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Probabilistic Service Life Evaluation for OPC Concrete under Carbonation
Considering Cold Joint and Induced Stress Level

Seung-Jun Kwon"

Abstract: Steel corrosion due to carbonation in RC (Reinforced Concrete) structures easily occurs in urban cities with high CO, concentration. RC
structures are always subjected to external loading with various boundary conditions. The induced stress level causes changes in diffusion of harmful
ion like COs. In this work, a quantification of carbonation progress with stress level is carried out and carbonation prediction is derived through the
relations. Determining the design parameters like cover depth, CO, diffusion coefficient, carbonatable materials, and exterior CO, concentration as
random variables, service lifes under carbonation with design parameter’s variation are obtained through MCS(Monte Carlo Simulation). Additionally
the service life with different stress level is derived and the results are compared with those from deterministic method. Cover depth and cement hydrates
are evaluated to be very effective to resist carbonation, and the proposed method which can consider the effect of stress on service life can be applied

to maintenance priority determination.
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Fig. 1 Carbonation velocity variations with loading conditions
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Derivation of carbonation parameters(stress level and cold joint)

LeD
Determination of carbonation progress: d; = q\%t

+ Consideration of
COV for each
random variable

Setup of random variables Parameters

- Dy, from DUCOM
(Assuming normal distribution)

- Ae Exterior CO; concentration
- a Carbonatable material
- €4 Design cover depth

+ Setup of iteration (n=200)
+ i=1=n
+ Calculation of failure of durability [Py (£) = P(C, (&) = Cy)]

+ Setup of iteration (n=200)

+ i=t-n

+ Caleulation of failure of durability [P+(t) = P(C,(t) = (;)] + Plotting of P;(t) with
increasing period

+ Calculation of safety
index (B)

+ Setup of iteration (n=200)
+i=t-n
+ Calculation of failure of durability [P;(t) = P(C, () 2 )

Fig. 2 Design flow for service life in this study
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Table 1 Mix proportions for this study(Cho et al., 2018)

Unit weight(kg/m®)

Gmax Sla W/C

(mm) (%) (%) W C Fine Coarse

Agg. Agg.
180 300 732 1056

OPC 25 414 60
W : Water, C : Cement

Table 2 Analysis conditions for service life with design parameters
(Normal distribution)

D 0, « Ac Cover depth
Type 8 2 3 -6 3
(x10% m¥sec)  (kg/m’)  (x107kg/m’)  (mm)
l\é;ag’ N(6.21,0.1) N(107.8,0.1) N(740,0.1)  N(40,0.1)
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