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Multi-mode travel equilibrium under work hour heterogeneity

WU Wei, TANG Yongchao, LIU Yang

(School of Transportation, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] Aiming at commuting concentration and traffic congestion caused by a single
work hour in the urban morning peak, this paper built a multi-mode travel equilibrium model with dual
work hours to reveal the mechanism of work hour heterogeneity and time interval on commuting
equilibrium. This can theoretically support the formulation of staggered work hour policy. [ Methods] A
private car-subway system was chosen as the research object, and combined with bottleneck
congestion model and subway congestion calculation method. In addition, the equilibrium equations
under time-cost-quantity constraints were constructed considering commuters’ work hour preference
heterogeneity. The characteristics of equilibrium modes were analyzed and the AMPL-Minos optimizer
was applied for solutions and verification. [Findings] Compared with single work hour travel,
heterogeneous work hour travel reduces the social travel cost by 15% on average, with the optimal
effect of 25% reduction under a 50: 50 proportion of travelers and 2.0 h time interval. Expanding the

freedom of work hour selection can further reduce social travel cost. [ Conclusions | Work hour interval

s H #9:2023-03-20

HESTE HE ARBEI AT (61773077) 20 WASGESRPEBI0 H (22YHCZH189) 5 K vb i s th Q1 4F s 9l
i H (kq2107009) 5 K V0 HE TR 2B 55 A BHIFR# 5 H (CX2021S8109)

BIEIEE  RAE(1987—), 5 Bl , £ SE RESClAT 1 0A S EORE T BT TAE . E-mail: weiwu@cqjtu.edu.cn

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



%248

F AR, LR R F R T W o7 X AT HAT A

affects travel costs by regulating the threshold of equilibrium mode, causing them to exhibit a phased

characteristic of “decline-stability”. For the same travel mode, the proportion of travelers is positively

correlated with the equilibrium cost. Work hour heterogeneity and multi-mode coordinated equilibrium

are effective ways to alleviate morning peak congestion.

Key words: urban traffic; dual work hours; work hour heterogeneity; travel equilibrium; staggered

work hour; social travel cost

23 LA T A R 4 T & R Y S R R
— T30 Bt A 4 5 B T R A AN DC R S5
A R i W S S T B 1 A DR A R e U B
(i) , 38 B A BRI A AT IS TRBE R AT ARG T
WATRES) A ZE 5 Hb ki ) 45w b T B s Ui 1T
RAS eS| & R

EL A 5 5 B = A2 1 e A 82 0 A7 .
SF5— Ry BT SR 1 0 A SR, LSt — e
Wesh S, AR AR 2 B AN TR, o S BT I 2 L HE
OB PR GEATVRATIE AR 2R A . i, ANASS A
FH M2 (B35 38 3 o7 1) — I A A 80 ) 5600 T 4
FrUS 2 (130 25 s HUANG &6 X) [ 2030 4 “filk i
W EH AR, ST T REAIL Y AR R R A 3 [ R 8 3
R HEOR S AR TR 22 18] A B G 3R 5 QIN 55 F
FE T A5 I 2R R X 45 AR TR SR B s e WU A5
JETT S AN I B BUIR, B T — ARG T
PN % . BIRIESY 8 A o 0 B E 1 R AT
oKD AT HEBA R EY o 28 Rl ok SE k25 m)
(LA SR, LIS A T R ) 1 J A 25 07 25 o
Wt 3, ARk i i % jg e 4= | A 228 3 4
5 A Ty e, N, AR ShE T TRE PR
J5 1, LAMOTTE 55 "'BF9 T 1% 4e 18 B A AT 1 [ 3
22 I A % R ) 2 A3 BC IR A A
Dy, LIUS G ST T H 2 Bl (8] R 5= o7 i e 05 114 35 1y
RERY AL S AT A RN, IR B R GE S AR
/N B AR ZHANG 50— % 18 T R Gl 4
R 32 3 A A R A5 R A L 45 SR . B —
k2% RE AL AT SR A [ s O Ak SR e, LI b D
W W B A 3 B oY . i, XTAO S5 h
I8 T PFE 238 (A S 25 e 2 3 T o s e 3 )
SR WAN S5 RIESY T AL A B 2 Y sk A ] AR
ALl B ST RO e - T SR ML R G R 52

O A 5% A6 L i 06 52 38 $ 3 10 Ak ]t 1 LA
TR ABAAFAELL T AN - O e i) 3F
R B) K 22 ME— 11, RV 3 S aek 8 A PR BB [ )
;@ K2 PR B e B [m]— L BERs [

7, B0 7% S8 B e b PRI R £ A S R
@ AW AT N Z AT 4, e A DR Z
I F 5T L — g A7 2

AR SCHE T B PR A A S B A2 AT
J5 A58 4, 51 B (] ] Jf X — SC S 40,
FESE UL BRI E] 22 5 3 A7 2 A AR S B )
AR L MR 8] 5 52 i Ty Ak L A XU R 5 e
BUE o3 B S e B AT S8 48 s AN [l A7 A B e
191 B P [ ] B T~ P93 AR

1 o) @ik

P 1 g XL BRI ) H A7 R T e i FA K
B MR PIRAZ O A7 7 S A B PRI (17, 0) o
A 3 A e AT AT AR e 5 R Db B 18] 5
1073 A R GER B, B ERS [a] 55 5 1E i
1 0 b YRR AL aF AR 25 5 o BERIRAETE
[Fi] — b RS [] YA [R] A 005 20 e S A AT 25, A
(7] L BIE A (5] 14 308 ) A A7 A — R 25 5

- BIE [ i o 42 2 ) 2 A AL - ] B AR
IR, XL PR (8] 38 B B AT I RN A A A
5 1) B /N, 0L BRI 18] 368 %2 A4 AT ]
HBLE A, PR P R BE O o AR SCHE T AN ] s ]
[F1) i, 308 Py A 42 1 5 e, S B 2 o A e )
13 NE L S A, A S T 26 AF 1 B i AT L

B 1 _EFEat A F R 0L T gl A X

Fig. 1 Commuting patterns under work hour heterogeneity
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