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Abstract

In a performance-based evaluation of structures in use, the current performance is
assessed by summing up the weighting of the evaluation indices for each performance.
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of each evaluation indices from the AHP analysis. In order to develop a quantitative
eISSN: 2287-4747 evaluation model, grading criteria for each performance index was derived through
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presented. In order to verify the significance of the proposed performance evaluation
ﬁ:i?::;djiiz‘;b;r 21062’02019 model, the correlation analysis was performed between each evaluation index and the
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Fig. 1. Change in the tunnel in the South Korea
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Fig. 2. Concept of performance evaluation for tunnels in use
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Table 1. Linear relationship of the R value

IR | 0< | R <0.1 0.1< [R[<03 03< [R[<0.7 0.7< [R| <1.0
Linear relationship No Weak Distinct Strong
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Fig. 3. Flow diagram of the delphi-survey
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Table 2. Results of performance evaluation indices derivation by 3 times Delphi-survey

_ i - uartile
Perfor Primary Subcategory CVR Ave S‘[at.ld.'fll‘d COV Agreement . Q
mance category rage | deviation (lessthan 1)| Min | 1/4 | 2/4 | 3/4 |Mode
Crack 1.00 657 051 |027| 086 |6.00]6.00[7.00[7.00] 7.00
Deterioration ofa | ;1 |5 31 g5 | 019 | 082 |4.00]5.00|5.50]6.00| 6.00
sealing
Tunnel | Leakage 1.00 643] 076 |028| 086 [5.00]6.00[7.00|7.00] 7.00
inside | Exfoliation 071571 164 |026| 071 [1.00]525]6.00]7.00] 6.00
Spalling 1.00 621 080 |047| 083 [5.00]6.00[6.00[7.00] 7.00
Rebar exposure 1.00 |664] 050 |013| 086 |6.00]6.00[7.00[7.00] 7.00
Breakage 1.00 657 051 |o014| 086 |6.00|6.00[7.00[7.00] 7.00
Rearside cavity | 1.00 |629] 083 |0.10 | 085 |5.00/6.006.50[7.00] 7.00
Safety -
Inner section 1.00 |643| 051 [019| 08 |6.00/6.006.00|7.00| 6.00
reduction
Tunnel .
g | Ground condition | 1.00 [6.64| 0.63 [ 0.19 | 089 |5.00]6.25]7.00|7.00] 7.00
Drainage condition | 1.00 [6.07 | 0.83 0.17 0.71 5.00{5.25|6.00|7.00| 6.00
Pipe utility conduit | o s (ol 076 | 0.00 | 086 |5.00]6.00]7.00]7.00] 7.00
condition
Factor of safety | 1.00 |6.43| 076 | 0.08 | 086 |5.00]6.00/7.00[7.00 7.00
Structural [
afety | isplacement 1.00 |643] 065 |009| 085 |5.00]6.00[650[7.00] 7.00
Stress 1.00 |643] 061 |009| 08 |6.00]6.00[6.00/7.00] 6.00
Strength 1.00 629 061 |009| 083 [5.00]6.00[6.00[7.00] 600
Eﬁ;‘gew Carbonation 100|574 061 |027] 08 [5.00]5.00/6.00]6.00] 6.00
Chloride content | 0.43 |5.14| 095 | 0.00 | 065 |4.00|4.25(5.00(6.00| 5.00
Durability
Salt stress 086|543 116 [019| 08 |2.00/5.00/6.006.00| 6.00
Circums- | circumstance
tance i
Freezing damage || 05711 061 | 028 | 083 |5.00]5.00]6.00]6.00] 6.00
circumstance
Pavement condition | 0.57 [5.14| 095 | 0.10 | 0.80 [3.005.00|5.006.00| 6.00
Sorvice, | Mumination 071 529] 114 |008| 08 [2.00][5.00]6.00]6.00] 6.00
crvice-
ability | Luminance 0.86|557| 076 |009| 08 |4.00]|5.00]6.00]6.00] 6.00
Usabili i
o Damage prevention |} 10 15 ¢cl 077 | 000 | 083  |5.00]5.006.00]6.00| 6.00
facilities condition
Function- | Maintainability | 0.71 [5.43| 085 |0.09 | 08 [4.00]5.00]5.50]6.00] 6.00
ality Traffic 100593 092 |013| 067 [5.00]5.00][6.00|7.00] 500
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327133 =5
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Table 3. Consist of the panels for AHP analysis

Ages Career Work field
Fifty Forty Thirty 15~20 years Over 20 years Research Industry | Academia
8 6 10 5 12 2 1

o] Fofgl 2k AR} S wﬂw “181015 91 %%}ﬂ—a—}aﬁm, ol § S Bastel
_"

Special Conditions s 0,0492 Special Conditions —m—m0.0571
Resr Sle Cavity  mommmmmmmmmmmmmmmmmmm 0,1 RearSide C +y  —— () 0887
Inner Section Reduction 0.2013 Inner Section Reduction 01064
Ground Condition  |jmmmmmmummmmmms - § 0897 Ground Condition  E— 00833
Pipe Utiity Conduit Condiion  jmmmmm (.0272 Pipe Utility Conduit Condition s 0.0303
Drainage Condition  mmmmmmmmmmimm - 0.0665 Drainage Condition e .0657
Rebar Expasure  jm w0855 Rebar Exposure —e— 0867
Segregation  [mummui 0,031 Segregation s 00349
Spafing o 0.0525 Spalling - 0.0481
Exfolizion |mmummms 00308 Exfoliztion msssm 00342
Breskage  jmmmmmmmmmnmmm 0,07 18 Breakage e——"9w—" (0711
Leakage s 0.0923 Leakage me— .0075
Crack w1022 Crack m—————— 0. 1065
t] 0.05 0.1 0.15 0.2 0.25 Q 0.035 o 0.15 0.2 0.25
(a) Road tunnel (b) Railway tunnel

Fig. 4. Weight for the each evaluating item of tunnel
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d), ofis T2 QRIS TRl eold o] AEHsiE Eato] Bk Aol SRl B0l &

0%

[¢]

114 Journal of Korean Tunnelling and Underground Space Association



A study on performance-based evaluation system for NATM tunnels in use: development of evaluation model and validation

3.3 WHRE At
AHP #4& 5ol =% 7IAl= 2 7R 37 ol 452 B7Isk=t] olo] A - Sl 2 al=
& Tt 3 7HAE B8]t A R o] R ol Fatt A 7T BUFRMR] A H(a~e)= ]
Z B7HETHA~E) L RIEA] A B o7t Itk Aolth o5 501, NATM O = A5 2B oA K=
7¥FEoA bo] A Rl sidoh= ArE W7 E I, 2F 7MW BE AR R Zlo] BRt Zﬂolﬂb_’-
S 4= Qlek. wbA|, 72+ B7EA]3.9] 7R (weight)oll B7FA] 2] A E ¥ (a~e) AEAG FT3ES Hoto] A&
2 3487102 AV, £ 7/ IAES] 5 S A 1 B B 9 e 2
TEAIO) HIF7 15 T2 Blal 2ATste] HASHL, A 2 s B7HA &, 7SR 2eleto] e 9 H T Bl o
i3t H71EE AJXISFITH Tables 4~5).
Table 4. Performance evaluation table for road tunnel (NATM)
S Rating
Evaluation indices
a b c d e
. Division ~0.1 mm 0.1~0.3 mm 0.3~1.0 mm 1.0~3.0 mm 3.0 mm~
Crack (width)
Score 0 4 7 11 16
Leakage Division Absence Permeating Dripping Flowing Spurting
(condition) Score 0 3 6 9 13
Breakage Division absence ~1/6 1/6~1/3 1/3~1/2 1/2~
(deterioration rate) | Score 0 2 4 6 9
25 mm~ or Condition
) Division Absence ~6.0 mm 6.0~25 mm coarse requiring
Spalling (area) . . .
aggregates loss |immediate repair
Score 0 1 2 3
iati Division Absence =12 mm or 1225 mm or 25 mme= or Cr:) riilrtllrim
Exfoliation “75mm | 75-260mm | 150mm~ | durne
(depth or diameter) immediate repair
Score 0 1 2 3 5
Segregation Division Absence ~5% 5~10% 10~20% 20%~
(relative area) Score 0 1 2 3
Rebar exposure Division Absence ~1% 1~3% 3~5% 5%~
(relative area) Score 0 2 4 6 8
Inner section Division Absence ~1 mm/year 1~3 mm/year | 3~10 mm/year | 10 mm/year~
reduction (width) | Score 0 4 7 10 15
o No drai . .
Drainage Division © dramnage Contaminated Poor drainage and blockage
oS problems
(condition)
Score 0 1 3 4 6
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Table 4. Performance evaluation table for road tunnel (NATM) (continue)

L Rating
Evaluation indices
a b c d e
No oi -
‘ 3y . o 0 pipe uFlhty Cover breakage Sedimentation -
Pipe utility conduit | Division conduit and . Poor condition
. . and flooding
(condition) problems contaminated
Score 0 1 2
Fragmental zone of fault / soil
. Division No ground Weathering - g -
Ground (condition) problems Out of influence | Small/medium | Large-scale
Score 0 2 3 5 7
Cavity exists but
Rear side cavity Division No cavity no damage to Cavity exists and damage to lining due to cavity
(condition) lining
Score 0 2 4 6 8
Table 5. Performance evaluation table for railway tunnel (NATM)
L Rating
Evaluation indices
a b c d e
) Division ~0.1 mm 0.1~0.3 mm 0.3~1.0 mm 1.0~3.0 mm 3.0 mm~
Crack (width)
Score 0 4 7 11 16
Leakage Division Absence Permeating Dripping Flowing Spurting
(condition) Score 0 3 6 9 13
Breakage Division Absence ~1/6 1/6~1/3 1/3~1/2 1/2~
(deterioration rate) | Score 0 2 4 6 9
25 mm~ or Condition
. Division Absence ~6.0 mm 6.0~25 mm coarse requiring
Spalling (area) . . .
aggregates loss |immediate repair
Score 0 1 2 3 4
iati Division Absence =12 mm or 1225 mm or 25 mme- or (r:; Iildllrtllr(;n
Exfoliation ~75 mm 75260 mm 150 mm~ | redwrme
(depth or diameter) immediate repair
Score 0 1 2 3 5
Segregation Division Absence ~5% 5~10% 10~20% 20%-~
(relative area) Score 0 1 2 3
Inner section Division Absence ~1 mm/year 1~3 mm/year | 3~10 mm/year | 10 mm/year~
reduction (velocity) | Score 0 4 7 11 17
o No drai . .
Drainage Division 0 drainage Contaminated Poor drainage and blockage
°e problems
(condition)
Score 0 2 3 5 7
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Table 5. Performance evaluation table for railway tunnel (NATM) (continue)

L Rating
Evaluation indices
a b c d e
No pipe utility | Cover breakage Sedimentation
Pipe utility conduit | Division conduit and and floodin Poor condition
(condition) problems contaminated &
Score 0 1 2 3
Division No ground Weatherin Fragmental zone of fault / soil
Ground (condition) problems 8 Out of influence | Small/medium Large-scale
Score 0 2 4 6 9
Cavity exists but
Rear side cavity Division No cavity no damage to Cavity exists and damage to lining due to cavity
(condition) lining
Score 0 2 4 6 8
23 =
4. WREe| A3
2 AollA] Aot B FRE BrER 0] 278 de 55| flste] A5l BrrbEat 2E BrHEat]

24(Correlation analysis) =

~
o
:E

AAIBHA  HlolH= #1037} bAoA

T = O
Tt AP ATE E-851% ©1(Table 6), w4 ol 1o A R)= o185t AR =
AT
Table 6. Results of correlation analysis
Type of tunnel Tunnel method Average length (m) | Average ages (years) |Defect index (average)
Road tunnel NATM 2,730 16.3 0.247
Railway tunnel NATM 5,150 17.2 0.248
SAREA Al 2 e Al B7IAEE =34 (independent variable) =, &2 0% BdE R HrHE 4
A E(defect index)E S (defendant Varlable)i A7dstoltt. o, U3t g o5, Fs—t AJE, B

&, 52 5 AR ALEAY, AR R S ghol glo] 25 gos EAHE WIRES 21
A
S

SPSS A A1 BE 1ol ATEAS NG Ak, G, e HAlel B Auke B
FVaset St AR 2 BAElo] I L AL, 7K 9 B b e S 0 R foln

o= 710 2 e IthFig. 5).
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Fig. 5. Scatter plot matrix
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Table 7. Results of correlation analysis

Independent variable Pearson coefficient of correlation (R) Correlation analysis
Crack 0.570 Distinct
Leakage 0.410 Distinct
Breakage 0.112 Weak
Exfoliation - -
Spalling 0.121 Weak
Segregation 0.014 Weak
Rebar exposure 0.199 Weak
Drainage condition 0.476 Distinct
Ground condition 0.308 Distinct
528

2 ATOIHE NATMO R A3 E2 9 e de] 4554 B7HIAS Ael] Sistol 1 2an A
QTS BAsle] 458 o RS EES, HdRol HENE thgo s Wajo] 249 AR A
E22 AAsle] 458 W RS ESSIIT. EeH o] 4

7] Sielel AHP 2442 UAJste. lx|ato 2 A HrR ol folulshe Wit Sislel JaHEA S A
frk 2 7o) 30 ARE aokehd het gt

4502 TRsle] Brhbsste % 33pellol 2% Dol

- o - -
ZAHE 7 AEEES F 5l 47719 ARIEI AR T 5 2670 (PSS 1570, Wi 571, A8 S 6

orl
Of
N
0,
A
e
1o
%,
olr
rlo
9,
X,
ox,
olr
=y
%,
Ir
>
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