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A Study on the Benefit Variation Analysis due to Ordinary Train
Reduction under GTX Track Sharing - Focusing on Line C
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Abstract The GTX railway was constructed to solve intercity traffic problems and minimize congestion
costs in expanding metropolitan cities. On the other hand, the GTX A, B, and C lines were planned
individually rather than integrated because of a lack of economic feasibility. Some sections of the GTX-C
track will be shared with the Gyeongwon Line, Gwacheon Line, Gyeongbu Line, and Ansan Line. In this
study, the Gwacheon Line was selected because of the independent operation of the intercity railway
among the shared routes. An analysis of actual proof of train operation was conducted in relation to
GTX-C track sharing. Two ordinary trains can be operated within GTX 12-minute headway, but
additional Sangnoksu return trains by the Ansan line influence the reduction of four trains in the daily
peak four hours. In addition, fine adjustments are required for 81.7% of the ordinary trains, and further
reductions could occur depending on future track distribution agreements. Six alternatives were
established to reduce the number of ordinary trains ranging from zero to five reduction trains per hour
in peak time. The scheduled speed of GTX will be decreased by 11.16 km/h compared to the new track.
Five similar projects were surveyed to determine the unit price of construction per km. The analysis
results confirmed the negative benefits of track sharing to be a maximum of 53.13% in preparation for
the new track cost. A second-order polynomial trend line was derived through regression analysis based
on negative benefits for individual alternatives. Based on this analysis, a break-even number of reducing
the number of trains is proposed. In the future, based on this study, it will be necessary to analyze actual
proof regarding train operation if the track is shared. The train operation plan should be established
through the threshold number of train reductions considering the benefit-variation analysis.
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Table 1. Overseas Metropolitan Express Railways

Division Crossrail RER Telaler
Express
Distance 118km 616.4km 58.3km
Line 1 route 5 route 1 route
Station 41 ea 257 ea 20 ea
Headway . . .
(peak) 2.5~3min 2.5~5min 3~7min
Max.Speed 145km/h 120km/h 130km/h
Scheduled GOkm/h  53km/h (E71)  58.3km/h
Speed
Station Spacing 3.2km 2~3km 2~3km
(average)
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Table 2. Status of Track Sharing on GTX-C

Sharing Existing Section GTX-C
Section Train Max.Speed Train Max.Speed
GTX-C + Distance: 53.1km Distance: 17.6km/h
Inter-city |(Yondan~Dongducheon)| (Dobongsan~Deokjeong)
Line 1 Metro c EMU180
(Gyeongwon)| (10cars) 90~150km/h (GTXC. 8car9) 180km/h
GTX-C + Distance: 27.4km Distance: 14.0km/h
Inter-city | (Gasandigital~Suwon) (Guemjeong~Suwon)
Line 1 Metro EMU180
(Gyeongbw) | (10cars) 135km/h (GTX-C, 8cars) 180km/h
GTX-C + Distance: 14.4km Distance: 8.5km/h
Inter-city (Namtaeryeong~Guemjeong)| (Gov.Gwacheon~Guemjeong)
Line 4 | Metro EMUI80
(Gwacheon) (10cars) 80km/h (GTX-C, 8cars) 180km/h
GTX-C + Distance: 26.0km Distance: 11.7km/h
Inter-city (Guemjeong~Oido) | (Guemjeong~Sangnoksu)
Line 4 Metro EMUI80
(Ansan) (10cars) 110km/h (GTXC. 8ears) 180km/h
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Table 3. Subway Line 4 Operation Status

Operation Times |Average Headway(min)
Driving k "
Pattern Peal Non-pe -
(4h) (15h) Peak Non-peak
Ansan~Danggogae 6 12 40.0 75.0
Oido~Danggogae 28 76 8.6 11.8
Otdo~Danggogae |, 2 120.0 450.0
(Express)
Sum 36 90 6.7 10.0
Gyeongwon Line 6T Line GuacheonLineg GyeorgbuLine
t i + t S
Deojeong  Uieonghy oceogaen Changelong m’a":g:f"“* GeumjdBng U Suwon
Deokjeong~Sangnoksu [18 TimesiDay] prsan Lne g nm
< . |
Deok'enonH-Govsrnmem Cmelsx—Gwachson 62 Times/Day] -
Changdong~Suwon [84 Times/Dhy]
C 0 Times/Day C 164 Times/Day ) (10270 (" B4 Timesay ;
Fig. 1. GTX-C Operational Pattern
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Table 4. The Operational Headway of GTX-C

Operation 0 tion Secti Operation Headway
Line peration »ection Times/day (peak, min)
Gyeongwon |Deokjeong~Changdong 80 12
_ Changdong~
G Gov.Gwacheon 164 6
Gwacheon G0V4Gw%cheon~ 102 10
Geumjeong
Ansan Geumjeong~Sangnoksu 18 60
Gyeongbu Geumjeong~Suwon 84 12
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Table 5. Alternatives to Reduce Trains through
Track Sharing

Table 6. TPS of Track Sharing and New Track in

Gwacheon Section

Gwacheon Line GleC
. (Gov.Gwacheon~Geumj
& Ansan Line
eong)
Track Type
i Headway Scheduled), ., Headway Scheduled
imes (peak)  Speed mes (peak)  Speed
(peak) (peak)
(min)  (km/h) (min)  (km/h)
New(Alt A) 36 6.7 79.8
Alt BO| 36 6.7
Alt B1| 32 7.5
Alt B2 | 28 8.6 43.3 24 10.0
Sharing 68.6
Alt B3| 24 10.0
Alt B4| 20 12.0
Alt B5| 16 15.0
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Train Running Curve
Speed Limit
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Fig. 3. Running Curve of Track Sharing in
Gwacheon Section(Up Train)
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Fig. 4. Running Curve of New Track in Gwacheon
Section(Up Train)
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Downward (All-out) Upward (All-out)
Division | Driving Driving Average |Driving Driving Average
Distance Time  Speed [Distance Time Speed
(km)  (min) = (km/h) | (km) (min) = (km/h)
SE”“?k 836 6777 74015 | 8322 678 @ 73.646

aring
New Track| 836  5.805 86.408 | 8.322 5.761 | 86.672
Difference - -0.972  12.393 - -1.019  13.026
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Table 7. Scope of Benefit Analysis

Items Contents
Analysis |°Base Year: 2019
Period °Period: 40years after operation (2029~2068)
Discount |°30years after operation : 4.5%
Rate °30~40years after operation : 3.5%
Influence |°GTX-A, B, C Entire metropolitan area
Area (Seoul, Incheon, Gyeong-gi)
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Negative Benefits for Alternatives
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Fig. 5. Concept of Negative Benefits from
Track Sharing
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Table 8. Benefit Calculation Results for New Track
and Track Sharing in Gwacheon Secttion

Alternatives Benefits per Alts Difference
(40yeas, bn.won) (Bs—A)
New Track (Alt A) 47,967 -
Alt BO 46,246 - 1,721
Alt B1 45,844 - 2,122
Track Alt B2 44,844 - 3,122
Sharing | Al B3 43,215 - 4752
Alt B4 41,701 - 6,266
Alt B5 39,866 - 8,100
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Table 9. Present Value of Benefit Calculation Results

Negative Benefit (Discount Price)

e (I\éeffgézztB\?;ifei; Present Difference Reciusion
Value [Ba=Bu-1] (gf;e)l

Alt Bo 1,721 bn.won 569

Alt B 2,122 bn.won 702 133 333
Alt B; 3,122 bn.won 1,033 331 82.8
Alt B3 4,752 bn.won 1,572 539 134.8
Alt B4 6,266 bn.won 2,073 501 1253
Alt Bs 8,100 bn.won 2,680 607 151.8
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Fig. 7. Tendency of Benefit Reduction by

Alternative
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Table 10. Unit Prices per km about Intercity Railways

Division |Unit| GTX-A = GTX-B = GTX-C  Sinansan| L2308~
Hongdae
Construction| | 42635 39900 37950 | 436 20029
Distance
(Operation | | | 80,000 82700 = 86.460
Dist.)
Station ea [5+5(share)6+8(share)7+7(share) 16 12
(Sta. Spacing)| km 8.00 5.91 6.18 2.73 1.67
Car Train 8 8 8 3 4
Depot ea [l (ground)l (ground)l (ground)l (ground)1 (under-ground)
Base Year - |Late 2015Late 2020 Late 2019 Late 2013  Late 2019
Const. Cost |bnwon| 21,435 | 32,145 31,539 28,230 17,248
E/S(2019) 1.05 0.99 1.00 1.07 1.00
Sum 22,507 | 31,824 | 31,539 = 30,206 17,248
Unit Price/kmlbnwon| 528 798 831 693 861
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Fig. Cost-Benefit Analysis by Train Operation
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