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Evaluation of Rebar Corrosion Due to
Carbonation of Concrete
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ABSTRACT

Recently, reinforced concrete structures exposed to severe environment are increased in
metropolitan area. The acid rain and CO: penetrated toward rebar, thus rebar corrosion
occurred. The corrosion of rebar in concrete is, as in most corrosion processes, an
electrochemical nature. The corrosion may severely affect on durability and service life of
such a concrete structures.

This study was performed for the purpose of acquiring data about corrosion condition
and considering a countermeasure to prevent rebar from corroding due to carbonation of
concrete. An accelerated carbonation testing procedure was applied to measure the
evolution of carbonation and rebar corrosion with time for various water-binder ratios and
cement types.

Keywords : carbonation, concrete cover, corrosion, durability, electrochemical nature,
rebar, service life, water-binder ratio, wet-dry cycle
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Fig. 1 Damage effects of rebar corrosion on
concrete structures
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Table 1 Chemical compositon and physical properties of

Table 4 Mix proportion of concrete

cement
Ttem Chemical composition (%) | specific
Specific
Ig. R surface
Si02| Al203| Fe20s| Ca0 | MgO| SOa gravity| e
Type loss
oC |[21.8f 5.8 |3.56(60.6(3.54[2.6|1.0 L3.14 3,422
SC |25.0711.0] 2.0 |53.1|46[22|1.1]| 2.96 3.825
FA 168.0125.0) 29 |20([09]| - [35]| 2.15 4,546
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Table 2 Physical properties of aggregate
ltem Gmax | Specific Ab$0r~ Organic U.mt
(mm) | gravity ption {F.M {mpurities weight
Agg. (%) (ke/m)
Fine agg.| - 2.59 1.50 (2.80] good 1.620
Coarse | 151 274 | 0.90 |7.20] - 1,734
agg.
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Table 3 Chemical composition of rebar (%)
C|l S | Mn| Cu S |Ni| Cr | Mo P Sa
0.24{0.24{ 0.95( 0.02{0.009[0.03[0.045 0.012{ 0.017 | 0.0005
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M) G| Stump | Air | W/B | §/a | Unit weight (kaf/m)
ype N\ ] @ [l oo e | WlCcl s G a
0C-40 40 |38.4|120| 300{ 735{1248] -
0C-50 50 |40.4]150|300| 742|1159| -
0C-60 | 10[10%1 [4.5] 60 |42.4|180300{746{1073| -
FC10-50 50 | 40.4] 150|270 738}1153) 30
FC20-50 50 [40.4| 150|240 734 1146| 60
SC-50 50 |40.4| 150|300 736|1150| -
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Fig. 2 Shape and size of concrete specimen

Table 5 Compressive strength of concree (kgf/em?)

0C-40 | OC-50 | OC-60 |FC10-50FC20-50| SC-50

346 322 258 320 309 331
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Fig. 3 Effect of exposure time on carbonation depth by wic
ratio under accelerated test condition
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Fig. 4 Effect of exposure time on carbonation depth by
cement type under accelerated test condition
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Fig. 5 Effect of exposure time on half-cell potential by wic
ratio under accelerated test condition
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Fig. 6 Effect of exposure time on half-cell potential by
cement type under accelerated test condition
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by w/c ratio under accelerated test condition
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Fig. 8 Effect of exposure time on corrosion current density
by cement type under accelerated test condition

Table 6 Corrosion area of rebar (%)

C.D. C.D.
10mm 20m0
Type Type

0C-40 42 39 |FC10-50] 82 48
0C-50 72 62 |FC20-50] 83 55
0C-60 93 72 SC-50 82 61

10mm1 20mm

Table 62 Ao F4AA&E AT Ao
2 EARRNTE TS FARASE §
sigtA deslded & E-2AH 50%,60%¢<]
AN FAE 40%0 AEAS 2 o 179, 2.2
Hje] RAEA g siddct. £ HEFA 10
met 20mE jAY Ao RAHAE Aole
E-A4gqNu 7t g4 FE Axe AEE
BHG. A AR ANE FHd wE R4
&S RE EFEAYUET} 80% ©]Fo2 v
st

052 59 Migzde] AgAd uge 22
) ¥ FEFFLES) HIHE AT F
2] Zo] Table 7°]th.

232 Ests=EF H1233% 2000.6.

Table 7 Corrosion rate of rebar (may)

C.D. C.D. }
10om 20mn 10mm 20nm
Type Type

0C-40 5.9 5.0 |FC10-50| 12.0 9.6
0C-50 10.9 9.2 [FC20-50( 13.7 9.6

OC-60 16.5 10.7 | 8C-50 12.2 9.3
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Table 8 Determinant coefficient of relation between
carbonation depth and corrosion current density

C.D. C.D.
10nm 20mn 10ne 20mn
Tyve Type

0C-40 0.774 0.67 |FC10-50| 0.81 | 0.80
0C-50 0.95 I 0.81 |FC20-50) 0.85 | 0.73
OC-60 0.971 0.86 | SC-50 | 0.84 | 0.75
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B Rez E-AFAY 40%, AEFA 20m
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Corrosion Current Density(uA/crm?)

Fig. 9 Relationship between carbonation depth/cover depth
and corrosion current density
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Table 9 Estimated corrosion current density on time when
destructed passivate film of rebar

Cement typ C.D. 10 mm 20 mm
0C-40 0.31 -
0C-50 0.21 0.41
0C-60 0.49 0.40

FC10-50 0.48 0.25

FC20-50 0.34 0.33
SC-50 0.20 0.45
Mean 0.35
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Table 10 Calculated corrosion rate and metal loss

¢.D 10 (m) 20 (am)

Item| Meta) | Corrosion | Corrosion | Corrosion Rust Metal | Corrosion | Corrosion |Corrosion| Rust

Test. loss rate' rate” & growth™ | Joss rate’’ rate® rate” | growth”

Sesles (%) (mey) (1eA/ e (wA/et) | (um/year) (%) (mcy) (/) (gh/cnd) | (sm/year)
5.92 5.01

0C-40 0.22 0.31 0.64 15.39 0.17 - 0.55 13.22
(55) (54)
10.85 9.21

0C-50 0.40 0.71 1.19 28.61 0.32 0.57 1.01 24.28
(100) (100)
16.49 10.67

0C-60 0.61 1.21 1.80 43.27 0.38 0.62 1.06 25.48
(152) (116)
11.99 9.60

FC10-50 0.41 0.86 1.31 31.49 0.35 0.41 1.05 25.24
(111) (104)
13.73 9.56

FC20-50 Q.47 0.97 1.50 36.06 0.28 0.56 1.04 25.00
(127) (104)
12.18 9.28

SC-50 0.43 0.85 1.33 31.97 0.33 0.46 1.01 24.28
(112) (101)

[F] 1) 3742 438 24455 (0.1d/orf = 1.1pm/year)
2) 0.3 wd/ar ©)9] BE FAAFLET

3) Faraday's law&
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Fig. 10 Relationship between corrosion current density

by Gecor 6 and metal loss (unit : wh/cr)
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Fig. 11 Relationship between corrosion current density and
half-cell potential
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