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Selection of Metropolitan Rapid Rail Transit Systems

Zhang Hong

(China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan Hubei 430063, China)

Abstract: Comparing different metropolitan rapid rail transit systems is the basic step in a project initial

preliminary research, which directly dictates the design standards and project investment. By reviewing the

design cases of metropolitan rapid rail transit in China, this paper clarifies the system selection criteria in

the targeted travel speed, vehicle type selection, power supply systems, and project economic analysis.

Through comparing the performance and characteristics of different systems under various criteria, the pa-

per analyzes the differences among systems in several aspects: construction costs, vehicle purchase costs,

vehicle facility investment, system operating costs, and etc. The results show that the 1,500 VDC metropol-

itan vehicle B with 120 kilometers per hour targeted speed has a moderate investment scale, reliable vehi-

cle technologies, low operating and maintenance costs, and a high ratio of quality to cost.

Keywords: metropolitan rapid rail transit; different types of system; travel speed; vehicle selection; power

supply system; engineering economy
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2.1 BEBRMEERE
EEEMERMER B EREENR
RipfEz—, BEHESLTENE. RgHl
X, RERBUEIRRANEELM, W
BRMIZEEE BN E RSB KE. &
WERSHERS. WEEMH. RELTT
R B fRERREZEHEINER2).
DFERS A BAR: SR ELE Y iR R
KEHREARDBENNENEEELR, £8
EAREAREATF 1 h, WEEREHETHE
HIEN. )P ESIRILNEE. &HfAubEE
ERESLARTEENERER, )P TE
ENE., Xttt ERNRERTEE &S
BT BRI, —ME RN 50%~60%

S|

®1 MHYESTEMEZNHEH RN AGHIRX

HE. VRERSZITRE. TERH—K
£ 100 km+h', 120 km+h"', 140 km+h'=/
BeETHREFR, ERALE oA
160 km-h', {BEEFE. TREEMYSEEX
2EY), BERTENA ENEERFHEE
B o

22 FiER

REHEH RN ERAR TS EITRE
ZH(100~160 km-h"), HolLEFNER T
EHEWHARLE BEZE, DEZLE.
CRH6F. XUAFIRNEMR. FREREFHF,
BN ERHEERENEARSENETE
M, NIRETEMERZFHSHRERES
BERHFERNERI).

TEA, BEAZFERFRAETENFAE
B, BREMEZERARK. mHEDEE
FTEABMNTEIRMSIZIZH, FTEE
=, BREASTA, BEZE, CRH6F )
FRAEKKERIREES . TEE SRR
BHEANEE, BTRE, MRS R
FRERAETEEZEEZRH, T REFRE

Tab.1 Metropolitan rapid rail transit systems in operation and under construction

LEEBIR HREg It R

HiEH % E/(km-h") L BEA B /km

BN S 25 kV AR L 6 R MW 120 51.9
EENIBHLAR TREL 1500 VB S R B YT esE M 130 35
TNk 3 5% 1500 VE RS BRI 6 4R RN 120 67.25
REEBRHN 1500 VE RS BRI 4R M 100 45.43
ERTEHETH 1500 V ERE B EZ AR 4w ML 120 54.4

ARSRR: S4B IRETTHRRRSE.

R2 WIHIRBMRITIRE ShE B AR

Tab.2 Relationship between metropolitan rapid rail transit stations spacing and corresponding travel speed

3 RPIR
BEEEK
LEREEKE/ <45 <50 <60 <70~80
km
EefTRE
(Vmax )/ 80 100 120 140 160
(km+h")
WRATEE. | RITEE/ | WhEEE/ | ARITEEE | vhEIRE/ | ARATERE/ | whia)EE/ | MRYTERE/ | wh[EIEE/ | MRITERE/ | uhlEIEE/
ShiEl B (km+h™") km (km-h") km (km-h") km (km-h") km (km-h") km
Vmax x50% 40 1.4 50 2.0 60 2.8 70 4.0 80 5
Vmax x60% 48 22 60 3.0 72 4.3 84 6.0 96 7.8
Vmax x70% 56 3.6 70 4.9 84 7.0 98 10.0 112 12.9
Vmax x80% 64 7.1 80 9.4 96 13.0 112 20.3 128 25.6

SE: DCI1 500 v, ABREERSHITE,
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1) E&NTELZNSE—M,

MR A I T N IE B A N A — BB
7, NEHPNENNRBEXZHRYSEE
EE, MHRNNEREENRESELMS
HthR B E R -5, METLZF AL G
mimr RERER; FHEBFHINBRI

BESEMP AR ERHIN—2,
%U?H—ELEE’Q BIhEIRERENTRLE,

2) 5ERERIENM,

EHBSHEFNRATHELENE
REK. FEEE., RHNIEERADRAR
B, SEABRKNBEEHNENREEDLA—
o (MEEERIEITHSE) (T/CRS CO101—
2017 MEFRAERE KRR ER L3
REGAEFRIA M IHE, EX—HFET
ARAERMBHENTFEERIMNFTAFTR

NEERMBAFTRNSERRTRNEN
MBI E LRI REN T AT, It

3 WEIRA AT R ERE SHERERASH

i UNGW|

R— DSG—G ’ (1)
Rh: RAZBHERE/%; D AVNEER/
(NK-FN; S AEITSENRRAIEFF

TXRET -0 G A E N B R AR
EERE/AR -0 —RERT, LMz
%Ejﬂﬁhﬂik%ﬁﬁgumial‘] 10%~20%5

23 HEBERGEE
%%MﬁFEﬁEAEE%Méﬂﬁ%
R ERMERENEIT. NERREER
BRE. SNZHR J\E—?CD%BTI%EJA_)EH]EJIR'%\
#r, EREBREMRTF 120 km-h'. LK
EREGOkm AT, . BERHEBHN
HEE A, ENEEEREHFERERRE,
ARG REEEZEATANAERREH
A&, &EEBFR{EN 120~140 km-h' BT,
. BBy TEA, EXAERME
BHR, EHNEEEEMENL. HFIRA
HEEZREEME, EALFELHE,
% Z B AREILE) 140~160 km-h' B, Bk
REBAFRAEM, BRINELTEE W
,m, EB%EﬁE/}[LﬁFgl{ EE,%\QE’&TET—IU

Tab.3 Technical parameters of available vehicle models for metropolitan rapid rail transit

PR REBSTHIsE
i i AR i B & g D &Y CRH6F W7 IR PR R F
e = 1]\)%215 515\0’% ?)%215 5]:)\(;3/& AC25 kV AC25kV  AC25kV, DCI1 500V DC1 500 V
gk L ONER 22 000 19 000 22 000 24 500 22 000 15 600
KEMM o 37 o e 4 22 000+A 19 000+A 22 000+A 25 700 22 000+A 15 600+A
FREATE/mm 3000 2 800 3300 3300 3000 2800
L% SEE/mn ::’3’%;3:‘30 ?; 5 ::’3"53 4;)(; 50 4640 3 860 <4050 <37000
K% /mm =2 100 =2100 =2 100
iR & = /mm 1130 1100 1260~1 280 1250 1130 880
& & 478 /mm 2500 2200, 2 300 2500 2500 2500
I E B /mm 15 700 12 600 15 700 17 500 15700 ROFRBBRK <2 800
BBy 2~5 2~4 2~4 2-3 3~5 2~3
%775 E/mm =1 300 1600 =1300
EHEF/mm 8405 860 840 860 3§ 840 860 860
hE/ <17 <15 <17 17 <17 EHRIFREN=33
REETEE/(km-h") gg:ijg 120~140 120~160 160 120 =100
BT 1000 750 900 1100 1000
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HEBREATF 160 km-h'H, Z&E—HEK
K(KF 100 km), NSNZREEFES|#H
BRGEEXRE, SRAEBHENLLER, &
Az HES | EHR,

24 TEEFELLE

mERBRRH R LER, TRE5MH
HEFELENESRE, REREFEL
BHEFHRATEBFELETRER. &%
WEH. FHREMLE. ZERLS.

1) TBTEHER.

TEHRARRDRGEH B TEESE.
R HEHXHAE, ERENE. F2
MEAR—, SBLBIREAERAK
Bl AREEFROBEHEIENIMERS
FroRs

REFREMRIHNETERETHIEH.
TERENREEMLEENERLT, ARE
HHEEELLBREER04m; mEHLEDEE
HEEELLBEET 099 m. thARES
0.59 m, FIRABHEGBOm), XATED
BE BRTHELLARELIS6m’, XL
SH(EAE. R. Eit), —ILFHTE.
A& DR L ik A BRI BRI E 45 AT
Eh,

EZgH RNt BT REANENIES L
AR G x, HIURBHEZHR,
MTRE. Ba), RESEBEAREK

®4 TREIFRINERASER
Tab.4 Marshalling and staffing of different train car models

%, LEHRLLLENES, BRAUBZS
AENRETES, BABBATBRTREER
aREMAXN RS, Bk, HRESHATLE
TRFANENN L EE%EE,

2) FHMEH,

AEESIHENEREE TR A6 Fr
o AARRESHEERA—E, F—%%
BRXAREESIIERN, SSBEBEHE
T—%, Alt, EAEHUEHRNEEIE
LERERGEEHEE.

3) EWmEMIE,

AEFERS. BREEHRESEEZN
HERXBINENHEMIE, SEPTPER
B, —MERT, A, BEE RS
MAT8127T, EREEBERIEN HS5~612
7T, BEBHENAILT. SEBEMNTEE
WS IE R AIRE, DEE R hEN
H10~12127T, EREEHEREN H61Z
7T, FEHEN 21T,

IR B E A7 B E 5 bR
BB, BREMEMEAE L, HEEMN
BMiEA, B, DEFMNHRIFAES,

AZ ARG RERIINEBRRER, ME
RERNEBRREEFNER, EHRER
ERHBRERT NI BROBEAMESR /),
BREEEEER. BENE. AL, EHK
BREGBREREEZR L, TR, BERE
REBEZERN,

| mHAZE TEBE D % IR LR
YEE/(N -m?) 4 4 4 4 4 4 4 4
R 4 6 4 6 4 6 8 6
FEER/A 692 1460 692 1053 760 1152 960 936

FRISRIR: R E ERIL R,

&5 NEIRE S LLEN

Tab.5 Unit cost for tunnels with different cross sections

& BR{E/(km-h")

e HI HR1500V 1500 VE R
%7 A/BLEH RIRE#E T
B 188 BT T SN /m 6.0~6.2 7.0~7.2
[ZSERERAOYEE
(5t 10 16
NARBS A E S Eh B IR KRz

ER1500V 25 kV 335 25kV 3R
A/BZEH! iEsEhE A TEE A
6.7 8.5 8.8~9.0

125 18 20
KERIZL  AMTEEKEES14 KBRS




4) BEMA,

EEHFATERFEZEESIRIERA.
HEMANTHAS, 25T, FERS
FIREZEERATENENFERNAEZE
LY. MEREEMENIRES, ZE/R#
FEACRIBI, RA4WMBAINE. ©«BFT
100 5 EX R, AREREEBIRMENERES
F5|REFETR HERNANR T FRo

5120 km-h"'3®E B#xEMELL, 100 km-h'
FTROFEESIRFEFABE LA, 140km-h’
M 160 km-h' FROFESIFEERAE 120
km-hW'ARSHEL. BAlt, MEZERELT
®mE&, 120km-h'HEBFREMNER1 500V
T B R EMMNILES

% 1

3 58

BT LFRTREFN DR, AR
R HEIRBAK . TN HRSEH R %
B RO, #TTERRNREHRIEEF
A, BENRBINENINEEN. LBE
H. FihptH . REHTHEEREFRRS
AR LN ESETREBINME, —MH
HRENAE 100 kmeh!, 120 km+h", 140 km-h",
160 km-h' FJL R E BirER, EFIK
FEREARSBTEE 0%MNEEEHT,
3418 BEIL 3 km O] SR A 100 km-h' 5 % E B
RER, FuhEEEIA 4.3 km [ _E RO %A
120 km-h' &SEBETEREEREFR. BTk
BReETREERSERE, NEES5ZE
NHERES, FRREENNEERBIER
FBRASEMBREXZEMHBEN ., REH
BHANEERSLEKE. EEERRER
HIEEEH, NTETEER. FHUEH.
FWEMBE . BEMAFENANFEH*ITE
BEFMILE, —MKUE, 120 km-h'RE
BArEMER1500 VI BEZE, 1AM
HWEFR, FRBEARBR, TEHPBARE
1%, MMhttES.

AXAXMFEE B ET R IE
#HiTo, BEREZBRANED IUAKE
ERAR. FVHBANNELSE, FER
BRI RS F B o] AR
ARERE, EREBEHETMNELRAN
BEESEN. FE#THEAMLIIM. T17
MHRNTERYHBALRSER, T4
B, FE4MNESHESER, EEHE
TR, FAREL#H. KFEENF IR,

*o6 TEIFRMERR

Tab.6 Purchase costs of different train models

AC25 kV 120~160
T AR #91 000
DC1 500 V 120~140
AC25kV
i B A 120~140 29750
DC1 500 V
g D E AC25kV 120~160 29900
CRH6F AC25kV 160 291 100
WRHREM  AC25kV, DC1500V 120 T KPR R A
PERBRF DC1 500 V $5fibidh 120 £91 000
TRIKIR: HEXEBIMBVSEITHE S,
F=7 HEES|RFESHRAXTT
Tab.7 Comparison of trains’ energy consumption and cost
& BArE/(km-h")
InE
100 120 140 160
= =hi 'R i TR
i BEJ BE&  WHEHEH TEmEA
BATREFE/(KWh- 3" -km") 23 25 4.1 4.7
BEFE/(FF kWh-d") 9.6 10.5 17.2 19.7
AFRY
ﬁﬁﬁg REFEZME/(F kWh-d")  -0.9 0 6.7 9.2
1003 +d"  zaa
*glﬁgﬁ_ﬁsﬁﬁ/ -215 0 1714 2357
(Bgt-at)
Lk :
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