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Analysis of Traffic Congestion Patterns in Continuous Bottleneck Construction Zones

of Highways Under Mixed Traffic of Passenger and Freight Vehicles
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Abstract: To investigate the traffic congestion pattern changes in continuous bottleneck sections of highway
construction zones under mixed passenger and freight traffic conditions, the spatio-temporal evolution laws of
vehicle speed and lane-changing trajectory distribution in construction sections with successive lane-narrowing
bottlenecks were studied. Based on measured highway data, traffic flow simulation parameters were calibrated
using a genetic algorithm. By taking traffic volume and the proportion of passenger and freight vehicles as entry
points, a traffic simulation experiment for continuous bottleneck construction zones under multi-factor coupling
effects was constructed, and the spatio-temporal variation characteristics of speed and lane-changing trajectory
distribution in the construction section under different parameters were analyzed. The traffic volume and speed
fluctuation characteristics at key congestion nodes were identified using the continuous wavelet transform
method. A congestion early warning model for the construction zone was established, and early warning control
measures based on diversion and traffic restriction were proposed, with their control effects verified. The results
indicate that under low-flow conditions, when the proportion of trucks increases from 0 to 10%, the average
running speeds of vehicles in the upstream and downstream continuous bottleneck sections decrease by 5.85%

and 9.71%, respectively. When the proportion of trucks increases from 10% to 30%, the average running speeds
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of vehicles decrease again by 10.34% and 14.54%, respectively. When the congestion warning threshold is

reached, adopting control measures such as truck restriction or overall diversion and detour makes the

propagation speed of congestion waves in the construction section slower, and the running speeds are increased

by 77.46% and 61.56%, respectively.

Keywords: traffic system; construction zone; mixed passenger and freight traffic; continuous bottleneck; traffic

simulation; continuous wavelet transform; early warning control
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Figure 1 Schematic diagram of traffic organization in continuous bottleneck sections of construction zone

ST S BRIE B A A A VISSIM ff FHR PR
G5t T R0 B8 o RSN [ & BT L & 52 Tl
Uit 2 B T DX 3R R A B ) S 3 AT AR R
PR, A X 4 T8 3 252 788 7% i S0 i T 0k B, ) P 42 o
AR BRI 7 58, Forh R T S B R AR O R A R
BT AR B P AR R e R 3 A R T R B R
B Y[ S PR BT A 2 SRR 12.7 00, H i Ak
T PR BT LGB T 4 H 006 .10%0 #130%6 /9 3
ST %, it 9ROr & RIS HILER 1, i |
Yy 5 an e 2 s o

®1 ETRE-FHELGNHFEARET
Table 1 Simulation scheme design based on traffic
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Figure 2 Design diagram of simulation scenario
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Figure 3 Spatio-temporal variation diagram of speed in each segment of construction area under different test scenarios
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Figure 4 Distribution of lane-changing trajectories in transition section of construction zone
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Figure 9 Spatio-temporal variations of speed in construction zone sections under different control measures
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Figure 10 Distribution of lane-changing trajectories in transition sections of construction zone under different control measures
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