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CHENG Chong', GUAN Hong’, DING Nai-kan’" , LU Lin-sheng’
(1. Second Highway Consultant Co. , Ltd. , CCCC, Wuhan 430056, China;
2. School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430074, China;
3. Intelligent Transportation Systems Research Center, Wuhan University of Technology, Wuhan 430063, China)

[ Abstract] In order to determine the reasonable spacing of underground interchanges, a series of traffic simulation experiments with
varying spacing cases was conducted in VISSIM using the Wenhui Street underground interchange of the Two Lakes Tunnel in Wuhan
City as a practical case. The effects of interchange spacing, mainline and ramp traffic volumes and design speeds on crash risk at the
diverging and merging areas of the underground interchanges were analyzed. Then, the crash risk variation at the diverging and merging
areas of the underground interchanges was predicted using the four typical machine learning algorithms, i. e. , extreme gradient boosting
(XGBoost) , support vector machine (SVM) , random forest ( RF) , and multilayer-perceptron ( MLP). Results show that when the
spacing increases from 1.5 km to 2. 5 km, travel time, average delay, average queue length, and traffic conflict rate decrease signifi-
cantly, and the collision risk index of time-to-collision( TTC) increase significantly. When the spacing is above 2. 5 km, the decreases
in travel time, average delay, average queue length, and traffic conflict rate start to slow down, and so does the increase in TTC.
When the spacing is 2. 5 km and above, the overall traffic operation efficiency and safety of the underground interchange increase sig-
nificantly. The XGBoost model can predict the crash risk variation reaching a precision of 88. 3% . This study can be a theoretical sup-
port and practical case for the setting of underground interchange spacing.

[ Keywords] traffic engineering; underground interchange ; reasonable spacing; traffic operation efficiency; VISSIM simulation; ma-

chine learning
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Table 1 Geometry of Wenhui Street
underground interchange
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Table 2 Traffic flow parameters
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FEPH A (A7 E L0 620 680 740
FLE I 50.60
TH Y BF !
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Fig. 1 Road network setting of underground interchange in VISSIM
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Table 3 Design of simulation experiment scheme for
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Table 4 Descriptive statistics of data sample
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Fig. 2 Traffic operation states on the ramp and diverging and merging area under varying spacing conditions
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Fig. 3 Traffic conflict rate under different distance between entrances and exits
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