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Optimization and coordination model for speed limit section in freeway

LI Rui, MA Rongguo, LIANG Guohua, DENG Yajuan, WANG Baojie

(School of Highway, Chang’ an University, Xi’ an 710064, China)

Abstract; To improve the safety and efficiency of freeway under the management of partition speed limit and reduce
drivers’ burden caused by improper speed limit and frequent speed changes, this research optimized and
coordinated freeway speed limit sections under the management of partition speed limit. First, the optimal
coordination model for freeway speed limit was constructed in three cases on the basis of the principle of minimum
loss time. Second, the minimum length of the speed limit section and the number of speed limit sections used in the
process of the coordinated optimization were determined based on the theoretical calculation of drivers’ cognitive
distance , psychological stability distance, speed limit sign front distance, and a questionnaire survey. Then the risk
function and income function were used to characterize the traffic safety and efficiency of freeway and construct the
corresponding evaluation model. Finally, the effectiveness of the proposed method was tested by simulating the
original setting of the speed limit section and the traffic condition of a project freeway. Results show that after the
optimization the comprehensive safety index decreased by 45.51% and the comprehensive efficiency index increased
by 26.78% , which means the state of safety and efficiency has come closer to the ideal point (@, b). This feasible
and effective method can improve traffic safety and efficiency level, and provides a theoretical basis for the safety
and efficiency management of speed limit sections.
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Fig.1  Construction flowchart of optimal coordination model for speed limit section
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Fig.2 Diagram of freeway alignment and speed limit section setting
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Fig.3  Unit division of freeway speed limit section
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Tab.1 Theoretical minimal lengths of speed limit sectionm

FRGHE/ (km + h™') Ly L Ly Loin [ L]
60 104 17 682 803 900
70 107 24 783 914 1 000
80 124 32 869 1025 1 100
90 125 40 1813 1978 2 000
100 142 48 1988 2178 2 200
110 144 56 4 408 4 608 4700
120 151 64 4793 5 008 5 100
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Tab.2 Initial setting of speed limit sections before optimization

- —— Rk A/ PR X Bt

(km-h™")  KBEE/km
1 KI1133+100 m—KI1157+400 m 100 24.30
2 KI1157+400 m—K1176+530 m 80 19.13
3 K1176+530 m—K1177+330 m 60 0.80
4 KI1177+330 m—K1191+600 m 80 14.27
5 KI1191+600 m—K1200+200 m 60 8.60
6  KI200+200 m—K1210+480 m 80 10.28
7 KI210+480 m—K1221+360 m 100 10.88
8  KI221+360 m—K1222+260 m 90 0.90
9  K1222+260 m—K1242+950 m 80 20.69
10 K1242+950 m—K1244+950 m 100 2.00
11 KI1244+950 m—KI1262+200 m 80 17.25
12 K1262+200 m—K1279+400 m 100 17.20
13 KI1279+400 m—KI1305+150 m 90 25.75
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Tab.3 Speed limit sections setting after optimization

G Pk X Bt PR AE/ (km - h™") PRk X BE BE/km PR AR S I
1 K1133+100 m—K1157+400 m 100 24.30 K1132+910 m
2 K1157+400 m—K1176+530 m 80 19.13 K1157+244 m
3 K1176+530 m—K1200+200 m 60 23.67 K1176+409 m
4 K1200+200 m—K1210+480 m 80 10.28 K1200+044 m
5 K1210+480 m—K1221+360 m 100 10.88 K1210+290 m
6 K1221+360 m—K1262+200 m 80 40.84 K1221+204 m
7 K1262+200 m—K1279+400 m 100 17.20 K1262+010 m
8 K1244+950 m—K1305+150 m 90 25.75 K1279+235 m
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Fig.6  Distribution of vehicle speeds before optimization
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