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Abstract: Interchanges of expressways are critical nodes for traffic operation, and their entrances/exits are key com-
ponents and show most complex traffic flow behaviors. Researchers have conducted numerous safety studies on in-
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terchanges and obtained a variety of conclusions, but their studies are not systematic due to the complexity of inter-
changes and the entrances/exits. To this end, this paper looks into the literature on the safety of interchanges and en-
trances/exits of expressways, identifies corresponding research topics of interest, and reviews corresponding find-
ings in three areas: geometric design index, safety evaluation method and operation speed. Study results indicate
that: (DThe number of factors considered during the design of speed-change lanes in the existing standards in China
is not enough to match the required distance for speed change from the field. The criterion of sight distance at the
merging end of an interchange is not optimized based on vehicle performance and drivers' perception-reaction time
to different traffic scenarios. (2)Studies in the literature on the merging nose are mainly carried out from a two-di-
mensional perspective, and the geometric design factors are not focused on the effect of the combination of flat and
longitudinal factors. 3 The accident statistics method, analytic hierarchy process, and fuzzy comprehensive evalua-
tion method are most commonly used in evaluating the safety of expressways. The accident statistics method can ob-
jectively be used to evaluate the safety, but it is dependent on the accuracy of accident statistics; the analytic hierar-
chy process can be used to develop safety evaluation indexes, but the weights associated to the indexes are often sub-
jectively determined, which often makes the results useless; the fuzzy comprehensive evaluation method relies on
the selection of the affiliation function to ensure a good accuracy of the evaluation of the level of safety, which plac-
es high requirements on the knowledge of the user. @ The evaluation criteria of coordination and continuity of road
alignment in the existing standards are based on the traditional method Avg,, whose basis is contrary to the reality
leading to overestimating the safety performance of the road. Therefore, speed prediction models for different vehi-
cles in different entrances/exits should be studied in depth. From these results, the suggestions for the future works
are as follows: (DStudies on speed-change lanes can be based on driving behavior, with a focus on the analysis of ac-
celeration patterns over speed-change lanes. @Studies on sight distance at entrances/exits should take into account
complex traffic circumstances, drivers' reaction time under visual stimuli and characteristics of vehicles. Further op-
timization can be conducted based on the unique characteristics of entrances/exits, and tested with relatively mature
safety evaluation methods, such as accident statistics methods and prediction models. (3)In terms of the operating
speed at entrances/exits, floating vehicle data (FCD) can be used together with the data from gantry cranes and ra-
dars to study the process that vehicles change their speed.

Keywords: expressway; entrance and exit of ramp; speed-change lane; safety evaluation; operation speed
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Tab.1 Motorway interchange keyword co-occurrence
(frequency >4)
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21 6 0.01 L X
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23 5 0.01 Nl
24 5 0.02 P A
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Fig.1 Motorway interchange study breakout words
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Tab.2 Motorway entrance/exit keyword co-occurrence
(frequency >4)

¥ B UG E Pt
1 25 0.06 LA
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20 5 0.03 ]
21 5 0.01 hrifl
22 5 0.01 Wiz
23 5 0.01 FOM
24 5 0.01 PR
25 5 0.02 LA
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Fig.2 Keyword mapping of highway entrances and exits
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Fig.3 Schematic diagram of the highway merge area
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Tab. 3 List of single-lane acceleration

lane lengths by country
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Tab. 4 Comparison of recommended values for acceleration lane length
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Tab. 8 Study on the model of vehicle speed at the interchange ramp
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75 JEIE A A 2 B N KU SRR B AL S T 2
B NTE A T AR - S WL 8], ZE IR B X F5Y
A FAL B BT SRR SC &, DLt A T
MUEE TR, I AT XA A Y H A B 20 A ) T
TE BT BEAT VRN ; #1045 I DGl A = A e
RBITSE , AT RS VS RLE AR |, 57 BIM =4

SRR LT BIM = 4En AL D RE A T Ab 3
2 ME AN R ZTE AL A 0T A 3 DCGE P R T A
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ekt

3) ZEAA T BE H3E N A8 U S AL, A7 1 B T
RERTE AR B bR AR S5 T 43R BE R g [l A
o LA T IR AR s A TR AE 5 Ui SR v B, 7R3 W 2P
A Ak YU T 2 S8 3 R 0 1 TR B 3 T 2R A e
VB BRI, I N = 2 A J32 5% 308 37 58 435 T v
PIRPRAGAT AL AV TRESE, 7T LA TR AR
HAET AN EFTF BT 4280 J1 4005 B AE Xt T 42
EPAEE R PERF A EER b X B bR AL S
)2 A TP

4) H3E X788 AT I PR g
o RS A T R L X PE R R AR AR R T8
& G RO SO LR IR R A A R AT
RE /N TR XTI S5 R A . T K R
WA BT 7 VRS T SR HE SRS B, 315 B 58
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tual reality, VR) {Jj EL3: R @l A, SEAL R 5 S0 PR 28
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