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Design and Analysis of Capacity for Multi-mode Operation Stations
in Suburban Railway Bus Conversion

CHENG Wen
(Beijing Urban Construction Design and Development Group Co., Ltd., Beijing 100037)

Abstract: The Beijing Northeastern Ring suburban railway renovation project aims to transform the line into a public transit-
style operation, with portions of the route co-operating on shared tracks with Subway Line 19. While enhancing passenger service,
the line must preserve its critical function as a connector within the main railway network. The system design requires a maximum
throughput of 20 train pairs per hour. The existing Changping Station, which serves as both a turnback station for the Northeastern
Ring Line and a connection point to the vehicle depot, is characterized by its large scale and operational complexity, making it
the bottleneck for system capacity. This station becomes the critical factor in determining whether the system’s maximum capacity
requirements can be achieved. The Northeastern Ring Line adopts the CTCS-2 train control system with ATO and automatic
turnaround capabilities. To enhance Changping Station’s capacity and meet system requirements, modifications were implemented
to the existing station layout and signaling system. The station tracks, throat areas at both ends, and connections to the main line
were optimized. Combined with signaling improvements and verified through traction calculations and multi-scenario timetabling,
Changping Station ultimately achieved a throughput capacity of 23 train pairs per hour, not only satisfying system requirements
but also providing a 15% capacity margin. Through comprehensive analysis of Changping Station’s capacity, the study identified
that the number of arrival and departure tracks, length of station throat areas, signal configuration, and operating speeds are the
primary factors limiting station capacity. The paper proposes solutions for improving station throughput capacity, providing
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valuable reference for future suburban railway design projects.

Keywords: suburban railway; passing capacity; CTCS-2 train control system; signal; traction calculation; train diagram; arrival

and departure tracks; running speed
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Figure 1 Schematic diagram of the Northeast Ring Line

and its adjacent lines
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Figure 4 Proposed Layout of Changping Suburban Railway Station
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Table 3 Train headways at Changping Station
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Figure 7 Train traction calculation diagram of Shahebei-Changping-Nankou main line
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Figure 9 Traction calculation of Changping depot access tracks
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Figure 10  Train service at Changping station
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Table 6 Headways of suburban trains at Changping
station after optimization
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Table 7 Turnaround headways at Changping station after
optimization (Type D suburban/Type A metro trains)
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Table8 Headways on depot access tracks at Changping depot
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Changping Station station yard and its signaling optimization scheme
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Table 9 Comparison of headway performance between
optimized and original schemes for Type D suburban trains
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Table 10 Comparison of headway performance between
optimized and original schemes for Type A metro trains

g - 354738 /(5+/h) T4 17/E4718 k. T4 18
S P gk B /(3 /h) 13 20
S P F HR BN F /(3 /h) 17 18

33 BT AREEGRITE

ERQUEUY NEUNC & YIS EREVE SR AP S
IELANIBERRE . AMBUN NLIBERRIIG . Bk
PriRIBER ARG X 3 Fioa &7 St AT o5, ik 12 P
IRIEATEITH SR, 250 3 MBI oL, A



BB L 2E £ )20 B F I BT FET R 115947

SR AR BT fE ) 20 X/h, Mk 19 5287 18 Xif/h,
W45 Mk 195 2 A8 Fras ATl i 68 ) 23 Xf/he.
RGBS R R R 5 B Pl T8
et B B S A R, RELE R TR, BTk
AT AE AR, W 23 Xhe B Z LR
TR RE ) LUy iR 2, iR AR I N 16 Xf/h
PErm A 20 6/, Mgk 19 S LR 4@ B8 16 Xi/h 42
A 18 X/h, PIFhEAL EtLﬂ‘LLHEj]U\ 20 Xf/h $
A 23 X/h, 2 RGUE AR ) EKR, T H A 15%
PR, P LASEEL 3 min IBATIAIRE -

D% HER19SRAL:
233 Ty it
o X 1A i
ks 7] )151 10 20 30 40 50 1h 10 20 . yadksd
55':” AT 5 A8 AT AT IS TR (R O T T 3
35 { I / l | =
gl.3 , N[z LB
ik A
£ S " 1 b d
6132m %: = | / : g- :'% 6134m
) g
gz l.S e | So
b3 i e Vi1
ag ° ‘ ks
g: § d & :%

23 | bbbt l &
B T £ 1 Q&P
573m lg_ -5 II III // V ul llll\\ E’ .’v /A\lkul .’v?/? \ul IIIIA\ 7 IA\ E’_‘ 'Q; | 575m
yas 223 /I/Il I 7 V| \l\ [ }/ It l\\ 1\\ B72 iz
2366 m 7 ({ [ \ / \! \ 5 2366m

ot
e \ 18- 18 e
X S | ?F =
9291 m 2873 . ,‘1 9290 m
sk i Sk

0 10 20 “ 30 40 50 1h 10 20

K12 Berasiiie s s g sl El
Figure 12 Train service diagram at Changping station
after optimization
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Table 11 Comparison between optimized and original
schemes at Changping station on Northeast Ring Line
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Table 12 Comparison between optimized and original

entry signal schemes at Changping station
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exit signal schemes at Changping station
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