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Effect of Time-dependent Diffusion and Exterior Conditions on Service Life
Considering Deterministic and Probabilistic Method

Seung-Jun Kwon'™

Abstract: Service life evaluation for RC Structures exposed to chloride attack is very important, however the previous two methods(deterministic and
probabilistic method) show a big difference. The paper presents a service life simulation using deterministic and probabilistic method with time-
dependent diffusion coefficient. Three different cases are considered for diffusion coefficient, concrete cover depth, and surface chloride content
respectively, and then the PDF(probability of durability failure) and the related service life are obtained. Through adopting time-dependent diffusion,
the discrepancy between the two methods can be reduced, which yields reasonable service life. When diffusion coefficient increases from 2.5 X 10™*m?/sec
to 7.5X 10> m?/sec, the service life decreases to 25.5~35.6% level, and cover depth does from 75 mm to 125 mm, it increases to 267~311% level
as well. In the case of surface chloride content from 5.0 kg/m? to 15.0 kg/m?, it changes to 40.9~54.5%. The effect of cover depth is higher than the
others by 8~10 times and also implies it is a key parameter to service life extension.
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Fig. 1 Probabilistic method for durability design
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Table 1 Simulation conditions with variables

Time constant and time-dependent diffusion coefficient
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reference time (28days) 5.0x10 12mz/sec distribution

7.5x10" "m/sec COV 0.266
75 mm Normal
Cover depth 100 mm distribution
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5.0 kg/m® Normal
Surface chloride content 10.0 kg/m’ distribution
15.0 kg/m’ COV 0.338
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Fig. 3 Variation changes in PDF with diffusion coefficient at
reference time
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Fig. 4 Variation changes in PDF with cover depth
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Table 2 Analysis conditions and service life evaluation

Common analysis conditions
-Diffusion coefficient at reference time: 2.5x10"*m?%/sec
-Cover depth: 75 mm
-Surface chloride content: 5.0 kg/m’
-Critical chloride content: 1.2 kg/m’
-Time exponent: 0.2
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Fig. 7 Service life with varying cover depth
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Table 3 Regression analysis results for the parameters

Regression type: Y= A(X—1)+1

Regression results of A

Deterministic

Probabilistic

Case
Time constant Time-dependent Time constant Time-dependent
A R? A R? A R’ A R?
Normalized diffusion -0.375 0.902 -0.396 0.901 -0.324 0.999 -0.409 0.913
coefficient
Normalized cover depth ~ 2.429 0.990 2816 0.993 2.845 0.997 3.126 0.997
Normalized surface -0.300 0.824 -0.328 0.884 -0.248 0918 -0.308 0.852
chloride content
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Fig. 10 Comparison of gradient of parameters
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43T
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E5AE2.420-3.12657F0 2, THPSEHS0.248-0.328
=S YRSl 7]127] HEAdAE 98579 7
$ Al 2 TSRl Hlsle] 8~108) g =] F&F
EE YERATH

A =2
o] =2 20153 % AR (n|h A2 o] AP oz Fh

SATA ] A& Wof 3 E 7] 2 AT AR] Y(No. 2015
RIA5A1037548).
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