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A Study on the Estimation of Steel Corrosion in Concrete
Exposed under the Environment of Seawater
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Abstract

This study was performed for the purpose of obtaining the fundamental data to establish the
criterion of concrete deterioration and presuming steel corrosion of concrete structures under the
environment of seawater. Steel embedded concrete specimens were exposed in seawater for 1
year. The soluble chloride content in concrete, corrosion potential and steel corrosion were con-
sidered. The results show that soluble chloride content in concrete was decreased with lower
water-cement ratio and with mineral admixtures. Half-cell potential is reduced with steel cor-
rosion, Corrosion area ratio is correlative with half-cell potential.

Keywords : concrete deterioration, steel corrosion, seawater, concrete specimen, half-cell po-

tential, soluble chloride content, corrosion area ratio,
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Fig.1 Specimen configuration and testing equipment of
Haif-Cell Potential

Tabie 1 Chemical composition and physical properties of binders

Items Chemical composition(%) Specific Specific surface
Type Si0, ALO, | Fe,04 CaO MgO SO, Ig.loss gravity (cm?/g)
oC 21.80 5.84 3.56 60.62 3.54 2.58 0.95 3.12 3,422
SC 25.0 11.0 2.0 53.1 4.6 2.2 1.2 [‘ 3.02 3,825
FA 56.40 26.60 5.50 0.02 0.30 - 4.25 i 2.14 4,092
SF 91.2 1.3 0.8 0.7 0.3 - 2.3 J 2.51 204,700

Table 2 Physical properties of aggregates
"~ ltems G ax Specific ’ Absorp EM Organic Unit weight Percentage of
. | } .

Type | (mm) gravity | tion(%) impurities (kg /m?) solids (%)
Fine agg. - 2.60 [ 1.83 2.66 Good 1,584 61.0
Coarse agg. 15 2.62 ] 1.21 6.83 - 1,586 62.5
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Table 3 Mix proportion of concrete

~ Items | G, | Slump I Air { wW/C S/a Unit weight (Kg /m?) l SP(CX%)
Specimens ~_| (mm) | (Cm) | (%) | (%) | (%) | W | C Ad | ’
_ocoqo* 15 22 40 | 41 | 160 | 400 068
oC—45. ‘ | 167 | 370 056
0C-50 - - | 175 | 350 041
0C—55 : : 176 | 320 | 753 | 1121 | 020
8C-80 | - ) - 1B 175 | 350 | 748 | 1103 L N
FC20-50 . - T 2. 175 | 280 | 743 | 1108 | 70 | 043
__SFl0-50 | - [ - | 19 w5 |35 [ 753 (104 ] 35 [ 048
% b B AlMEN 9 B - AEn(0)E
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Fig.2 The development figure of reinforcing steel
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Table 4 Soluble chloride content in concrete (%)

. 1 Depth from concrete surface(cm)

Specimens .

0 Jo~1]1~2]2~3]3~4]4~5

0.912 | 0.504 | 0.321 | 0.110 | 0.056 | 0.026

1.157 | 0.555 | 0.319 | 0.145 | 0.071 | 0.038

1.177 | 0.641 | 0.379 0.083 | 0.033

1.322 | 0.831 | 0.396 0.102 | 0.036

Lo oser | 0.20 [ 0157 | 065 | 007
0.880 | 0.482 | 0.
0.763 }{O. 321
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Table 5 Half—Cell Potential( —mV)

_ Specimens |
Age |Cover {OC-400C-45|0C-50 | OC-55 | SC-50 |FC20-50| SF10-50
(mon. )| (cm)
1| 25 | 264 | 34| %6 | 28
o | 2|2 la0 2 2 20| % |
30200 |0 | 23| 23 28| om0 | 2
4 |20 |20 |25 | %6 | A5 | @ | 2
1P o8l | 312 | 357 | 310 | 23 w6 | 22
L s Ao 2 | 2%
3ol s || oms | o
4 o o | s o | o | %5
1 |22 | 486 | 493 | 520 | 205 | 21 | 2%
o |2 ®|38 ) s x| | %6
3|2 | o83 | 301 36 25 | 83 | o2
4 |2 | %o | w9 | 3| m | W
1 | 4% | 31| 586 | 666 | 462 | 366 | 32
6 | 2|35 M 3w %
3,316 | 38| 32 || 25| W | 28
4|0 2 | w W3 3 | o
1 | 48 | 608 | 630 | 654 | 540 | 4% | 381
o | 26| w7 s | w6 | s | 45l | 30
300420 | ML | 5% | 5% | 341 | 37 | 30
4|36 | 2|3 | 32 | 3% ¥ | M
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Fig.3 Soluble chioride content according to depth from con-
crete surface
(0C concrete, Age 1 year)

Tabie 6 Corrosion area ratio of reinforcing steel (Concrete cover 10mm)

Age 3 months 6 months 12 months
‘————COHOSWH_ ratio(%) Red rust | Black rust| Total | Red rust |Black rust| Total | Red rust |Black rust| Total

Specimens

OC—140 - - - 8 - 8 | 20 4 24
oC—45 7 - 7 14 - 14 | 30 15 45
0C—50 12 - 12 23 7 0 | a7 43 80
0OC—55 18 - 13 14 19 | 3 [ 18 B4 82
SC-50 - - - 7 - 7 1 19 19
FC20—50 - - — 2 - 2 | 16 - | 16
SF10—50 - 1 - ~ — - - |3 - 3
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Fig.4 Soluble chloride content according to depth from con-
crete surface (Age 1 year)
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