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Developments of performance-based assessment technique for existing tunnels
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ABSTRACT: The purpose of current tunnel maintenance system in South Korea is safety-based maintenance system for
accident prevention, So it is difficult to conduct a strategic maintenance. The development of a new maintenance system
can lead to effective investment of limited financial and it’s effort is still in progress. In this study, to develop a
performance-based assessment method, indexes for assessment are derived taking into account the safety, durability and
serviceability. The indexes for performance-based assessment were selected by a literature analysis and a delphi survey.
Then the importance among indexes were calculated by the AHP analysis.
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Table 1. Delphi Survey Process

Order Contents
-Literature survey about a tunnel evaluation method
and related research
Pretest L . . .
-Categorization and classification of the evaluation
item
Panel |-Composition of experts panel (Academia, Industry,
Selection | Research Institute)
Primary -Consists of the open and closed questions
Survey
Prima -Obtain the preliminary evaluation indexes by
Anal ;ys assessment of CVR (Content Validity Ratio) and
4 open survey
Secondary |-Revaluation of the primary research index
Survey |-Add the performance evaluation indexes
Secondary |-Calculation of Median, quartile (IQR) and
Analysis | frequency analysis
Third ‘Revaluation of the Secondary research index
Survey
. ‘Review for CVR and agreement
Third X Lo
. |-Obtain of final performance evaluation indexes for
Analysis .
AHP analysis

526



554 B

M

Table 2. Personnel organization for delphi research

Table 4. Minimum CVR by respondents

Field Research Institute Academia | Industry Respondents CVR Respondents CVR
Perss)nn.el 10 5 5 10 0.62 20 0.42
organization 11 0.59 25 0.37
12 0.56 30 0.33
Table 3. Career of the panel
13 0.54 35 0.31
Career 10~15 years Over 15 years 14 051 40 0.29
PerSf)nnfel 4 10 15 0.49 - -
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Fig. 2. Procedures of AHP analysis

Pairwise
Comparison

Issues Definition
and Goal Sefting

Table 5. Ages of the panels

Ages Fifty's Forty's Thirty's
Personnel organization 8 [ 1
Table 6. Career of the panels

Career 15~20 years Over 20 years

|
Plain Concrete Lining |
|

Roads/ Plain Concrete Lining

Personnel organization 10 5

Railway

Reinforced Concrete Lining |
SHIELD |—| Concrete Segment Lining |
OPEN CUT [—— Reinforced Concrete Lining |

Fig. 1. Classification of the tunnel by material
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Table 7. Field of the panels
Field Research Institute | Industry | Academia
Personnel organization 12 2 1
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Table 8. Results of 1% delphi-survey

I:I:Ifl(:; g;g;ao?y Subcategory CVR
(1) Crack 1.00
(2) Deterioration of a Sealing 1.00
(3) Leakage 1.00
(4) Icicle 0.71
(5) Exfoliation 1.00
i‘i’ﬁ? (6) Spalling 1.00
(7) Efflorescence 1.00
(8) Rebar Exposure 1.00
(9) Breakage 1.00
Safety (10) Rear Side Cavity 0.86
(11) Inner Section Reduction 0.86
(12) Weathering 0.43
(13) Uniaxial Compressive Strength | 0.14
(14) R. Q. D. 0.14
Tunnel |(15) Weathering Degeneration 0.14
Outside |(16) Fragmental Zone of Fault 0.71
(17) Drainage Condition 1.00
(18) Sediment Condition 1.00
(19) Pipe Utility Conduit Condition | 1.00
(1) Factor of Safety 0.86
Normal |(2) Displacement 1.00
Safety Structural (3) Stress : 1.00
Safety (4) Factor of Safety 0.86
Eaar]t(l;qu (5) Displacement 1.00
(6) Stress 1.00
(1) Strength 0.86
Conerete )™ rbonation 0.86
Lining
(3) Chloride Content 0.86
Timber |(4) Strength 0.29
Dur | Ground (5) Weathering 0.43
ability (6) Rock Strength 0.29
(7) Salt Stress Circumstance 0.86
. (8) Carbonation Circumstance 0.86
C];‘::St (9) Freezing Damage Circumstance | 0.86
(10) Quality of Water 0.29
(11) Carbon Dioxide Concent 0.57
(1) Construction Gauge 0.86
(2) Subsidiary Facilities Condition 1.00
(3) Damage Prevention Facilities Condition 0.86
(4) Maintainability 0.71
~|(5) Vibration & Noise Condition 1.00
Sairgi“’e (6) Trafficability 071
i (7) Detour 0.86
(8) Linearity 0.43
(9) Illumination 0.86
(10) Quality of Air 1.00
(11) Degree of the ringing in Ears 0.71
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Table 9. Additional index by open questions

Table 10. Results of 3 delphi-survey

Additional Index
(1) Invert Condition
(2) Swelling of Roadbed

Performance

(3) Pavement Condition
(4) Sub-ballast

(5) Railway

(6) Track

(7) RMR

Safety

(8) Geological Characteristics

(9) Drainage Canal Condition

(1) Reinforced Coating

(2) Lining Thickness

(3) Timbering Standard

(4) Tunnel Potal Slope

(1) Trafficability

(2) Road Surface Condition

Durability

(3) Pavement
(4) Car-Clearance
(5) Water Treatment

Serviceability

(6) Luminance
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Performance Assessment

: Aggrement
I;?;fl?:: (Ij,;g;agzy Subcategory VR (lessthanl)
Crack 1.00 1.00
Deterioration of a Sealing | 0.71 1.00
Leakage 1.00 1.00
Icicle 0.71 1.00
Exfoliation 0.71 1.75
Spalling 1.00 1.00
Efflorescence 0.43 1.75
Rebar Exposure 1.00 1.00
i‘::;(f Breakage 100 | 1.00
Rear Side Cavity 1.00 1.00
Invert Condition 0.43 1.50
Swelling of Roadbed 0.86 1.00
Pavement 0.14 1.00
Sub-ballast 0.14 1.00
Railway 0.43 1.50
Safety Track 0.43 1.50
Inner Section Reduction 1.00 1.00
RMR 0.71 1.00
Geological Characteristics | 1.00 1.00
Fragmental Zone of Fault | 1.00 0.75
Tunnel |Drainage Condition 1.00 1.75
Outside |Sediment Condition 0.86 1.00
Drainage Canal Condition | -0.29 1.00
(Plfrfdiltjigrlllty Condul 0571 100
Factor of Safety 1.00 1.00
Normal | Displacement 1.00 1.00
Structural Stress 1.00 1.00
Safety Factor of Safety | 1.00 | 1.75
%‘g{heq Displacement 1.00 | 1.00
Stress 1.00 1.00
Strength 1.00 1.00
Carbonation 1.00 1.00
C&‘:ﬁf; Chloride Content 043 | 175
Cover Thickness 1.00 1.00
Lining Thickness 1.00 2.00
Durabi-| Timber |Timbering Standard 0.71 1.00
lity | Ground |Tunnel Potal Slope 1.00 | 2.00
Salt Stress Circumstance | 0.86 1.00
Carbonation Circumstance | 1.00 1.00
Clrcumst Freezing Damage
A% | Circumstance 100\ 1.00
Carbon Dioxide Concent | 0.14 1.00
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Table 10. Results of 3 delphi-survey (Continue) Table 11. Results of 3 delphi-survey
Performance Assessment Performance Assessment
Perti . CVR Aggrement Pri
erfor- | Primary - rimary
mance |Category Subcategory ( ) Performance R Subcategory
Construction Gauge 0.57 1.00 Crack
Subsidiary Facilities Condition 0.14 | 1.00 Deterioration of a Sealing
; it Leakage
Dama}ge Prevention Facilities 1.00 1.00 'g'
Condition Exfoliation
Maintainability 0.71 1.00 Tunnel |Spalling
Vibration & Noise Condition 0.57 0.75 Inside  |Rebar Exposure
Detour 0.14 | 2.00 Breakage
Trafficabilit 057 1.00 Segregation
: rafficabili . .
SeI:V,lce Y Rear Side Cavity
ability |Road Surface Condition 0.57 1.00 - -
‘ Inner Section Reduction
Pavement Condition 0.57 1.00 Safety —
Ground Condition
Car-Clearance 0.86 1.75 - .
Tunnel |Drainage Condition
Water Treatment 0.00) 1.00 Outside [Pipe Utility Conduit Condition
[llumination 0.71 1.00 Special Conditions
Luminance 0.86 1.00 Factor of Safety
Quality of Air 0.86 1.00 Normal |Displacement
Degree of the ringing in Ears 0.71 1.00 Structural Stress

Safety Factor of Safety

Earthquake |Displacement

2 714 Qi FEAyo] ZAsh X|ie} BAHow

Stress

AP E7FsE Af 5 o 2 Hedskes IS Plain  |Strength

77 HEH 5B HES Atk AEHO Coneree

Lining |Freezing Damage Circumstance
& AH 4574 Table 113} ok

N Strength
Durability Reinforced Salt Stress Circumstance
_E:]7].x] hy 3 7].%*] A1 Concrete |Carbonation
[e] e O ..
Lining | Chloride Content
UBol o % [smo Ao AFelob A Freezing Damage Circumstance
7} = el =
Edeor dert & 15%8E o e g Road Surface Condition
%7 ]’XH—}—Q‘] R A ‘E‘}—\jlﬁ}ﬂ ‘?‘]6}04 AHP H&& Illumination
AA3L 1 23S Table 12, 131+ ZHo] Ag|skich Read Damage Prevention Facilities Condition
5 _ — Emergency evacuation time
AW, =2 9 ArEd o Aok B Tunnel B . .
_ ~ Mechanical and Electrical Equipment
LR A et Saofilo] FrPt 7 Sast Drainage Condition
ABxZE AAZEQCH Trafficability
_ Serviceability — - —
?.QEﬂ- :L 07}_x] LT_‘L_‘_ %LLEE]_ Zﬁ: _TTI_’ ’E Vibration & Noise Condition
Luminance
%s 1—)\7 X]Eﬂ.—/})}ﬂ%s HHEE—C_)' O‘[T'T_ ‘g—QE ]%]ﬂ‘l}»’}:—g— > . e ..
Damage Prevention Facilities Condition
= O IF - 5
AhH R T W A RE 35 H, RTEEHI\HNZ? Emergency evacuation time
vy AQEEe] & oyt IrixadE o vl gy Mechanical and Electrical Equipment
= Drainage Condition
of F5 R AR ek Aolsh U 2 slelet .

Trafficability
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Table 12. Results of AHP analysis (road tunnel)
Assessment Index 3)?:11:3 I(\g?;rlz;[ (Rgﬁfg\fed) (Rseli-lnlgl;clzd) OPEN CUT
Importance/Ranking
Crack 0.1201 2 0.1222 2 0.1022 2 0.1131 2 0.1332 2
Leakage 0.1075 3 0.1115 3 0.0923 4 0.1000 0.1062 3
Breakage 0.0828 6 0.0797 6 0.0718 7 0.0861 4 0.0809 5
Exfoliation 0.0347 11 0.0333 10 0.0308 12 0.0357 11 0.0361 11
Spalling 0.0560 9 0.0499 9 0.0525 9 0.0570 9 0.0553 8
Segregation 0.0405 10 0.0315 12 0.0310 11 0.0343 12 0.0360 12
Rebar Exposure - - - - 0.0855 6 0.0832 6 0.0951 4
Drainage Condition 0.0755 7 0.0755 7 0.0665 8 0.0640 8 0.0673 7
Pipe Utility Conduit Condition | 0.0313 12 0.0320 11 0.0272 13 0.0282 13 0.0315 13
Ground Condition 0.1065 4 0.0898 5 0.0897 5 0.0853 5 0.0719 6
Inner Section Reduction 0.1888 1 0.2125 1 0.2013 1 0.1921 1 0.1837 1
Rear Side Cavity 0.0948 5 0.1049 4 0.1000 3 0.0723 7 0.0553 9
Special Conditions 0.0615 8 0.0572 8 0.0492 10 0.0487 10 0.0475 10
Table 13. Results of AHP analysis (railway tunnel)
Assessment @?assixy) E}?ﬂg I(\;‘?;rl:;[ (R:i]r?fgfed) (Riggfid) OPEN CUT
Importance/Ranking
Crack 0.1278 2 0.1281 2 0.1212 2 ] 0.1065 | 2 0.1157 2 | 01262 | 2
Leakage 0.0752 6 0.1068 3 0.1037 4 100975 | 3 0.1081 3 0.1063 3
Breakage 0.1071 3 0.0819 6 0.0770 6 | 0.0711 7 0.0739 6 | 0.0710 | 6
Exfoliation 0.0788 5 0.0421 | 11 0.0390 | 10 | 0.0342 | 12 | 0.0355 | 11 | 0.0385 | 12
Spalling 0.0368 | 11 | 0.0631 9 0.0527 9 100481 | 10 | 0.0529 | 10 | 0.0540 | 9
Segregation 0.0489 | 10 | 0.0429 | 10 | 0.0378 | 11 | 0.0349 | 11 | 0.0348 | 12 | 0.0387 | 11
Rebar Exposure - - - - - - 0.0867 5 0.0865 4 0.0924 4
Drainage Condition 0.0677 8 0.0643 8 0.0692 7 100657 | 8 0.0666 8 0.0739 | 5
Pipe Utility Conduit Condition | 0.0312 | 12 | 0.0315 | 12 | 0.0355 | 12 | 0.0303 | 13 | 0.0314 | 13 | 0.0298 | 13
Ground Condition 0.0910 4 0.0853 5 0.0875 5 100833 | 6 0.0796 5 0.0687 | 7
Inner Section Reduction 0.2005 1 0.1970 1 0.2071 1 |0.1964 | 1 0.1884 1 0.1927 1
Rear Side Cavity 0.0707 7 0.0885 4 0.1048 3 100882 | 4 0.0720 7 | 0.0558 8
Special Conditions 0.0643 9 0.0685 7 0.0645 8 100571 | 9 0.0546 0.0520 | 10
T A%tk NATM Ed9] 7px|of|Af v 2hal dehech AHP 245 S 53 S8 5k=
S AHOR 2ast WKER AFEon  WAXES] AR Beste] Byl Enite] Bt
SHIELDE{dofA= S857} vlald] A Uepdeh o= Agol 28 ofgolth
olajst ATk= B[S NATM Eldold vidlas  s7ias wrba4s sojstch, gde] A%
ol of3k 7]Qlsh Ae] MRS Aol %] whize]  SES AYHOR AN 4+ Gl O Tekerk
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