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ABSTRACT

Recently, the researches on the durability design of concrete structures have been studied. As the examples,
models to evaluate the service life prediction of the structure have been developed. The purpose of this article is
to develop the model for predicting remaining service life. The final aim is to provide the user time for repairing
the concrete structures. In addition, it makes possible to maintain the concrete structure economically.

70 reservoirs out of the inland concrete structures were selected and concrete structures of their components
were surveyed. Two methods were used for measuring carbonation; TG/DTA method and Phenolphtalein indicator
and, the value of pH was measured by the pH meter. After deriving correlations of calcium carbonate and used
vear, duration from completion year to 2002, pH value, and concrete cover depth the model was developed for
predicting remaining service life by measuring data as small as possible.

The conventional models had been developed on the basis of experiment data obtained from the restricted lab
environment like as carbon gas exposure. On the other hand this model was developed on the basis of measuring
data obtained from the real field that the complex deterioration actions are occurred such as freezing and thawing,
carbonation, steel corrosion, and so on. The reliability of the developed model will be evaluated high in this point
and this model can help to maintain concrete structures economically by providing the manager time to repair the
deteriorated concrete structures in site of facility management.
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Fig. 1 The Flowchart of chemical reaction from cement manufacture, hydration to carbonation
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Fig. 2 Corrosion of steel in water solutions as a
function of OHion concentration and pH
level; the reduced corrosion at pH 125 is
the result of formation of effective passiva-

tion film.
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Fig. 3 Corrosion processes by reactions at anodic
and cathodic sites on the surface of steel
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Fig. 4 Concrete slice specimen for carbonation
measurement(pH, TG/DTA)
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Fig. 5 TG/DTA results curve
(Nogok-Gi, built in 1968, An-sung Kyung-gi
province)

Table 1 pH indication value of several indicators

Indicator pH range
Tropaeolin O pH 11.1~12.7
Alizarin yellow R pH 10.2~122
Thymolphthalein pH 9.3~105
Phenolphtalein pH 8.3~9.5
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Table 2 The statistical variables

according to
concrete cover dpth(representative tendency)

Regression fnction RMSE| RMAE| g?
Service life and clcium .
crbonate contents(eq.(7)) 3.38 037 | 083
pH value and calcium
carbonate contents(eq.(8)) 414 0.75 | 0.44
Concrete cover depth and

calcium carbonate contents 0.40 0.02 | 0.99

(eq.(9)
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Threshold pH, %,,=10.4
or Reading value

v

Effective concrete cover depth( x,)
default value( x,=4.2)

v

CaCOs content :
Ca, Cq, Cg at depth xq, xy, x5

v

v

v

Expected Service Life ( Y, )

Service Life( Y, ) at depth x,

- Calculate Coy, at k = kg,

- Calculate C,, at depth x,

- Calculate Yth at Ccth - Calculate Ye at Cc = Cce
| l
Remain Service Life Y,
Yr = Yth - Ye
END
Fig. 13 Remaining service life prediction model
Table 3 Detail examination results (one part)
. Calcium carbonate | Calcium hydroxide ) Diffusi
a a’rrnléeof Completion pH value (%, wt.) %, wt) tCoreth Cargontzﬁtlon coi:ffLiISilgSt
reservoirl YU o5 | 075 | 195 | 025 [ 075 | 125 | 025 | 075 | 1.25 | Streng P m?/ sec)
S.S. 63 9.3 9.72 | 972 | 37.73 | 3534 | 3423 | 0.00 | 0.00 | 0.00 77 4898 470%x 1078
DD 69 905 | 981 | 11.99 | 27.06 | 1371 | 9.12 | 0.00 | 2.34 | 362 136 - 7.35% 1071
O.R. 75 1038 | 11.3 | 1225|3127 | 2552 1 1790 | 0.00 | 3.74 | 3.33 125 29.13 445% 1079
D.S. 81 965 | 11.36 | 11.41 | 27.04 | 1426 | 10.35 | 0.00 | 362 | 3.82 13.8 7.50 1.05% 107°
WP 90 1073 | 11.81 | 12.62 | 36.68 | 2659 | 1519 | 0.00 | 4.15 | 465 16.2 870 2.10x 10°
% Unit . Concrete core strength Mpa, Carbonation depth(average depth) : mm, Remaining service life : year,

Measuring depth : 0.25, 0.75, 1.25cm
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Table 4 The remaining service Life and diagnosis
of current status

of e Lo | Yu Yol Yum Y| e
S.S. A -842 -380 Accelerated
DD. 3 1690 -2.80 Retarded
OR. 27 114 320 Retarded
DS. 21 164 920 Retarded
WP 12 1401 1820 Accelerated
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Notation

Y  Service life (year)

Y,  Remaining service life (year)

Y, : Service life at the threshold of corrosion (year)

Y, : Service life when C,, measured at depth x.,

Yusea - Used year

C. ' CaCO, concent in concrete (weight percent)

C.'. CaCO; concent predicted from regression
function at depth x,

Cu: CaCOy concent at the %y, of pH value

Ca, Ca, Cs - CaCOy concent measured at depth xq,

X2, X3

x ° Concrete cover depth(cm)

%, - Effective concrete cover depth

X1, X9, %3 - Depthes of CaCO; concent measuring
points.

& pH value of concrete.

k4, © pH value of concrete at service life, Y,
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