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Abstract

Carbonation of concrete is being occurred due to interaction of atmospheric carbon dioxide with hydroxides.
Reinforce concrete (RC) structure is getting collapse or accident due to corrosion of embedded steel rebar. The
maintenance of reinforced concrete structure recently has the attention of researchers regarding durability of structure
and its mmportance day by day is increasing. In order to study the carbonation progress of pre-repaired concrete,
present study was carried out to measure the carbonation velocity for different repair materials up to 100% of
carbonation. The obtained results have predicted the carbonation progress of repair materials in service condition.
These results have been verified by FEM and FDM analysis. As a result, the carbonation depth can be predicted by
using the carbonation prediction formula after the repair, and the analytical and the experimental values are almost
similar when the initial Ca(OH); concentration is assumed to be 40%.
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Table 1. Experimental conditions

Type

Water Paint (WP)

Repair Organic Alkali Inhibitor (OAI)
materials  Inhibitor Surface Covering (ISC)
Corrosion—Inhibitor Mortar (IM)
Table 2. Concrete mix proportions
Unit Weight(kg/m®) AE
W/C(%) Plasticizer
Water  Cement  Sand ag%?gég?es %X%%
55 173 315 891 923 0.2
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A, 4ZF7E 7174 S ANFLE 11 3 HIAR o o] ZA]
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2= 20, 60% AEE, 100% COy 2RS4
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Fabrication of concrete specimens. (100 x 100 x 400mm)

&

Water—curing for four weeks and application of epoxy to the
non-penetrated surfaces.
&
Pre Treatment for 5 days in accelerated carbonation
—-Carb— | chamber using 100% CO, and measurement of the
onation | carbonation depths.
&
Application of each repair material to the penetrated
surfaces of the specimens.
Post i
-Carb- - -
onation | Treatment in the 100%-CO. accelerated carbonation
chamber and measurement of the carbonation depth
for each repair material.
Figure 1. Experimental flow chart
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Table 3. Physical properties of the OAl

Specific Viscosity '
Type aravity pH (CPS) Main component
Organic
inhibitor 1.07 1.9 11 (CHg)2NCH>CH,OH

2.3 MEH M= ¥ MEuH
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Post—Repair

Surface
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Figure 2. Description of the application of repair
materials to the concrete specimens
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Table 4. Thickness of each repair material
No. Type Thickness (mm)
1 WP 0.1
2 OAl spread
3 ISC 2
4 IM 6

(d) (e)

Figure 3. Measured carbonation depths of the splitting
specimens. (a) unrepaired, (b) WP,(c) OAl, (d) ISC, and
(e) IM
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Table 5. Carbonation depths after repair

Carbonation depth (mm)

Tyr?er (t)f Carbonation
concrete Pre—carb  Accelerated  Accelerated  Coefficients
specimen onation carbonation  carbonation (man/ vgear )
s depth +7 day +14 day
Plain 5.11 8.82 11.99 2.32
WP 5.11 6.24 7.76 0.39
OAl 5.11 6.60 8.69 0.60
ISC 5.11 713 9.37 0.79
IM 5.11 6.38 8.25 0.44
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Table 6. Carbonation coefficients of normal atmospheric
conditions

Type of concrete Carbonation coefficient

No.

specimens (mm/Vt)
1 A Plain 0.52
2 A WP 0.09
3 A OAl 0.14
4 A ISC 0.18
5 A IM 0.10
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Figure 4. Comparison of the carbonation rates for the different
specimens
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Figure 5. Predicted progresses of the carbonation depth for
the different repair materials



Table 7. Comparison of the carbonation depths for the

different repair materials (after 35 years)

Type of concrete Carbonation depth

No. )
specimens (mm)
1 Plain 30
2 WP 5.32
3 OAl 8.28
4 ISC 10.65
5 IM 5.92
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to . time (year)

C=A4 (Vi = fty) + Aty ——————— (4)

o170l A,

C’ . Carbonation depth (mm)

A’ carbonation coefficient of the specimen with

a given repair material(mm/ vt )
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Figure 6. lllustration of the concept of the estimation of the
post-repair endurance life under carbonation
Table 8. Carbonation progress prediction equations

Type of concrete Carbonation progress prediction

specimens equations
Plain C=0.52 \F
WP C=0.09(vt — 4/, ) +0.52
OAl C=0.14(Vt = \/t,) +o52\/j
ISC C=0.18(Vt— f +o52f
IM C=0.10(vt — 4/t ) +0.52

C'is Carbonation depth after repair (mm), ¢, is repair timing (year), ¢ is time(year)
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Figure 7. Predicted post-repair progresses of the carbonation
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a o . Coefficient of cement type
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B 1 Temperature
B 2 . Humidity
B 3 : COy Concentration
k : coefficient of Kisitani Equation)
Ri ! Repair coefficient 1
Re ! Repair coefficient 2
Table 9. Input data for FEM analysis
Input parameter unit
Cover thickness 30 mm
at (Coefficient of concrete type) 1 -
az (Coefficient of cement type) 1 -
as (W/C coefficient) 0.17 -
Bi (temperature) 20 T
132 (Humidity) 60 %
5 (CO2 Concentration) 0.05 %
k (Coefficient of Kisitani Equation) 1.72 -
Ri (Repair coefficient 1) 0 -
R> (Repair coefficient 2) 30 -
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Figure 8. Carbonation progresses predicted by FEM analysis.
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FDM calculation of CO, concentration in the repair
material

g

1 FDM calculation of COz concentration in the concrete

4

1] Calculation of Ca(OH), concentration

4

Determination of the carbonation speed coefficients A
and 4

Figure 10. Flowchart of the FDM analysis.
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Table 10. Input variables for the concrete
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Parameter Input Value Unit
Diffusion coefficient of CO2 in 0.0005 S day
concrete
Rate constant (k) of reaction
between CO, and Ca(OH), 500000 1/day
Thickness of concrete specimen 20 cm
Ca(OH), concentration on specimen 0,000003 molom®
surface
Table 11. Input variables for the repair materials
Air
Tyoe Diffusion coefficient of permeability
o CO2 (m¥s) (cm*(STP)-cm/(cm?-se
c-cmHg)
WP 0.000055 0.06
OAl 0.000052 1
ISC 0.000058 0.2
M 0.000018 0.2
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Figure 11. Carbonation depths predicted by FDM analysis and
determined by experiment
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Figure 12. Carbonation depths determined by experiment and
FEM and FDM analyses.
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