Iéngth were embedded
at coverings of 10, 20, 50, and 75 mm in concrete specimens. The cylindrical specimen with 100-mm in diameter
and 200,-mrﬁ in height were also cast for the strength test at 28 days of curing and 5-year exposure in marine site.
Concrete specimens were cured in fresh water for 28 days and then were placed at the tidal zone of sea water at
Chonburi Province. The specimens were tested for compressive strength, total chloride penetration and corrosion of
embedded steel bars after being exposed to the tidal zone of sea water for 5 years. The results showed that
concrete containing fly ash from pulverized combustions produces a better chloride resistance than that ground fly
ash from fluidized-bed combustions. All fly ash concrete had better chioride resistance and steel corrosion than that
of Portland cement type V concrete. An increase of fly ash replacement in concrete (not more than 35%) could
reduce the chloride penetration and steel corrosion in concrete. In addition, compressive strength development of
concretes containing fly ash from pulverized combustion was higher than those of concrete containing fly ash from

fluidized-bed combustion.

Keywords : Fluidized-bed combustion, Pulverized combustion, Marine environment, Fly ash, Portland cement type V

Chioride penetration, Steel corrosion
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