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Effects of Vehicle Load Characteristics on
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Abstract: Time-to-collision (TTC), which is affected by vehicle load characteristics, is considered as an effective
index for the risk assessment of the car- following process in collision avoidance systems. This research uses
vehicle type, overweight and speeding to quantify vehicle load characteristics. Twelve types of car- following
scenarios under free- flow conditions were decomposed with different load characteristics of the leading and
following vehicles. The weigh-in-Motion (WIM) technique is applied to obtain traffic flow data that combines the
load characteristics. The influence of vehicle load characteristics on TTC distribution in the 12 types of car-
following scenarios was analyzed. The significance of TTC distribution was compared using KS test. Results show
that the distribution of TTC cumulative frequency fits an exponential distribution. At the 5% level of significance,
vehicle class and speeding do not show a significant effect on TTC distribution. Overweight of light vehicles has
significant effect on TTC distribution. And overweight increases the potential conflict risk in the scenarios of a
light vehicle following a heavy/light vehicle. In the case that the leading and following vehicles are not speeding,
the potential conflict risk in the scenario of a light vehicle following a heavy vehicle is higher than the scenario of
a light vehicle following a light vehicle.
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Table 1 Vehicle classification and gross vehicle
weight limits
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Table 2  Scenario code considering vehicle classes v, 2 [a]. v AN
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Table 3  Scenario code considering overweight
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Table 4  Scenario code considering speeding
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Table 5 Summary of traffic count and vehicle load characteristics by vehicle classes

ZERAY L = U % Tl 7N il
REEBMEN 3.34 17.43 26.77 31.52 4572
MIEERRHEZEN 4.66 10.22 14.19 20.96 21.24
WIM S B A i 4998 875 239 405 230 112 77 096 413 598
AR I E /(km/h) 98.03 69.67 68.15 61.01 65.82
T BRIUEZ/(km/h) 4.06 4.66 475 458 4.89

R 0.96 0.94 0.99 0.97 0.96
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Table 6  Number of observations considering vehicle classes
B =C AR L,—F, L,—F, L-F, L -F,
e 2009 23 5323 10 7185
ARELH 2013 48 1805 21 13 904
B i 2 % 178 6241 24 13 795
C rey i A % 6 307 33 642
it 255 13 676 88 35526
®7 EEFHAD BEMBENRIBFSHEAS
Table 7  Sample sizes of scenarios considering vehicle classes, overweight and speeding
Pswns L-F,  L-F,  L-F L -F L -F  L-F, L-F  L-F
L—F, 92 45 64 54 247 8 0 0
L,~F, 10 794 2619 113 150 13 494 180 0 2
L-F, 57 3 22 6 81 7 0 0
L-F, 34244 788 337 157 32921 2598 2 5
L9 45187 3455 536 367 46 743 2793 2 7
®8 ERFWMAVMEBENRUMHRTTICHABSH
Table 8  TTC distribution of scenarios considering vehicle classes and overweight
L,—F, L—-F,

TTCs  LmF b = I=F L-F I-F L-F L-F L-F
(0.00,1.00] 33 177 17 15 1 0 135 27 8 7
(1.00,2.00] 449 886 287 152 1 9 630 113 86 57
(2.00,3.00] 1067 1141 767 277 9 14 1 008 62 53 18
(3.00,4.00] 1574 1832 1183 356 14 21 1739 53 31 9
(4.00,5.00] 1791 2767 1357 397 14 23 2 663 72 22 10
(5.00,6.00] 1879 3610 1489 347 23 20 3487 80 28 15
(6.00,7.00] 1832 4619 1509 299 10 14 4483 89 31 16
(7.00,8.00] 1782 5927 1440 311 14 17 5809 86 25 7
(8.00,9.00] 1699 6846 1420 247 12 20 6723 84 28 11
(9.00, 10.00] 1570 7721 1325 218 15 12 7567 122 25 7
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TTC 534 . 32 10 R W & 422 B 1) TTC 434 40
AR FE B A, B DL KT 0.90. 24
JE R R, L, - F, R8s (BT 4 E 4R
TTC (1% T L - F, B 537 5 (WA 4 0% 7,
L, — F, PR3 55 e v o AU B K



244 Sl is A S TR S{E S 2020410 H
R EEFWLBMBEMRMBETTICHEARE S H
Table 9  TTC distribution of scenarios considering vehicle classes and speeding
L,—F,
TTCs Lh Fl LI Fk Ll. B Fl. LI. B FI Ll - Fl. L\ B F]
(0.00, 1.00] 33 177 0 33 1 168
(1.00, 2.00] 449 886 1 419 6 744
(2.00, 3.00] 1067 1141 4 1021 3 858
(3.00, 4.00] 1574 1832 7 1554 6 1597
(4.00, 5.00] 1791 2767 12 1773 7 2524
(5.00, 6.00] 1879 3610 22 1861 9 3332
(6.00, 7.00] 1832 4619 26 1818 5 4354
(7.00, 8.00] 1782 5927 47 1769 10 5603
(8.00, 9.00] 1 699 6 846 61 1 689 15 6 446
(9.00, 10.00] 1570 7721 67 1557 19 7295
100 R PR 4 AR A BRI R A P R 2 ST
- = LiF Z TTC T AE w58 KU T K. 53 A, 78 5% B A5 B K
80 - 4 —
e ’ F b KSR I A KW, L-F, | L, - F, R %4
S 60t SPGB TTC B A TE 35 25 5
= 40 | £10 ZEFHBEMHTICHHLD
i Table 10 Model of TTC distributions with respect to
20 load characteristics
3 — PRI 37 SRS R R
8 8 8 8 g g 8 g g 8 8 Lh - F] y= 0.104 5 exp(0.248 5x) 0.94
S < & & F v v & % & I L —F, ¥y=0.0452 exp(0.330 9x) 0.99
TTC/s L-F &L,-F, ¥y=0.0957 exp(0.257 Zx) 0.94
Fig. 1 TTC distributions with respect to vehicle classes i" ? & il' ? r= 061;):2236Xp(?62;2755§) gz;
NI A y Oy w4 y=0. exp(0.225x X
SR RUBS A E 5147 0.24% 1 11.09% , i T4 4= R 5 L-F,&IL,~F, y=0.144 Lexp(021x)  0.95
A 1 e XL 5 A0 XU Y L 491 (5350 0.50% 1 LoF, &L-F y=02388exp(0.1618) 085
. L-F &L-F =0.289exp(0.1436x)  0.80
5.71%). L, — F, PRI I7 50 i XU 540 XU 37 5 1 it R B 4
0). L, — F, BRIt 375 114 vy IXUBS: S5 0K AUz 375 555 9 L-F &L-F T=0.103 exp(0257) 094
g v \ [} > B
HI 5 451 Y8 3 B 22 (41 51 o 42.55 F136.90) = T L-F, &L -F,  y=0.0416exp(0.3395x)  0.99

L - F, IR 37 5 (40 510 37.37 #132.00). X 247, 4%

F11 EEFEHLEIWEXES KX L 4]
Table 11 Proportion of high risk and low risk considering vehicle classes
B . AR RS E T

% R P ARI% e s ) B 2/ (km/h)

L,~F, 0.24 11.09 42.55 36.90

L-F, 0.50 5.71 37.37 32.00
L-F &L, -F 0.16 9.76 43.06 37.04
L-F &L ~-F 0.57 16.38 41.80 36.36
L-F &L,~F, 0.88 8.85 45.00 41.20
L-F &L,-F, 0.00 15.33 - 38.83
L-F &L-F 0.39 4.78 37.48 32.13
L-F &L ~-F 3.43 2221 36.70 30.85
L~-F &L~-F, 2.37 41.25 37.50 32.30
L-F &L-F, 4.46 47.77 37.71 31.12
L-F &L, -F, 0.24 10.67 4255 35.44
L,—F, &L ~-F 0.51 4.87 36.96 30.55

7E - T MUK TTC 29(0.00, 1.00] s, & XU%: TTC 4(1.00, 3.00] s.
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Fig. 2 TTC distributions with respect to vehicle classes
and overweight
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Fig. 3 TTC distributions with respect to vehicle classes
and speeding
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