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Abstract

The objectives of this investigation were to study the effect of chloride penetration
resistance of concrete after 7 years exposure in marine environment of Thailand. The effects of
cement type, fly ash to binder ratio and water to binder ratio in concrete were considered in this
study. In addition, corrosion of steel embedded in concrete and compressive strength of concrete
was also studied.

From the experimental results at 7 years, the results showed that concrete with
pozzolan materials had the best chloride penetration resistance, the lowest chloride diffusion
coefficient and the weight loss of embedded steel. For concrete using fly ash to replace Portland
cement type I at percentages of 60 by weight of binder results in better chloride penetration
resistance. Because products from pozzolanic reaction of fly ash and fine particles of fly ash make
concrete denser. But the increase fly ash replacement of cement is more effective reducing the
compressive strength of concrete. The effect of compressive strength and chloride penetration
resistance were considered, the results showed that the pozzolan concrete and blast-furnace slag
concrete had better compressive strength and lowest diffusion coefficient. The pozzolan concrete
and blast-furnace slag concrete with W/B ratio of 0.60 have 96 percent and 70 percent

compressive strength of control concrete respectively.
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Fovaz Taerimin) Uszanii 1 Uszianii 5

Fanoulasenlad (Si0,) 19.51 21.87
pvgiidiouoen lad (ALO,) 4.97 3.87
wes3noenled (Fe,0,) 3.78 434
unaFeneen lad (Cao) 65.38 64.56
uunEereen lad (Mgo) 1.08 1.11
Fame lasoonled (SO,) 2.16 2.08
Taaeuoen lad (Na,0) 0.01 0.01
Twunadeuoen lad (K,0) 0.44 0.24
magadeiminnnmsamn (Lo 227 1.59
lasunaiFeusama (C,S) 72.9 58.4
lauaaiBeudama (C,S) 0.9 18.6
lasunaiFowegiitug (C,A) 6.8 2.9
maszunaFouegil lume'lsd (C,AF) 11.5 13.2

AUANTANIINMONIN
Blain fineness (cmz/g) 3,550 3,830
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TyReuoan las (Na,0) <0.01 0.01
Tnumangowesn lad (K,0) 0.78 0.39
msgadeiminenmsimn (LoD 1.85 0.01

AUANTANIINONIN

Blain fineness (cmz/g) 4,470 5,160
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Mix proportion (per 1 m’ of concrete)

e Cement Fly Ash SSD Rock SSD Sand Water
designation
(kg) (kg) (kg) (kg) (kg)
OPC1W40 435 - 1025 776 174
OPC1W50 382 - 1025 776 191
OPC1W60 340 - 1025 776 204
OPC5W40 435 - 1025 776 174
OPC5W50 382 - 1025 776 191
OPC5W60 340 - 1025 776 204
SCGPW40 435 - 1025 776 174
SCGPWS50 382 - 1025 776 191
SCGPW60 340 - 1025 776 204
CIFA20W40 335 84 1025 776 168
CIFA40W40 242 162 1025 776 162
CIFA60W40 156 234 1025 776 156
CIFA20W50 295 74 1025 776 185
CIFA40W50 215 143 1025 776 179
CIFA60WS50 139 208 1025 776 173
CIFA20W60 264 66 1025 776 198
CIFA40W60 193 128 1025 776 193
CIFA60W60 125 187 1025 776 187
CBFSW40 435 - 1025 776 174
CBFSW50 382 - 1025 776 191
CBFSW60 340 - 1025 776 204
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OPC1W40 ' .
[}

Depth (cm.) 1 2 5 7.5
Weight loss (%) 7.92 3.16 2.29 0.89

OPC1W50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 14.32 3.19 2.71 2.59

OPC1W60
Depth (cm.) 1 2 5 7.5
Weight loss (%) 19.30 7.49 2.73 2.64
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OPC5W40
Depth (cm.) 1 2 5 7.5
Weight loss (%) 8.53 6.13 2.94 1.19
OPC5W50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 29.61 10.60 3.95 3.78
OPC5W60
Depth (cm.) 1 2 5 7.5
Weight loss (%) 32.78 24.48 7.72 6.12
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SCGPW40
Depth (cm.) 1 2 5 7.5
Weight loss (%) 4.83 0.72 0.61 0.46
SCGPWS50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 6.37 0.84 0.81 0.66
SCGPW60
Depth (cm.) 1 2 5 7.5
Weight loss (%) 18.46 4.63 0.82 0.77
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CBFSW40
Depth (cm.) 1 2 5 7.5
Weight loss (%) 3.58 0.78 0.65 0.54
CBFSW50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 6.53 0.78 0.66 0.59
CBFSW60
Depth (cm.) 1 2 5 7.5
Weight loss (%) 15.16 3.83 0.74 0.60
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CIFA20W40
Depth (cm.) 1 2 5 7.5
Weight loss (%) 9.17 1.05 0.71 0.64
CIFA20W50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 13.84 543 0.74 0.67
CIFA20W60
Depth (cm.) 1 2 5 7.5
Weight loss (%) 19.90 5.90 0.81 0.75
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CIFA40W40
Depth (cm.) 1 2 5 7.5
Weight loss (%) 3.06 0.66 0.63 0.60
CIFA40W50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 5.17 0.67 0.65 0.62
CIFA40W60
I
4
Depth (cm.) 1 2 5 7.5
Weight loss (%) 5.43 1.59 0.73 0.69
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CIFA60W40
Depth (cm.) 1 2 5 7.5
Weight loss (%) 1.28 0.54 0.53 0.42
CIFA60W50
Depth (cm.) 1 2 5 7.5
Weight loss (%) 1.30 0.59 0.58 0.54
CIFA60W60
Depth (cm.) 1 2 5 7.5
Weight loss (%) 3.71 0.66 0.61 0.58
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Simple Depth (cm) Total CI (% Cl by wt. of binder) Free Cl (% Cl by wt. of binder)

1 2.46 1.77
2 2.36 1.44
3 1.86 1.27
4 1.56 1.11
5 1.50 1.00

OPC1 W40
6 1.39 0.78
7 0.95 0.61
8 0.83 0.50
9 0.44 0.22
10 0.34 0.11
1 4.43 3.17
2 3.81 2.11
3 2.73 1.31
4 2.25 1.18
5 2.24 1.06

OPC1 W50
6 1.85 0.93
7 1.65 0.87
8 1.58 0.75
9 1.56 0.68
10 1.24 0.50
1 5.51 3.59
2 4.57 2.14
3 3.29 1.31
4 2.60 1.24
5 2.38 1.10

OPC1 W60
6 2.30 1.03
7 2.30 0.97
8 2.27 0.97
9 2.23 0.83

10 1.66 0.76
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Simple Depth (cm) Total Cl (% Cl1 by wt. of binder) Free Cl (% Cl by wt. of binder)

1 3.71 1.77
2 3.21 1.50
3 2.20 1.39
4 1.56 1.11
5 1.56 1.05

OPCS5 W40
6 1.51 0.83
7 1.26 0.72
8 1.26 0.61
9 1.25 0.50
10 1.24 0.44
1 5.59 4.35
2 4.32 2.80
3 3.94 2.67
4 2.55 1.68
5 2.41 1.37

OPC5 W50
6 2.02 1.24
7 1.94 1.24
8 1.90 1.12
9 1.74 1.12
10 1.70 0.99
1 6.21 4.76
2 4.76 3.79
3 4.74 2.90
4 3.32 1.86
5 3.30 1.66

OPCS5 W60
6 3.22 1.59
7 2.98 1.38
8 2.93 1.31
9 2.92 1.31
10 2.30 1.10
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Simple Depth (cm) Total CI (% Cl by wt. of binder) Free CI (% Cl by wt. of binder)

1 1.83 1.05
2 0.92 0.55
3 0.50 0.17
4 0.11 0.00
5 0.11 0.00

SCGP W40
6 0.11 0.00
7 0.11 0.00
8 0.11 0.00
9 0.11 0.00
10 0.11 0.00
1 2.36 1.80
2 1.56 0.75
3 1.01 0.44
4 0.41 0.19
5 0.19 0.00

SCGP W50
6 0.19 0.00
7 0.19 0.00
8 0.19 0.00
9 0.19 0.00
10 0.12 0.00
1 3.10 1.86
2 1.72 0.97
3 1.09 0.83
4 0.57 0.41
5 0.21 0.00

SCGP W60
6 0.21 0.00
7 0.21 0.00
8 0.21 0.00
9 0.21 0.00
10 0.21 0.00
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Simple Depth (cm) Total Cl (% Cl by wt. of binder) Free Cl (% Cl by wt. of binder)

1 1.77 0.85
2 1.42 0.57
3 0.37 0.23
4 0.17 0.00
5 0.17 0.00

CIFA20 W40
6 0.17 0.00
7 0.11 0.00
8 0.11 0.00
9 0.11 0.00
10 0.11 0.00
1 1.41 0.59
2 1.11 0.53
3 0.38 0.18
4 0.18 0.00
5 0.18 0.00

CIFA20 W50
6 0.18 0.00
7 0.18 0.00
8 0.12 0.00
9 0.12 0.00
10 0.12 0.00
1 1.30 0.66
2 0.48 0.30
3 0.18 0.00
4 0.18 0.00
5 0.18 0.00

CIFA20 W60
6 0.18 0.00
7 0.18 0.00
8 0.18 0.00
9 0.18 0.00
10 0.12 0.00
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Simple Depth (cm) Total CI (% Cl by wt. of binder) Free CI (% Cl by wt. of binder)

1 1.41 0.59
2 1.11 0.53
3 0.38 0.18
4 0.18 0.00
5 0.18 0.00

CIFA40 W40
6 0.18 0.00
7 0.18 0.00
8 0.12 0.00
9 0.12 0.00
10 0.12 0.00
1 1.30 0.66
2 0.48 0.30
3 0.18 0.00
4 0.18 0.00
5 0.18 0.00

CIFA40 W50
6 0.18 0.00
7 0.18 0.00
8 0.18 0.00
9 0.18 0.00
10 0.12 0.00
1 2.17 1.40
2 1.72 0.77
3 1.05 0.70
4 0.60 0.51
5 0.36 0.26

CIFA40 W60
6 0.19 0.00
7 0.19 0.00
8 0.13 0.00
9 0.13 0.00

10 0.13 0.00
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Simple Depth (cm) Total Cl (% Cl by wt. of binder) Free Cl (% Cl by wt. of binder)

1 1.30 0.66
2 0.48 0.30
3 0.18 0.00
4 0.18 0.00
5 0.18 0.00

CIFA60 W40
6 0.18 0.00
7 0.18 0.00
8 0.18 0.00
9 0.18 0.00
10 0.12 0.00
1 2.17 1.40
2 1.72 0.77
3 1.05 0.70
4 0.60 0.51
5 0.36 0.26

CIFA60 W50
6 0.19 0.00
7 0.19 0.00
8 0.13 0.00
9 0.13 0.00
10 0.13 0.00
1 1.89 0.78
2 1.57 0.65
3 0.72 0.52
4 0.20 0.07
5 0.20 0.00

CIFA60 W60
6 0.20 0.00
7 0.20 0.00
8 0.13 0.00
9 0.13 0.00

10 0.13 0.00
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Simple Depth (cm) Total Cl (% Cl by wt. of binder) Free Cl (% Cl by wt. of binder)

1 2.44 0.94
2 1.39 0.55
3 0.17 0.00
4 0.17 0.00
5 0.17 0.00

CBFS W40
6 0.17 0.00
7 0.11 0.00
8 0.11 0.00
9 0.11 0.00
10 0.11 0.00
1 3.54 1.62
2 1.99 0.62
3 0.26 0.12
4 0.19 0.00
5 0.19 0.00

CBFS W50
6 0.19 0.00
7 0.12 0.00
8 0.12 0.00
9 0.12 0.00
10 0.12 0.00
1 3.10 2.21
2 1.72 1.38
3 1.09 0.76
4 0.57 0.55
5 0.28 0.21

CBFS W60
6 0.21 0.00
7 0.21 0.00
8 0.21 0.00
9 0.21 0.00

10 0.21 0.00




	Title
	Acknowledgement
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Reference

