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The service life evaluation in RC(Reinforced Concrete) structure exposed to chloride attack can be classified into deterministic and
probabilistic method, and it significantly varies with design parameters. The present work derives PDF (Probability of Durability Failure)
and the related service life considering time-dependent diffusion coefficient and internal parameters such as reference diffusion
coefficient, critical chloride content, and time-exponent. When critical chloride content increases to 133.3%, the changing ratios of
service life are 134.0~145.4% for deterministic method and 149.2%~152.5% for probabilistic method, respectively. In the case of increasing
time-exponent to 200%, they increase to 323.8% for deterministic method and 346.0% for probabilistic method. Through adopting
time-diffusion coefficient for probabilistic method, reasonable service life evaluation can be achieved, and it is also verified that
increasing time-exponent through mineral admixture is very effective to extension of service life in RC structure.
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Determination of random variables
(Surface chloride content, Cover depth, Critical chloride content)

Composition of Fick's 2 Law
Seed generating for each variable
Calculation of time dependent diffusion coefficient
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Calculation of induced chloride content

Calculation of
n (number of not satisfied case) / N (total trial number)
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Repeat to the designated period (100 years)

Fig. 1. Algorithm of PDF calculation with time-dependent diffusion
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Table 2. Simulation conditions with variables

Time constant and time-dependent diffusion coefficient

P(P;),: PDF in the intended service life (t,)
Py,,.: Allowable maximum PDF

ts: Design service life

v, safety factor for service life

2.5x10"2 m?/sec
5.0x10"*m%/sec
7.5%x10"*m?/sec

Normal distribution
COV 0.266

Diffusion coefficient at
reference time (28days)
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Fig. 2. Changes in PDF with reference diffusion coefficient
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Table 3. Analysis conditions and service life evaluation

Common analysis conditions
‘Diffusion coefficient at reference time: 2.5x10™’m%sec
-Cover depth: 75mm -Surface chloride content: 5.0kg/m’
-Critical chloride content: 1.2kg/m’ -Time exponent: 0.2

Service life

. Deterministic Probabilistic
Variables

Time Time- Time Time-

constant | dependent | constant | dependent
Cole)fléiuiseﬁnat 25 | 268 76.0 13.2 38.5
reference time 5.0 13.0 35.1 8.8 17.2
(10" m?/sec) 7.5 8.6 21.3 4.7 9.8
Cchr;;‘:gl 12| 268 76.0 132 38.5
content 1.4 30.4 91.2 16.2 47.2
(kg/m3) 1.6 359 110.5 19.7 58.7
Time 0.2 26.8 76.0 13.2 38:5
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Fig. 12. Normalized parameters and changing service life
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Table 4. Regression analysis results for the parameters

Regression type: Y=A(X—1)+1

Regression results of A

Deterministic Probabilistic

Case Time Time- Time Time-
constant dependent constant dependent

A | R | A4 | R? | 4 | R? | 4 | R?

Normalized
diffusion -0.375] 0.902 {-0.396| 0.901 |-0.324| 0.999 |-0.409| 0.913
coefficient
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—
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40 2

Normalized
critical chloride|0.976 | 0.982 | 1.329 | 0.994 | 1.454 | 0.997 | 1.530 | 0.992
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Fig. 13. Comparison of gradient of parameters
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