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A Study on the Quantitative Impact Analysis of Utility Tunnel Installation on
Road Excavation Density

Wonjoon Oh** - Hyuncheol Do*** - Hyeokjae Lee**** - Choongyeun Cho***** - Myungsik Do******

Abstract
This study aims to quantitatively examine the physical impact of utility tunnel installation on road excavation
density. Existing evaluations of utility tunnel efficacy have largely focused on economic assessments centred
around Life-Cycle Cost (LCC), limiting their ability to intuitively demonstrate the physical reduction of road
space excavations. To address this, this study proposes a methodology that compares road excavation density
between areas with utility tunnels and adjacent non-installed areas. Based on a review of prior literature and
theories, ‘excavation density relative to road area’ was selected as the key indicator. A Road Area Index was
applied to adjust for scale differences in roads across administrative districts (dong), enabling the calculation
and quantitative comparison of excavation density and excavation indices. An analysis of five-year excavation
data (2020-2024) across two representative cases (Magok and Sanggye) among Seoul's eight utility tunnels
showed that excavation density in utility tunnel areas was significantly lower than in non-installed areas.
Specifically, the excavation index in the Magok utility tunnel zone was reduced to approximately one-third of
that in adjacent areas, while the Sanggye utility tunnel zone demonstrated a significant reduction to about
two-thirds. This study is meaningful in that it proves the efficacy of utility tunnels using physical indicators,
providing empirical evidence to establish institutional evaluation standards for future utility tunnel feasibility
studies and to improve urban infrastructure maintenance policies. Future research is required to examine
derivative effects, such as facility-specific excavation frequency characteristics and ground subsidence preven-

tion.

Keywords: Utility Tunnel, Road Excavation, Excavation Density, Road Area Index, Urban Infrastructure
Management
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Fig. 1. Research Methodology for Effectiveness Evaluation
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Table 1. Current Status of Utility Tunnels (As of December 31, 2024)

Region Length (km) Year of Completion Accommodation Facility
Yeouido 6.13 1978 WP, EPC, CL, HP
Mok-dong 11.70 1987 WP, EPC, CL, HP
Gaepo 4.25 1987 WP, EPC, CL
Seoul Garak 7.36 1987 WP, EPC, CL
(8) Sanggye 1.10 1989 EPC, CL
Sangam 2.30 2004 WP, EPC, CL, HP
Eunpyeong 0.99 2013 WP, EPC, CL, HP, WTP
Magok 3.81 2018 WP, EPC, CL, HP, WRP
Busan Haeundae 7.27 1996 WP, EPC, CL
Yeonsu 3.6 1992 WP, EPC, CL
Inc(};‘m Songdo (3) 2136 2017 WP, EPC, CL, HP, WRP, WTP
Namdong 1.16 2013 WP, EPC, CL, HP
Daejeon Dunsan 7.16 1994 WP, EPC, CL
Gwangju Sangmu 1.8 1998 WP, EPC, CL
Bucheon Jung-Dong 5.77 1993 WP, EPC, CL
Bundang 14.73 1994 WP, EPC, CL
Anyang PyeongChon 4.39 1993 WP, EPC, CL
Gyeonggi IIsan 10.48 1994 WP, EPC, CL
(8) Sanbon 3.03 1994 WP, CL
Suwon 0.65 1985 CL(WP removed)
Ansan 2.96 2001 WP, EPC, CL
Paju 10.29 2014 WP, EPC, CL
Gumi 1.53 1979 WP, EPC, CL
Gyeongbuk
Andong 3.32 2016 WP, EPC, CL
Gyeongnam Changwon 5.42 1983 WP, EPC, CL
Sejong (3) 22.29 2014 WP, WRP, EPC, CL, HP
Chungbuk Ochang 2.43 2001 WP, EPC, CL
Chungnam Hongseong Naepo 2.99 2014 WP, EPC, CL, HP
Jeonnam Yeosu 0.47 1980 WP, CL
Total (33 Sites) 170.7 - -

Note: Electric power cable, EPC; Communication line, CL; Water pipe, WP; Heating pipe, HP; Wastewater reclamation
reusing system pipe, WRP; Waste transport pipe, WTP.
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Table 2. Candidate Indicators for Effectiveness Analysis
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Category Canfildate Definition and Review Notes References
Indicator
Restoration Dl:jizzzpre‘;il:; rc?nall;)fc;t:red * Seoul Road Excavation Restoration
Cost cing System (2025.10.31) (in Korean)
excavation
Economic Al 1
Indicators . e cy_c e costassessment Canto-Perello and Curiel-Esparza (2013)
Life Cycle covering all costs from . .
. * Kang and Choi (2015) (in Korean)
Cost (LCC) construction through « Lee (2018) (in Korean)
end-of-life (disposal)
) Decrease in average travel ¢ Korea Transport Institute (2024)
Traffic . .
Congestion speed due to construction and (in Korean)
g associated social costs * Jin et al. (2025)
* Korea Agency for Infrastructure
Social & Urban Safety Ir.lcident rates of.safety 'Ijechnology Advancement (2016)
Environmental _(Disasters) accidents such as sinkholes (in Korean)
Indicators and pipeline failures * Lee and Yoon (2017) (in Korean)
* Jo and Jang (2017) (in Korean)
Number of complaints filed * Gilchrist and Allouche(2005)
Civil due to excavation works ¢ National Noise Information System
Complaints (noise, fugitive dust, traffic (2025.10.15) (in Korean)
inconvenience, etc.) * Matthews et al. (2015)
Road Service Pavement Condition * Shahin (2005)
life Index(e.g., PCI) and shortening * ARA (2021)
of resurfacing cycle * Rahmani et al. (2020)
. Underground Volume of underground * Broere (2024)
Physical & . . .
e Space utilities and their * Ministry of Land, Infrastructure and
Facility Efficienc space-occupancy ratio Transport (2019) (in Korean)
Indicators y P pbancy p
Road Num:i;;(f):ii:z;fiizfmlts * Korean Law Information Center
Excavation executions within a eiven (2025.10.18) (in Korean)
Frequency g * Seoul Institute (2016) (in Korean)

period
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Table 3. Alternative Indicator Types and Suitability Assessment for the Analysis

Candidate Definition / Calculation

@ Simple Count Y " (Number of excavation
imple Coun

Limitations and Suitability Assessment

* Does not account for inter-district differences
in road infrastructure scale, resulting in scale

permits) bias
Excavation . * Because road width is not accounted for, the
@ Rate per Road Number of excavations excavation burden relative to the actual
p Total road length(kn) :
Length managed road area may be distorted
. . » May induce statistical distortion in
Excavation Number of excavation . . .
. : - commercial/business districts due to low
Rate per Capita Resident population . .
resident population
Excavation i * Building a consistent dataset is difficult due to
@ Rat Number of excavation dat t . d tricted
. ? e per Total length* (kn) a aasymmel Iy across .agenaes and restricte
Pipeline Length access/security constraint
. . * Excessive variability by time and contract
Reinstatement Y " (Excavatin reinstatement . . ty y_ . L
® conditions limits objective inter-district
Cost costs) :
comparison
Excavation . * Incorporates both road length and width,
®  Densi er Number of excavation enabling the most objective measurement of
yp Road area(m’) ) & )
Road Area spatial burden

Note: Total length of underground utilities
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Table 4. Regional Data Aggregation and Preprocessing Summary
e Total DB Total DB Final DB '
(Gu-level) (Selected Dongs) (After Preprocessing)
Mok-dong 729 150
Southwest Banghwa-dong 957 332
(ll}/[t?figfyk Gangseo-gu 7,379 Balsan-dong 430 196
Tunnel) Deungchon-dong 1,520 340
Others (remaining areas) 3,743
Sanggye-dong 610 163
N;)rtheast N 2 057 Junggye-dong 189 55
( Sgﬁfyye D(?l‘)/\(l)(r)lr;-ggllll 2:536 Chang-dong 658 189
Tunnel) Banghak-dong 485 116
Others (remaining areas) 2,651

Table 5. Normalized Analysis Results for the Southwestern Region: Magok Utility Tunnel

Annual number of road excavations

Road . . s Excavation Excavation
. Road attributable to occupying utilities )

Region Area(r) Area Annual Density Index
Index(A) '20 '21 22 '23 ’ B/A Relati
ndex(A) ‘20 21 ’22 '23 ’24 Total A (B/A) (Relative)

Magok Utili
agok Utility 0 040 10 33 53 24 15 25 150 300 30.0 1.0
Tunnel
Banghwa-
anghiwa-  £43330 07 81 85 83 54 29 332 664 93.3 3.1
dong
Balsan-dong 393,898 05 44 58 37 27 30 196  39.2 71.8 2.4
Deungchon- 50505 07 62 95 91 61 31 340  68.0 98.2 33
dong
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Table 6. Normalized Analysis Results for the Northeastern Region: Sanggye Utility Tunnel

Road Annual Number of Road Excavations . .
. . Excavation Excavation
. Road Area Attributable to Occupying Utilities .
Region Area (m?) Index Annual Density Index
A) 20 '21 '22 ’'23 '24 Total — (B/A) (Relative)
SaNgEYe 191451 1.0 57 27 32 29 18 163 326 326 1.0
Utility Tunnel
Junggye-dong 481954 040 15 8 7 11 14 55 16.5 40.8 1.3
Chang-dong 718,668 0.60 60 45 37 19 28 189 37.8 62.7 1.9
Banghak-dong 484,075 0.41 35 24 26 19 12 116 23.2 57.1 1.8
A
Sanggye-dong
Sae
Excavation Index \ Excavation Index
(
\ ol

(a) Road Excavation Analysis near
the Magok Utility Tunnel

(b) Road Excavation Analysis near
the Sanggye Utility Tunnel

Fig. 2. Results of the Utility Tunnel Effectiveness Analysis
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