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Abstract

If a new utility tunnel is planned for high density existing urban areas in Korea, a
rational decision-making process such as the determination of optimum design
capacity by using the feasibility evaluation system based on quantitative evaluation
indexes and the economic evaluation is needed. Thus, the previous study presented the
important weight of individual higher-level indexes (3 items) and sub-indexes (16
items) through a hierarchy analysis (AHP) for quantitative evaluation index items,
considering the characteristics of each urban type. In addition, an economic evaluation
method was proposed considering 10 benefit items and 8 cost items by adding 3 new
items, including the effects of traffic accidents, noise reduction and socio-economic
losses, to the existing items for the benefit - cost analysis suitable for urban utility
tunnels. This study presented a quantitative feasibility evaluation method using the
important weight of 16 sub-index items such as the road management sector, public
facilities sector and urban environment sector. Afterwards, the results of quantitative
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feasibility and economic evaluation were compared and analyzed in 123 main road sections of the Seoul. In addition,
a comprehensive evaluation method was proposed by the combination of the two evaluation results. The design
capacity optimization program, which will be developed by programming the logic of the quantitative feasibility and
economic evaluation system presented in this study, will be utilized in the planning and design phases of urban
community zones and will ultimately contribute to the vitalization of urban utility tunnels.

Keywords: Urban utility tunnel, Feasibility evaluation, Quantitative indexes evaluation, Optimum design capacity,
Economic evaluation
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Table 1. Result of a study on the quantitative feasibility evaluation index by AHP analysis (Chung and Na, 2018)

.. . . . Important . . .
Quantitative evaluation sub-indexes (16 items) V\iight Analysis result graph by 70 questionnaires
Function of road A-01 7.3% | 40.0%
35.0% = Detailed weighting ratio for 16 indexes |
Road Road scale A-02 6.8% 30.0% = Weighting ratio for Fa—1 indexes B
management
sector Traffic density A-03 6.9% | 27 W 209% 195%  19.8% Dol
20.0%
(6 items) Pedestrian number A-04 2.5% | 15.0% D B
10.0% (68 (Gofll 7% | 1% _(_7 |
‘Fa-1° Population density A-05 4.2% 5.0% I I _(2'5"I| —
Degree of repeated excavation | A-06 7.2% BT W Gl G B AGE B
Burials index (degree of burials) | B-01 7.4% | 400% ke = Detailed weighting rafo |
Public 35.0% for 16 indexes -
.“ . . . ~ 0 30.0% = Weighting ratio for Fa—2
facilities Significant burials index B-02 | 12.6% o — M |
sector S =
. Number of road junction B-03 4.0% 20.0% u_
(5 1tems) 15.0% (125 11 7% 12 1%
Disaster prevention index B-04 5.9% 1000 SR (5 9
‘Fa-2’ 5.0% I . .
History of pipe installation B-05 4.1% B
Usage area C-01 5.9% 40.0% = Detailed weighting
35.0% ratio for 16 indexes 31.9%
Urban Ratio of o sit C-02 4.49 30.0% = Weighting ratio for — i
environment | ~atlo of toorarea to site - A Fa-3indexes  —
tor 25-“ 48 Q9 20 9%
sec gax
. Development plan C-03 9.9% | 200% 1449 14.2%
(5 items) 15.0% 007
Existence of aerial power lines | C-04 4.4% | 100% |
‘Fa-3’ 5.0% . .
Degree of burials C-05 6.5% 0.0%
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Table 2. Evaluation items of benefit - cost ratio analysis for the urban utility tunnel (Cho et al., 2018)

Benefit items (10 EA) Cost items (8 EA)
B1 Repeat excavation cost Cl Initial construction cost
B2 Pipeline replacement cost C2 Maintenance cost
B3 Road user cost C3 Dismantling disposal cost
B4 Environment cost C4 Indirect road user cost
B5 Disaster risk cost Cs Indirect environmental cost
B6 Future expansion cost C6 Indirect reduced traffic accidents (add)
B7 Pedestrian traffic cost C7 Indirect vehicle noise reduction (add)
B8 Reduced traffic accidents (add) C8 Indirect socio-economic loss cost (add)
B9 Vehicle noise reduction (add) - -
B10 Socio-economic loss (add) - -
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Table 3. Result of a study on the quantitative feasibility evaluation index by AHP analysis

Quantitative evaluation| Important | Evaluation Evaluation contents Score of
sub-indexes (16 items) | weight grade indexes
H If the evaluation section is the main-road of the urban area 100
Function of M If the evaluation section is the auxiliary main-road of the 70
road A-01 7.3% urban area
L If the evaluation section is an inadequate road to built the 40
utility tunnel
H The width of the road is over 40 meters 100
Road scale | A-02 6.8% M The width of the road is over 30 meters 70
L The width of the road is less than 30 meters or section is an 40
inadequate road
H Traffic density in the evaluation section is over 120% of the 100
average traffic
Traffic density | A-03 6.9% M Z‘tzf;i;ecit:;fig in the evaluation section is over 80% of the 70
L Less than 80% of the average traffic or section is an 40
inadequate road
) H Pedestrian number is over 120% of the average 100
Pii:t;;?n A-04 2.5% M Pedestrian number is over 80% of the average 70
L Less than 80% of the average or section is an inadequate road 40
] H Population density is over 120% of the average 100
P(;il:llsaigm A-05 4.2% M Population density is over 80% of the average 70
L Less than 80% of the average or section is an inadequate road 40
Degree of H Degree of repeated excavation is over 120% of the average 100
repeated A-06 7.2% M Degree of repeated excavation is over 50% of the average 70
excavation L Less than 50% of the average or section is an inadequate road | 40
H Excavation assumption area by burial is over 120% of the 100
Burials index average
(degree of | B-01 7.4% M Excavation assumption area by burial is over 80% of the 70
burials) average
L Less than 80% of the average or section is an inadequate road 40
n Excavation assumption area by significant main-burial is over 100
o 120% of the average
bi;illlsﬁi(rzilr:x B-02 12.6% M Excavation assumption area by significant main-burial is over 70
80% of the average
L Less than 80% of the average or section is an inadequate road 40
H Number of road junction is over 120% of the average 100
rig?fg;?ofn B-03 4.0% M Number of road junction is over 50% of the average 70
L Less than 50% of the average or section is an inadequate road 40
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Table 3. Result of a study on the quantitative feasibility evaluation index by AHP analysis (continue)

Quantitative evaluation| Important | Evaluation Evaluation contents Score of
sub-indexes (16 items) | weight grade indexes
Disaster H Number of employed is over 120% of the average 100
prevention | B-04 5.9% M Number of employed is over 60% of the average 70
index L Less than 60% of the average or section is an inadequate road 40
) ) H Main life-line is installed more than 30 years ago 100
Hliits(,)t?l/l;)tfioprllpe B-05 4.1% M Main life-line is installed more than 20 years ago 70
L Less than 20 years ago or section is an inadequate road 40
H If the evaluation section is located in a urban commercial area | 100
Usagearea | C-01 5.0% M i{t; stihdee::;[/i:;llu:rt:;n section is located in a industrial area or 70
L Located in a natural area or section is an inadequate road 40
) H Ratio of floor area to site is over 120% of the average 100
R::;Z (t)(l: Zlii)c;)r C-02 4.4% M Ratio of floor area to site is over 80% of the average 70
L Less than 80% of the average or section is an inadequate road 40
H If the evaluation section is included in the linked large 100
development plan
Deve;lloall)lment C-03 9.9% M gitt};lel ::Saiﬁz;[li(;tz) j/jction overlays the existing subway lines 70
L Overlays the existing subway lines with more than 30% or 40
section is an inadequate road
Overlays the existing high voltage power lines on the road 100
Existence of with more than 1.5-lines
aerial power | C-04 4.4% M Overlays the existing high voltage power lines on the road 70
lines L High voltage power lines installed underground or section is 40
an inadequate road
H Excavation assumption area by burial is over 120% of the 100
Degree of ki . . .
burials C-05 6.5% M Excavation assumption area by burial is over 80% of the 70
average
L Less than 80% of the average or section is an inadequate road 40
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Table 4. Consideration main road-lines and sectors for quantitative indexes and economic evaluation in Seoul

Division Total main road lines | Total road-sectors Consideration of Cho et al. (2018)
road-sectors
Number of lines or sectors 26 EA 181 EA 123 EA 61 EA
Sum of length 423.42 km 423.42 km 258.34 km 258.34 km
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Table 5. Consideration main road-lines and sectors for quantitative indexes and economic evaluation in Seoul

Division Fa = 90 90 >Fa > 80 80>Fa = 70 70 > Fa Total sectors
Number of road-sectors 10 EA 53 EA 53 EA 7EA 123 EA
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Fig. 1. Graph of quantitative indexes evaluation and B/C analysis for the urban utility tunnel

Journal of Korean Tunnelling and Underground Space Association 69



Seong-Won Lee - Jee-Seung Chung - Gwi-Tae Na - Myung-Seok Bang - Joung-Bae Lee

g
=
o
o
(@)
rlo
o,
N
)
ki
2,
lo
S
[e)
N

4 e Wb, 7V e A4S S50 20 0 2 AR
A5 A0 24, ZehE 2oL 7000] 96,137, FEHR A F U 7k0] 9433 H O 192
910l TG WIS S5 el o] BT, W R o] A9l 9IS glck 5 107 7710 A
W7} AT 00 oo 2 FE5T Eeleidle] 1 el 210 BAsIglon] A2 B9 T5T B4 A
2ol wlalA] 3412 ehgado] A BAFIgIch 1oL Table 6914137] 0 A4l 35201 Tt B/C ¥
7} 111-1210] B2 £ Fo] Yol S5 3Ap} 158 A9l Ui EAANAE AR FE57 £ HAA

EhAds st Zls & 4 Aok

Table 6. Quantitative indexes and economic evaluation on high rank 20 sectors

Indexes Length | Utility | Score of B/C ratio Remarks
. o . . Adoped .
evaluation Division of target section of sector| tunnel | indexes |Open-cut| Tunnel tvpe (combined
priority (km) (km) |evaluation| type type P priority)

NO. 27-6: Gangnam-daero
1 (Hannam bridge - Intersection of 2.60 2.60 96.13 1.02 1.34 | Tunnel 10
Gangnam station)

NO. 32-4: Yeongdong-daero
2 (Yeongdong bridge - Intersection of | 1.90 1.90 94.33 1.21 1.64 |Open-cut 1
Samseong station)

NO. 48-6: Gangdong-daero
3 (Olympic bridge - Intersection of 3.50 3.50 93.94 0.95 1.20 | Tunnel 3
Seo-hanam IC)

NO. 42-12: Southern circuit daero
4 (Intersecion of Gaebong 1 dong - 2.74 2.74 93.67 1.00 1.21 | Tunnel 2
Shinwol IC)

NO. 32-3: Yeongdong-daero
5 (Intersection of Samseong station- | 2.50 1.50 93.13 1.21 1.64 |Open-cut 4
Inters. of Ilwon tunnel)
NO. 30-2: Gosanja-ro
6 (Gyeongdong Market - Inters. of 1.30 1.30 93.10 0.96 1.14 | Tunnel 7
Korea university gate)

NO. 21-6: Yeouidaebang-ro
7 (Intersecion of Daebang station - 2.80 2.80 92.44 0.99 1.14 | Tunnel 9
Inters. of Daelim)

NO. 29-2: Nonhyeon-ro
8 (Inters. of Yangjae telephone office | 1.80 1.80 91.99 0.79 0.93 | Tunnel 37
- Inters. of Yeoksam station)

NO. 42-4: Southern circuit daero
" 2 2 91.54 . 1.22 | Tunnel
? (Suseo IC - Inters. of Daechi station) 320 320 3 095 unne >

NO. 31-1: Songpa-daero
10 (Inters. of Seokchon station - 3.37 3.37 90.28 0.73 0.84 | Tunnel 57
Songpa IC)
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Table 6. Quantitative indexes and economic evaluation on high rank 20 sectors (continue)

Indexes Length | Utility | Score of B/C ratio Remarks
. o . . Adoped .
evaluation Division of target section of sector| tunnel | indexes |Open-cut| Tunnel tvpe (combined
priority (km) (km) | evaluation| type type P priority)
NO. 42-2: Yangjae-daero
11 (Inters. of Gildong - Inters. of 2.77 2.77 89.65 0.87 1.08 | Tunnel 17
Olympic Park)
NO. 42-9: Southern circuit daero
12 (Inters. of Sinlim station - Inters. of | 3.55 2.35 89.44 0.93 1.21 | Tunnel 8
Digital Complex)
NO. 32-6: Dongil-ro
13 (Inters. of Donggok - Inters. of 3.64 3.64 89.41 0.89 1.10 | Tunnel 13
Yeongdong bridge)

NO. 45-9: Bongeunsa-ro
14 (Inters. of Kyobo Tower - Inters. of | 3.90 3.90 89.38 0.86 1.07 | Tunnel 20
COEX)

NO. 30-3: Gosanja-ro
15 (Inters. of Muhak girls highschool - | 2.40 2.40 89.17 0.96 1.14 | Tunnel 11
Gyeongdong Market)
NO. 51-3: Gyeongin-ro
16 (Inters. of Street Park entrance - 247 247 88.99 0.75 0.81 | Tunnel 64
Yeongdeungpo Rotary)
NO. 26-3: Banpo-daero
17 (Inters. of Seoul Arts Center - 2.90 2.90 88.90 1.11 1.37 |Open-cut 15
Banpo bridge)

NO. 45-1: Gonghang-daero
18 (Inters. of Kimpo airport entrance - | 3.00 1.20 88.54 0.67 0.75 | Tunnel 78
Inters. of Balsan station)

NO. 21-8: Siheung-daero
(Siheung IC - Inters. of Siheung)
NO. 51-2: Gyeongin-ro

20 (Inters. of Gaebong - Inters. of 3.11 3.11 87.76 0.75 0.81 | Tunnel 70
Street Park entrance)

2.70 1.95 88.15 0.85 0.98 | Tunnel 40
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Fig. 2. Graph of combined feasibility evaluation score for the urban utility tunnel
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Fig. 3. Graph of combined feasibility evaluation of the urban utility tunnel on high-rank 20 sectors
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Table 7. Combined feasibility evaluation of the urban utility tunnel on high rank 20 sectors

. . Ind . .
Combined Length | Utility o ex§s Adoped | Economic | Combined
. o . evaluation | Adoped . .
evaluation Division of target section of sector| tunnel B/C |evaluation|evaluation
riority (km) (km) seore type ratio score score
p (priority)
NO. 32-4: Yeongdong-daero Oven-
1 (Yeongdong bridge - Intersection of | 1.9 1.9 94.33 (2) fut 1.21 95.86 94.94
Samseong station)
NO. 42-12: Southern circuit daero
2 (Intersecion of Gaebong 1 dong - 2.74 2.74 | 93.67 (4) | Tunnel | 1.21 95.81 94.53

Shinwol IC)

NO. 48-6: Gangdong-daero
3 (Olympic bridge - Intersection of 3.5 3.5 93.94 (3) | Tunnel | 1.20 95.28 94.48

Seo-hanam IC)
NO. 32-3: Yeongdong-daero Oven-
4 (Intersection of Samseong station - 2.5 1.5 93.13 (5) fut 1.21 95.86 94.22

Inters. of Ilwon tunnel)

NO. 42-4: Southern circuit daero
5 S 32 32 1915409 | T 1] 1.22 96.12 93.37
(Suseo IC - Inters. of Daechi station) ©) | Tunne

NO. 46-1: Sunyue-ro
6 (Inters. of Gyeongin expressway 1.19 1.19 |87.25(22)
entrance - Yanghwa bridge)

Open-
cut

1.26 99.82 92.28

NO. 30-2: Gosanja-ro
7 (Gyeongdong Market - Inters. of 1.3 1.3 93.10 (6) | Tunnel | 1.14 90.14 91.91
Korea university gate)

NO. 42-9: Southern circuit daero
8 (Inters. of Sinlim station - Inters. of | 3.55 2.35 |89.44 (12)| Tunnel | 1.21 95.45 91.85
Digital Complex)

NO. 21-6: Yeouidaebang-ro
9 (Intersecion of Daebang station - 2.8 2.8 92.44 (7) | Tunnel | 1.14 89.85 91.41
Inters. of Daelim)

NO. 27-6: Gangnam-daero
10 (Hannam bridge - Intersection of 2.6 2.6 96.13 (1) | Tunnel | 1.02 80.34 89.82
Gangnam station)
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Table 7. Combined feasibility evaluation of the urban utility tunnel on high rank 20 sectors (continue)

. . Ind . .
Combined Length | Utility fidexes Adoped | Economic | Combined
. . . evaluation | Adoped ) .
evaluation Division of target section of sector| tunnel B/C |evaluation|evaluation
riority (km) (km) seore type ratio score score
P (priority)

NO. 30-3: Gosanja-ro
11 (Inters. of Muhak girls highschool - | 2.4 24 |89.17(15)| Tunnel | 1.14 90.14 89.56
Gyeongdong Market)

NO. 42-6: Southern circuit daero
12 (Inters. of Yangjae station - Inters. 3.1 3.1 |83.53(44)| Tunnel | 1.22 96.12 88.57
of Gyeongnam Apt)
NO. 32-6: Dongil-ro
13 (Inters. of Donggok - Inters. of 3.64 3.64 |89.41(13)| Tunnel | 1.10 87.19 88.52
Yeongdong bridge)

NO. 42-5: Southern circuit daero
14 (Inters. of Daechi station - Inters. of | 2.95 2.95 |83.44 (46)| Tunnel | 1.22 96.12 88.51
Yangjae station)

NO. 26-3: Banpo-daero

15 | (Inters. of Seoul Arts Center - 29 | 29 [88.90(17) ij:’ 11 | 8793 | 8851
Banpo bridge)
NO. 42-13: Southern circuit daero

16 (Inters. of Shinwol IC - Inters. of 1.7 1.7 |83.62 (43)| Tunnel | 1.21 95.81 88.50
Hwagokro entrance)
NO. 42-2: Yangjae-daero

17 (Inters. of Gildong - Inters. of 2.77 2.77 |89.65 (11)| Tunnel | 1.08 85.78 88.10
Olympic Park)
NO. 51-11: Jong-ro

18 (Inters. of Sejongno - Inters. of 4.24 4.24 |82.24 (48)| Tunnel | 1.21 95.73 87.64

Sinsuldong station)

NO. 41-3: Yangjae-daero
(Inters. of Guryong tunnel - Suseo IC)
NO. 45-9: Bongeunsa-ro
20 (Inters. of Kyobo Tower - Inters. of | 3.9 39 |89.38(14)| Tunnel | 1.07 84.31 87.35
COEX)

19 4.1 23 |85.03(38)| Tunnel | 1.15 91.30 87.54

B AT o w25 A WS AAV B2 S gl SeA E2 o2 A ool
n2 e e AT HASE Boh wAIA 25Tl et FHEAS 9 2] AR e 4 ol
= 5708 oI}, T Fig. 41 FAIA] 570l et 47 Q0] A m2 13o] Al
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