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Abstract

Abstract: We have a study on hard shoulder running (HSR) combined with speed harmonization. The
breakdown events were screened out during the study period from massive detector data. The impact of
hard shoulder volume on breakdown probabilities was analyzed. The nonparametric breakdown
probabilities distribution model and logistic regression model were put forward based on highway
mainline traffic volume, hard shoulder volume and ramp volume from the study case which was divided
into three factors-basic segment, on-ramp merging segment and off-ramp diverging segment. The speed
harmonization and HSR were optimized through reducing the traffic breakdown probabilities of a
congested traffic network. The strategies were tested on M42 highway in the United Kingdom, which
shows that the method has practical application value.
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Tab. 1 Breakdown probabilities of different volume
combinations on different segments

ES . T 3E  HHYGHE  [IEE Breakdown
% i E/(veh/h) iE/(veh/h) [(veh/h)  HEZR/(%)
1 3300 180 0 11.11
B2 3960 0 0 29.05
A3 4080 1320 0 66.67
B 4 3840 960 0 57.01
5 3360 0 0 18.18
1 2760 0 780 14.71
o2 2520 0 660 14.29
w3 3240 0 780 49.74
B 4 2940 0 720 20.04
5 3120 0 840 33.13
1 1200 480 480 8.33
42 3840 540 420 17.50
o3 2 640 1140 1140 25.00
B 4 3780 180 420 25.00
5 2 400 1260 1200 50.00
4 ZBIE
4.1 AR

USRI PRI MA2 s A B /Al #% 2016
A 2-3 F RS AR A A ) % BEE 3 breakdown
Wi, AR H] 2015-09-02 T15:00-16:00 (1A H It
HAEXT e E M4A2 SIE AR PSR IBA BT
J7134 BOAT O BRI, 29 16 km. BFFUE B 348 =
B, AHE 3 AN IEE J 3 AN i, =yt
I e % A 4 (R A AT 3

FIFH METANET BiAEE T 55 [ M42 s 2 %
R, EBK TR 10s, {FENTE 1 h, W
Bl oyl M=7 AN B, SR BUA 5>k 450 m A Ay
(P/NEE B, T 35 NN B, METANET £ 2
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Tab. 2 METANET model parameter sets for M42

ZH B
Viiee,m / (km/h) 114
a 1.60
v/ (km?/h) 70
x/ (veh/km) 40
0 0.01
@ 2.00
Perie/ (veh/km) 33
Vanin | (Km/h) 30
Vmax / (km/h) 116
a 0.018
7/(S) 18.00
pmax | (veh/km) 160

T BV, P A d S T e Sk 52 1
PN IS A % P, B 20 min 43 500 Py
HEAT YR £E o TT I 052 B 8 42 1 P Rk 1 A3
FEl k(60, 65, 70, 75, 80, 85, 90, 95, 100).

TR LB B, FeARBOy BRI iE
RN B, VB A RBOAYE N, O
TET RN E LN B Ak, BT METANET
B G AR P VA X A S — R E R, TRVETE
HHEFERE. 5% 0aMRP, eI
6 JF I B R I LR 1 20% 20 47 o AHIFAY
TEHL M42/6310A. MA4A2/6346A %5 6 /MKl 5% i
S JE O A I (e e s 0 e SRS 35 15 30 i Ve S
H R L AR IR E T 18%.

4.2 FEHERR

UIAS I GG S FE B P S P i sl 1 B
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FH MA2 0N 1% v D6 SR o B 12 i 1) = S A0l 4
HE E—TF It % 8 218 PR R i 2 100 km/h,
¥ 1 h P BT A B BAC I  A  RTE
3.79x10° %km, T 9.3%. T A % B
breakdown A= s Al f /N A H A%, XT3 E M42 =i
N BT A . R 2 VAR
A 4, BT M BAS T8 R
3.18x10°%km, T4 23.9%.
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Fig. 3 Results of optimization control of HSR,,,
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Fig. 4 Results of optimization control of speed
harmonization
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