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CO, Evaluation of Reinforced Concrete Column Exposed to
Chloride Attack Considering Repair Timing
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In this paper, CO, amount is evaluated considering repairing timing and unit CO, amount per repair method including various stage of
material manufacturing, moving, and construction. Four mix proportions with mineral admixture are considered and repairing timing/
numbers are simulated based on the results from Life 365 which can handle chloride penetration. Furthermore two repair methods
(simple cover concrete replacement and replacement with electro-chemical method for removing chloride content) are considered
and the related CO, emissions are evaluated. From the study, the case with high W/B (water to binder ratio) ratio shows smaller CO,
emission in construction stage but it increases more rapidly with increasing number of repair. CO, emission considering
electro-chemical method greatly increases with the increasing unit CO, for the repairing method. The numbers of jumping step
(repairing number) are evaluated to be 9 for WB37-OPC, 18 for WB50-OPC, 4 for WB40-SG, and 7 for WB47-SG respectively. RC
structures with the longer maintenance free period are evaluated to be advantageous for saving CO, emission.
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Fig. 1. LCCO, evaluation process [Kim et al., 2013]
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Fig. 2. RC columns for CO, evaluation
Table 1. Concrete mix proportions for CO, evaluation
Unit(kg/m®)
Case W/B Binder
w G S SP | AE
C SG
WB37-OPC | 0.37 | 168 | 454 - 952 | 767 1 0.02
WB50-OPC 0.5 | 188 | 376 - 956 | 814 - -
WB40-SG 0.40 | 160 | 280 | 120 | 972 | 785 | 0.75 | 0.01
WB47-SG 0.47 | 168 | 250 | 107 | 956 | 835 | 0.65 | 0.02

WB: Water to binder ratio, W: Water, C: Ordinary Portland Cement
SG: Ground Granulated Blast Furnace Slag (GGBFS)
G: Gravel, S: Sand, SP: Super plasticizer, AE: Air entrainer
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Fig. 3. CO, evaluation process for the study
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(b) Chloride profile for WB40-SG (Cover concrete replacement)
Fig. 4. Chloride profile from Life365 program
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Table 2. Analysis conditions for chloride penetration through Life
365

Surface chloride content 13.0kg/m’

Temperature Constant 15C
Time to build up 4.0 years
Critical chloride content 1.2kg/m’

1.2kg/m’(without ECM)

Service life determination

below 0.1kg/m*(with ECM)

LIEFHCKThomas and Bentz, 2002).

Dy =1x 10[—12.06+2A40W7('] (5)

m = 0.2+0.4(%FA/50+%SG/70) (6)
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Table 3. CO, emission units for constction materials (Tae et al.,
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Table 6. CO, emission by ready-mixed concrete manufacture

2011) equipment classification (Kim et al., 2011)
Type Unit CO; (kg-CO,/ton) Case Equipment CO, em15510n3un1t
G 500x107 (kg-CO/m”)
S 5.00<10° Cement silo 1.50x107
’ Material - 2
C 7.60%10> Storage Aggregate silo 2.30x10
Slag 0.00 Slag silo 2.30x10”
Steel ton 4.00x10" Bucket elevator 1.57x10"
W 1.96x10" Horizontally conveyer belt 7.70x107
: Material - -1
AD 2.20%10"" conveyance Verticality conveyer belt 1.12x10
R/G 4.00x10° Compound transfer pump 3.10x107
G : Gravel, S: Sand, C: Cement Water transfer pump 260107
Steel : Deformed bar, W: Water, AD : Chemical admixture Mixture Concrete mixer 1.90x10°"
R/G : Recycle aggregate Dust collector 2.20x107
etc.
Compressor 3.10x107

Table 4. CO, emissions basic unit of the materials according to
the conveyance distance (Kim et al., 2011)

Dump Truck CO, emission unit for Transportation
(ton) (kg-COy/ton)
1 ton 2.68x10!
2.5 ton 1.46x107"
5 ton 9.20x107
8 ton 9.80x107
18 ton 6.30x107
23 ton 5.10x107

Table 5. Ready-mixed concrete classification for CO, emission
rate (Kim et al, 2011)

CO, emission unit for
Type Transport Equipment
(kg-CO,/m°)

Ready-mixed concrete truck(6.0 m?) 5.33x10"
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Table 7. Actual pump car CO, emissions basic unit (Kim et al.,

2011)
Type CO, emission unit(COz-kg/m3)
Normal Pressure
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Fig. 5. Assumption and evaluation process for CO, with/without ECM

Table 8. Calculated repair timing (year)

Case Repair timing (year)
Non-Electrochemical Method WB37-OPC 8.1
(Simple cover concrete WB50-OPC 4.5
replacement in the condition of| WB40-SG 15.5
1-2kg/m’) WB47-SG 105
WB37-0PC 20.0
Electrochemical Method WB50-OPC
(Concrete cover replacement 10.7
and ECM in the condition of| WB40-SG
0.1kg/m’) 435
WB47-SG
27.5
100
—— WB37-0PC
—— WB50-OPC
—— WB40-SG
80 WB47-SG

40 F

20 -

CO, Emission Equivalent(t-CO,)

0 L L L L L L L
0 25 50 75 100 125 150 175 200

Time(per year)

Fig. 6. Total CO, emission equivalent considering the repair time
(without ECM)
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Fig. 7. CO, emission equivalent considering the repair time
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