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A Study on the South Korea Hyperloop Network Planning Using
Network Flow Model Considering Link Capacity

351 Yoo Hansol™", 712]7] Kim Ikki""*, 7138} Kim Jonghak™ ", 212|%] Shim Jaeyoeb™ """

Abstract

A Hyperloop is technically feasible as a future mode of transportation that moves at super high speed in a partial
vacuum tube with little friction. Before realizing the Hyperloop, a network plan reflecting Hyperloop characteristics
must be considered. Therefore, it is necessary to study the basic concept of the Hyperloop network design and
its specific plan. The characteristics of the Hyperloop mode include high speed, small-capacity vehicles, and short
headway in operational aspects. Considering these characteristics, this study proposes that the final Hyperloop network
in South Korea uses a three-step process. The first step is to select cities that will be served by the Hyperloop.
The second step is to determine the minimized cost network using the network flow mathematical model. The
third step is to design the network; this step will utilize professional judgement and the results of the mathematical
analysis. In addition to the network design, the final network was chosen based on network capacity, travel time
reduction, and possibility of a cyclical network. The study suggested a network structure that included the Gyeong-bu
axis, Ho-nam axis, Jung-bu axis, and Yeong-dong axis in South Korea when assuming that 20% of Hyperloop
use will be mid-long distance trips. This network structure for South Korea can provide Hyperloop services to as
many cities as possible while minimizing construction costs. In addition, it has an alternative route axis that can

decentralize the demand generated by many cities to avoid insufficient network capacity.

Keywords: Hyperloop, Network Capacity, Network Planning, Network Flow Model, Minimum Spanning Tree
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Table 1 _ Characteristics of Hyperloop and Others
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Mode

Vehicle Capacity
(persons)

Speed
(km/h)

Line Headway
(second)

One way line

Capacity

Hyperloop”

28

1,220

30~120

840

3,360

persons/h

Airplane

132~544

1004~1089”

420"

1,056

4,352

persons/h

High speed rail”
Public

935

305

210~331

9,350

15,895

persons/h

Rajli)

318~422

120~140

472~745°

2,306

4,827

persons/h

Subway

540~3,2007)

80

120~600

3,240

96,000

persons/h

Bus

28~458)

100~110

300

336

540

persons/h

9;
Car”

1~5

100~120

1.6~1.8 (LOS E)

2,000

11,500

persons/h/lane

Individual Bicycle”

1

13.5

2.3

484

790

persons/h/lane

Walk”

4.5

3

1200

persons/h/m

Note: 1) Source: Musk, E. 2013.

2) Maximum Operating Limit Speed, Source: https://www.airbus.com/aircraft/passenger-aircraft/a380/innovation.html#details,
https://www.airbus.com/ aircraft/passenger-aircraft/a320-family/a318.html (accessed July 15, 2020)
3) 2018 operation minutes per day(915)=Flights from Gimpo to Jeju per day(129); The Gimpo-Jeju route is the busiest passenger
air route in the worldIATA 2019).
4) Source: hteps://www.kric.go.kr/jsp/railplaza/rcd/railDogam5Detail jsp?p_id=A030503001&seq=53 (accessed July 15, 2020),

Kim(2017).

5) ITX Saemaul, Mugunghwa.
6) Source: Bae, Kim, Kang and Park et al.(2012).

7) Number of seats~congestion rate 200%(Shin, Lee and Jeong 2011).

8) Express bus(economy and excellent grade).

9) Source: Ministry of Land, Infrastructure and Transport(2013).
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Table 2 _ Service City List (Top 20)

Rank i Po(gt(])lzli;l)on Cmn;:ative NPO Pz pl\/ilrd-dllleg(zz)ri[;s) Cum;ative NM]Z CZ
1 Seoul 9,765,623 19.1% 10.6101 191,719 16.0% 10.1680 10.2786
2 Busan 3,441,453 25.8% 3.5050 61,169 21.2% 2.9617 3.0976
3 Incheon 2,954,642 31.6% 2.9581 48,566 25.2% 2.2661 2.4391
4 Dagjeon 1,489,936 34.5% 1.3125 76,899 31.7% 3.8300 3.2006
5 Daegu 2,461,769 39.3% 2.4043 56,896 36.4% 2.7259 2.6455
6 Gwangju 1,459,336 42.2% 1.2781 37,215 39.5% 1.6395 1.5492
7 Cheongju 837,749 43.8% 0.5798 36,412 42.6% 1.5952 1.3413
8 Ulsan 1,155,623 46.1% 0.9369 23,322 44.5% 0.8726 0.8887
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Table 2 _ Service City List (Top 20) (continued)

Rank City Po([;(]).lil;i)on Cum;ative NPOP, pNidEg(z l(:)r;[;s) Cmn;;lative NMLT, cr
9 Suwon 1,201,166 48.4% 0.9881 15,276 45.8% 0.4285 0.5684
10 Changwon 1,053,601 50.5% 0.8223 18,112 47.3% 0.5850 0.6443
11 Jeonju 651,091 51.8% 0.3701 22,004 49.2% 0.7999 0.6924
12 Goyang 1,044,189 53.8% 0.8117 12,010 50.2% 0.2482 0.3891
13 Seongnam 954,347 55.7% 0.7108 12,985 51.3% 0.3021 0.4042
14 Yongin 1,035,126 57.7% 0.8015 11,205 52.2% 0.2038 0.3532
15 Hwaseong 758,722 59.2% 0.4910 11,832 53.2% 0.2384 0.3015
16 Bucheon 843,768 60.8% 0.5865 9,417 54.0% 0.1051 0.2255
17 Cheonan 646,075 62.1% 0.3644 13,201 55.1% 0.3139 0.3266
18 Gangneung 212,957 62.5% -0.1222 21,885 56.9% 0.7933 0.5644
19 Sejong 314,126 63.1% -0.0085 17,437 58.4% 0.5478 0.4087
20 Pohang 510,013 64.1% 0.2116 12,512 59.4% 0.2759 0.2598
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Figure 2 _Hyperloop Network Optimization Result by Number of Cities and Modal Shift Percentage

Ratio Scities 10cities 15cities 20cities
10%
Z=44,990 7=74,024 7=85,878 7=117,061
L=372.6km L=587.6km L=632.8km L=869.0km

Passengers=14,559

Passengers=27,142

Passengers=32,801

Passengers=41,784

20%
Z=44,990 7=74,024 7=85,878 7=123,989
L=372.6km L=587.6km L=632.8km L=905.6km
Passengers=29,118 Passengers=54,284 Passengers=65,602 Passengers=83,568
30%

7=44,990
L=372.6km
Passengers=43,676

7=81,407
L=596.4km
Passengers=81,426

7=95,959
L=648.0km
Passengers =98,403

7=128,976
L=870.0km
Passengers=125,352
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Figure 3 _ Overlapping Hyperloop Network
Optimization Results and Additional Axis Plan
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Figure 4 _Hyperloop Network Optimization Result(main axis) and Overlap

Ratio Gyeong-bu axis Ho-nam axis Jung-bu axis* Overlap
10%

Z7=86,765 7=81,075 7=94,410

L=569.6km L=542.1km L=659.5km L=1,178.0km

Passengers=33,722

Passengers=24,804

Passengers=19,118

Passengers=53,185

20%
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30%

7=96,530
L=620.4km
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7=88,335
L=582.1km
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Table 3 _Hyperloop Screen Line Capacity Analysis Results

(unit: trips/day)
Hyperloop share ratio
Factors Metropolitan |
10% 20% 30%
G -bu axi I
@ yeongTbu s resut, 28,480 56,961 85,441
trip volume of point®
Ho- is resul
® omm s et 23360 | 46719 | 70079
trip volume of pomt@
-bu axis resul \
© Jungebu axis result 16916 | 33832 | 50749 \
trip volume of point@ H
@ Metropolitan cities ~ 14468 28936 43,404 /
Southeast cities trip volume ’ 7 - et
(e)* Screen line trip volume 54,288 108,577 162,865 City set
Southwest
(fy** Screen line V/C 0.45 0.90 1.35 City set
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#* (f)=(e)/Tube capacity, Tube capacity=60,480prs/day
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Figure 5 _ Korea Hyperloop Network Plan
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Figure 6 _Korea Hyperloop Network Planning Stages

Network
plan
Main line Main line Main line
Branch line Branch line Branch line
Stagel Stage2 Stage3
Cities 11 21 29
Total Length 411.2km 802.2km 1,403.6km
Total . - ars
. 57,631 trillion KRW 111,761 trillion KRW 184,269 trillion KRW
Construction cost
Passengers 42,818 73,383 106,369
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