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Abstract

The Korean government amended the Facilities Safety Act in 2018 to establish a
performance-based maintenance system. This system is designed to comprehensively
evaluate the safety, durability, and usage performance of facilities required to main-
tain their function in use, and to establish corresponding maintenance plans. However,
the current maintenance system of utility tunnels is managed by a safety-oriented
evaluation method, which has limitations in conducting performance evaluations that
consider durability and usage performance. Therefore, in this study, safety, durability,
and usage performance items for utility tunnels were selected using the Delphi me-
thod, and the weight of each item was calculated using the entropy weighting method.
The results of this study are expected to be used in future performance evaluations of
utility tunnels to support rational decision making when establishing maintenance
plans.
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Fig. 1. Research methodology and process
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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), Subsidiary equipment, Surrounding

Other facilities .
environment

Public use area + Fall prevention facilities, Road pavement, Road joints, Vent cover
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Table 2. Evaluation items by performance

Performance Subcategory

Crack, Leakage, Breakage & Damage, Layer separation & Exfoliation, Spalling, Efflorescence, Material
segregation, Rebar exposure, Floor condition (subsidence, crack, etc.), Pipeline pressure (internal, ex-

Safe . .. . . .
ty ternal), Valve leakage, Safety factor, Drainage condition, Ground displacement, Seismic design, Road
pavement condition
Durability Depth of carbonation, Chloride circumstance, Quality of cover concrete, Accommodation facility condi-

tion (pipeline), Accommodation facility aging (pipeline), Freezing-thawing environment, Condensation

Inspection ease (width, height, etc.), Inspection safety (stepladder condition, fall prevention facilities,
etc.), Maintenance ease (work space, bring in equipment, etc.), Accommodation facility (number, utili-
zation), Supplementary facilities (joint, support, condition of rack), Inner environment (humidity, tempe-
Serviceability | rature, etc.), Vent cover condition, Potential of an inflow of rain, Intensity of inner brightness, Emer-
gency evacuation time, Fire extinguishing equipment (installation, function), Subsidiary equipment
(installation, function), Existence of supplementary facilities (installation, function), Operation of Smart
management system
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Table 3. Minimum CVR value according to the number of panels

Number of panels 10 11 12 13 14 15 20
Minimum CVR value 0.62 0.59 0.56 0.54 0.51 0.49 0.42
N N
CVRZne—7/7 (1)
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Table 4. Results of Delphi-survey

Performance Evaluation items CVR | Convergence | Agrement | Stability | Reliability
Crack 0.83 0.13 0.95 0.13
Leakage 1.00 0.00 1 0.08
Breakage & Damage 1.00 0.50 0.8 0.10
Layer separation & Exfoliation 0.83 0.50 0.75 0.14
Spalling 0.83 0.50 0.75 0.14
Efflorescence -0.17 0.50 0.67 0.21
Material segregation 0.83 0.50 0.75 0.14
Rebar exposure 1.00 0.50 0.8 0.10
Safety .
Floor condition 0.83 0.50 0.8 0.14
Pipeline pressure 0.33 0.50 0.75 0.22
Valve leakage 0.50 0.25 0.88 0.22
Safety factor 0.83 0.50 0.8 0.14
Drainage condition 0.33 1.00 0.5 0.21
Ground displacement 0.67 0.50 0.78 0.17
Seismic design 0.67 0.50 0.78 0.17
Road pavement condition -0.50 0.13 0.92 0.34
Depth of carbonation 0.83 0.50 0.8 0.14
Chloride circumstance 0.67 0.50 0.75 0.17
Quality of cover concrete 0.67 0.50 0.75 0.17
Durability | Accommodation facility condition (pipeline) | 0.67 0.50 0.75 0.17
Accommodation facility aging (pipeline) 0.67 0.50 0.75 0.31 0.92
Freezing-thawing environment 0.00 0.63 0.64 0.34
Condensation 0.67 0.50 0.78 0.22
Inspection ease 0.67 0.50 0.75 0.22
Inspection safety 0.67 0.50 0.78 0.17
Maintenance ease 0.33 1.00 0.5 0.28
Number of Accommodation facility -0.50 0.25 0.83 0.38
Accommodation facility operating rate -0.17 0.50 0.67 0.26
Supplementary facilities condition 0.33 0.63 0.69 0.23
Inner environment 0.83 0.13 0.94 0.13
Vent cover condition 0.83 0.13 0.94 0.13
) . Potential of an inflow of rain 0.67 0.50 0.8 0.22
Serviceability - - -
Intensity of inner brightness 0.50 0.63 0.69 0.19
Emergency evacuation time 0.33 1.00 0.5 0.24
Existence of fire extinguishing equipment 1.00 0.13 0.95 0.09
Functionality of fire extinguishing equipment | 0.50 0.63 0.72 0.29
Existence of subsidiary equipment 0.83 0.50 0.78 0.14
Functionality of subsidiary equipment 0.67 0.50 0.75 0.27
Existence of supplementary facilities 0.33 1.00 0.5 0.21
Functionality of supplementary facilities 0.00 0.50 0.71 0.20
Operation of Smart management system 0.50 0.63 0.75 0.24
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Table 5. Evaluation items by performance

Performance Evaluation items
Safety Crack, Leakage, Breakage & Damage, Layer separation .& Exfoliation, .Spa.lling, .Material segregation,
Rebar exposure, Floor condition, Safety factor, Ground displacement, Seismic design
Durability Depth of carbonation, Chloride circumstance, Quality of cover concrete, Accommodation facility condi-

tion (pipeline), Accommodation facility aging (pipeline), Condensation

Inspection ease, Inspection safety, Inner environment, Vent cover condition, Potential of an inflow of rain,
Serviceability | Existence of fire extinguishing equipment, Existence of subsidiary equipment, Functionality of subsidiary

equipment
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Table 6. Results of entropy weight analysis

Performance Weight Evaluation items Weights (w,) | Relative weights ()
Crack 0.09 0.14
Leakage 0.06 0.09
Breakage & Damage 0.05 0.08
Layer separation & Exfoliation 0.06 0.09
Spalling 0.03 0.05
Safety 0.66 Material segregation 0.08 0.12
Rebar exposure 0.05 0.08
Floor condition 0.04 0.06
Safety factor 0.06 0.09
Ground displacement 0.10 0.15
Seismic design 0.04 0.06
Depth of carbonation 0.02 0.15
Chloride circumstance 0.03 0.22
» Quality of cover concrete 0.02 0.12
Durability 0.14 - — — —
Accommodation facility condition (pipeline) 0.02 0.15
Accommodation facility aging (pipeline) 0.02 0.13
Condensation 0.03 0.22
Inspection ease 0.02 0.12
Inspection safety 0.05 0.27
Inner environment 0.02 0.09
Serviceability 0.20 Vent cover condition 0.03 0.13
Potential of an inflow of rain 0.02 0.09
fire extinguishing equipment 0.04 0.19
subsidiary equipment 0.02 0.12
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