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Abstract

This research aims to study chloride penetration resistance and corrosion of reinforcing
steel in concrete exposed to marine environment for 3 years. The binders were Portland cement
type 1, Portland cement type 5, pozzolan cement, fly ash and limestone powder. Fly ash to binder
ratio of 0.20, 0.40 and 0.60 and limestone powder to binder ratio of 0.05, 0.10 and 0.15 were
used. Water to binder ratio was varied at 0.40, 0.50 and 0.60. Reinforcing steels of RB12 were
embedded in concrete cube specimens of size 20x20x20 cm at covering depths of 1, 2, 5 and 7.5
cm. Specimens were cured for 28 days before exposed in tidal zone of marine environment at
Angsila, Muang, Chonburi. After 3-year exposure, the specimens were collected from site for
testing the chloride content at different distance from exposed surface and the compressive
strength of concrete. The embedded steels were investigated for the corrosion area and the weight

loss of reinforcing steel due to chloride-induced corrosion.

From the experimental results, it was found that concrete with pozzolan cement had the
highest chloride penetration resistance. For binary binder concrete, concrete with fly ash or
concrete with limestone not greater than 5% had higher chloride penetration resistance than
concrete with Portland cement type 1 only. For ternary binder concrete, it was found that the use
of higher fly ash content and lower limestone powder content to replace cement content of
concrete resulted in higher chloride penetration resistance. The increase of compressive strength
of concrete resulted in higher chloride penetration resistance and lower weight loss of reinforcing

steel.
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Chemical ion contributing Concentration (in parts per thousand)
to sea water salinity in average sea water

Chloride 19.345

Sodium 10.752
Sulfate 2.701
Magnesium 1.295
Calcium 0.416
Potassium 0.390
Bicarbonate 0.145
Bromide 0.066
Borate 0.027
Strontium 0.013
Fluoride 0.001

Other less than 0.001

(ﬁm : Castro P., Huber M.E. (2007) Marine biology. Boston:McGraw-Hil.)
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Chemical compositions

Portland

Portland

Portland

(% by weight) cement type 1 cement type 5 | pozzolan cement

Silicon dioxide, SiO, 19.51 21.87 24.98
Aluminum oxide, Al,O, 4.97 3.87 9.25
Iron oxide,Fe,0, 3.78 4.34 5.97
Calcium oxide, CaO 65.38 64.56 52.65
Magnesium oxide, MgO 1.08 1.11 1.62
Sulfur trioxide, SO, 2.16 2.08 2.48
Loss on ignition, LOI 2.27 1.59 1.85
Sodium oxide, Na,O <0.01 <0.01 <0.01
Potassium oxide, K,O 0.48 0.24 0.78
Titanium Dioxide, TiO, 0.25 0.21 0.28
Phosphorus pentoxide P,O; 0.07 0.05 0.08
Free CaO 0.28 0.23 6.28
Physical properties

Blaine ﬁneness(cmz/g) 3,550 3,830 4,100
Specific gravity 3.15 3.21 2.98
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2. mﬁuﬂ,u (Limestone powder, L)
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Chemical compositions
Fly ash, FA (Mae Moh) Limestone powder, LP
(% be weight)
Silicon dioxide, SiO, 40.93 0.46
Aluminum oxide, AlL,O; 22.42 0.06
Iron oxide,Fe,O, 13.64 0.03
Calcium oxide, CaO 13.63 55.25
Magnesium oxide, MgO 2.93 0.37
Sulfur Trioxide, SO, 1.92 <0.01
Loss on ignition, LOI 0.46 43.79
Sodium oxide, Na,O 0.89 <0.01
Potassium oxide, K,O 2.39 0.01
Titanium Dioxide, TiO, 0.43 <0.01
Tricalcium silicate, C,S 93 -
Phosphorus pentoxide P,O; 0.15 0.01
Free CaO 0.22 -
Physical properties
Blaine Fineness(cmz/g) 4,658 8,840
Specific gravity 2.20 2.69
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Portland Portland Portland cement Limestone
Mean Fly ash
cement type 1 | cement type 5 pozzolan powdwer
diameters (um)
(nm) (pm) (pm) (pm)
D (v,0.1) 0.89 0.71 0.6 0.89 0.40
D (v, 0.5) 17.74 14.43 13.16 17.84 3.23
D (v, 0.9) 94.87 39.48 38.19 94.87 12.58
D[4, 3] 35.23 18.09 17.02 35.23 5.08
D[3,2] 2.64 2.45 2.22 2.54 1.18
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3. 4183IWAZ009 (Fine aggregate)
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4. UI03IUNY1U (Coarse aggregate)
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5. 11 (Water)
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Mix proportion (per 1 m’ of concrete)

D Code on Mix designation Cement | SSD Rock | SSD Sand | Additive (kg) | Water
sample

(kg) (kg) (kg) FA | LP | (kg)
1 Cl SCG1 W40 435 1025 776 - - 174
2 2 SCG1 W50 382 1025 776 - - 191
3 c3 SCG1 W60 340 1025 776 - - 204
4 4 SCG5 W40 435 1025 776 - - 174
5 (%) SCG5 W50 382 1025 776 - - 191
6 C6 SCG5 W60 340 1025 776 - - 204
7 Ci3 SCGP W40 435 1025 776 - - 174
8 Cl4 SCGP W50 382 1025 776 - - 191
9 Cis SCGP W60 340 1025 776 - - 204
10 c22 SCG1 FA20 W40 335 1025 776 84 - 168
11 c23 SCG1 FA40 W40 242 1025 776 162 - 162
12 C24 SCG1 FA60 W40 156 1025 776 234 - 156
13 C25 SCG1 FA20 W50 295 1025 776 74 - 185
14 C26 SCG1 FA40 W50 215 1025 776 143 - 179
15 c27 SCG1 FA60 W50 139 1025 776 208 - 173
16 C28 SCG1 FA20 W60 264 1025 776 66 - 198
17 Cc29 SCG1 FA40 W60 193 1025 776 128 - 193
18 C30 SCG1 FA60 W60 125 1025 776 187 - 187
19 C31 SCGIL5 W50 362 1025 776 - 19 190
20 c32 SCG1L10 W50 342 1025 776 - 38 190
21 C33 SCG1L15 W50 322 1025 776 - 57 189
22 C34 SCGIL5 W60 322 1025 776 - 17 204
23 C35 SCGI1LI0W60 305 1025 776 - 34 203
24 C36 SCG1L15 W60 287 1025 776 - 51 191
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Mix proportion (per 1 m’ of concrete)

D Code on Mix designation Cement | SSD Rock | SSD Sand | Additive (kg) | Water
sample

(kg) (kg) (kg) FA | LP | (kg)
25 Cc37 SCG1 FA35L5 W40 244 1025 776 142 20 163
26 C38 SCG1 FA30 L10 W40 245 1025 776 123 41 164
27 C39 SCG1 FA25 L15 W40 247 1025 776 103 62 165
28 C40 SCG1 FA35L5 W50 216 1025 776 126 18 180
29 C41 SCG1 FA30 L10 W50 217 1025 776 108 36 181
30 Cc42 SCG1 FA25 L15 W50 218 1025 776 91 55 182
31 C43 SCG1 FA35L5 W60 193 1025 776 113 16 193
32 C44 SCG1 FA30 L10 W60 194 1025 776 97 32 194
33 C45 SCG1 FA25 L15 W60 195 1025 776 81 49 195
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Mix id. SCG1 W40 SCG1 W50 SCG1 W60

Pictures

Covering (cm) 1 2 5 75 1 2 5 75 1 2 5 75
Weight loss (%) 9.9 5.0 0.6 0.6 5.0 1.7 13 0.7 8.0 53 3.0 1.1
Area corrosion (%) | 100 100 0 0 100 8 0 0 100 100 20 4

Compressive strength
(kg/cmz)

338 274 256

A a a 1< a A AqY = 14 4 4 A
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Mix id.

SCG5 W40

SCG5 W50

SCG5 W60

Pictures

Covering (¢cm) 1 2 5 75 1 2 5 75 1 2 5 7.5
Weight loss (%) 42 23 0.9 0.7 3.9 2.7 0.9 0.7 3.6 2.8 1.9 1.5
Area corrosion (%) 100 50 16 0 100 50 16 21 100 38 25 0
Compressive strength
316 293 249

(kg/cmz)

A a a I a A AqY = 14 4 4 A
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Mix id.

SCGP W40

SCGP W50

SCGP W60

Pictures

Covering (¢cm) 1 2 5 7.5 1 2 5 75 1 2 5 7.5
Weight loss (%) 3 0.9 0.7 0.6 1.7 0.8 0.7 0.8 4.2 12 0.9 0.9
Area corrosion (%) | 58 21 0 0 50 0 0 0 100 22 0 0
Compressive strength
399 300 264

(kg/ em’)
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Mix id. SCG1 FA20 W40 SCG1 FA40 W40 SCG1 FA60 W40

Pictures

Covering (cm) 1 2 5 7.5 1 2 5 7.5 1 2 5 7.5

Weight loss (%) 2.6 13 0.6 0.5 0.5 1.7 0.8 0.8 1.3 0.1 0.3 0.1
Area corrosion (%) 52 22 0 0 29 0 0 0 38 2 0 0

Compressive strength

(ke /cmz) 366 388 406
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Mix id. SCG1 FA20 W50 SCGI FA40 W50 SCG1 FA60 W50
Pictures
Covering (¢cm) 1 2 5 75 1 2 5 5 1 2 5 7.5
Weight loss (%) 8.2 0.7 0.6 0.7 2.7 0.8 1.0 0.7 1.8 0.8 0 0
Area corrosion (%) 49 16 8 6 65 4 0 0 100 0 15 4
Compressive strength
> 20 282 325
(kg/em’)
a a < a A Aqw = 4 14 4 A
(V) mimﬂaummmaﬂmiu”luﬂﬂuﬂm‘n%ﬂummuﬂﬂa smmuﬂﬂizmw 1
Y dl 1Y 1 ?,‘ 1 @
NFULDIDDINDATITIUUIND aa@ﬂizmu 0.50
Mix id. SCG1 FA20 W60 SCG1 FA40 W60 SCG1 FA60 W60
Pictures
Covering (¢cm) 1 2 5 7.5 1 2 5 7.5 2 5 7.5
Weight loss (%) 8.0 8.3 29 0.9 42 0.7 0.8 0.6 0.6 0.5 0.5 0.5
Area corrosion (%) | 100 49 0 0 100 0 0 15 0 0 0
Compressive strength
> 270 284 290
(kg/em’)
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Mix id.

SCG1 L5 W50

SCG1 L10 W50

SCG1 L15 W50

Pictures

Covering (cm) 1 2 5 7.5 1 2 5 7.5 1 2 5 7.5
Weight loss (%) 5.7 35 1.0 0.5 10.0 42 12 0.7 16.8 45 1.7 0.8
Area corrosion (%) 100 25 28 6 100 99 27 16 100 46 12 0
Compressive strength
360 347 251

(kg/cmz)
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Mix id.

SCG1 L5 W60

SCG1 L10 W60

SCGI L15 W60

Pictures

Covering (cm) 1 2 5 1 2 5 7.5
Weight loss (%) 18.8 2.9 1.3 1.1 6.9 3.5 2.0 1.0 19.3 4.7 4.0 25
Area corrosion (%) 100 95 87 44 100 50 40 40 100 56 28 23
Compressive strength
313 275 270

(kg/cmz)
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Mix id. SCG1 FA35 L5 W40 SCG1 FA30 L10 W40 SCG1 FA25 L15 W40

Pictures

Covering (cm) 1 2 5 75 1 2 5 7.5 1 2 5 75
Weight loss (%) 22 0.7 0.5 0.4 3.4 0.6 0.6 0.7 5.9 0.7 0.6 0.5
Area corrosion (%) 44 0 0 0 100 0 0 0 86 0 0 0

Compressive strength
2 314 316 285
(kg/em’)
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Mix id. SCG1 FA35L5 W50 SCG1 FA30 L10 W50 SCG1 FA25 L15 W50

-

Pictures N !J
5
2%,
&
Covering (¢cm) 1 2 5 7.5 1 2] 5 75 1 2 5 7.5
Weight loss (%) 4.6 0.6 0.7 0.7 5.7 0.6 0.6 0.6 8.4 1.0 0.7 0.6
Area corrosion (%) 83 5] 1 0 99 11 6 1 100 27 6 0

Compressive strength
2 278 285 251
(kg/em’)
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Covering (¢cm) 1 2 5 7.5 1 2 5 75 1 2 5 7.5
Weight loss (%) 6.3 2.0 0.8 0.6 9.4 1.1 0.5 0.6 9.9 35 0.9 0.7
Area corrosion (%) | 100 38 9 2 100 22 2 0 88 42 2 0

Compressive strength
2 234 284 240
(kg/cm’)
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Code on sample

Mix designation

Covering of steel in concrete (cm)

Initial weight, W, (g)

Final weight, W; (g)

Weightloss (%)

1 39.40 35.50 9.9

4142 39.33 5.0

c1 SCG1 W40 5 46.28 4598 0.6
75 19.32 19.20 0.6

1 34.97 33.23 5.0

44,04 43.27 1.7

Cc2 SCG1 W50 5 44 43 43.87 1.3
75 40.63 40.34 0.7

1 4182 3848 8.0

4445 42.09 5.3

c3 SCG1 W60 5 46.46 2507 3.0
75 4507 2758 1.1

1 43.35 41.55 4.2

43.65 42.63 2.3

Cc4 SCG5 W40 5 2477 4372 0.9
75 4770 4740 07

1 44 .51 4279 3.9

43.99 4279 27

C5 SCG5 W50 5 4301 42.62 0.9
75 41.34 41.07 0.7

1 41.65 40.15 3.6

46.17 4489 2.8

Cc6 SCG5 W60 5 1467 43.83 1.9
75 44,66 44.00 1.5

1 42.38 4113 2.9

44 14 4113 6.8

Cc7 SCC1 W40 5 4538 45.04 0.7
75 45.65 45.36 0.6

1 40.95 37.94 74

44.89 43.31 3.5

c8 SCC1 W50 5 46.01 45.31 15
75 4554 45.06 11

1 43.83 4237 3.3

46.37 45.36 2.2

Cc9 SCC1 W60 5 4573 43.83 2.0
75 45.06 4462 1.0

1 39.32 38.12 3.1

43.99 43.51 1.1

Cc10 TPI1 W40 5 4473 44.45 0.6
75 4359 4331 06

1 41.38 37.98 8.2

4510 43.59 3.3

C11 TPI1 W50 5 4389 43.56 0.8
75 44 .40 44 12 0.6

1 41.00 37.14 9.4

42.98 41.05 4.5

Cc12 TPI1 W60 5 4427 4237 4.2
75 4737 40.89 12

1 42.83 41.54 3.0

43.22 42.82 0.9

Cc13 SCGP W40 5 4406 4373 0.7
75 43.72 43.44 0.6

1 43.38 42.65 1.7

44.41 44.05 0.8

C14 SCGP W50 5 2216 43383 07
75 4466 4430 038

1 41.46 39.73 4.2

44.05 43.53 1.2

Cc15 SCGP W60 5 14726 43.85 0.9
75 44 .45 44.04 0.9

1 36.87 33.24 9.8

43.66 41.20 5.6

Cc16 SCGL10 W40 5 2517 4482 0.6
75 45.02 4466 0.8




Code on sample

Mix designation

Covering of steel in concrete (cm)

Initial weight, W, (g)

Final weight, W; (g)

Weightloss (%)

1 37.98 33.27 12.4

42.80 40.82 4.6

c17 SCGL10 W50 5 4474 44.32 0.9
75 4467 44.26 0.9

1 4134 39.05 5.5

39.79 36.72 7.7

Cc18 SCGL10 W60 5 46.82 4543 3.0
75 43.90 42.59 3.0

1 4128 38.44 6.9

4555 4482 1.6

Cc19 SCGL20 W40 5 4590 45.50 0.9
75 4553 4525 0.6

1 43.02 41.20 4.2

4480 43.70 2.5

C20 SCGL20 W50 5 4494 43.83 2.5
75 38.76 38.24 1.3

1 41.03 38.71 5.7

42.84 40.25 6.0

Cc21 SCGL20 W60 5 4365 41.39 5.2
75 43.13 41.75 3.2

1 44.79 43.64 2.6

45.26 44.67 1.3

Cc22 SCG1 FA20 W40 5 45.32 45.06 0.6
75 45.76 4552 0.5

1 4219 4197 0.5

4597 45.21 1.7

Cc23 SCG1 FA40 W40 5 42.38 42.04 0.8
75 44,04 43.70 0.8

1 44.70 4410 1.3

44.40 4434 0.1

C24 SCG1 FA60 W40 5 4423 4411 0.3
75 4471 4466 0.1

1 43.01 39.48 8.2

45.16 44.85 0.7

C25 SCG1 FA20 W50 5 4592 45.63 0.6
75 44,88 44.58 0.7

1 45.63 44.38 2.7

45.06 4472 0.8

C26 SCG1 FA40 W50 5 44.02 43.60 1.0
75 45.49 45.18 0.7

1 4529 44.46 1.8

4439 44.05 0.8

c27 SCG1 FA60 W50 5 75.30 4528 0.0
75 4458 44.56 0.0

1 4439 40.82 8.0

4252 39.00 8.3

C28 SCG1 FA20 W60 5 4494 43.62 2.9
75 4293 42.53 0.9

1 4426 42.40 4.2

45.07 4474 0.7

C29 SCG1 FA40 W60 5 45.87 45.52 0.8
75 45,94 45.65 0.6

1 4573 4547 0.6

4439 4415 0.5

C30 SCG1 FA60 W60 5 76.00 4579 05
7.5 43.38 43.18 05
1 41.08 34.18 16.8

43.20 41.26 4.5

C31 SCG1 L5 W50 5 4380 43.28 1.2
75 43.84 43.50 0.8
1 39.86 35.88 10.0

42.10 40.62 3.5

C32 SCG1L10 W50 5 4565 44.88 1.7
75 42.86 42.64 0.5




Code on sample

Mix designation

Covering of steel in concrete (cm)

Initial weight, W, (g)

Final weight, W; (g)

Weightloss (%)

1 42.07 39.68 5.7

41.98 40.170 4.5

C33 SCG1L15 W50 5 2439 43.94 10
7.5 43.85 43.55 0.7

1 36.61 34.09 6.9

41.56 40.11 35

C34 SCG1 L5 W60 5 2350 2266 20
75 43.08 4264 1.0
1 40.98 33.09 19.3

42.54 40.53 4.7

C35 SCG1L10 W60 5 2319 2146 4.0
7.5 43.17 42.07 2.5
1 43.04 34.97 18.8

45.75 44.42 2.9

C36 SCG1L15W60 5 2516 2450 13
75 42.79 4234 1.1

1 43.64 42,67 2.2

42.91 42.62 0.7

C37 SCG1 FA35 L5 W40 5 2401 4397 05
7.5 4425 44.06 0.4

1 42.80 41.33 3.4

39.55 39.31 0.6

C38 SCG1 FA30 L10 W40 5 7398 2371 06
75 44.25 43.96 0.7

1 4212 39.64 5.9

44.36 44.05 0.7

C39 SCG1 FA25 L15 W40 5 73,60 4332 06
75 4409 43.85 0.5

1 42.01 40.08 4.6

44.41 4416 0.6

C40 SCG1 FA35 L5 W50 5 21.06 20.76 0.7
75 40.03 39.75 0.7

1 41.97 39.58 5.7

43.21 42.95 0.6

C41 SCG1 FA30 L10 W50 5 2201 1266 06
7.5 43.25 42.97 0.6

1 40.71 37.31 8.4

4427 43.83 1.0

C42 SCG1 FA25 L5 W50 5 2381 2350 0.7
75 44.32 44.05 0.6

1 40.42 37.86 6.3

4373 42.84 2.0

C43 SCG1 FA35 L5 W60 5 1370 2338 0.8
75 41.92 41.66 0.6

1 40.63 36.82 9.4

43.52 43.02 1.1

C44 SCG1 FA30 L10 W60 5 7313 22.00 05
75 43.76 43.50 0.6

1 41.50 37.40 9.9

4426 42.69 3.5

C45 SCG1 FA25 L15 W60 5 7355 2316 09
75 43.83 43.52 0.7

1 43.16 42.33 1.9

43.52 43.25 0.6

C46 SCGSEA W40 5 4452 4192 58
75 41.39 41.07 0.8

1 42.59 41.98 1.4

43.77 43.47 0.7

C47 SCGSEA W30 5 27705 21.02 0.8
75 40.98 40.76 0.5

1 4234 41.66 1.6

4259 42.34 0.6

C48 SCGSEA W35 5 4474 44 50 05
75 43.88 43.55 0.8




Code on sample

Mix designation

Covering of steel in concrete (cm)

Initial weight, W, (g)

Final weight, W; (g)

Weightloss (%)

3 25.06 22769 0.8
. 27712 2375 0.8

C49 Marine GGBFS W40 5 20.88 4062 0.6
75 4335 2302 0.8

1 22387 2217 15

_ 4245 4218 0.6

C50 Marine GGBFS W50 = 43908 4365 038
=5 4357 4325 0.7

1 2339 2789 35

. 2756 2728 0.6

C51 Marine GGBFS W60 = 4340 43.09 0.7
75 2277 2450 0.6

3 2364 2318 11

2258 2224 0.8

C52 SCGSEA W25 5 2265 4432 0.7
75 2395 4224 39

3 2296 2237 15

2280 2757 06

C53 SCGSEAW30 5 2571 45.41 0.7
=5 2047 20.04 0.9
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Area of lateral

Corrosion of

Code on } . . Covering of steel . Lateral surface
Mix designation . surface corrosion | lateral surface
sample in concrete (cm) B area of steel (cm®) o
cm®) area (%)

1 1885 1885 100

2 1885 1885 100
C1 SCG1 W40 z 5 885 5
75 0 1885 0

1 1885 1885 100
c2 SCG1 W50 2 195 1885 8
5 0 1885 0
7.5 0 1885 0

1 1885 1885 100

c3 SCG1 W60 2 1885 1885 100
5 369 1885 20
7.5 81 1885 4

1 1885 1885 100
c4 SCG5 W40 2 978 1885 52
5 299 1885 16
7.5 0 1885 0

1 1885 1885 100
c5 SCG5 W50 2 952 1885 50
5 297 1885 16
7.5 393 1885 21

1 1885 1885 100
c6 SCG5 W60 2 712 1885 38
5 471 1885 25
7.5 0 1885 0

1 1885 1885 100
c7 SCC1 W40 2 958 1885 51
5 179 1885 10
7.5 0 1885 0

1 1885 1885 100
cs sScc1 W50 2 760 1885 40
5 405 1885 21
7.5 255 1885 14
1 1109 1885 59
co ScC1 W60 2 724 1885 38
5 709 1885 38
7.5 306 1885 16
1 1720 1885 91

c10 TP W40 2 2133 1885 113
5 0 1885 0
7.5 0 1885 0

1 1885 1885 100
c11 TP W50 2 637 1885 34
5 0 1885 0
7.5 0 1885 0

1 1885 1885 100
c12 TP W60 2 1779 1885 94
5 907 1885 48
7.5 547 1885 29
1 1094 1885 58
c13 SCGP W40 2 392 1885 21
5 0 1885 0
7.5 0 1885 0




Area of lateral

Corrosion of

Code on ' ianati Covering of steel , Lateral surface
Mix designation : surface corrosion »| Tateral surface
sample in concrete (cm) ! area of steel (cm?) )
cm®) area (%)
1 952 1885 50
2 0 1885 0
c14 SCGP W50 . : 1855 0
75 0 1885 0
1 1885 1885 100
c15 SCGP W60 2 414 1885 22
5 0 1885 0
75 0 1885 0
1 7885 1885 700
c16 SCGL10 W40 2 1885 1885 100
5 0 1885 0
75 0 1885 0
1 7885 1885 700
c17 SCGL10 W50 2 1264 1885 67
5 711 1885 5
75 0 1885 0
1 7885 1885 700
c18 SCGL10 W60 2 1885 1885 100
5 7004 1885 53
75 919 1885 29
1 1885 1885 700
c19 SCGL20 W40 2 1044 1885 55
5 368 1885 T
75 0 1885 0
1 7885 1885 700
C20 SCGL20 W50 2 1212 1885 64
5 7123 1885 80
75 390 1885 21
1 7769 1885 92
c21 SCGL20 W60 2 985 1885 52
5 970 1885 51
75 935 1885 50
1 971 1885 52
c22 SCG1 FA20 W40 2 424 1885 22
5 0 1885 0
75 0 1885 0
1 538 1885 29
c23 SCG1 FA40 W40 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 718 1885 38
C24 SCG1 FA60 W40 2 42 1885 2
5 0 1885 0
75 0 1885 0
1 932 1885 29
c25 SCG1 FA20 W50 2 295 1885 16
5 157 1885 )
75 712 1885 5
1 1227 1885 65
C26 SCG1 FA40 W50 2 70 1885 Z
5 0 1885 0
75 0 1885 0




Area of lateral

Corrosion of

Code on ' ianati Covering of steel , Lateral surface
Mix designation : surface corrosion »| Tateral surface
sample in concrete (cm) ! area of steel (cm?) )
cm®) area (%)
1 1885 1885 100
2 0 1885 0
c27 SCG1 FAG0 W50 = o 1065 9
75 67 1885 2
1 1885 1885 100
c28 SCG1 FA20 W60 2 929 1885 49
5 0 1885 0
75 0 1885 0
1 1885 1885 100
c29 SCG1 FA40 W60 2 0 1885 0
5 0 1885 0
75 288 1885 15
1 0 1885 0
C30 SCG1 FAG0 W60 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 1885 1885 100
C31 SCG1 L5 W50 2 467 1885 25
5 522 1885 28
75 710 1885 6
1 1885 1885 100
C32 SCG1 L10 W50 2 1871 1885 99
5 516 1885 27
75 297 1885 16
1 1885 1885 100
C33 SCG1 L15 W50 2 858 1885 46
5 218 1885 12
75 0 1885 0
1 1885 1885 100
C34 SCG1 L5 W60 2 1797 1885 95
5 1640 1885 37
75 839 1885 @4
1 1885 1885 100
C35 SCG1L10 W60 2 946 1885 50
5 753 1885 70
75 747 1885 70
1 1885 1885 100
C36 SCG1L15 W60 2 1059 1885 56
5 531 1885 28
75 431 1885 23
1 832 1885 a4
c37 SCG1 FA35 L5 W40 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 1885 1885 100
C38 SCG1 FA30 L10 W40 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 1614 1885 36
C39 SCG1 FA25 L15 W40 2 0 1885 0
5 0 1885 0
75 0 1885 0




Area of lateral

Corrosion of

Code on } . . Covering of steel . Lateral surface
Mix designation : surface corrosion ,.| Ilateral surface
sample in concrete (cm) ! area of steel (cm?) )
cm®) area (%)
1 1564 1885 83
2 89 1885 5
C40 SCG1 FA35 L5 W50 § > 1885 1
75 0 1885 0
1 1868 1885 99
Ca1 SCG1 FA30 L10 W50 2 204 1885 1
5 120 1885 6
7.5 25 1885 1
1 1885 1885 100
c42 SCG1 FA25 L5 W50 2 501 1885 27
5 116 1885 6
7.5 0 1885 0
1 1885 1885 100
c43 SCG1 FA35 L5 W60 2 711 1885 38
5 172 1885 9
75 32 1885 2
1 1885 1885 100
C44 SCG1 FA30 L10 W60 2 422 1885 22
5 33 1885 2
75 0 1885 0
1 1652 1885 38
c45 SCG1 FA25 L15 W60 2 790 1885 42
5 30 1885 2
75 0 1885 0
1 851 1885 75
C46 SCGSEA W40 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 799 1885 72
c47 SCGSEAW30 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 955 1885 51
c48 SCGSEA WS35 2 76 1885 2
5 156 1885 3
75 0 1885 0
1 507 1885 27
C49 Marine GGBFS W40 2 238 1885 13
5 0 1885 0
75 0 1885 0
1 384 1885 20
C50 Marine GGBFS W50 2 0 1885 0
5 0 1885 0
7.5 0 1885 0
1 1885 1885 100
c51 Marine GGBFS W60 2 0 1885 0
5 0 1885 0
75 0 1885 0
1 299 1885 16
C52 SCGSEA W25 2 0 1885 0
5 0 1885 0
7.5 0 1885 0




Area of lateral

Corrosion of

Code on ) . . Covering of steel . Lateral surface
Mix designation . surface corrosion | lateral surface
sample in concrete (cm) 2 area of steel (cm”) o
cm®) area (%)
1 1065 1885 56
c53 SCGSEAW30 2 0 1885 0
5 0 1885 0
7.5 0 1885 0
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- m3feanivveandnaiuluneuniaiiosninindenas'lsd (Corrosion of steel in concrete due to
chloride attack)

- ANNAINUUDIABUNIA (Durability of concrete)

- pounsaaTudule (Fiber-reinforced concrete)

- Tassaduneuniaasunaniiasudule (Reinforced concrete structures with fibers)

- AUABUAIAEIULNG FRP (FRP-reinforced concrete beam)
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