Igl Journal of the Korea Concrete Institute
Vol. 21, No. 4, pp. 449~455, August, 2009

=12
- MAsP - 2

Eo| EMEl EM o7

=
ZAAANA T ALY A7) HE7| A E

A Study on the Carbonation Characteristics of Fly Ash Concrete
by Accelerated Carbonation Test
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ABSTRACT The increase of industrial carbonic dioxide emissions has accelerated the carbonation of reinforced concrete struc-
tures, which drops off their durability. Although advanced countries have already taken safety control measures against the car-
bonation of RC structures, it is still difficult now to accurately predict the actual carbonation depth. Additionally, it requires much
time and efforts. Recently, it is possible to get the data more rapidly through accelerated carbonation test with the CO, concentration
of 100%. In this paper, the carbonation test results obtained by two test methods such as the normal carbonation test method and
the accelerated carbonation test method, were compared to investigate the carbonation characteristics of fly ash concrete. The accel-
erated carbonation test on concrete specimens with the pre-curing age of 180 days was also carried out to examine the carbonation
characteristics of fly ash concrete at long-term age. Consequently, fly ash concrete at early age was vulnerable to carbonation and
however, its carbonation resistance at long-term ages was improved compared with OPC concrete.
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3l A9 BAgl EXL o]y 3 F IR WA Table 2 Mix proportions of concrete
FFE M xFE vt o WB| Sa | Unit weight (kg/m’)

71E gatsl Alge] A GRS ST 28Y, S (%) | (%) " lw | Cc|FA| S| G [SP(%)
71FA) 28 o, A oFA) 7|7} o] & ERAlElE A A EE 43-OPC | 166 | 386 | 0 | 727 | 949 | 1.12

2 Zaloloa] ZagES 7o) Ar|HOT HIFEC 43 | 45 |43-FAl10| 166 | 347 | 39 | 756 | 941 | 0.81
HEo] AMAHE Ao 1 JFS eaal Axto)] A 33} 43-FA20| 166 | 309 | 77 | 749 | 934 | 0.74
A wrdEx Bl B dToME T 280 ealsl 50-0PC | 172 | 344 | 0 | 776 | 967 | 1.03
NE (R 21 gasle 34 27 @Al o) 50 | 45 [50-FA10| 172 | 310 | 34 | 770 | 960 | 0.80
2} Zeojolof4] =agEe] Bk Zlo]E ZHaw, 1 50-FA20| 172 | 275 | 69 | 765 | 953 | 0.67
Gas SmAE Take] Zafolof2isl EAbElS] WA 55-0PC | 176 | 320 | 0 | 774 | 965 | 0.63
L oggre zASlGlTh T 699 A A B Fa 55 | 45 [55-FA10| 176 | 288 | 32 | 769 | 959 | 0.45
_ ) 3 55-FA20| 176 | 256 | 64 | 764 | 952 | 0.42
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Ap]@&%z&,&%g%26ﬂq-% Ae 9
7} 2.59, ZHE°] 6.86°1H, A7} 25mm?_] 2
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THe FAYE #e Ak

Fig. 1 Carbonation test chamber
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=1 9.10)
9 (shrinking core model)2 ™ o] 7}3tct. Fig. 2 Accelerated carbonation test chamber
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Table 1 Chemical composition of cement and fly ash
SiO, Fe,05 TiO, AlL,O; CaO MgO K,0 Na,O SO, Ignition loss
Cement 21.44 3.23 0.24 4.44 62.33 3.29 1.31 0.12 2.00 1.56
Fly ash 56.82 5.12 1.06 22.75 3.46 0.92 1.08 0.75 0.46 3.87
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Table 4 Compressive strength of concrete (MPa)

W/B FA 7 days 28 days
0 30.1 41.0
43 10 26.5 40.7
20 31.0 447
0 28.4 34.0
50 10 23.8 31.7
20 23.6 36.6
0 233 31.1
55 10 222 30.4
20 20.5 29.8

Table 3 Carbonation test conditions
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(standard)

Dry-curing Measurement
(long-term age) Temp. | RH CO; age (weeks)

Age (day)

Condition (°C)
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Time (Weeks)
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Fig. 3 Carbonation depth by carbonation test (pre-curing: 56
days)
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Fig. 4 Carbonation depth by accelerated carbonation test
(pre-curing: 56 days)
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Fig. 5 Carbonation depth by accelerated carbonation test
(pre-curing: 180 days)
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Table 5 Results of carbonation velocity coefficient

Type Curing |Carbonation A

(weeks) |depth (mm)|(mm/Jweeks)
43-0PC 3.9 L1
43-FA10 6.0 1.72
Carbonation| 43-FA20 7.5 2.17
test 50-OPC 44 1.31
pre-curing | 50-FA10 12 6.4 1.84
condition | 50-FA20 9.9 2.87
(56 days) ["55.0pC 52 1.49
55-FA10 7.6 2.19
55-FA20 135 3.89
43-OPC 6.9 1.99
43-FA10 8.2 2.37
Acceleration 43_FA20 9.9 2.85
carbonation 55 "5 0.1 2.63
pre_t:ztring 50-FAL0 | 12 11.6 335
condition | S0-FA20 16.8 485
(56 days) | 35-OPC 13.1 3.78
55-FA10 18.7 5.41
55-FA20 325 9.37
43-0PC 6.2 1.79
Acceleration $3-FA10 44 1.27
carbonation 43-FA20 4.8 1.39
test 50-OPC 8.5 245
50-FA10 | 12 75 2.17
pre-curing | 50-FA20 112 3.23
condition |55 OpC 11.1 3.20
(180 days) 755 pa 1 153 442
55-FA20 18.6 5.37
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