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Abstract

In current, there has not been the evaluation model for the optimum design of the
multi-utility tunnel by considering urban type and size, the function of surrounding
road and feasibility analyses with respect to construction method, and arrangement of
accommodation facilities inside multi-utility tunnel. Thus, in this study, we developed
the evaluation model for the optimum design of the multi-utility tunnel before and after
the decision of the multi-utility tunnel installation. In this paper, we have selected the
Deming cycle which is used in various fields among several decision methods for
optimizing the design. For the purpose of reflecting the various factors in the design of
the multi-utility tunnel, 11 higher indicators were set up to lead to more detailed
approaches. In addition, based on the ‘“Plan-Do-Check-Action (PDCA)” circulation
method, we can realize the installation of the multi-utility tunnel and design more
efficiently through the first phase for conception and the second phase for
optimization, and develop the program for the evaluation model accordingly.

Keywords: Multi-utility tunnel, Optimum design, Evaluation model, Deming cycle,
PDCA

Journal of Korean Tunnelling and Underground Space Association

437



Young-Jong Sim - Kyu-Nam Jin - Won-Joon Oh - Choong-Yeun Cho

z 5

A A, T ER 5ol BT AN T2 el 2 A W, 5 S AR

22 %) 52 Teieh 57 9A kR e Aol 9] ¢, ol Aol EAK BT =Y A=Y
 olF AT 4 U= TFT A2 AAE I BHRDL RIS o} 915} B =R o2 Aol it

A i 5 HRE 2olellA ARSE|AL glom, 40| 'WHAlo] ofd =gto] HhAlo] 2.8 7Fset HT A E(Deming
cycle)y AT 357 =AU A TRt QAR Hh2 f15te] 117119] IR #E A gste] Hrf 41431
S 45ttt TS5 Plan-Do-Check-Action(PDCA) 2] <2 HFALS: 716EO 2 | 2} ANA| 22 XAt Al 5
e FET EUNAAE Bt g Ao g FAT 4 QlEF o1yl oH, o] E 918k A} gyt m= 5 S JiEsiIT

FR0|: 57, AT, BV, dAelE, PDCA

1.ME

5= =71l BAR] 2ol X eIV /7 iy S0 S, A, SErEAE 52 Alstel &
& -8oto] FAWEE 3t WHEEA A|skg o] B AR HJOLEJH A mE AN, Afsh oA,
ER2 20| BA wEe] Y8t AFS 95t FQ ARt E5] I EAI= Q1 zsﬁ& st 71 =4
Aol 3575 AAIsh= Aol mil¢- o2 Ao, +-8A1E FAIRE oA %OM AN 22o] ZA o] PRt
5] Si2=A] kot 2dap7} ofete Ad=olnt. o2 fIsf =Hiell A= HIZiRE oLt E%Zﬁ%‘a Nabi bl
“S{Ohetal., 2015) ¥ Al F7|&qt ofUe} -5 A HZ3HE 17 thdRt A-(Lee et al., 2017)7}F X134 x]
29Itk B3], AAA - ARl E e Aol i T4 Al A8 1 (Kang and Choi, 2015), A58 7153} 2|51A]
0] P AE(Park et al., 2016), B'd AR 9] i}ﬂl—i Z|(Park et al., 2015)°] TRt TheFRt A7} %15
EJ3L e}, SHARE S-E R RAT FolM 7P oAl SHo] Bl o2 = AlE Hl o8
of gt H(olet =EA ) Al44z(FE7-2] A7) % | o, AR 57 A AAE SR B350 @
A, FEAVdE 5, AAFRE, 14, FrAEE] Sl ek 8ol 1178 = o] 3R] §oHSMG, 2014) 357 =X
=PIt AT A Al B2 of#Ea AL QU ool & =RolMs 71 gt Qe W ES 7
Hro g A -5 A7 HASHE Flet Febe HES AASHALA .

iilru*o
N
h

>

(]

¢

438 Journal of Korean Tunnelling and Underground Space Association



Development of design capacity optimization evaluation model for urban multi-utility tunnel design

™, Z} 7RSS SR FE7gel A& TR AE eEol 2 4159 SR A W Ee] Besht 2 =wollie v
¥ Z dWAR]Z(Deming Cycle) 7|H, AlS-CJAHZ4] (Analytic Hierarchy Process, AHP) 7|5, B/C(Benefit-
o] 24 AAIE SRt B B7F RS Aljketalat qitt.

%
N

(@)

2

z

)
M
T
N,
rE
o
(o]

I

§H2 7] 4xk0] =24
Suole). bi] Qg ofe] oAba% by B Al S Tlake Hopol Zawx gL, o] wuse]
ATshe 2 Hhaje] obd £310] B2 B9 5T H2 A4S 919 AR Wk e 7ol & 4 gl

T AAS SIRE e M A 1Al B 4] thohSe] ostel 7} R 2 15 A S Tee A
2 A510] 912 Zstolok SR AHP 71 A 8314tk Lee etal., 2017). AHP 7% Apalps} ] ot
¥L.0 2 Z40] BRsk ALle] dhste] Qikel Beke S deld

o Fgehe oz, st obd 4
4l

8
A271E0] BYHA A o] g5le] 77

=
)
N
-~
ju)
o |
1= o
[)
i)
]
N
ko

&= AepAiQ] E4o] Eateh ojapas Holo
0] 715 B Z0 w2 ok d] §-85H 54,

ARt 2, ZA B7HS SIeh 7S BICRALS A8 shAry. ol Aelel BAE W 83t Mol @At

o] QAHE 11§ @AVEE Lk 2102, BICHIe] 120k S NPV(E@AH)E Al 4

whel SE Hl 8} H) S PAVIA R Btstel 5 Tolollx] £H]8-2 Ask glo] 02} 27 Ajele] AR ek

o] Sleka Teksit BT A1Z let A 7K thehd AAY Bopt 4utelofor sto e, Aol

Y RS WE We), H18-S % o= Wefslel ool ZAK WA} /K5 BICEA 7S ANt

(Kang and Choi, 2015).

A

3. 8337 23 27 $HEE
3.1 Glo| YAt}

St ol Hhedet oA 7T T 55 A A A S sl AR iR 7T o2 HgAtlE S Al
A8F3IEt. ©1714 PDCAE Plan, Do, Check, Act®] 2 24 Ao -§ol2M, S5 /51| 215l
¢, ARYStaL, ARYR -8 B AL, AR 2 o851 2AIE Fske A4 7|
o} 55 AZA digAatelZ2] ThAE Hak= Plan + Do TA(AAA] 223}, Check THA(EFAS 24
H7D, Act HA(FHEAoh = F-do] E|H, o]t w72 VB AI(17F PDCA) 2} 4ol A|(22F PDCA) = 2
AR HHESh= 25 Fig. 1 9 Fig. 294 2o] AASTAIAL oItk 3 Tl 2| 2o} ThA| o] 22 24 A2
A Flz 1919 24 A7t FA tidhs 245k ] ofgtge] e ne, HdiRto g gt R (7IE 24 A=,
RO, AR 5)E HIF O T2 PDCA S X85k, A SAM)878 14, Ve 71 e d &

Journal of Korean Tunnelling and Underground Space Association 439



Young-Jong Sim - Kyu-Nam Jin - Won-Joon Oh - Choong-Yeun Cho

Optimization phase

Quality
Improvement

Time

Fig. 1. Concept of Deming cycle Fig. 2. Configuration of PDCA
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Plan Do
<Plan for multi-utility tunnel > < Design for multi-utility tunnel>
< Social demand for installation of mutti-utility tunnel + Detailed design of mutti-utility tunnel
- Improvement of urban environment

(Decreasing repeated road excavation,

- Type of road(first road, Second road)
‘ - Type of road around( Residential / Commercial)

Conceptual phase

Improving walking environment and ___(Primary PDCA) - Type of multi-utility tunnel ( Tunnel type / Open-cut type)
pavement durability etc.) - Scale of multi-utility tunnel ( Large / Small )

- Efficiency of accommodation facilities ‘—-—-\ - Decision of accommeodation facilities '755?3@5};1:&7-
(Expansion of facilities’ scale, o (Three kinds, Five kinds etc.) of plans for
Increase of facilities’ durability, . - Construction cost and process each section &
Efficient maintenance etc.) ﬁé accoml‘l_‘lpfialion

_facilities
S—
Action Check
<0Optimization for section> <Feasibility and economic evaluation>

+ Feasibility evaluation
Road management aspect (function of road, size of road etc.)

< Optimal arangement of accommeodation facilities

- Interaction effects between accommodation facilities

(Facilities risk, Facilities impact index etc.) Urban environmental aspects (Usage area, Floor area ratio etc.)

- Maintenance aspect in use Public Facilities aspects (Degree of underground facilities,

(Convenience for worker, Ease of equipment replacement, important underground facilities etc.) F-:—,—_L-‘
. . % Economic evaluation Establishment
Facilities scalability etc.) ¢ S
SRSt - Benefit item (Repetitive excavation cost, of design for
& i Pipe replacement cost etc.) each
(partitioned structure, support structure, structure durability) ) N “ accommodation
- Cost item (Initial construction cost, facilities

maintenance cost etc.)

Fig. 3. Detailed contents of PDCA
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— Function of road
— Road scale
Road management — Traffic density
Indexes ™| — Pedestrian number
(6 factors) — Population density
— Degree of repeated excavation

— Burials index

Public facilities — Significant burials
Hierarchy g || — Number ofroad junction
structure 2 S
(5 factors) — Disaster prevention index
— History of pipe installation
— Usage area
Urban environment — Ratio of floor area to site
indexes | | — Development plan
(5 factors) — Existence of aerial lines

— Degree of burials

Fig. 4. Modified hierarchy structure for estimating importance of the urban area

Table 1. Classification of cost-benefit

Benefit Cost (Life Cycle)
B1 Report Excavation Cost Cl Initial Construction Cost
B2 Pipeline Replacement Cost C2 Maintenance Cost
B3 Road User Cost C3 Dismantling Disposal Cost
B4 Environmental Cost C4 Indirect Cost (Road User Cost)
B5 Disaster Risk Cost C5 Indirect Cost (Environmental Cost)
B6 Future Expansion Cost
B7 Pedestrian Traffic Cost
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Table 2. Yeongdong-daero section for multi-utility tunnel

Section No. Section Net Length Note

Intersection at Samsung station
No. 1 ~ 1.5 km
Samsung station at [lwon tunnel

Excluding Yangjae Stream section of 2.5km
in total

South of Yeongdong Bridge
No. 2 ~ 1.9 km -
Intersection at Samsung station

e =
IAETo} \ xSt -

Fig. 6. Yeongdong-daero section for multi-utility tunnel
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24, Plan TAIOIA EAIFEH= TA) A E/oLE WA 2] o)/ 2] 9(SDI, 2009)0]H, EATFEE A
ol FF(]IT 1005t ool sligstairt. E27] 52 T =of| sfgdshH, E2 2= F2(50 m~ 70 m)©]
o} E2FRR2 o 2 AU A Aol sfideto], B HE A3 2008 m® 22 EolAkl2 §iglth
APzt Teisto] H-8e g2t Fadlof sk AR 182 o A& EA o 2 mid g of B et HIgO
= A-gotal o, xho] FHe] tislixl= A5 9 2= FAloflA Hok= 2 0= 7SIk

Do TAOA=No. 17 No. 2] F 7+ 7H2HA F B dA] 35 A0 & BRI OH, S5 2 e 4o
THREA T-EAVEE] TFE 350 St SAMIS] k=420~ 4702 0 2, B'd o] 7lj2Hof| His] To]
2QEQlom AR FAAE 58 e A} 1.5 km= 24719, 1.9 km=307]€0] 48 F{TH Table 3).

Check TAIA] EFZJH 71 23 No. 1014+=89.46 7, No. 20141=94.3870 .0 2 157} =] 9] 0m, HA1A 4
A3} 271 5AH], 7881, GRS =02 A WA QA 72 B35 B8 B g Alof| Hlgl 2%
A= ZEout 7 Ego] IA| A F|gloH, BdA] F-5 HI-8-2 7zl of] Bl Z27]- 5 A7 ZulA 1 A
© 2 YEPTH(Table 3, Table 4). T, 27| A= @78 4% 9 Alg 271& Jrefoto] A7gsielct. A3 E 7}
A} 7§z 0] 739 1.17, E'd A1) 79 1.53 02 eI T Table 5).

Table 3. Benefit analysis result (unit: billion)

Division Bl B2 B3 B4 B5 B6 B7 Al

Yeongdong-daero

(3.4 km) 1.0 16.76 173.89 5.39 0.22 0.86 6.01 204.13

Table 4. Cost analysis result for open cut and tunnel type (unit: billion)

Installation
Type extension (km) C1 C2 C3 Cc4 C5 A
Open cut 3.40 86.47 8.69 0.07 75.41 4.13 174.77
Tunnel 3.40 91.13 8.69 0.12 31.42 1.72 133.08

Table 5. Yeongdong-daero analysis result

Section Type Length COIlStI'l.lCFiOH cost | Period | Feasibility eYaluation EconorTlic Rank
No. (km) (billion) (month) (100 points) evaluation
No.l | Open cut 1.5 44.42 24 89.46 1.17 4
No.l1 Tunnel 1.5 44.17 24 89.46 1.53 3
No.2 | Open cut 1.9 42.05 30 94.38 1.17 2
No.2 Tunnel 1.9 46.96 30 94.38 1.53 1
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Fig. 7. Type of multi-utility tunnel
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