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Abstract

In this paper, we propose a method to determine whether to install the accommodation
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Plan
<Plan for establishing multi-utility tunnel >

Do
<Design of multi-utility tunnel>

“% Social demand for installation of multi-utility tunnel
- Improvement of urban environment
(Decreasing repeated road excavation, Conceptual phase

Improving walking environmentand (Primary PDCA)

pavement durability etc)

% Detailed design of multi-utility tunnel
- Type of road(first road, Second road)
‘ - Type ofroad around( Residential / Commercial)
- Type of multi-utility tunnel ( Tunnel type / Open-cuttype)
- Scale of multi-utility tunnel ( Large / Small )

- Efficiency of accommodation facilities —— - Decision of accommodation facilities i E;tﬁﬁ;h;em of
(Expansion of facilities' scale, E : ﬁ (Three kinds, Five kinds etc) plans for each
Increase of facilities’ durability, - Construction cost and process section&

- accommodation
Efficient maintenance etc.) i
fadilities

Action Check
<Optimization of Section> <Feasibility investigation for installation design>

. 4 Installation validity
** Optimal t of accommodation faciliti
arangement ol accommocation factites | - Road management aspect (Function ofroad, Size of road etc.)

- Interaction effects between accommodation facilities - k o
- Urban environmental aspects (Usage area, Floor area ratio etc.)

(Facilities risk, Facilities impact indexetc)

- Public Facilities aspects (Degree of underground facilities,

-Maintenance aspect in use 5 S
i important underground facilities etc.)

+ Economic feasibility

(Convenience for worker, Ease of equipment replacement,
Establishment of

Facilities scalabdlity etc.)

- Benefit item (Repetitive excavation cost, designfor each
- Subsidiary facilities aspect Pipe replacement cost etc.) accommodation
(partitioned structure, support structure, structure durability) - Costitem (Initial construction cost, facilities

maintenance cost etc.)

Fig. 1. PDCA process (Sim et al., 2017)
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Fig. 2. Optimization of accommodation facility

Level 1 ; Accommodation decision of individual facility ]

Level 2 ; Alternative formation for accommadation facility

Level 3 ; VE/LCC evaluation ofindividual facility

— o —

Level 4 ; Ranking alternatives for jndi\-‘hh{ facility ]

[ Level 5 ; Suggest optimal solution of kinds

Fig. 3. Optimal alternative analysis procedure for facility (Sim et al., 2018)
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Table 1. Feasibility and economic evaluation index

Division Item

1) Function of road 2) Road scale

Road management sector 3) Traffic density 4) Pedestrian number
5) Population density 6) Traffic speed
7) Degree of repeated excavation 8) Number of road junction

Public facilities sector 9) Degree of burials 10) Disaster prevention index
11) History of pipe installation

. 12) Usage area 13) Urbanization rate

Urban environment sector . o

14) Development plan 15) Existence of aerial lines

I 2 9] 7]°5(Function of road)-= 57 F4, B X7 5.0 2 BgstH 7|2 Alg tHAo| A 34 DB 2] 4=%o] 7}
5ot} 29| 1% (Road scale) E3F P2, thE 502 FEEH 2|9 JRE FolA] 50| 7Fsdlt. wEHF
(Traffic density)> B3/ 2 AAVS 24 Al 583 A 850] shfolH, =4 o2 JA| 9l A A G2 5
AT B7HE] o] ek sEARE T 21 Ujo] Wi Bt 299 FAM B 2|9 2| 9S Aok T2 wE

S e glon s, DB_J B o] W a5k}, B Pedestrian number) E3t Z23 2 EZ0] oL},
EHH & TAIFARE FolA B 7R DBolH, =7t XA A4 A7 0 ' FARSHA] ¢ AlREA] 7=
AlE dAlNA 7= 0134—r Aol
{I-F A & (Population density) 2] 78-- A& o] et H 9] Stofl Aot Q2] =24 &5 7153t DBolth
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Table 2. Selection of relevant index for constructing evaluation framework

Division Function of road Road scale Traffic density | Pedestrian number | Population density
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e x O O O O
conception phase
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Table 3. Evaluation system for selecting kinds of accommodation facility

. Point
Division
2 4 6 8 10
) New city Low efficient — High efficient
Spatial MUT installable space . — . - -y
. Existing city | Feasibility and Economic low <> Feasibility and Economic high
evaluation
Capacity of accommodation facility Capacity limit - Accepting requirements
Region requirements Unity > Diversity
Effective . . B 3
evaluation Repetitive excavation inconvenience | High number of excavated - Less number of excavated
valu;
Disaster prevention safety Disadvantage at disaster - Advantage disaster
Costly MUT installation indirect cost Indirect cost high > Indirect cost less
evaluation | MUT construction difficulty High interference - Less interference

Multi-utility tunnel, MUT

Table 4. Weight of new city and existing city

Division New city Existing city
. A-01 7.1 -
MUT installable space
) . A-02 - 10.1
Spatial evaluation - - —
Capacity of accommodation facility A-03 16.1 15.6
Sub total 232 25.7
Region requirements B-01 13.6 13.2
. . Repetitive excavation inconvenience B-02 20.4 19.7
Effective evaluation - -
Disaster prevention safety B-03 11.2 10.8
Sub total 45.2 43.7
MUT installation indirect cost C-01 12.9 12.5
Costly evaluation MUT construction difficulty C-02 18.7 18.1
Sub total 31.6 30.6
Total 100% 100%
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conction phase
Selection of
installation area
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Each kind Analysis for decision of
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¥
Decision of
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¥

- Basic DB collection for analysis

- Analysis of evaluation system for all combination of accommedation facilities

- Select the kind based on the upper score after evaluation

‘ VE/LCC analysis ‘ - VE/LCC analysis for selected accommodation facilities

¥
Selection of

accommodation facilities
¥

Basic feasibility and
economic evalation

¥
optimization phase

Fig. 4. Flow chart for accommodation facility decision

- Select of accommodation facilities for higher score after VE/LCC analysis

- Baseline assessment of selected kind and configuration
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Table 5. Result of three and four kinds of accommodation facility

Division Accomrpf)dation Yalue Rank Division Accomrpf)dation Yalue Rank
facility index facility index
3-1 EPC, CL, WP 135.4 2 4-1 EPC, CL, WP, CP 147.2 6
3-2 EPC, CL, CP 128.4 5 4-2 EPC, CL, WP, HP 148.1 5
3-3 EPC, CL, HP 129.3 3 4-3 EPC, CL, WP, WRP 156.4 1
3-4 EPC, CL, WRP 137.6 1 4-4 EPC, CL, WP, WTP 146.0 7
3-5 EPC, CL, WTP 127.2 6 4-5 EPC, CL, CP, HP 141.1 9
3-6 EPC, WP, CP 57.9 21 4-6 EPC, CL, CP, WRP 149.4 3
3-7 EPC, WP, HP 58.8 20 4-7 EPC, CL, CP, WTP 139.0 13
3-8 EPC, WP, WRP 67.1 16 4-8 EPC, CL, HP, WRP 150.4 2
3-9 EPC, WP, WTP 56.7 22 4-9 EPC, CL, HP, WTP 139.9 11
3-10 | EPC, CP, HP 51.8 24 4-10 | EPC, CL, WRP, WTP 148.2 4
Ellipsis Ellipsis

Electric power cable, EPC; Communication line, CL; Water pipe, WP; Cooling pipe, CP; Heating pipe, HP; Wastewater reclamation
reusing system pipe, WRP; Waste transport pipe, WTP
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Table 6. Result of five and six kinds of accommodation facility

Division Accommodation facility lels: Rank | Division Accommodation facility ;::il;l: Rank
5-1 EPC, CL, WP, CP, HP 160.0 7 6-1 EPC, CL, WP, CP, HP, WRP 181.0 1
5-2 EPC, CL, WP, CP, WRP 168.3 2 6-2 EPC, CL, WP, CP, HP, WTP 170.6 5
5-3 EPC, CL, WP, CP, WTP 157.9 9 6-3 EPC, CL, WP, CP, WRP, WTP | 178.9 3
5-4 EPC, CL, WP, HP, WRP 169.2 1 6-4 EPC, CL, WP, HP, WRP, WTP | 179.8 2
5-5 EPC, CL, WP, HP, WTP 158.8 8 6-5 EPC, CL, CP, HP, WRP, WTP | 172.8 4
5-6 EPC, CL, WP,, WRP, WTP 167.1 3 6-6 EPC, WP, CP, HP, WEP, WTP | 102.3 7
5-7 EPC, CL, CP, HP, WRP 162.2 4 6-7 CL, WP, CP, HP, WEP, WTP | 164.4 6
5-8 EPC, CL, CP, HP, WTP 151.8 12
5-9 EPC, CL, CP, WRP, WTP 160.1 6
5-10 | EPC, CL, HP, WRP, WTP 161.0

Ellipsis
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Table 7. Point of accommodation facility in existing city with respect to kinds

o Point
Division
3 kind 4 kind 5 kind 6 kind 7 kind
A-01 - - - - -
Spatial evaluation A-02 10 8 6 4 4
A-03 8 8 6 6 6
B-01 4 6 8 8 8
Effective evaluation B-02 8 8 8 10
B-03 4 6 6 8
. C-01 10 8 6 4
Costly evaluation
C-02 10 8 6 4
Total 52 50 46 40 44
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Table 8. Weight of accommodation facility in existing city with respect to kinds

s Weight
Division
3 kind 4 kind 5 kind 6 kind 7 kind
A-01 - - - - -
Spatial evaluation A-02 1.0 0.8 0.6 0.4 0.4
A-03 1.2 1.2 0.9 0.9 0.9
B-01 0.5 0.8 1.1 1.1 1.1
Effective evaluation B-02 1.2 1.6 1.6 1.6 2.0
B-03 0.4 0.4 0.6 0.6 0.9
. C-01 1.2 1.0 0.7 0.5 0.5
Costly evaluation
C-02 1.8 1.4 1.1 0.7 0.7
Total 7.5 7.3 6.7 5.8 6.5

6.3 TEAld=E 4 U S+ ZYS flet et Y

S8 A 74 8 F4o] el 6.1} 6,201412] FA ] T3t 215 TRRL Table 92} 2t
S G A2 F o] et IRk 351 9) T4 E ) tistol 4 slgon, 48 AME T4 AeE S
39 )2 AgRAl] At gho 2 APgai g,

Table 9. Accommodation facility top of different kinds

Division Ranking Accommodation facility
3-4 Ist EPC, CL, WRP
Three kind accommodation facility 3-1 2nd EPC, CL, WP
3-3 3rd EPC, CL, HP
4-3 Ist EPC, CL, WP, WRP
Four kind accommodation facility 4-8 2nd EPC, CL, HP, WRP
4-6 3rd EPC, CL, CP, WRP

7132 AgiRAle] “Plan” + “Do”oll 4 A
AN ek “Action (712 T = ZF"‘%* 54

AellA= 671 thetell thsted Al 24
A7 3

-{> m
32

A St A ﬂﬂig

#3567 Thete] thsted “Cheek (712
T it 2 A AN AR AAE 4 glom, Hast g
5510] 2% ok Aei 4= Glek S8 A AL A|eje] FET

el A B4 B/ICEA], ZAY

N

90 Journal of Korean Tunnelling and Underground Space Association



Decision technique for accommodation facilities of multi-utility tunnel in basic planning phase
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