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Optimization on Track Vertical Alignment of Subway
Lines Considering Express/Local Trains

SUN Yuan-guang', WANG Qian’, PENG Lei', QI Yan-ran’, BAI Yun’

(1. Guangzhou Metro Design & Research Institute Co., Ltd. Guangzhou 510699, China;
2. Key Laboratory of Transport Industry of Big Data Application Technologies for Comprehensive
Transport, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The optimization on vertical alignments of subway tracks reduces the energy consumption of train
movement and the construction cost of ventilation shafts. Focusing on the subway lines constructed by theshield
tunneling method, this paper establishes an optimization model on the track vertical alignment with the objective
of minimizing the weighted sum of train energy consumption and ventilation shaft cost. The model takes various
design criteria and practical construction requirements into consideration. The simulate anneal and genetic
algorithms are applied to solve the proposed model. The case studies on Guangzhou Metro Line 14 indicate that
the optimized track alignment reduces the total cost by about 2.65%in comparison with the practical alignment.
Moreover, the proposed model outperforms the previous models considering trains stopping at every station only
in energy saving, which indicates the train stop patterns should be considered in the optimization on vertical
alignments of subway tracks.
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Fig. 1 Schematic diagram of track vertical alignment

T T IR R A W —
F R (bR IE ) (GB50157-2013) 1 F B A
SRR RS /NI /e A B AR 5 5
T2 Sy Rty R DX [ S i B g o g R 2R
TR RO BB A T 20 X e, fe /MR AR
G IB AT 7% FE PR s £ o 46

25 L ads X png AR b Bk T 24
N TR A B I NS | E5 9 o e | X WA |
ST T SRR T 5 R RLE 29 FOR i T 4%

1, 380 5 A X T] 4% A 3B it A o7 M P TR ot g
o2 DL B AS T A 51 4= REAR AR S F B
AN E S

2 #REE

AR R A o DL 5, A an T izt

(1) eV 7 SEAE W RS Z B i E
Hh ] 3 5 XU 4 B FK 7 8 LR KU T R
((SISWIE2 @



204 541

2 RS ZE A I bt 2R S\ T A8 AL 7 189

(2) 92 3R 1 2 5 | — 3 A — 1 21 B B A 3
W5 IE 4, IO 2 45 T o 1 o R O 25 T8 ) e JEE
Hi s B A A IS AT i P B (R PR X B R
2 5 | — AT — (] B — S — A= 5 — & fpr) — il
27 BRGNS Horb S R B0 8 Bk
TR E TR R DX BE ARk

(3) A2 ] 3l BE 1) ) FH 52 16 2 2 25 22 7 T
R, BEAETT 3 A% IS A 3
2.1 fRALBHR

SR H AR C(XY).H] S R 3 A
CJ(X.Y).H] T 3817 REAE LA C[(X.Y).H] Z
Fid/IN . WOF B AR & T — B i3 4218
A5 BEAFE DU i R [ 334 000 10738 K AR S AR [l i 2%
RCA R T B IRAR e AL B 4T B I B
RO PESAEREFERCAS AN, 7521 F AR R, B
min C,[(X.Y).H]=A-C[(X.Y).H]|+C[(X.Y).H] (1)

_ b1+b)
T (1+0) -1

s b AR (%) s [ R A A I (4F).

W BB 5 R B AR S TR
5K, TP N B RIS i, KO B AR 32 2 ke T
JCHRPE, B T A S KU AR 2 22 T i A
) FELRR 0 T v R, T g R P o B A 51
% S AW

C(X.Y).H]= Zc —ZA e [(X.Y).H] (3

R i WRIFITS 5 ¢ WA i AR
oy ﬁ;/mz),EXHH:/ﬁ\iEF M, 5 A, I i TR
(m?); N R HEE

REAE A2 T B A 91 420007 1) i AT REAE Z I
Fe Ly, Bl

Cl(X.Y).H]= i{n CE[(XY).H]|-P-365  (4)
K R NHN A5 7 A s n, 9 1 d NI SETT
R r WEATHNK s E[(X,Y).H] s i % h r
H B 42305 38 AT REFE (kw - h); P Jhy i Bk 21 5
M(OT/ kw-h).

S pmtrd e ez 4251 0 F B WA
#1571 BAEH , =& B T A R E
2B 45 71 C, IR AR A 50 — e T A

)

VIR PE o, HUE o, N2E S, FIRERE E, ", 115
AW

C,=F(v)-B(v)-W(v,) (5)

—_ CL
%_UHWM ©
v,,,=v,ta,- (7
S,00=8,+(v 80+ La, At /36 ®)

E.[(X, Y),H] = ,[(X,Y),H] +U,-[Iw)+1]  (9)
Ay FORBER Brit 280 Ac I EP K (min);
v, Flw,,, G35RES ¢ A e+ 120051 4258 B (km/h) 5
S, MHVEAE ¢ B 27 B (m) 5 U, 2R i 2 (0 IR
MR 5 1(v,) s B R v, BEN 225 U 1,
BN BB S HL
2.2 AREMH

(1) CHUBR BT TRV ) 203

@© ZEuiB s I

ZE 3l DX I 5 AL ) IO AR MBI S
RMEES N, HP B, 42l Sk TE K 1 AN /)
Tl G A L D

B _ -0

7

1000xﬁ=i}*’ezvs,kelor1< (10)

’=X"-X'"2L,k=10rK (11)

Kb N RRBEESR, h { = 3%o, — 2%o0, 0%, 2%o,
3%o) .

@ ARl DX I ) A
TERESGE MK 1 AR E/N T I 18 4 K
Ly P i (LR HEA/NT i) BT i) 0, B
1'=X"-X""=L,1<k<K (12)

(k) (k=1)

i< ij“=1000><X’@7X’ TLI<k<K (13)

(k=1)
J J

2o ™ R 2R b R T R )
(GB50157-2013)H 5 14 42 3 DX I e 3 1 39 1
24 6 HE 1) foe /ML 5 e K AE

@ H/NRELKE.

2 M A5 A 3 3 22 M 3 2% IS, T 15 E 8 i
LN IR 28 B 4235 AT I I IR Sl . A skt S iR 2h &
I, 1 2 0 ) 92 LR RN L e Bk
K B A5 TR AR AR Ik w1 22 TR Al s 22 2 PR 25 P iy



190 TiHEHM AL LS ER

202048 A

R M IERAS T, (T, B TR SR 3 18 110 3k i 2
e h& A2 R, VA aT 2 e SR 14]), B
X=X, T (k= 1Lk) =T (kk+1)=L""1<k<K
(14)

(2) FEHlE L.

O Fuhimit.

i il T4 5 TR RS A BRI, 2230 = R A
H, NAE—Ea A, B

H™<H,<H™, me(2,M-1) (15)
X B 5 H 555 m R PR S
BR{A.
@ il e

T 2 % it T B R T — S R AR X
UNAE 2R 28 3 ) DX IR 1 ot 5 A2 3 A 21 it T 2K 1Y)
X3 . R, e Rl —HLAR 2, ST 2t ) i AR
Y 5 s i e R X P AT R X, =2 S A
AR Y, R T —E R IR & , H]

Y7-Y,>e, X, =z (16)

@ RIHHEE .

2 R TSR, KU BRI K T fe /N
o, Bp

M,>8,ieN 7)

(3) H s TR 2 5 .

@ [X ] PR .

G 2 55 A7 o BE N RE O 2 A AL Y PR R
g™ BT RRE V, SRR 3.9 R, HA/IMA.

v,<v.",t€[0,T] (18)

o = min{3.9ﬁ , V,‘} (19)

K T RN I RIS T 43 5 R, 37K ¢ I Z10%1)
kA B AL A 2242 (m).

@) ZE v X el Rk

1Sl 7 2R r W2 S R A T R o3
IR N 0 F 0V ASSEIN;, 51 45 A5 0 0 B

R 05 FERRAT 423, B A Al DX sk A Bt Ay )™
V'=0, se0" (20)
V,(m < V;hmill’ pe 0(:» (21)

A s M p FORAWITS V) Fontsili 2l
r (G AEAELE G s B ; V)" FoRE I T RN r 1Y

GGl p B

3 kfREE

ARSI R 5 2 B s R, i —
FORUZ I & AUk A TSR A, )2 SR LR K
AYOR AR ST R T 2B B e A X
[E AR s B TOA, AR TR AT

Step 1 & B AR KL SEL, i inia
Ty HZRE p BRI T, .

Step 2 &t Hr ] 2l B e, 5 IR L R Sk A B
LA R — dH % oy %, B H=
{H}.HY,- . Hy

Step 3 Kfif4 e Hhla) vk = AR T 45 X T e AR
WS R PRGN C R

@ B B EF RN Py AL G
LYK P, AR P,

(@) 3 3 XoF 25 DX [ A8 33 SR PN AL b adE A 7 ] 422
T, BERL™ ARS8 2SRRI T

@ THEFMBEASARAE R £, B H bR K%L
(R

@ FI F%e 80y BB i AR

© AL T 28 (P 38 ) 5728 55 (B s AR
SRR, AR OB MK

© PR IEATAE B PN . A0SR F AR
AR AR — AR 75 ], DL Boltzmann
M7 AR

@ KB KRR KBS i AR AR Y i
DEfie.

Step 4 FEALA B —2H 3 2 AR BT 1O,
FETHEILT L A AR AT R RNZR A AR

Step 5 1155 AH 4K W AR Al 19 25 G A 22148
AC=CH"-H"). % AC>0 , W] T 1252 Ay HE %

% exp(—%j S AC<0 T it

Step 6 HHHREMA, T,.,=pT, .
Step 7 # YRR IE T, ISR HORIE T,
WAL ZE; W], k=k+1 3R 7] Step 4.

4 =BG
BEHU N MR 145 4 R B b wli— T Al X



204 541

2 RS ZE A I bt 2R S\ T A8 AL 7 191

B, KB 29.89 km, WA m ALK AT ER.K
FUATRE BRPETE B IE RS 8 Ak B 4
VUl B R4 Bl 255 4 4 i i 400l R 52.5 ¢l

44.5 t, KB 120 m. 9~15 m.15~21 m.21 m A Y
I BT K 15 A 4391 oA 2 5 76 .3 J1 Je
47776, Hfth 503 1 s .

x1 HEBEMSH
Table 1 Basic parameter of proposed model

WA Z % W

Z H I fH Z
i 1.75% N
1 100 4E i
N 164 i
P 0.71 Jt/kWh L,
) 9m &

{=2%0,0%0,2%} | L 50m

30%o R, 3000m
3%o V. 120 km/h

140 m o™ 80 km/h
2m

B AR A R, AR SO H o B SR
50059025 MRS A A s A5 B A DR B L R
18 R AR 7 AR B ol MR AL 452 4
H P47 82 % 3 48 4R i 45482, H T4 83 %
TR i AT 4 HIFAT 165 X181 4.ty Tib
Pkl 230 Al (8- 10 7 58, O PRUE AT O, AR SR
B s AR B b AR SR TR 5 58 #5 2
3 B0 FEAE PR i 2 ANt R AR ] A\ T

3 P AT IR I 58 W P 2 TR AR T S
P AL T7 58 1) 42 JEE 239 4 16940.000 39,

16 940.000 47,16 940.000 51 m. + & {ATE 7.5 7
TU/AEK T, 3 Fh Sl TR A 22 57 1T 2200 3l
NS s W N YT R e S E = VAN
)7 95 RE MR BTt , RS Rl i 452 8] 2, 4
iy () O 3 B 0 R i, Sy A 4 il A | e AL T
KBl i 2% g R K 7 8 T55 &
THARERE, A A Ko = R vl i 45 R 1Y
AN T R A S ARG T T 4 78 02, el
ErReis T

RIEFHA @ ZF uh

60
gl 00 SR\ 1
" e SEAERE T O BRI

0

8 10 12 14 16
R PN (e

HFE/km
&2 AN (Rl 5 22 90 W T X L

Fig. 2 Comparison on different vertical alignments of subway track
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Table 2 Comparison on energy consumption of train movement with different vertical alignments
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