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1 SD  ASD
Table 1 SD and ASD values of each measuring point
km/h
SD ASD
K214 5.87 5.12
K210 6.53 5.58
K2088 6.45 5.70
K2084 6.92 6.42
(a) K2114 8.75 8.99
6.42km/h o
8.75km/h 8.99km/h
2 o
2.4
(b) K2110 2.2
4 :
(0: 00 ~ 6: 00) . (6: 00 ~ 12: 00) .
(12:00 ~ 18: 00) (18: 00 ~ 24: 00)
4
2 3 o
2 SD
Table 2 SD values of each measuring point in different periods
km/h
(¢) K2088 K214 K2110 K208  K2084
7.45 498 6.8 646 8.2
6.60 609 666 642  8.66
541 576 5.8 6.0l .53
6.27 554 651 617  9.12
3 ASD
Table 3 ASD values of each measuring point in different periods
km/h
K214 K2110  K2088  K2084
() K2084 6.53 558 65 626 867
4 525 519 577 5.06  8.89
Fig. 4 Speed interval proportion of each measuring point in dif— 472 466513 4T 920
ferent time periods 5.2 473 5T 526 9.03
P asp ASD v; i 2 3 4
o 4.98 ~7.45km/h
4 4.66 ~6.59km/h 4
1 o 8.22 ~9.12km/h
1 8.67 ~9.20km/h

5.89 ~6.92km/h 5.12 ~

. 4
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o Q—Q 5 -
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2324
0 K-S
QQ
SPSS o
3.1 K-S
K-S
— (a) (b) Logistic
X
F(X)
6
0.05. 4 o
4 Kolmogorov-Smirnov
Table 4 Kolmogorov-Smirnov test results of speed distribution () (4

— R - TR

at each measuring point in north slope special admin—

istrative area and south slope 5 K214 QQ
) K= Fig. 5 Q-Q probability distribution of K2114 section
(kme*h™")
Zl P
(km *h _l)( )

K2114 15785 59.61 6.098 0.088 0.078 —0.088 0.088 <0.005
K2110 20258 57.75 6.449 0.092 0.077 -0.092 0.092 <O0.005
K2088 30534 56.18 6.502 0.083 0.053 -0.083 0.083 <0.005
K2084 9476 55.92 6.895 0.074 0.068 -0.074 0.074 <O0.005

2507 77.54 8.749 0.094 0.094 -0.056 0.094 <O0.005

(a) (b) Logistic
K-S VA
0.5km/h P 0. 05
3.2 00
6

() (d)

A A — BRI

Logistic o 6 K2110 Q-Q

Logistic Fig. 6 Q-Q probability distribution of K2110 section
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. =exp 4.1491 +0. 1881nG +0. 0366 x

Utmc
(InG)® +0.12411InL 0. 11291nLInG (2) 4.3
Viruck VXS G
L
4.2
4

5

Table 5 Model prediction and actual measured speed value of

each measuring point

Ves/ (km+h-')

. L/km " . (kme+h™!)
K2114 1.83  4.88 64.9 68.79 66
K2110 2.06 8.69 70.0 70. 98 63
K2088  3.02 30.50 68. 4 71.22 62
K2084 3.04 35.09 70.0 71. 15 62

10
Fig. 10 Comparison of model predictions and actual measured

vehicle speeds at each measuring point
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25
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5
° 3
794
27 0.09.
C =0f [ fuv (6)
( ) ¢ ¢
N ; f;\" ; f;v\"
» Jav
1
Sy = (7)
L+ Y P(E, - 1)
Ulruck =f( G) g( L) ( 3) PT
E, o
. 7
K, - Under— 7
wood - 8 o Table 7 Results of capacity calculation
Underwood - i , i c/ c /
S S o Prl% Ey Juv .
(peush™') (peu<h')
K 5 1.0 1.0 32.11 2.0 0.7569 2000 1514
29
Underwood -
k=Y (4)
v e
K v v=ve fu (8)
o Uf
P
_ _ t
Vv, =0, —— 5
s t v, ( ) 8 o
175 t 8
ag, o Table 8 Trafficdensity of each section
6 o / / K/ K./
6 (pcush™')  (kmeh™') (veh*km™') (veh+km™")
Table 6  Average speed of each section km/h ka4 o1 59.03 102 2.64
K2110 128 57.01 2.23 26.55
K2088 192 55.44 3.46 27.31
K2084 186 55. 06 3.37 27.49
K2114 59. 61 5.87 59.03
K2110 57.75 6.53 57.01 Underwood -
K2088 56. 18 6.45 55.44
K2084 55.92 6.92 55. 06
K
2020 11816 veh/d Vet =S G) g( L) € Fn (9)
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9 ;
Table 9  Correction value of running speed of each section R
Ves ( Vis Lo—
K/ K,/ 11 )/ / gistic °
(veh*km™) (veh+km™') (km<h') (km+h™") (2)
K2114 1.02 25. 64 68.79 66. 11 .
K2110 2.23 26.55 70.98 65.27
K2088 3.46 27.31 71.22 62.74 Und d
naerwoo -
K2084 3.37 27.49 71. 15 62. 94
4% ~14%
o : (3)
‘ 1) ruc - U
Ap = —m L (10)
AU Viruck
Uy
vK o
10 0
10
1
Table 10 Correcting the relative error of the model |
/ Av ( ) 2020 48(11): 19-29.
(km+h") ZHANG Chi HU Tao HOU Yudi et al. Risk as—
cp -l - 10 ; 7
(km +h™) (km=h™) Aol% Aol% 1% sessment model of continuous downhill truck accidents
K2l14 - 68.79 66. 11 66 4.227 0.166 4.061 based on the temperature rise of brake hubs J . Jour-
K210 70.98 65.27 63 12.667 3.603 9. 064 nal of South China University of Technology ( Natural
K2088 71.22 62.74 62 14.871 1.194 13.677 Science Edition) 2020 48(11): 19-29.
K2084 7115 62.94 62 14.758 1.516 13.242 2 SOLOMON D. Accidents on main rural highways rela—
10 ted to speed driver and vehicle R . Washington:
Bureau of Public Roads 1964.
4.227% ~ 12.667%  14.871%  14.758%:;
3 TAYLOR M C BARUYA A KENNEDY J V. TRL
0.166% Report TRLS11 R . Berkshire: Transport Research
3.603% . 1.194% . 1.516% Laboratory 2002.
4 )
4.061% + 9.064% « 13.677% « 13.242% . 2012
33(6): 1-5.
QU Dayi HAO Liang CHEN Xiufeng et al. Re-—
6 search on the influence of discrete traffic speed on opera—
tion safety J . Journal of Qingdao Technological Uni—
versity 2012 33(6): 1-5.
5
I ( )
° 2009 39(1): 161-165.
(1) WANG Hao  WANG Wei LU Jian et al. The defi-

nition and characteristics of vehicle speed dispersion
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Speed Characteristics and Prediction of Trucks on Long and
Steep Downgrade Sections

ZHANG Chi'®  REN Shipeng' WANG Bo' ZHANG Hong' LU Bo'
(1. School of Highway Changan University Xian 710064 Shaanxi China; 2. Shaanxi Provincial

Transportation Infrastructure Construction and Management Digital Engineering Research Center Xian 710064 Shaanxi China)

Abstract: The cross—section speed data of a continuous long downhill section of an expressway in Southwest China
was collected in order to study the operating characteristics of trucks on the long downhill section improve the ef-
fectiveness of the operating speed prediction model and ensure that vehicles can drive safely on the long downhill
section. The temporal and spatial distribution characteristics of truck speed and the degree of dispersion of vehicle
speed were analyzed and the speed distribution characteristics of trucks on the long and large downhill road was
tested through Q-Q probability diagram and singlesample K-S test thus the speed distribution characteristics of
trucks on the long downhill section were obtained. The error analysis of the operating speed model was carried out
according to the distribution characteristics so as to determine the cause of the error and correct the variable. Fi-
nally a prediction and correction model of truck operating speed was established and the effectiveness of the mo—
del was compared and analyzed before and after the correction. The results show when the truck is traveling on a
long downhill section the speed gradually decreases first and then tends towards stability as the downhill distance
increases; the degree of dispersion of vehicle speed increases with the increase of downhill distance and traffic vo—
lume. Truck speed characteristics do not change significantly over time; truck speed in the long and large downhill
sections conforms to the law of Logistic distribution and the speed is highly concentrated and symmetrical to the
peak speed value. The existing speed prediction model has deviations mainly because these models do not consider
the influence of traffic density. The relative error of the truck running speed prediction correction model established
based on this is reduced by 4% to 14% which significantly improved the effectiveness. This can provide a theore—
tical basis for the study of the long downhill running speed and improve the downhill safety of trucks.

Key words: road engineering; long and steep downgrades; running speed prediction model; vehicle speed distri—

bution law; traffic density; error analysis



