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ABSTRACT

The most common deterioration cause of concrete structures in urban environment is carbonation. Recently, the
CO; concentration and temperature at atmosphere is sharply increased with time due to global warming
phenomena. In this study, the climate scenario IS92a, which was suggested by the IPCC, is used to consider
temperature and atmospheric CO: concentration change in the model of service life prediction. The modified
mathematical solution, which was based on the Fick’s 1st law of diffusion, was used to reflect concrete materials
properties such as the degree of hydration of concrete with elapsed time, and important parameters, which
associated with deterioration rate. The techniques of service life prediction are developed introducing the method of
reliability and stochastic concept to consider microclimatic condition in Seoul, South Korea. From the result of
service. life prediction, concrete containing high W/C ratio is shown fast carbonation rate due to COz concentration
increase. It is concluded that the deterioration of concrete structures due to carbonation is insignificant problem on

the conditions that below W/C 55 9%, well curing concrete.

Keywords : deterioration, carbonation of concrete, global warming phenomena, service life prediction,

microclimatic condition
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Input material parameters:

®  Mix proportion of concrete
®  Carbonation depth (based on present study)

1 3

Estimation of time dependant materials parameters:
®  Degree of hydration
® (O, diffusion coefficient
®  CO; binding capacity vs. concentration

L

Input environmental parameters:

®  Atmospheric temperature
Relative humidity

Atmospheric CO, concentration
Micro climatic condition

Time of exposure

T

Using current input parameters to predict:
®  Future carbonation depth
®  Initiation time of reinforcement corrosion

1

End

Fig. 1 Procedure of proposed prediction model on
carbonation of concrete
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Fig. 2 Prediction of CO; mass
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Table 1 Mix proportion of concrete

Unit weight (kg/m®)

Specimen
W/C | Cement | Water Sand | Gravel
OPC45 0.45 411 185 706 1001
OPC50 0.50 370 185 720 1021
OPC55 0.55 336 185 732 1038
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R

® W/C 045
A | ®W/IC0.50
A W/IC0.55

— ~ &
n ) th ) n
-

I...
...Q....

QO diffusion coefficient (*10 4cmz/s)

I
[

=1

0 0.2 04 0.6 0.8 1
Time (years)

Fig. 6 Mean Dgq with time

578

T B39 8

] = o
A% B ol TR, ol ARH Aoz
A B)AA 04 < n < 050] Aoke v g,

£ Q7 Fike 53¢ EaeiEe] 484 A
A7 el Qs 22 44
st} Ak SIEH CO, FWARD,)E WS 3,
AR we BRI FH A AT
A, RRANTE Zoldz deld 18120 Sol o
ElE A B A4 WSS OO, AL
Eele] seisict, A3l W CO, A
o) aFAE 4 (159 o] e 4 3)

4 oSl

L

oqmi E% A

2ol #AMEN} 2 2o
Wl 2] 7

aE} Ajass) o
HATET B

ol guE Aow gzter,

Table 2= 232 E9 W)

{m
ne
r{o
m&
A=)
9
T
°
T
.%
&
@)

g AEs) A9 AHAITE

3% Hlmale RE ZasmlEdd Be hALRE 2=
Aoz H7HE9em CEB 190 Model Codeo)A Aok
g 2agee o 2 09 AAF 05107 ~
6x10"cm/s2) E9loll T3 wheba B AFolA A
29 CO; FHAE A% Aoz AZ4HY CO, 4t
AFz dde 2agEe] F4L E-AdEH 55% o]3
oA 3 YRS HoH dsT Ao Avtdn)

Table 2 Dy and ns with W/C ratio

Dy nd
W/C 045 0.6496 02180
W/C 050 1.2358 0.2348
W/C 055 2.2248 0.23%

Table 3 Typical values of K and Dcozlg)

Con'c quality | K (mm/yyear) | Dog(x10™cm’/s)
Poor > 10 > 50
Average 5~ 10 0 ~5
Good <5 <5
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Table 4 Determination of uncarbonation depth

Weight Time to Uncarbonation
loss (mg) |corrosion (days)|] depth (mm)
W/C 0.45 2195 155 0
W/C 050 384.7 75 -2
W/C 0.55 534.3 18 5
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Fig. 16 Required cover depth with W/C ratio
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