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Operating speed model of passenger car at single-lane

entrance of interchange
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Abstract: The aim of this study was to determine the characteristics of a car’s operating speed at a
single-lane entrance of an interchange, and to calculate a running speed model of cars at the

entrance of a freeway interchange,to ensure coordination of operating speed in the convergence
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section for improved vehicle safety. Based on the analysis of the measured data of passenger cars
at the entrance of a single lane at an expressway interchange, the law of operation of a passenger
car at the entrance was obtained. The speed of the passenger car at the entrance was collected in
real time. The chain Kepler radar velocimeter was used to collect vehicle speed at entrance in real
time. The feature points (including the starting point of the tapered section, diversion point, and
the small nose point) of eight ramps were selected as the analysis sample for vehicle speed in the
free-flow state. The K-S test was used to test the normal distribution of the samples. When the
K-S test requirement was met, the speed and acceleration characteristics in the tapered section
and deceleration section were analyzed, and the parameters of the independent variables were
determined. Finally, SPSS software was used to perform the regression, and the operation speed
prediction model of the passenger cars at the diversion point and the small nose points was
developed. Then, the model was verified using data from four ramps. The results show that the
running speed at the junction point is positively correlated with the velocity of the converging
nose and the length of the triangle section, but negatively correlated with the reciprocal of the
horizontal curve radius. The running speed at the end of the acceleration lane is positively
correlated with the velocity of the converging nose and the length of the acceleration lane, but
negatively correlated with the reciprocal of the horizontal curve radius. In addition, the predicted
model was successfully tested using a regression equation, regression parameters, and average
relative error checking. The relative error in the predicted value and measured value is less than
10%. The established regression model met the precision requirements. The results of the study
are a good supplementary explanation of the relevant regulations of running speed of the
standards in Guidelines for Safety Audit of Highway (JTG B05—2015). This study provides
theoretical support and references for expressway safety evaluation and design. 9 tabs, 4
figs, 23 refs.

Key words: traffic engineering; operating speed model; SPSS regression analysis; ramp entrance;

triangle segment; accelerate change lane segment
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Tab.1 Attributes of ramp entrance
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1 120 65 8. 200 80 230 30 135
2 120 78 6. 500 80 290 30 46
3 120 85 7. 800 80 230 40 84
4 120 67 6. 300 80 235 30 76
5 120 35 3. 200 90 230 30 37
6 100 67 9. 999 90 200 30 25
7 100 56 9.100 90 200 40 89
8 100 49 4.600 90 205 40 92
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Fig.1 Single-lane ramp entrance schematic
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Fig.3 Operating speeds scatterplot figure
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Fig. 4 Longitudinal acceleration
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65.72 | 72.63 | 96.33| 73.81 |100.62| 1.19 | 4.30 2E5F B 2y ) 5. 13806 4. 62896, 6. 562040,
| 56.52 | 63.40 | 91.65| 66.10 | 94.85| 2.70 | 3.20 4. 686 25 3 I 3H 7 T L 5 /N BB AT AR X R 257
’ : B9 8. 126% .7, 215% .8, 615% .7. 628% ;
70.36 | 78.66 |102.37| 77.70 |103.54 0.95 | 1.17 HAXHR ZSEE I /NT 10% , Ui B fr s A A A
75.36 | 81.39 |105.37| 84.26 [106.45| 2.87 | 1.08 LU 1 T3R5 B 326 RS TR A U L T 4 B S T 38
s 48.‘36 64..37 96.. 32| 68.29 | 89.49| 3.92 |-6.82 PR S AT 7 T
56.33 | 63.68 | 93.35[ 61.61 | 94.5012.08 | 1.14 5 & &
43.56 | 59.36 | 83.65|57.91 | 86.42(-1.45 | 2.77
VI 16k AR 7N B Yy \§ > SRR
54.36 | 65.91 | 91.68]66.97 | 93.20| 1.06 | 1.52 (O LABRTE A )7 A48 1R 23 B 1 8 Ak T3 57
! : LN NG K 5 U FF R RE T HREIBEA
52.96 | 61.58 | 91.68| 65.80 | 92.32| 4.22 | 0.64 D@iﬁ/J\gZEL TR BE AT B a0 B s L R 4R B
46.68 | 59.92 | 86.33| 63.83 | 87.96| 3.91 | 1.63 PEOEAT T IESPERSS . X Fril o 4 4b A T AL NE
o 65.68 | 75.95 |100.67| 79.78 | 99.90| 3.83 |=0.78 lel_ﬂ‘l_ﬁ&jmliﬁ%‘@ AT T RGN Ay B, 3 Hof
E T GE A O 4B A g .
58.49 | 70.75 | 94.68| 73.74 | 95.38| 2.99 | 0.70 (UL H TR TN & 50 % e

ST AR e AL I BN 0,05 2200 1 B AR IE 25
3 A7 TN EL P 22 ) 3 s o A % 22 - U (L A 1
AR B RRT R A% i A O AL S (EL 2 50 3 A AE L A
PR OMELXET. RV, 5V, Lor 'V, 5
VoL HARERTE KA

g5 LI s A U B I EE A 2 s A A
T SE o e A G g % Vi ARV R B AT A i 4 JE

A s AT R BB
V,,=149. 348+0. 628V, +0. 052L,+0. 052, —

6.267/r R*=0.750 4)

IR 12 b A /N G2 SN AT B 3 SR G
i NN = dy) | B O = 2 = S D B &
85V$L1’Ejﬂi$ﬁﬁfﬁl§LﬁLf Ve B T 5
BN HE L AR TE A H N B s AT B AR AL,
BAERER R EE A DA 75 m<L,<<150 m
Fe 110 m<< L, <180 m; BAIEG UL 50 km/h<<V, <
70 km/h, FHXF R 22 BN 2078 BN RS RORE BE AR
A Bl
3B 7 &5 R m] b — A e MY rp iz £ ok 5 A
RFE AT AN FE UL, A e A A PRV S
THE IS X 5 2% (HEASCHES 7 H B
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Tab. 9 Relative error calculation
. Vo/  [SGME/ Ckm « h™ D BN/ (km  h™ | 833222/ (km « h™1) A% A%
d5|  mE FEA &
(kme+h ") V. Vi V. Vi Vi Vi Vs Vi V, Vi
56. 182 66.591 | 97.215 | 67.411 | 94.095 0. 820 —3.120 1. 231 3.209
L;=70 m,
) o 46. 257 65.814 | 90.314 | 59.084 | 87.862 | —6.730 | —2.452 | 10.226 2.715
1 |[Ly=130 m, 75 5.138 8.126
r==6.7 km
54. 326 62.357 | 94.205 | 65.854 | 92.929 3.497 —1.276 5.608 1. 354
65.316 79.035 | 98.053 | 76.469 | 99.896 | —2.566 1. 843 3.247 1. 880
Ly=90 m,
" 47.621 59.136 | 92.018 | 61.622 | 88.784 2. 486 —3.234 4. 205 3.515
2 |L,=110 m, 89 4.628 7.215
r=17.2 km
56. 154 70.035 | 91.358 | 68.782 | 94.142 | —1.253 2.784 1. 790 3.048
69. 135 82.564 | 106,215 | 81.697 | 105.204 | —0.867 | —1.011 1. 050 0.952
L=120 m,
‘ " 49.127 59.125 | 95.314 | 64.910 | 92.639 5. 785 —2.675 9. 785 2. 806
3 |Lh,=140 m, 51 6.562 8.615
=5.8 km
56.137 73.021 | 94.324 | 70.792 | 97.042 | —2.229 2.718 3.053 2.881
62.059 75.364 | 102.361 | 73.099 | 99.654 | —2.265 | —2.707 3. 005 2. 644
L,=80 m,
' " 53.019 68.192 | 95.091 | 65.514 | 93.977 | —2.678 | —1.114 3.927 1.171
4 |L,=140 m, 63 4. 686 7.628
r=9.999
67.264 75.164 | 99.126 | 77.466 |102.923 2.302 3.7970 3.063 3.831
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