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A Study on Fuzzy Logic Method for the Assessment of Tunnel Concrete Lining

Sung-Won Lee, Mahn-Sup Cho, Kwang-Ho Lee, Seok-Won Lee,

Gyu-Jin Bae and Young-Ki Ahn

ABSTRACT There are many difficulties to the engineers in the assessment of tunnel safety. Consequently, objective
assessment of concrete lining is hard even by the experts of tunnel assessment. Of several difficulties in the assessment of
tunnel safety, in this study, tunnel concrete lining was focused and evaluated quantitatively and objectively using the Fuzzy
theory which is generally considered to be appropriate for the assessment, control and judgment. T-FLAS based on fuzzy
theory was developed in this study for the quantitative and objective assessment of the concrete lining in tunnels. Based on
the application of T-FLAS on the evaluated field data, it was shown that the assessment system using fuzzy theory(T-FLAS)
can be the effective and objective method for the assessment of concrete lining.

Key words : fuzzy theory, fuzzification, state assessment, T-FLAS, rule base, concrete lining
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Fig. 1. Flow chart for the safety and in-depth inspection of tunnels in Korea
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Table 1. Examination items and standard grades for the assessment of tunnel state *
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Table 3. Verification of rule base through back data
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Table 4. Contents of appearance inspections sheet

No 7k FE [ | e (e | A= | dE [ No -7t Tl | 75 | e | e (AR (WE
1 [665~705(%) 02 | A | A | A (302| B | 21 [18~2253) 04 | A | A | A | 248| C
2 1665~705hH| 0 | A | A | A [ 223 B |22 [225~255@h 07 | A | A | A |29 ] C
31705~7453hH] 0 | A | A | A |228] B || 23 {255~305(%)| 03 | A | B | A | 220 | C
4 |705~745(9)] 02 | A | A | A |253| B [[24pos~3453) 02 | A | c | A |20 C
5 |745~7853H] 0 | A | A | A [ 277 A || 25 |345~3853H 0O Al A A |24 A
6 [7185~8252h] 03 | A | A | A |236| C [ 26 3g5~425@h| 001 | A | A | A [240 | A
7|785~825(F) 0 | A | A | A [ 23| C |27 [425~465(%) 05 | A | B | A | 20| C
8 |825~865(#H| 07 | C | D | E | 244 | D | 28 |465~5053H| 001 | A | A | A | 240 &
9 [825~865(%) 06 | C | E | D [220{ D {29 (505~5453) 02 | A | A | A | 269 | B
10 [865~9053h] 03 | A | A | A | 231 | C | 30 |545~585¢3) 001 | A | A | A | 261 | A
11 (905~9453hH] 02 | A | D | C | 260| C {31 (s585~6253) 05 | A | B | A | 232| D
12 1905~945(%)] 04 | C | B | A {220 | D | 32[585~625(%)| 05 | A | A | A | 228 ] D
13945~985H] 04 | A | A | A | 240 | C [ 331625~665(3) 03 | A | A | A | 2321 C
14 /1985~25(%)| 03 | A | B | A |252| C | 34 |665~705(}) A | A | A |240] A
15025~653hH) | 04 | C | A | A |239| D | 35 [665~7053) o0 Al A | A [20] A
16 1 25~65(%) [ 04 | A | A | A | 228 C [36745~785¢>) 06 | A | A | A | 195] D
17 |65~105(%)| 05 | A | B A | 235) D | 37 [7185~825(%) o A | A | A |240] A
18105~145hH| 01 | A | A | A [ 230 | C [ 38 [825~865(%) 0O A | A A |[28]|B
191105~145F) 15 | A | A | A |244| D | 39 [865~905@) 0 Al A | A |26] A
20 |145~185(2H| 03 | A | A | A [261 | C | 40 [905~945(%) o Al A A |24] A
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THE FE30] Hokowm B bRzt 57] o] &)
HE7he e AU + AN Fig. 138 HA o8¢
283 B'de 4elHs) 33 g HolFEn
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2 ATNA H LR Tl 3 FZo] AR o]
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HIE S5l Hoporn 2 &L Table 39) $&
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Fig. 14. Input window of in-situ inspection data
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Table 5. Comparisons of results between in-situ
inspection and T-FLAS

kA =) k4 o}
T2 " Ak [Fuzzy 28 | T2 @3 A5 [Fuzzy 28
2= =k A7) A
1 B B 21 C C
2 B A 22 C D
3 B A 23 C D
4 B B 24 C C
5 A A 25 A A
6 C C 26 A A
7 C C 27 C D
8 D D 28 A A
9 D D 29 B B
10 C C 30 A A
il C C 31 D D
12 D D 32 D C
13 C C 33 C C
14 C C 34 A A
15 D D 35 A A
16 C C 36 D D
17 D D 37 A A
18 C B 38 B A
19 D D 39 A A
20 C C 40 A A
A Z At 40, 2AFT 0 8
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