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Service Life Evaluation through Probabilistic Method Considering

Time-Dependent Chloride Behavior

Seung-Jun, Kwon"*

"Dept. of Civil Engineering, Hannam University, Daejeon 34430, Rep. of Korea

ABSTRACT The service life in RC (Reinforced Concrete) is very important and it is usually obtained through deterministic method
based on Fick's 2nd law and probabilistic method. This paper presents an evaluation of 7,(durability failure probability) and the
related service life considering time-dependent behaviors in chloride diffusion and surface chloride content. For the work, field
investigation is performed for RC structures exposed to chloride attack for 3.5~4.5years, focusing tidal zone (6.0 m) and sea shore
(9.0 m), respectively. Random variables like cover depth, chloride diffusion coefficient, and surface chloride content are obtained,
and 7, and the service life are evaluated. Unlike the results from deterministic method using LIFE 365, probabilistic method with

time effects on diffusion and surface chloride shows a relatively rapid change in the result, which is a significant reductions of service
life in the case with low surface chloride content. For probabilistic evaluation of durability, high surface chloride content over 10.0 kg/m’® is
required and reasonable service life can be derived with consideration of time-dependent diffusion coefficient.
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Fig. 1 Concept of probabilistic method for durability design®
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Table 1 Mix proportions for RC column

Unit weight (kg/m’)
Slump (mm) Strength (MPa) Cement W/C (%) S/a (%)
w C S G
130 24 Type-1 52.0 44.0 186 358 758 988

Table 2 Field investigation results for chloride behavior

Height (m) Surface chloride content Diffusion coefficient (m?%sec) Diffusion coefficient (m*/sec)

Case (kg/m?) (test year) (28days)
6.0 8.94 1.52E-12 3.31
A 8.90 1.55E-12 3.37
3.7 years 9.0 0.89 2.27E-12 4.93
0.85 2.04E-12 443
15.64 1.88E-12 4.10
B 60 15.26 2.06E-12 4.50
3.8 years 90 1.09 2.93E-12 6.40
1.03 2.74E-12 5.99
12.25 1.05E-12 2.39
C 6.0 11.80 1.45E-12 3.30
4.7 years 9.0 0.31 3.53E-12 8.04
1.10 1.66E-12 3.78
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Table 3 Conditions for calculation of service life

Cover depth m Time to Critical chloride
(mm) built-up content
95.0 mm 0.2 10 years 1.2 kg/m®

surface chloride content (kg/m?)

o 20

40

60

exposedperiod (year)

Fig. 2 Built-up of surface chloride content
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Fig. 3 Service life through deterministic method
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Table 4 Probability variables for MCS
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Fig. 4 PDF with elapsed time (6.0 and 9.0m height)
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Chloride diffusion

coefficient (x"’m?/sec) (kg/m®)

Surface chloride content

Cover depth (mm) Critical chloride

Normal distribution

Normal distribution

Normal distribution

content (kg/m°)

Height 6.0 m 9.0 m 6.0 m 9.0 m 6.0 m 9.0 m Log normal

n 6 6 6 6 6 6 distribution
mean 1.585 2.528 12.132 0.878 (1.2) 94.72 94.82 1.20
STD 0.353 0.674 2.927 0.297 10.601 12.134 0.24
CoVv 0.223 0.266 0.241 0.338 0.112 0.128 0.20
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Fig. 5 Changes in PDF and service with time-dependent diffusion (tidal zone)
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Fig. 6 Changes in PDF and service with time-dependent diffusion (sea shore)
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