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E 2, Results of 18t Delphi-Survey

Porformance  |Primary Category ‘Subcategory CVR Porformance | Primary Calegory| Subcategory CVR
{1) Crack 1,00 {1} Srengih 0,86
{2) Dederioration ol a Sealing 1,00 Concreie Lining | (2} Carbonalion 0,86
{3} Leakage 1.00 {3} Chioride Conent 0.86
{4} Ieicke 0.7 | Tirfiber | {4) Strength 0,29
(5) Extoliation 1,00 {5) Weatharing 0,43
Turnel Inside | (8) Spalling 1.00 :g:lrh.' — 161 Rock Strengih 0.29
{7) Elflorescence 1.00 {7) Salt Stress Circumsiance 0,86
{8) Rebar Exposure 1.00 {8) Carbonation Circumstance 0,86
19} Breakage 1.00 Circumstance | (8) Freezing Damage Circumstance 086
Sabety (10) Rear Side Cavilty 086 (00) Quality of Waler 0.29
{11} inngr Section Reduction 0,86 {1) Carbon Dioxide Concent 057
{12) Weathening 0,43 (1) Construction Gauge 0,86
113) Uniaxiad Compressive Strangth 014 (2} Subsigiary Facilities Condition 1,00
14) R Q. D 014 {3) Damage Prevention Facilties Condilion 086
{15) Weathering Degeneration 0,14 {4) Mairiainability an
Tunnel Outside
{18) Fragmental Zone ol Fault [0} (8) vibeation & MNoise Condition 1,00
{17} Drainage Condition 1.00 Serviceability {6) Tradlicabilily o
18] Sedement Conditien 1.00 {7} Deiour 0.86
{19) Pipa Uity Conduil Conddion 1.00 | {8) Linearity 043
(1) Factor of Salety 0.86 (3 Mumination 0.86
Saboty st;::;m E:ﬁ"::‘;ﬂn (2] Displacemant 1.00 | (10} Quadity of Alr 1.00
(3] Stress 1.00 {11) Degree of the ringing in Ears o

¥ 3. Additional Index by Open Questions

Performance Additicnal Index Performance I Additional Index
(1) Invert Conditien 1) Reintorced Coaling
{2) Lind Thickngss
[2) Sweling of Roadbed Burabilty ™

{3) Timbering Standard
{4) Tunmel Potal Slope

(3} Pavemani Condition
(4) Sub-ballast

(1) Trahlicability
Salaty (3) Rallway | (2) Road Surtace Condition
(6] Track (3) Pavement
[7) RMR Servceabilily (4) Car-Cloarance
[8) Geological Characierisbics (5) Water Treaiment
(%) Disnage Canal Condison {6) Luménance
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E 4, Results of 3'd Delphi-Survey

Crack L0 | Sirengih
Deterioration of a Sealing [ | Carbonation
Leakage m" Chiorige Conlem
Icicle Cower Thickness
Extoiarsan Lining Thickness
Spalling Durability Timber Timbering Stndard
EMlorescance Ground | Tunnel Potal Slope

S Robar Exposure Saht Sress Circumstance

Ine | Brekage Cireumstance | C2EoNation Cire:
Fear Side Cavity Freezing Damage Circumsiance
Invert Condition Carbon Dioxide Concent
Swelling of Roadbed Construction Gaugs
Pavement Subsidiary Facilities Condifion

Salety Sub-baliast Damage Prevention Facililies Condilion

Ralbwdy Maintanability
IESc Vibration & Noise Condition
Innar Section Reduction Delowr
mnim Characieisiics L L
= T 1 Serviceability | Road Suriace Condition

;u“;: Dranage Conditon ::::“ ]
Sedimen Condition
Droinage Canal Condilian ‘Water Treatmert
Pige Utility Conduil Condition [ | Sminaiion

N Factor of Salety | 100 | Luminance
;:1'::" EN:':-’m Cuality of Air
Degree ol the ringing in Ears

H 5, Results of 3" Delphi-Survey

Strenglh
Plain Concrals ummlFrm Demegs Ci
Loakage Strengih
Extoliation Durability — Salt Stress Clroumstance
[spwing Lining Carbonation
Tunnel Inside |m m— Chigeide Conlent
Freezing Damage Circumstance
[Breakage Foad Surlace Condition
e Sepregation Iursnation
Fmar Side Cavity Road |pamage Prevention Facilities Candition
Innier Section Reduction Tunned Emargancy Evacudlion time
Ground Caondition Machanical and Electrical Equipment
Drainage Condition Serviceability Trafhcatuiity
Ll Fipe Utilily Conduit Condibion Luminance
Special Conditions Damage Prevention Facilities Condition
Faclor of Salety m Emargency evacuslion time
Structural Safety mh Dispiscement Mgchanical and Electrical Equipment
Stress Trealficatility
13
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3. SSHVIKIE 7ISX| M

diuto] MRS Folo] =& *é%%ﬂ*l = EREYO] A Ul EXof A BRE|9lon 7F e
715215 AR st wEH A 7%] = o= AHP(Analytic Hierarchy Process) Ait-a AAI5H
o} =2 9 RS skl ‘il% 7P %‘— HA= gloigoln] Algell whba] AlgEls lolido]l o]z} 9l
ol A °ﬂ weba] B S Fek 1 1 ek
= AZ3t oL, Al 2E sk Qs aAe] iHlalE Bl o wE
TEEsh=| Qik, BEESS A e, Sung(2013) 52 €= TBM E199] 537715 9 A e ulrde 7)
25}7] late] 712 =t - o] Blde] frle] AAIE 4511 AHP 2418 28510 4= TBM E|dQ] 5715
H7Hda AAlsror

Eﬁ_h Kimura et al. (20122 3-8 HeedS o= st 7S ARletlon, Aok 7
2 ey} A S F THARA QA AR, A QB Ui, o) o), A, Y

el e el BRIHAOT, 2t 0] BrhRs0] 715AE A5 SIste] AHP /]S BESIsict
AT 7K 71 37 L FHRAE ARAH ANso] G BB S 0 5HE
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Iy

. AHP 2412 53 mREld 9 Hede] /152 Ak ofele] 5 6% 3 73} 2tk

Masonry Lining |

Plain Concrete Lining |

Roads/ Plain Concrete Lining |
Railway Reinforced Concrete Lining ]

| I SHIELD I—{ Concrete Segment Lining |
| OPEN CUT || Reinforced Concrete Lining |

2! 1, Classification of the Tunnel by Material
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I 6. Results of AHP Analysis (Road Tunnel)

Crack 0.1201 2 01222 2 0,1022 2 0,131 2 01332 2
Leakage 0,1075 3 0.1115 3 0,0823 4 0,1000 3 01062 3
Broakage 0,0828 § 0.0797 [ 0,078 7 0,08861 4 0,0808 5
Tunnal Inside Exfoliation 00347 Ll 00333 0 0,0308 12 0,0357 11 0,031 11
Spalling 10,0560 il 0,.0459 2 00525 9 00570 L] 00553 8
Segregation 10,0405 0 10,0315 12 10,0310 1 0,0343 12 00380 12
Safety Rebar Exposure = = = = 0, 0855 & 0,082 L] 0,085 4
Drainage Condition 0,0785 7 00755 T 0,0685 & 0.0840 8 10,0673 T
Pipe Uity Conduil Candition 0.0313 12 0.0320 1 0.0272 13 0.0282 13 0.0315 13
Turinel Ground Candition 0.1065 4 00838 5 0.0887 5 0.0853 5 0,079 6
Custsice Infer Section 0.1888 1 02125 1 02013 1 0.1821 1 0.1837 1
Rear Sige Cavity 0,0048 5 0,1049 4 0,1000 3 0,0723 7 0,0553 2
Special Conditions 0.0615 8 0.0572 8 0,042 10 0.0487 10 0,0475 10
Strength
Deterioration .
e Carbonation Lowest Rating
Durability Chioride Content
Deterioration | _Freezing Damage Circumstance - - - - - - - - - =
Cliroumsiance | sail Stress Circumstance = = - - - = - = = =
Road Surface Condition 0,182 E] 0.182 3 0.182 3 0.182 3 0.182 3
Tumination 0,139 ] 0.139 6 0,139 6 0.139 [ 0,139 6
i
Usability Carmage ml?lﬁ.:_‘ﬂ Facilties 0.187 i 0,187 1 0.187 1 0,187 1 0,187 1
i il
" Emergency evacustion lime 0,184 2 oM | 2 0,184 z | ouea 2 0,184 2
R Ll 0,144 5 0,144 5 0.144 5 0,144 5 0,144 5
Tratficability 0,164 4 0,164 4 0,164 4 0,164 4 0,164 4
I 7. Results of AHP Analysis (Railway Tunnel)
Crack 01278 2 01281 2 01212 2 0, 1065 2 0,157 2 01282 2
Leakage 0,0752 & 01068 a 0,1037 4 0,0875 a 0, 1081 3 01063 3
Breakage 0,107 3 00818 & 0,070 & 0,071 T 10,0738 ] 0,070 6
Turnel inside Exialiation 0,0788 5 0_0421 1 0.0380 | 10 0,0342 12 | 00355 il 00385 | 12
Spalling 00368 | 1 | 0063 | 8 | 0oser | @ | 00481 |10 | oos [ w0 | 00540 | @
Segregation 00489 | 10 | 0o429 | 10 | ooare | n | oosse [ n | oose | 12 | oozer | n
Sately Ribar Expogure - - - - - - 0. 0867 5 | 0.0865 4 00924 | 4
Drainage Condilion 00677 | 8 | noe43 | 8 [ ooes2 | 7 | ooes?r | 8 | ooees | 8 | oome | 5
Pipa Wtility Conduil Condition | 0.0312 12 0.0315 12 | 00355 | 12| 00303 |13 | 00314 13 | 0028 | 13
e Ground Condilion opo0 | 4 | ooes3 | s | oosrs | 5 | oosas | 6 | oome | s | ooesr | 7
e Inner Seclion Reduction 02005 | 1 | otemo | 1 ozom | 1| omes | 1 | omwes | 1 | onem |1
Rear Side Cawity 0,0707 T 0.0B85 4 01048 3 0,082 4 00720 7 0.0558 2
Special Conditions 10,0843 2 0.0685 T 10,0845 & 0,057 i) 0,0548 g 008520 | 10
Strength
Detericeation )
Carbonation Lowes! Rating
Durability Chioride Content
Deterioration |Freezing Damage CHcumslance - - - - - - - - - - - -
Circumstance Salt Stress Cir = = = = = = = = = = = =
Luminance 0.141 5 0141 5 0.141 5 0.1 5 0.4 5 0141 5
Usability | Damage Freverton Faclities | ozes | 2 | ozs | 2 | o8 |2 | oz |2 | 028 |2 | oms |2
Serviceability Emergency evacuation time 0,245 1 0,245 1 0.245 1 0245 1 0,245 1 0,245 1
. e e | o208 | 3 | o208 0.208 0.208 o8 | 3 | o208 |3
Tratlicability 0,178 4 owe | 4 0,178 oM | 4 | o0a [ 0178 | 4
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112! 2, The Flowchart of the Current Maintenance System and the Performance—Based Maintenance System
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