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Abstract

With the enforcement of the infrastructure management act, the importance of utility
tunnels that jointly accommodate life-lines such as electricity, communication, water
supply, and heating facilities has increased. The currently applied utility tunnel main-
tenance system is managed in an accident-preventive safety-based evaluation method.
However, this evaluation method has limitations in effective maintenance. In this
study, performance evaluation items were derived through the Delphi method to sug-
gest a criterion for quantitatively evaluating the performance of utility tunnels, and the
weights for each item were calculated through the Analytic Hierarchy Process (AHP)
method. In the future, it is judged that a more reasonable performance evaluation
standard of utility tunnel can be prepared if modifications and supplements are made
through field application.
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Table 1. Details of target facilities

Classification Object facility

Main facilities Main utility tunnel (wall structure, slab, floor, entrance, branch sphere, vent)

Supplementary facilities (joint, support, condition of rack)

Etc. Subsidiary equipment

Surrounding environment
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Table 2. Preliminary items

Performance Subcategory

Crack, Leakage, Breakage & Damage, Spalling, Layer separation & Exfoliation,
Visual condition | Efflorescence, Material segregation, Rebar exposure, Rear side cavity,

Safety Drainage condition, Ground condition

Structural Factor of safety (normal/earthquake), Displacement, Stress

Quality of cover concrete, Chloride content, Depth of carbonation,

Durability | Reinforced concrete A . .
Chloride circumstance, Freezing damage circumstance

Supplementary facilities (joint, support, condition of rack), Condensation,
Stepladder condition, Condition of equipment hatch, Fire extinguishing equipment,
Flame retardant of cable, Drainage pump, Potential of an inflow of rain,

Manbhole condition, Condition of cable rack, Existence of supplementary facilities,
Functionality of supplementary facilities, Intensity of brightness,

Intensity of illumination, Vent cover condition, Emergency evacuation time

Serviceability
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Table 3. Field of the panels
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Table 4. Results of 1st Delphi-survey

Performance Evaluation items Convergence | Agreement CVR
Crack 0.5 0.867 1.000

Leakage 0.625 0.821 1.000

Breakage & damage 0.625 0.821 0.833

Spalling 1 0.714 0.667

Layer separation & Exfoliation 0.5 0.875 0.833

Visual condition safety Efflorescence 1 0.714 0.714
Material segregation 1.125 0.719 0.667

Rebar exposure 0.875 0.750 1.000

Rear side cavity 0.5 0.800 -0.111

Drainage condition 1.5 0.5 0.333

Ground condition 1.25 0.5 -0.333

Factor of safety Normal 0.125 0.964 1.000

Structural safety . Earthquake 0.375 0.906 1.000
Displacement 0.75 0.786 0.500

Stress 1 0.667 0.333

Quality of cover concrete 1 0.750 0.714

Chloride content 1 0.714 0.714

Durability Depth of carbonation 1.25 0.643 0.714
Chloride circumstance 0.75 0.800 0.833

Freezing damage circumstance 1.375 0.542 0.200

Supplementary facilities 1 0.714 0.833

Stepladder condition 1.125 0.719 0.667

Condensation 0.5 0.857 0.778

Vent cover condition 1.125 0.654 0.500

Fire extinguishing equipment 0.625 0.821 0.667

Flame retardant of cable 1 0.714 0.667

Fire extinguishing equipment 0.5 0.857 0.667

Serviceability Potential of an inﬂo.vT/ of rain 1.625 0.500 0.167
Manbhole condition 0.625 0.808 0.500

Condition of cable rack 0.625 0.792 0.667

Existence of supplementary facilities 0.625 0.833 0.667

Functionality of supplementary facilities 1 0.733 0.667

Intensity of illumination 1.375 0.542 0.200

Intensity of brightness 1 0.692 0.200

Condition of equipment hatch 1.125 0.625 0.333

Emergency evacuation time 1.5 0.571 0.333

720 Journal of Korean Tunnelling and Underground Space Association



Developments of performance-based evaluation criteria of utility tunnel

Table 5. Results of 2nd Delphi-survey

Performance Evaluation items Convergence | Agreement CVR

Crack 1 0.733 1.000

Leakage 1 0.733 1.000

Breakage & damage 0.5 0.875 0.818

. . Spalling 0.5 0.846 0.800
Visual condition safety - —

Layer separation & Exfoliation 1 0.714 0.667

Efflorescence 0.75 0.769 0.500

Material segregation 0.875 0.750 0.800

Rebar exposure 0.875 0.767 0.800

Structural safety Factor of safety Normal 0625 084 0833

Earthquake 0.625 0.821 0.833

Quality of cover concrete 0.625 0.821 0.833

Durability Chloride conten‘t 1.625 0.500 0.333

Depth of carbonation 0.5 0.867 1.000

Chloride circumstance 0.5 0.857 0.833

Supplementary facilities 1 0.714 0.714

Stepladder condition 1.25 0.643 0.714

Condensation 0.5 0.875 0.600

Fire extinguishing equipment 1 0.692 0.667

Serviceability Flame retardant of cable 0.5 0.857 0.778

Fire extinguishing equipment 0.5 0.875 1.000

Condition of cable rack 1 0.714 0.778

Existence of supplementary facilities 1 0.692 0.833

Functionality of supplementary facilities 0.625 0.821 0.667

Table 6. Evaluation items by performance

Performance Evaluation items

Visual | Crack, Leakage, Breakage & Damage, Spalling, Layer separation & Exfoliation,
Safety condition | Material segregation, Rebar exposure

Structural | Factor of safety (normal/earthquake)

. Reinforced . . . .
Durability concrete Quality of cover concrete, Chloride content, Depth of carbonation, Chloride circumstance

Supplementary facilities, Stepladder condition, Condensation, Fire extinguishing equipment,
Serviceability Flame retardant of cable, Fire extinguishing equipment, Condition of cable rack,
Existence of supplementary facilities, Functionality of supplementary facilities
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Table 7. Results of AHP analysis

Performance Weight Ranking
Safety 0.60 1
Durability 0.20
Serviceability 0.20
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Table 8. Results of AHP analysis (evaluation items)

Evaluation items Weight Ranking
Crack 0.281 1
Leakage 0.246 2
Breakage & Damage 0.140 3
Spalling 0.052 7
Layer separation & Exfoliation 0.088 5
Material segregation 0.053 6
Rebar exposure 0.140 3
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Table 9. The evaluation items score of proposed utility tunnel

Evaluation items 2 b ¢ d c Weight
0= £<0.15 |0.15 = £<0.30[0.30 =< £<0.55/0.55 < f<0.75/ 0.75 < f | (W)
Crack 0 4 7 11 16 16
Leakage 0 3 6 14 14
Breakage & Damage 0 2 4 8 8
Spalling 0 1 2 3 3
Layer separation & Exfoliation 0 1 2 3 ‘ 5 5
Material segregation 0 1 2 3 3
Rebar exposure 0 2 4 6 ‘ 8 8
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