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Queuing mechanism of passengers at exit stairs of urban rail transit
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(1. MOE Key Laboratory [or Urban Transportation Complex Systems Theory and Technology, Beijing Jiaotong
Uniwversity, Beijing 100044, China; 2. RIOH Transport Consultants Ltd. s Beijing 100088, China)

Abstract ; Based on the surveyed data,the arrival behavior of the exiting passengers and the relationship
between the pedestrian flow and the density in the passage and at the stariway have been analyzed.
According to the regressed flow-density curve, the queuing mechanism of the passenger at the exit
stairway was studied when the passage has the two different widths relative to the stairway. It was
showed that the horizontal speed of the passenger at stairway is approximately equal to that in the
passage wheu the jam occurs, but the passenger density at the stairway is lower tham that in the
passage. The capacity of the stairway is lower than that of the passage, thus the queue occurs.

Key words: engineering of comunications and transportation system; urban rail transit; exiting
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Fig. 1 Location of surveying exiting passengers
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Fig. 2 Flow-time distribution of exiting passengers
in passage
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Fig. 3 Speed-time  distribution of exiting

passengers in passage
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Fig. 4 Density-time distribution of exiting
passengers in passage
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Fig. 5 Flow-time distribution of exiting passengers

at stairs
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Fig. 6 Speed-time distribution of exiting

passengers at stairs
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Fig. 7 Density-time distribution of exiting

passengers at stairs
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Fig. 8 Passengers flow-density curve in passages and at

stairs
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Fig. 9 Queuing mechanism of exiting passenger at

exit stairs
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Fig. 10 Flow-density curves of passages and stairs with

different width



+ 1468 -

THRRXFFROT F R)

% 39 A&

AR RTSE T » 704 A [5) B 6 5 13 X H it HE BA Y 52
M AL B . E A R — S . TR T RE S [ I A 3
LA 11 frs .

b A e ———- R AR

MR A (mes) 'y

# A m )

E 11 HEEEARXNHEGEFREAHANNZHNTEER
Fig. 11 Influence on exiting passengers queue with

different stairs width

TE R 58 B AS W0 S 15, B 86 1) B KGE AT g
1B PE 1L PARAE Rl AT RE I a 12
W R E oo AWIBBIRE MBI RN B
6 0 JEE AN [ I G A e & A HE A RE BE AN TR . Bl
R T B Y 0, 3fe 7 It A I A A% % e
HE fj BRRZBEEAN fg BRR, TER
A B S S B I o R B ) 9 JRE e A DU 2 A
T T8 3 ) b Y A i B0 R AR PR B k3R K 1Y
HEBABAA 38 A5 AR DR T B0 A 38 4T fE 7 AR X
Poph i ROK e F WG B 6 . ILR L A0 A 42 5
I [ B /0 U7 30 36 A S0 A ol £ L 0 3R A e
S I T — A Ji 3 3R 2 1 F ORs B IR v £
AR I A R R T R

4 %5 1B

IR HT T %0 T e DA 3 28 1 ) ol R 1 5

() PAE 1 H i e 5 736 T8 F0RE A b A 3T -

() TEAU A Y 3 32 -8 38 il 2R AT 42 T 08 Hh ol
Fe B AERERE A AL 9 HEBALBE HEAT 1 BIFSE 5

COBFFE T A [ 98 BE 04 14 Ao f HE BATE B 4 5%
M .

SE LWk

[ 1] Dirk H B, Lubos B, Anders J, et al. Self-organized pe-
destrian crowd dynamics: experiments, simulations, and
design solutions [ J . Transportation Science, 2005, 39
(1):1-24.

[ 2 ] Fruin J J. Pedestrain Planning and Design[ M. New

York: Metropolitan Association of Urban Designers and
Environmental Planners Inc,1971.

[ 3 ] Fruin J. Pedestrian planning and design[ M ]. Elevator
World, Mobile, Ala,1990.

[ 4 ] National Research Council (NRC)[S]. Highway Capaci-
ty Manual, Washington D C,2000.

[ 5 ] Hankin B D, Wright R A. Passenger flow in subways[ ] ].
Operational Research Quarterly,1958,9(2) ;81-88.

[ 6 ]Jodie Y S L,William H K,Lam M. Levels of service for
stairway in Hong Kong underground stations[ J]. Jour-
nal of Transportation Engineering, 2003,129 (2):196-
202.

7 Jia iy , J& it - A B 4. GB50157—2003¢ 2%k 1 118
OS], AL mt: AR R LR A K, 2003,

[ 8 JBeT . B3l 230 L ul R 6 R [ 3 3R A0 Ak 25 k3 10 53
FrlJ]. 228 5 i i . 2005, 7 :13-15.

Rao Xue-ping. An analysis of passenger delays in stairs
and escalators of urban rail transit station[ J . Traffic and
Transportation ,2005,7:13-15.

[ 9 ] FruinJ J. Design for pedestrians:a level-of-service con-

cept[ J]. Highway Research Record,1971,355:1-15.

[10] Weidmann U. Transporttechnik der Fuginger[ Z]. ETH

Ziirich,1993.

[11]Virkler M R, Elayadath S. Pedestrian speed-flow-density
relationships[ ] ]. Transportation Research Record, 1994,
1438:51-58.

[12]Older S J. Movement of pedestrians on footways in shop-
ping streets[ ] ]. Traffic Engineering and Control,1968,10
(4):160-163.

[13]Sarkar A K, Janardhan K S V S. A study on pedestrian
flow characteristics_C]//In CD-ROM with Proceedings.,
Transportation Research Board. Washington,1997.

[ 14 Tanariboon Y.Hwa S S.Chor C H. Pedestrian character-
istics study in singapore[ ]J]. Journal of Transportation
Engineering, ASCE,1986,112(3) ;:229-235.

[15] Daaman W, Hoogendoom P, Bovy L. First-order pedes-
trian traffic flow theory[ C]// TRB Annual Meeting CD-
ROM, Transportation Research Board National Research
Council » Washington D C,2005.

(16 JJ i E. 2l TAELMI. b9 ] B 02 it . 1987
21-26.

LI71RIE, B R . H k06 42T % il i 1 8] 1y 250
BAIEFE [T, 5 BR324 B AR B 2 i, 2006, 45
(5) :594-598.

Wu Zheng, Wang Yun, Shen Jun-yan. Study of the math-
ematical model for passenger’ s scatter time in subway
station waiting rooms[J]. Journal of Fudan University

(Natural Science) ,2006,45(5) :594-598.



