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Abstract The reliability of stochastic carbonation rate analysis was verified by quantifying uncertainty
about the concrete carbonation rate coefficient random variables of PCT (Power Cable Tunnel) and UT
(Utility Tunnel) by region using the maximum entropy principle. As a result of probabilistic analysis of
carbonation on the PCT and UT using a cumulative distribution function, it was found that there was
a large difference in the carbonation rate coefficient by region. The measurement of the entropy A(X)
of the probability density function p(x) for the carbonation rate coefficient random variables of PCT and
UT by region yielded a value of 0.293 for UT in Busan. This entropy value is significantly different from
the entropy of a standard normal distribution (1.419). Therefore, it was concluded that the uncertainty
and randomness of the sampling and probability distribution for carbonation rate coefficient in this
region are quite insufficient, and more representative sampling is required to improve the reliability of
the probability analysis. In this study, by quantifying the random variables of carbonation rate
coefficient by region on the PCT and UT as a single value by entropy, the uncertainty of probability
could be measured more simply and easily than how it is measured in the cumulative distribution

function analysis.
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Fig. 1. Concrete cover depth and carbonation depth
on PCT and UT
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Where, y denotes carbonation depth in concrete,
of

concrete, and r denotes exposed time in the air.

b denotes carbonation rate coefficient
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normal distribution, 7™ denotes the ratio of a
circle’s circumference to its diameter, = denotes
data, and @ denotes a precomputed function
which represents the CDF Ax) of the standard

normal.

Table 2. CDF analysis results on the carbonation rate
coefficient for PCT and UT by region

Carbonation rate coefficient
(um/ v/'year )
Division
Mean Variance CDF CDF
(1) o) 50 % 95 %
Seoul 1.877 1.168 1.880 3.652
pCT Daejeon 1.442 0.630 1.444 2.736
Gwangju 2.192 1.378 2.195 4.118
Busan 2.048 1.470 2.051 4.035
Seoul 1.652 0.604 1.654 2.926
T Daejeon 2.352 1.191 2.355 4.135
Gwangju 3.227 3.396 3.233 6.227
Busan 0.999 0.105 1.000 1.528
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Fig. 2. Probability analysis results on the carbonation
rate coefficient of PCT by region
(a) Seoul (b) Daejeon (c) Gwangju (d) Busan
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Fig. 3. Probability analysis results on the carbonation
rate coefficient of UT by region
(a) Seoul (b) Daejeon (c) Gwangju (d) Busan
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Table 3. Entropy H(X) on the PDF p(x) of carbonation
rate coefficient for the PCT and UT

PDF p(x) HX), (bit) PDF p(x) HX), (bit)
Seoul 2.1592 Seoul 1.6831
Daejeon 1.7138 Daejeon 2.1729
pct Gwangju 2.2785 ut Gwangju 2.9290
Busan 2.3250 Busan 0.4229
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Fig. 4. Entropy A(X) on the PDF p(x) of carbonation
rate coefficient for the PCT and UT
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Table 4. Measure of uncertainty for probability
distribution on the PCT and UT by entropy

Difference Difference
oF o0 |2V ey | poE o | MY [ @-ore
(nat.) o (nat. o
(%) (%)
Standard Standard
Normal (@) 1419 ) Normal (©) 1419 }
Seoul |1.497 5.5 Seoul |1.167| -17.8
PCT | Daejeon |1.188] -16.3 | UT| Daejeon |1.506 6.1
(®) | Gwangju [1.579| 11.3 (@)| Gwangju [2.030| 43.1
Busan [1.612 13.6 Busan [0.293| -79.3
mSeoul
PCT
BDaejeon
B Gwangju

Busan

-100.0 -25.0 0.0 25.0 50.0 75.0 100.0
DIFFERENCE (%)

Fig. 5. Entropy A(X) on the PDF p(x) of carbonation
rate coefficient for the PCT and UT
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