}_‘_n_.\$ ;Fﬁﬁx'iq:TXL_IJIL’{klu\ﬁ*ﬁ

RAER', 34, REMK, E£H’

(LA A B E AR AR 2 a ), Fd WM 061015, 2. AL Tk KA 508 EERE, K 300401)
WE: S%PRFESEMTAALEEFEMATFECEERIIRISRARAANTEA, AEMAEE XTI EB BN
B iR TE Y B A R E A, R KR E S BGRAT AR, AR %ﬁ?fmﬁA%%@aéi 1A R B9 AR R AT
AFRIEAZNELPHELBAFEHEMNER, RETHALN S £ A HE, FA AR AT A G R
Tt A, ARANAEREEEFRG, @A ETS2ERHA, EFJ%‘*'I%/XT, mé_ﬁ‘%%%%i@iﬁ%gim
Fe L%, B EIITHEZA T AT ERD, RS T EKERGRME. FHEEEE L@ ERBITRRIT
249 20.82%, %ﬁ%%%ﬁi%f‘zﬁo
KR BAFHE; BRAKS; Be A @ik
¢@ﬁ¥?:&ﬂj% Ymﬁhﬂ A

#

Operational Analysis of Traffic Flow under Dynamic Hard Shoulder

Running Conditions

ZHANG chunyu', LIU yang', ZHU donglin', CHENG xin?

(1.Beijing-Shanghai Branch of Hebei Expressway Group Co., Ltd., Hebei cangzhou, 061015, China; 2.School of Civil and Transportation Engineering,
Hebei University of Technology, tianjin, 300401,China)

Abstract: Hard shoulder running (HSR), in which the hard shoulder is temporarily opened to traffic during
peak periods or under incident conditions, has already been implemented on some motorways abroad. To
alleviate the recurrent severe congestion on Chinese motorways during major holidays and to improve the
operational efficiency of high-volume segments, this study conducts an exploratory investigation of hard
shoulder running on the Beijing—Shanghai motorway. By combining theoretical analysis with real-time
traffic-flow monitoring, detailed multi-lane traffic data were collected, and the characteristics of traffic flow
with and without hard shoulder running were comparatively analyzed. The results indicate that, after the
implementation of hard shoulder running, the traffic capacity is significantly enhanced: under high-density
conditions, the flow can continue to increase without saturating, while the decrease in vehicle speed is
significantly alleviated, thereby improving the overall smoothness of traffic operations. Hard shoulder running
increases the cross-sectional capacity of the studied segment by approximately 20.82%, demonstrating a
pronounced effect in relieving congestion.

Key words: hard shoulder running; traffic flow state; traffic capacity; motorway
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Fig 8. Residual diagnostics of the Drake model under the hard shoulder closed condition
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Tab.1 Fitting results of basic cross-sectional traffic flow parameters

R B HAEE/ (km/h) I IERE/ (veh/km)
INFSESESN] 84.9 60.6
INASES R 89 70.4

X R B TE TF ISR S5 RS HOEAT (e . H HREE v, RAMRE EX A, s RER v 2
FEE (p=0.001, p Ay ML ZEEMSE) ;. R AT Drake BIALE1S R ZE LS Bk, BF&
B (p=0.014) . Z5 b, RIGZEHBON B Hint 5 &S B A BERAER . hR 1 Wi s
MEASHA G GR 0T LN R ETE RIS, TR ZETE (1) 6 B HUE L2008 84.9 kiv/h, BHFEREL)N
60.6 vel/km; T7ER S ZETETFUN , & Es fE NS 28 5% T 73 )38 & 2 89 kmv/h A1 70.4 veh/km. 55
SRR AR, B RS T4 4.82%, FEEEE NG T £ 16.17%. %RWAE “H—" %3]
TEHIRIEEAT, SRR ACIE R TR, FTREAE —E R LRI TOEAT RE SRS A, VEEERIN 2
GLC BRI T RETE — B FR A L SEI g = AE T . A HERRX T T RS, TRHIEAT RE ) 1R
FHIREER R B3
4 £5ip
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