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Probabilistic Service Life Analysis of GGBFS Concrete Exposed to Carbonation
Cold Joint and Loading Conditions

Tae-Hoon Kim', Seung-Jun Kwon®

Abstract: Carbonation is a deterioration which degrades structural and material performance by permitting CO,and corrosion of embedded steel.
Service life evaluation through deterministic method is conventional, however the researches with probabilistic approach on service life considering
loading and cold joint effect on carbonation have been performed very limitedly. In this study, probabilistic service life evaluation was carried out through
MCS (Monte Carlo Simulation) which adopted random variables such as cover depth, CO, diffusion coefficient, exterior CO, concentration, and internal
carbonatable materials. Probabilistic service life was derived by changing mean value and COV (Coefficient of variation) from 100 % to 300 % and
0.1 ~ 0.2, respectively. From the analysis, maximum reduction ratio (47.7%) and minimum reduction ratio (11.4%) of service life were obtained in
cover depth and diffusion coefficient, respectively. In the loading conditions of 30~60% for compressive and tensile stress, GGBES concrete was effective
to reduce cold joint effect on carbonation. In the tensile condition, service life decreased linearly regardless of material types. Additionally service life
rapidly decreased due to micro crack propagation in the all cases when 60% loading was considered in compressive condition.
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Table 1 Changing ratio of carbonation velocity coefficient(Hwang et

al., 2019)
Case Loading type Regression equation
Compressive  a,,;;, = 0.9444C” — 0.4833C +
OPCS
Tensile Oporio = 0:4333C+ 1
Compressive  «,,,;, = 2.6481C% — 1.0389C +
OPCCJ "
Tensile @, io = 0-6769C + 1.286
Compressive  ,,;;, = 2.4915C% — 1.1467C +
GGBFS S
Tensile 0 = 0-2266C'+ 1
Compressive  a,,,;, = 1.7332C” — 0.6964C +
GGBFS CJ N

Tensile Oprio = 0-4341C'+ 1.12

S : Sound CJ : Cold joint C': Loading ratio about breaking load

(a) Specimen for
compressive load

(b) Specimen for
tensile load

Fig. 1 Test procedures of inducing loads
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Table 2 Mix proportions for probabilistic service

Case Gmax S/a W/B Unit weight (kg/m’)
mm) %) (% W C BFS S G
OPC 300 0 732 1056
25 414 60 180
GGBFS 180 120 724 1044

W: Water, C: Cement, GGBFS: Ground Granulated Blast Furnace Slag,
S: Sand, G: Gravel

Table 3 Variables condition with design parameters

(Normal distribution)
Type DCOZ “ Ac i(e);f}:
(x 108 m¥sec)  (k¢/ m’) (x10° g/m’) (mm)
OPC N(6.21,0.1) N(107.8,0.1
( ) N( ) N(767.75, N0, 0.1)
GGBFS  N(2.70,0.1)  N(44.8,0.1) 0.1)
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Fig. 5 Service life behavior with changing load
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