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Abstract

The railway service in the Seoul metropolitan area is facing variety of 1 changes such as extension of service
coverage, new construction, and introduction of express service which in turn causes changes on demands. The
demand affects train operation characteristics (frequency of service, train formation) as well as on the congestion
rate which is one of the major evaluation index in metropolitan area user service. For the efficient operation of
the train, the relationship among the minimization of fleet number, operating cost, and service level has been
analyzed. Using the Powersim, which is a system dynamics (System Dynamics) simulation program for realizing
optimized simulation for train-formation, this paper identified that some stations of Gyeong-bu line exceeded limit
congestion rate(150%) of a fleet already that means it is best to maintain current condition of the line; however,
the Gyeong-in line and the Gwa-chon line showed no excess of the limit congestion rate so that it is possible to
reduce 2-4 fleets of train for efficient operation. In addition, in case of Jang-hang line between Cheon-an and
Sin-chang, a train consisting of 10 fleets provides services which is same formation of train for Gyeong-bu line.
This study proved that the congestion rate will not rise greatly with only 4 fleets of a train for the service in
Jang-hang line, and it is considered that a study for shuttle service between Cheon-an and Sin-chang is necessary.
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passenger | congestion

Passenger distribution in vehicle (person) (%)

All of the seats are full
-3 person pieces which are short the
handle (12 person)
- 8 person pieces which are long the handle
(48 person) 181 113%
- 6 people stand to each entrance
(48 person)
- 5 people x 5 line in central of Car
(25 person)

All of the seats are full
- 3 person pieces which are short the
handle (12 person)
- 8 person pieces which are long the handle
(48 person) 218 136%
- 8 people stand to each entrance
(64 person)
- 8 people x 5 line in central of Car
(40 person)

All of the seats are full

-3 person pieces which are short the
handle (12 person)

- 8 person pieces which are long the handle
(48 person) 244 153%

- 10 people stand to each entrance
(80 person)

- 10 people x 5 line in central of Car
(50 person)

All of the seats are full

-3 person pieces which are short the
handle (12 person)

- 8 person pieces which are long the handle
(48 person) 284 178%

- 15 people stand to each entrance
(120 person)

- 10 people x 5 line in central of Car
(50 person)

the ground on no space in vehicle

All of the seats are full

-3 person pieces which are short the
handle (12 person)

- 8 person pieces which are long the handle
(48 person) 320 200%

- 15 people stand to each entrance
(120 person)

- 8~9 people x 10 line in central of Car
(80~90 person)

The passenger wild body which is adheres

o,
closely and each entrance is congested 368 230%

The passenger is very pressed.
- each entrance and the center in vehicle is 400 250%
congested

Saturation capacity in vehicle
- passenger is very difficult to board the 432 270%
vehicle

reference) The standard of congestion estimation, Korail
Internal Data, 2011
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<Table 2> The monthly invehicle volume in Line/Direction

MEkr HAE fls 223 Algeold

(Unit : 10,000person/mon.)

Line Gyeong-won Gyeong-ui Gyeong-in An-san Gwa-chon
Direction Up Down Up Down Up Down Up Down Up Down
201001 4,998 4,468 748 755 7,267 6,379 1,599 1,342 2,299 2,192
201002 4,661 4,172 681 669 6,713 5,869 1,438 1,210 2,036 1,948
201003 5,744 5,151 845 824 8,419 7,396 1,833 1,552 2,492 2,378
201004 5,686 5,108 848 823 8,238 7,217 1,809 1,531 2,493 2,363
201005 5,901 5,308 893 872 8,358 7,307 1,869 1,584 2,591 2,446
201006 5,442 4,900 828 815 7,759 6,796 1,713 1,452 2,333 2,220
201007 5,382 4,826 844 829 7,540 6,562 1,665 1,404 2,293 2,181
201008 5,271 4,745 825 822 7,301 6,355 1,623 1,369 2,227 2,136
201009 5,181 4,678 812 794 7,154 6,256 1,635 1,383 2,181 2,073
201010 6,052 5,456 959 933 8,442 7,370 1,898 1,611 2,630 2,478
201011 5,640 5,069 907 879 8,004 6,996 1,760 1,479 2,426 2,285
201012 5,517 4,934 928 883 8,088 7,077 1,784 1,496 2,520 2,362
Average 5,456 4,901 843 825 7,773 6,798 1,719 1,451 2,377 2,255
Line Gyeong-bu Bun-dang Jung-ang Il-san Jang-hang
Direction Up Down Up Down Up Down Up Down Up Down
201001 9,906 10,491 3,204 3,193 743 595 959 887 73 73
201002 9,337 9,862 2,689 2,686 679 549 831 767 71 72
201003 12,092 12,581 3,285 3,287 814 651 1,011 929 112 106
201004 11,744 12,174 3,153 3,154 849 691 989 908 105 102
201005 11,924 12,413 3,096 3,099 954 788 1,019 937 110 109
201006 10,842 11,312 3,012 3,030 839 689 946 875 89 38
201007 10,374 10,876 3,032 3,044 874 729 964 901 74 75
201008 10,273 10,771 2,838 2,865 891 732 943 872 79 80
201009 10,457 10,897 2,739 2,763 797 655 887 819 96 95
201010 12,098 12,525 3,148 3,141 940 771 1,041 957 110 109
201011 11,480 11,977 3,073 3,064 827 673 988 905 106 105
201012 11,375 11,834 3,317 3,277 1,221 1,022 1,015 931 106 104
Average 10,992 11,476 3,049 3,050 869 712 966 891 94 93

reference) Integrated Railway Information System(IRIS) the monthly volume in metropolitan, Korail Internal Data, 2010
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<Table 3> The daily average volume in Line/Time (Unit : per/day)
Line| Gyeong- | Gyeong- | Gyeong- | Gyeong- Bun- An- II- Jang- Jung- Gyeong-
Time bu won ui in dang san san hang ang chun
01-02 4 2 0 1 1 2 4 0 0 0
02-03 1 1 1 1 1 0 1 0 0 1
03-04 0 0 0 0 0 0 0 0 0
04-05 742 445 12 560 93 59 43 2 13 37
05-06 9,510 5,128 872 9,430 2,393 1,662 1,517 160 1,192 358
06-07 20,294 12,681 2,510 22,621 6,702 5,536 5,278 436 2,900 1,378
07-08 49,512 32,529 7,116 65,167 | 22,023 | 15,283 | 13,579 1,206 9,866 3,659
08-09 48,198 | 28,808 5,564 54,355 | 25,645 | 12,413 | 10,331 1,048 8,545 2,961
09-10 26,688 16,612 2,810 27,504 | 14,408 6,564 6,402 729 4,389 1,882
10-11 19,811 12,471 2,082 18,850 9,889 4,760 5,058 627 3,318 1,567
11-12 18,751 11,441 1,864 17,124 9,309 4,334 4,446 584 2,877 1,596
12-13 20,459 11,635 1,915 17,704 9,455 4,521 4,309 704 2,843 1,755
13-14 21,504 11,831 1,938 17,133 9,779 4,517 4,359 745 2,828 1,758
14-15 20,449 11,352 1,823 15,285 9,558 4,270 4,044 879 2,691 2,079
15-16 22,873 12,194 2,092 16,082 | 10,682 4,631 4,447 1,039 2,759 2,420
16-17 27,353 14,080 2,512 19,234 | 12,414 5,468 4,857 1,226 3,063 2,406
17-18 35,484 16,341 3,015 23,804 | 14,743 7,149 5,464 1,198 3,146 2,176
18-19 52,297 17,639 4,189 28,638 | 20,694 | 10,445 6,384 1,078 3,275 2,087
19-20 37,031 11,492 2,653 20,140 | 13,964 6,376 3,853 708 2,126 1,129
20-21 30,005 8,610 1,688 15,198 | 11,026 4,716 2,811 538 1,505 793
21-22 26,979 8,461 1,650 15,049 9,630 4,603 2,559 465 1,189 616
22-23 22,922 7,224 1,216 12,462 8,482 3,546 2,030 325 882 424
23-24 9,310 3,417 524 6,239 3,211 1,525 836 140 372 155
00-01 531 208 6 343 147 319 141 41 22 5
Average 21,696 10,608 2,002 17,622 9,344 4,696 3,865 578 2,492 1,302

reference) Integrated Railway Information System(IRIS) the timely volume in metropolitan, Korail Internal Data, 2010~2011
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<Table 4> The Cost list in Metropolitan

Division Items Division Items
Basic pay Advertising
expenses
'h
Allowance Overhead Other expenses
Expenses
. Metropolitan contact
Incentive
Personnel expenses
expenses Miscellaneous
Insurance fee
allowances
Fuel and light
Severance payment "
prices
Fring benefits Railcar cost
P
Other employee Rgpan &
Maintenance
benefits
Property Expenses
Traveling expenses Expenses Depreciation cost
Charge (Train Depreciation
operation) cost(Railcar)
Overhead | Charge (Metropolitan) Redemption cost
Expenses Charge El
(Management facility) S [ORE
f i .
Cost of cleaning up D] e
passenger car
Charge (Affiliate) Charges for Train
the Use of
Payment commission | Infrastructure | High speed Train

note) Black mark is train service cost items
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<Table 5> The Method of Train service cost unit (27 2) 3 &Pu) g, A A5GA HA ek 9
Division Contents s 243t
O The Cost items in Metropolitan : 28 items C{_}/}l—/l\—_] A DA AL FALR M JE S B
- Train service cost (Cost of cleaning up passenger -
car, Train operation charge, Power cost) ?l t‘]—nd %001—}1\—3"]' %%194 ﬁo'?‘ 2009]{1 11% O]'—?: X]
Analytic | O The contents for classification is followed A 74 Z2AE HYon o]t L£3H]Lo] ujn|sh 7+
Condition | - Gyeong-bu (Gyeong-bu Express, Seoul Metro 1 B . B
line Byeong-jum car depot 2nd Line involved) 43| g FPAAL FF53197] witelg EAE
- II-san (Seoul Metro 3 line involved) el AAskAd o] AL Ao FHAIA W HlL WEo
- Gwa-chon (Seoul Metro 4 line involved) £ A A QA 5 ovle sl v
o B35 u ojtho] = 20 o] W% o
O Train service cost analysis FoET e i, AEel 10.07EeR A9 WE |l
Method of | ~ the monthly service cost in Line (January~July, S <4 F gk
train 2010)
service |© Train Operation volume analysis
cost Unit |© The estimation o(f Tl/'am sEI).VIC;-uszf)i‘iug?ist(umL> IV 'EI g-..é A El EII §|_ AlEE‘Ilol Al_q
= Train service cost Unit(uwon/car o km)= Train—fm X car
reference) The monthly cost in 2010, Korail Internal
Data, 2011 1. MHZEA
AT oo IR (V1 EF, B, Ao £ AFdAE A - AAE 54 F Ve 73
T 5) B AEAAERE T HAAE ogk Gake] v H3E w3t 223} Wk AlA 2 Y A EY AL
stthal Adss FEe Ade] A A8t o] 7Fs% Powersimelghe Z2a3S 24sld A%
AePule AUAE = A BALPLA  Qa LAy H28 A BdeldE TR
<Table 6> The monthly Operation Cost unit in Line (Unit : won/carkm)
. Gyeong- | Gyeong- | Gyeong- | Gyeong- | Bun- An- - Jang- Jung- Gwa-
Division . .
bu won ui in dang san san hang ang chon
Jan. 29.3 33.5 36.1 59.8 31.0 27.5 9.8 19.7 40.9
Feb. 29.5 33.7 36.4 60.0 30.7 27.8 9.9 19.5 40.8
Mar. 29.4 33.3 36.2 59.7 30.6 27.9 9.9 18.6 40.5
Apr. 27.3 31.2 33.3 55.4 29.2 24.8 8.9 17.2 38.2
May 26.4 33.6 33.0 60.0 17.1 16.5 9.8 19.0 33.5
9009 June 30.8 34.8 37.5 61.8 31.1 27.3 9.9 19.2 41.1

July 27.7 35.9 35.5 35.1 61.8 17.8 18.7 10.4 20.1 35.5
Aug. 30.8 34.8 36.3 38.0 62.5 31.1 34.6 10.5 20.1 41.6
Sep. 27.5 34.7 354 34.6 62.5 17.8 17.1 10.5 21.1 35.1
Oct. 27.5 34.7 36.4 34.5 62.6 17.6 17.6 10.5 19.7 35.0
Nom. 29.5 37.4 37.1 37.6 63.0 17.6 18.4 11.0 19.7 35.1
Dec. 28.5 36.0 36.6 354 62.2 17.6 18.3 10.9 17.3 34.9
Jan. 29.7 33.9 38.5 32.8 60.8 16.6 17.1 114 17.6 33.1
Feb. 28.7 32.3 38.6 32.9 61.7 17.5 17.3 11.3 18.4 34.8
Mar. 284 31.5 36.1 29.4 56.1 13.8 16.3 9.9 15.3 28.2
2010 | Apr. 34.5 31.5 36.9 33.4 57.7 25.9 32.7 10.4 15.7 35.4
May 34.3 31.6 36.8 32.9 52.8 25.9 52.0 10.3 16.3 35.3
June 30.5 30.9 36.5 32.8 52.0 27.1 27.3 10.2 15.7 36.5
July 31.2 314 37.7 33.0 50.5 26.6 27.3 10.4 15.8 36.1
2009 28.7 34.5 36.2 3516 61.0 24.1 23.0 10.2 1953 37.7
2010 31.1 3189 33 32:5 55.9 21.9 27.2 10.6 16.4 34.2

Average
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<Table 7> The Estimated method of Invehicle Demand and Capacity in vehicle

Division Estimated method

1) Estimation of daily invehicle demand in Line/Direction
1-1) Estimation of daily boarding passenger rate in Line
1-2) Analysis of monthly invehicle demand in Line/Direction
2) Estimation of daily invehicle demand in Line/Station
2-1) Estimation of monthly invehicle demand rate in Line/Station
% Calculation (1) and (2-1)
3) Estimation of Hourly invehicle demand in Line
% Calculation (2) and daily average boarding rate in hourly
Daily boarding passenger Monthly invehicle
Rate in Line Demand in Direction

Demand l

Invehicle

Daily invehicle Monthly invehicle
Demand in Direction ratein Station

Daily invehicle Daily average boarding
Demand in Station Rate in Hourly
| |
'

Hourly invehicle demand

1) Estimation of Hourly invehicle capacity in Line

1-1) The number of Electronic car in train : 4~10 Car
1-2) The capacity per Car : 160 person/car

1-3) The train services frequency per Hour

¥ Determine time headway according to Peak/Non-peak Hour train service
Invehicle

Capacity The I“.Ll’“bE.r of . The capacity _TFE irain services
Electronic car in train per car frequency per Hour

| |
:

Hourly invehicle capacity

917} = (Causal-Loop Diagram, ©]3t CLD)E
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HSHat HM2 HAE 28 2H35 AlE oM

Daily

Boarding T;ain service
requency
passinger in hour
Daily Invehicle Invehicle Invehicle Capacity
Demand —| Demand —— Congestion +—] Capacity [¢&——  per Car
in direction in hourly in hourly (160person)

Daily Invehicle / l
Demand Critical Current

N Optimal
congestion = | plima Car num.

(150%) Car num.
AR

/

Constraint Service | «—| Trainkm
Condition cost
(min/max,
Integer, even)

in station

Railcar
cost

N/

Unit of train
Total Service Cost
cost (won/car-km)

<Figure 3> The concept diagram of Simulation

Daily Boarding

passenger

Daily Invehicle
Dermand in direction

rain service
frequency in hour

Invehicle Demand in

; : Currert Car number
Daily Invehicle
Demand in station

il car cost Train service cost

Critical congestion

Trairkm

Constraint condition
Total cost

Unit of train gervice cost

<Figure 4> The Causal-Loop diagram of Simulation

3. AIZ30[M 2t < Ajkete] Ha 4~ 107 HelolA 2% ©e 2
Hgksh EAegth
B AR A= A7 o] £2-02 v|Zo e ARE =AY g nhe R 3 (T
Ae, AFERE, AUEges FEEIY g egug) e WAEE BA% A3 AT A
HRAEAEE 197F oAt Bt A7k g ARV AAREEe] Aagd weh e k8o
A= QA BEE Arsin AFEdee 14 T AT n 8- ZHaEch
ARHOTAI =094, 1841 -204)¢] A%t 9] Ege]  BRERES] A WAFA of +27b Fgelol
et itolt. S0l BE walo] el EHES 2] the JloR
g AdEtes 1d & 9 e M =% yebgou 7 Aoestze] 4 49 54 (184
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<Table 8> Variation of congestion according to Electric <Table 9> Analysis result of timely maximum congestion
Car number Li . Electronic Car #
: 1ne Station Current Level -2 -4
y Electric Congestion (11%1;81 %9“ Cajwa 0.5 0.33 050
ne Car #. |Average| Peak | Max. ml)lon Goksan 0.62 0.83 1.24
won Geumneung 0.39 0.52 0.78
Current Geumchon 0.32 0.43 0.64
Level 0.74 1.17 1.74 214.27 Neungaok 108 137 505
Gveong ) | 092 | 146 | 217 | 188l Vs e 01 | 02
- aengma . . .
(- 4) 1.23 1.95 2.90 155.35 Susack 109 L5 518
(- 6) 1.84 2.93 4.35 125.89 . Sinchon 091 0.8 0.42
. yeong- .
Current 0.29 0.43 077 181.53 i UTn]eong 0.43 0.57 0.86
G ~ Level (8 Cars) Wallong 0.21 0.29 0.43
€2 [ 036 | 054 | 0.96 | 16207 lsan 0.54 0.72 109
-4 048 | 0.72 | 1.28 122.61 Ta;h,yeon g‘ﬁ 82‘3‘ 831
aju . . .
(- 6) 0.72 1.08 1.92 93.15 Pungsan 058 0.78 117
CE:V‘ZII“ 0.22 | 037 | 075 | 157.98 et S I
wajeon . R .
An-san (- 2) 0.27 0.46 0.93 128.52 DMC 0.26 0.34 0.51
(- 4) 0.36 0.61 1.95 99.06 Seoul spatipn 0.00 0.00 0.00
-6 | 054 | 092 | 1.87 | 69.60 Gyeongui Line e L L2l
CE:V‘ZII“ 043 | 062 | 1.18 174.12 Line Station Cin‘rerllt o | -4 | -6
eve.
Gveons oy T 054 | 0.77 | 147 | 144.66 Gwanak 096 | 119 | 1507 580
mn (- 4) 0.72 1.03 1.96 115.20 Gwangmyeong 0.01 0.01 0.02 0.03
- - ; Guro 2.49 311 | 414 | 6.21
(- 6) 1.08 1.54 2.94 85.74
Gunpo 0.80 1.00 | 1.33 | 2.00
CE:V‘ZII“ 0.20 | 030 | 0.75 | 155.70 Geuneong R
amyeong . . . R
[l-san (-2 025 | 0.38 | 0.94 126.24 Dangjeong 0.77 0.97 | 129 | 1.93
(- 4) 0.33 0.51 1.95 96.78 Daebang 1.62 2.02 2.70 | 4.04
~ Doksan 1.07 1.34 1.79 | 2.68
o) 0.50 | 0.76 W 67.32 Dujeong 0.16 0.20 | 0.26 | 0.39
Current | oo | (o4 | 076 19548 Myeonghak 0.89 112 | 149 | 2.23
Gyeong-|  Level Byeongieom 0.42 0.52 | 0.70 | 1.04
chun (-2 0.32 | 032 | 1.02 96.02 Seoksu 0.97 122 | 1.62 | 243
(- 4) 0.48 0.49 1.53 66.56 Seonghwan 0.18 0.22 0.30 0.45
Current Seryu 0.44 0.55 0.73 1.10
Bun- 0.35 0.48 1.16 103.27 Sema 0.33 0.41 0.54 0.82
dang Level Songtan 0.27 033 | 044 | 067
-2 052 | 0.71 | 1.7 73.81 Suwon 0.61 0.77 | 1.02 | 153
e 0w o | 19 | v ool N T
Gwa- [77(9) [ 040 | 067 | 149 | 12840 Gyeong™ [ Osan 031 | 039 | 052 | 0.77
u
DM T4 [ 053 | 090 [ 199 | 98.94 (10 Cars) [ —Lonsan L [ 176 [ 25 | 55
_ 1wang . . . .
(- 6) 0.79 1.35 2.98 69.48 Tiie 023 099 039 058
Cﬁrrerllt 0.24 0.38 1.03 1927 96 Jiksan 0.16 0.20 0.27 0.40
Jung- eve ] i i Jinwi 0.27 0.34 | 0.45 | 0.68
ang (- 2) 0.33 0.51 1.37 98.50 Cheonan 0.13 0.16 | 0.21 | 0.31
4 049 | 076 | 206 69.04 Pyeongtaek 0.23 0.29 | 0.38 | 0.57
Current H\vase? 0.65 0.81 1.09 1.63
Level 0.12 0.13 0.35 148.27 Noryangjin 1.62 2.03 2.71 4.06
Jang- — Seoul station 0.00 0.00 0.00 0.00
hang |——2 | 014 | 016 | 044 | 11881 Seojeongti 0.2 0.32 | 0.42 | 0.63
-4 019 | 022 | 0.59 89.35 Sindorim 1.88 2.35 | 3.4 | 4.1
(- 6) 0.29 0.33 0.88 59.89 Yeongdeungpo 1.69 2.12 2.82 4.24
Current Osan Univ. 0.32 0.40 0.53 0.79
Gyeong-| _ Level 027 ] 050 ) 107 12665 Geumeheon-gu |1 g3 128 | 171 | 2.56
ui -2 [ 036 | 066 | 1.43 99.19 Sunglyunkwan -
C4) | 055 | 099 | 215 | 69.73 Univ. 072 ] 090 | 120 | 160
note) Congestion is average of high position 20% Gag%%glog;tal 1.04 1.30 1.73 2.60
reference) The metropolitan rail cost in 2010, Korail Internal Seodongtan 0.00 0.00 0.00 0.00
Data, 2011 Gyeongbu Line | 1.74 217 | 2.90 | 435
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0.14
0.32
0.35
0.71
0.80
0.96
1.19
1.33
1.65
1.71
1.76
1.82
2.03
1.87

0.09
0.21
0.24
0.47
0.53
0.64
0.79
0.89
1.10
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1.17
1.21
1.36
1.25
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-2
0.07
0.16
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0.36
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.0
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Electronic Car #.

0.06
0.13
0.14
0.28
0.32
0.39
0.48
0.53
0.66
0.68
0.70
0.73
0.81
0.75

Current Level

Station
Oido
Jeongwang
Singi oncheon

Ansan
Gongdan

Gojan
Jungang
Hanyang Univ.
at Ansan
Sangnoksu
Banwol
Daeyami
Surisan
Sanbon
Ansan Line

Line
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Total
cost
0.00

-58.92
-29.46
-58.92
0.00
-29.46
-29.46
-29.46
-29.46
-88.38
-58.92

YA ol =

O3
Effect

0.00

0.00

e

Congest.

-4| 0.51
-2| 0.26
-4| 0.50

0
-2 0.29

-2| 0.36
-2 0.30
-2| 0.34
-6 0.53
-4| 0.50

Ca
#
0

A%

Total
cost
1.74 |214.27
122.61
96.02
99.06
103.27
144.66
99.19
128.40
98.50
59.89
96.78

: Car, 100million won)

Optimizing
Congest.
1.28
1.02
1.25
1.16
1.47
1.43
1.49
1.37
0.88
1.25

(Unit

Car
#.
10
6
6
6
6
8
6
8
4

Total
cost,
1.74 |214.27
181.53
125.48
57.98
103.27
174.12
128.65
157.86
127.96| 6
148.27

Congest.
0.77
0.76
0.75
1.16
1.18
1.07
1.19
1.03
0.35

Current Level

Car
#
10
10
10
6
10
8
10
8
10

Line
bu
Gyeong-
won
Gyeong-
chum
An-san
Bun-
dang
Gyeong-
in
Gyeong-
ui
Gwa-
chon
Jung-
ang
Jjang~
hang

<Table 10> Analysis result of Optimizing effect in Line

Gyeong-
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