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ABSTRACT

Recently, the corrosion of reinforced concrete structures has received great attention related with the deterioration
of sea-side structures, such as new airport, bridges, and nuclear power plants. In this regards, many studies have
been done on the chloride attack in concrete structures. However, those studies were confined mostly to the single
deterioration due to chloride only, although actual environment is rather of combined type. The purpose of the present
study is, therefore, to explore the influences of carbonation to chloride attack in concrete structures. The test results
indicate that the chloride penetration is more pronounced than the case of single chloride attack when the carbonation
process is combined with the chloride attack. It is supposed that the chloride ion concentration of carbonation region
is higher than the sound region because of the separation of fixed salts. Though the use of fly ash pronounces the
chloride ion concentration in surface, amounts of chloride ion penetration into deep region decreases with the use of
fly ash. The present study allows more realistic assessment of durability for such concrete structures which are
subjected to combined attacks of both chlorides and carbonation but the future studies for combined environment will

assure the precise assessment.
Keywords : chloride ion diffusion, carbonation, chloride profile, swface chloride content, fly ash
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Table 1 Chemical components of cement (%)

_ Cement type SiOq AlOs | FexOs CaO MgO

Type 1 21.01 6.40 3.12 61.33 3.02

Type 5 22.37 3.87 4.67 62.77 | 254

Fly ash 61.75 | 2397 4.81 3.41 0.82
Cement type | NaO K20 SOs F-CaO |Ig.loss

Type 1 0.12 0.78 214 1.12 1.61

Type 5 0.09 0.54 1.75 0.57 1.40

Fly ash 0.50 1.11 0.66 - 2.97
Cement type CsS C2S C4AF CsA

Type 1 42 28 9 12

Type 5 53 24 14 2

Table 2 Mixture proportions for test series

Test |Cement| W/B Cemer%t Sslﬁ Wateg Sgg C;)éagse

: v . .
series| Type | (%) | kg/m keg/m? kg/m kg/m? | kg/m®
F%o 1 | 38| 40 | - | 171 | 621 | 1034
FIz{x?)o v |38 a0 | - | 171 | 621 | 1034
Figo v | 3] 360 | 9 | 171 | 609 | 1014
Fﬁ%o v |4 | 45 | - | 170 | 63 | 1058
HIFAQQ

[> Concrete strength ;
H : fu = 38 MPa
N ! f& = 28 MPa

> Type of cement ;
1 @ Ordinary portland cement
5 : Sulphate resistance portland cement

——[> Amount of Fly ash ;
FAQO : Fly ash 00%
FA20 : Fly ash 20%

Fig. 1 Test series identification
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Table 3 Test results of compressive strength

Seri Compressive strength (MPa)
eries

28 days 90 days
HI1FAQ0 44 61
HS5FAQ0 51 61
HHFAZ20 52 65
N5FAQQ 39 43
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Fig. 2 Initial chloride profiles for various mixtures
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Fig. 3 Chloride profiles for various mixtures under cyclic one-week in chloride solution and one-week in

carbonation (case of acid soluble)
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Fig. 8 Chloride diffusion coefficient
mixtures under simple cyclic condition
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