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Durability Analysis of Underground Structure based on Limit State Function Considering

Carbonation
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Abstract

The priority of repair areas are chosen with the probability distribution of 0.3mm wide crack and carbonation induced corrosion.
Data is analyzed and evaluated based on the 28 section of Precise Inspection for Safety and Diagnosis (PISD) in seoul. As the
crack is distributed in log-normal, the carbonation and cover are in normal distribution. To have rational in repair sections among
503 sheets of underground structure, it is adopted the reliability index as well as the environment factors: strength, sonic speed,

CO, concentration, corrosion, and content of chloride.
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Fig. 4 Carbonation Rate by 5—year Field Inspection
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Table 1 Environment Index of Each Sector by Precise Inspection for Safety and Diagnosis”

Line section Strength (MPa) Sonic Speed COg’g Corrosion grade | Cont. of ck;loride B,
Core Rebound Hammer (m/sec) (kg/m’) (CSE) (kg/m’)
1 29.9 28.2 3,147 0.531 LI 0.41 0.86
2 22.6 28.9 3,194 0.608 I 0.46 0.81
1 3 29.2 28.3 3,172 0.561 I 0.48 0.77
4 37.9 26.0 3,248 0.570 I 0.39 0.86
5 22.0 26.4 3,256 0.500 I 0.51 0.77
1 26.7 26.9 2,969 0.409 11 0.08 0.73
2 35.6 37.6 3,077 0.472 I 0.50 0.90
5 3 35.9 31.7 3,192 0.471 I 0.49 0.81
4 31.3 33.0 2,775 0.527 LI 0.45 0.86
5 23.5 37.0 2,556 0.463 I 0.55 0.86
6 42.1 38.7 3,491 0.393 I 0.53 1.00
1 36.1 30.0 3,026 0.515 11 0.52 0.90
2 23.8 30.8 3,651 0.678 11 0.53 0.70
3 32.7 36.2 3,179 0.628 II 0.44 0.90
4 23.0 29.9 3,000 0.565 I 0.08 0.74
3 5 39.1 35.2 3,450 0.607 " 0.38 0.81
6 20.3 24.6 2,785 0.559 - 0.38 0.74
7 315 33.2 3,433 0.540 LI 0.51 0.77
8 25.2 27.1 3,798 0.549 I 0.47 0.77
9 18.2 26.7 3,860 0.552 I 0.54 0.95
1 23.4 29.8 3,623 0.526 L 0.53 0.77
2 31.9 31.1 3,938 0.629 LI 0.49 0.81
3 26.9 22.9 3,813 0.482 LI 0.38 0.90
A 4 28.5 31.6 3,672 0.507 I 0.16 0.95
5 24.8 29.6 3,413 0.579 I 0.09 0.95
6 32.5 30.8 3,492 0.528 LI 0.45 0.81
7 35.7 32.9 3,635 0.587 I 0.41 0.77
8 30.1 32.4 3,527 0.695 LI 0.09 0.73
* Environment Factor is calculated with each index
s ASTM C876—80 or no test result
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Durability Assessment
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Fig. 6 Layout of Eye Inspection and Durability

Table 2 Reliability Index of Each Sector by Limit State Function

of Carbonation

Line | section Cover (mm) Car?;);stion Reliability Uppef State
u/ o (ND) 2/ o (ND) Index | 10%" | Assessment

1 49.52/ 14.13 | 25.99/ 11.62 0.20 O 0.27

2 80.40/ 33.18 | 19.34/ 9.07 1.30 0.34

1 3 58.66/ 20.24 | 21.09/ 0.29 0.88 0.28
4 64.82/ 24.31 |27.93/ 14.91 0.55 0.30

5 69.48/ 25.80 |21.74/ 11.36 1.06 0.30

1 38.48/ 17.72 | 17.19/ 7.27 0.36 O 0.22

2 38.59/ 14.40 | 22.28/ 8.68 1.51 O 0.24

9 3 47.84/ 1790 | 21.11/ 8.06 1.80 O 0.25
4 38.32/ 17.64 | 13.50/ 8.00 1.29 O 0.29

5 26.60/ 14.51 | 22.32/ 12.47 0.29 O 0.28

6 31.48/ 15.16 | 14.90/ 7.67 1.11 O 0.26

1 42.09/ 6.88 | 18.23/ 8.42 0.69 0.26

2 43.65/ 6.40 | 21.31/ 9.49 0.41 0.29

3 94.84/ 30.19 | 9.54/ 9.14 2.47 0.20

4 132.62/ 53.40 | 14.23/ 13.8 1.97 0.23

3 5 67.88/ 35.40 | 19.52/ 9.67 0.89 0.22
6 132.62/ 53.40 | 32.79/ 8.35 1.33 0.20

7 49.19/ 22.29 16.98/ 9 0.76 0.25

8 119.54/ 72.43 | 18.14/ 6.68 1.21 0.18

9 114.97/ 52.52 | 22.97/ 10.74 1.43 0.17

1 44.9/ 12.7 8.95/ 2.65 1.88 0.31

2 51.89/ 14.05 | 10.75/ 5.24 1.92 0.29

3 51/ 17.48 6.88/ 0.76 2.04 0.28

A 4 49/ 14.32 15.23/ 2.45 1.20 O 0.27
5 50.55/ 16.26 | 9.55/ 5.71 1.81 O 0.25

6 49.94/ 16.21 | 10.8/ 7.53 1.63 0.31

7 44.68/ 8.62 8.81/ 4.13 2.36 0.28

8 45.37/ 12.99 | 7.05/ 5.33 2.17 0.32

* The density of probability in the above 0.3mm wide crack.
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