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Abstract When calculating an intersection collision speed using a formula, it is very difficult to grasp
the degree of deceleration of a vehicle after the collision unless there is road surface trace in the entire
section where each vehicle moved from the point of collision to their final positions after the collision.
A vehicle's motion trajectory shows an irregular curve after a collision due to the effects of inertia based
on the driving characteristics of the vehicle, the eccentric force according to the collision site, and the
collision speed. Therefore, it is very important to set the appropriate departure angle after a collision
for accurate collision speed analysis. In this study, based on experimental collision data using a
computer simulation (PC-Crash), the correlation between an appropriate vehicle departure angle and the
post-collision speed was analyzed, and then, a regression analysis model was derived. Through this, we
propose a method to calculate collision speed by applying only the vehicle departure angle in some

types of collisions for traffic accidents at intersections.
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Fig. 2. The form of two vehicles moving after a
collision
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Fig. 3. The trajectory of the center of gravity
movement of two vehicles after a collision
() Impact Vehicle (b) Impacted Vehicle
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9] F& &% wxjolrt. Table 4. Impact speed deviation of the impacted
Table 13} 2= 2% A<=y} u&E 2}2k9] 27] 17h vehicle with the initial section departure

angle of the impact vehicle and the later

o|efzre A Q3s} Ailo
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Table 1. Irr.lpac?t.s.peed dfev1at10n of impact vehicle Vil oo | o Jsing| o) |sing,| 4, | 4 | v, v,
with initial section departure angle of the - - — U
impacted vehicle and the impacted vehicle 20.00{17.12|16.35| 1.00 | 543 | 0.16 | 5.16 | 0.57 |10.00| 2.88

20.00{15.33|14.23| 0.94 |12.67] 0.16 | 3.91 | 3.10 |20.00| 4.67
20.00[17.27|18.18| 0.80 |17.84| 0.16 | 6.38 | 6.14 |30.00| 2.73
20.00|18.54|23.60| 0.64 [21.92] 0.16 [10.75]| 9.27 |40.00| 1.46

, |2
Vo | vy | vy |cosB| vy |cos®y| d; | dy | V, 2

: — Uy

10.00| 9.39 |16.35]| 0.24 | 5.43 | 0.99 | 5.16 | 0.57 |20.00| 0.61

20.00|18.85]14.23| 0.44 {12.67| 0.99 | 3.91 | 3.10 |20.00| 1.15 20001164127.95] 0.4 |27.12] 0.16 | 15.08]14.19|50.00| 3.59

20.00[17.33(31.66| 0.39 |32.21| 0.16 |19.35]20.02|60.00| 2.67
20.00|16.87|35.72| 0.31 |37.98] 0.16 |24.63|27.84|70.00| 3.13
20.00{10.23|40.61 | 0.09 |43.62| 0.16 {31.82]|36.72|80.00| 9.77
20.00| 9.87 |44.75| 0.05 |49.14] 0.16 |38.65]|46.60/90.00| 10.13

30.00[29.98|18.18| 0.67 [17.84]| 0.99 | 6.38 | 6.14 [20.00| 0.02
40.00|39.75|23.60| 0.76 |21.92] 0.99 |10.75| 9.27 |20.00| 0.25
50.00{50.61|27.95| 0.84 |27.12] 0.99 |15.08]|14.19|20.00| 0.61
60.00[60.22|31.66| 0.88 |32.21| 0.99 |19.35|20.02|20.00| 0.22

70.00]70.94]35.72] 0.92 |37.98] 0.99 | 24.63 | 27.84|20.00| 0.94 Average value of collision speed deviation 4.10
80.00(81.3340.61| 0.93 |43.62| 0.99 |31.82|36.72|20.00| 1.33
90.00|91.27 |44.75| 0.94 |49.14| 0.99 |38.65]|46.60|20.00| 1.27 Table 58} 6& = 2}59] U= 17k o|gbzba} uj&
Average value of collision speed deviation 0.23 = 7'(]-%1:9,] }_7] ?‘Zl’ O]‘f/__,_l'Z],'»‘% Zﬂ%ﬁ_} 73:‘1]'0]]:]'
Table 2. Impact speed deviation of impacted vehicle Table 5. Impact speed deviation of the impact vehicle
with initial section departure angle of the with the later section departure angle of
impacted vehicle and the impacted vehicle the impact vehicle and the initial section
departure angle of the impacted vehicle
Vil v | v [sinf,| vy |sindy| d, dy Vy Ylv 7
L Vo | vy | v |cosO| v, |cosby| dy | dy | V, 2
20.00|16.70|16.35| 0.97 | 5.43 | 0.16 | 5.16 | 0.57 |10.00| 3.30 _ U2
20.00[14.74]14.23| 0.90 [12.67] 0.16 | 3.91 | 3.10 [20.00| 5.26 10.00| 7.99 |1635| 0.24 | 5.43 | 073 | 5.16 | 0.57 |20.00| 2.01
20.00/16.25|18.18] 0.74 [17.84] 0.16 | 6.38 | 6.14 [30.00] 3.75 20.00]14.14]14.23| 044 |12.67] 062 | 3.91 | 3.10 |20.00| 586
20.00[18.85(23.60] 0.66 [21.92] 0.16 [10.75] 9.27 |40.00] 1.15 30.00]2382|18.18| 0.67 |17.84| 0.64 | 6.38 | (.14 [20.00| .18
20.00]19.40|27.95| 0.55 |27.12] 0.16 |15.08[14.1950.00| 0.60 40.0030.9823.60| 0.76 |21.92] 0.59 |10.75| 9.27 |20.00| 9.02
20.00/19.80(31.66] 0.47 [32.21] 0.16 |19.35]20.02]60.00| 0.20 50.00142.31127.95| 0.84 |27.12| 0.68 |15.08{14.19{20.00| 7.69
20.00/19.80(35.72] 0.39 [37.98] 0.16 |24.63|27.84]70.00| 0.20 60.00(54.77(31.66| 0.88 [32.21| 0.82 |19.35|20.02|20.00| 5.23
20.00/21.93]40.61] 0.38 |43.62] 0.16 |31.82]36.72(80.00| 1.93 70.00(66.31(35.72| 0.92 |37.98| 0.87 |24.63|27.84(20.00| 3.69
20.00(22.8544.75] 0.34 |49.14] 0.16 |38.65]46.60(90.00| 2.85 80.00(77.09(40.61| 0.93 |43.62| 0.89 |31.82(36.72(20.00| 2.91
Average value of collision speed deviation 0.97 90.0088.91|44.75| 0.94 |49.14| 0.94 |38.65|46.60(20.00| 1.09
Average value of collision speed deviation 4.37
Table 3. Impact speed deviation of the impact vehicle Table 6. Impact speed deviation of the impacted vehicle
with the initial section departure angle of with the later section departure angle of
the impact vehicle and the later section the impact vehicle and the initial section
departure angle of the impacted vehicle departure angle of the impacted vehicle
Vy | vy | vy |cost| v, |cosby| dy | dy | V, 1/%”2 Vi| v | v |singy| vy |singy| dy | dy |V, Ylvl
10.00] 6.81 [16.35] 009 | 5.43 [ 0.99 | 5.16 | 0.57 [20.00[ 3.19 20.00]19.51]16.35| 0.97 | 5.43 | 0.68 | 5.16 | 0.57 |10.00| 0.49
20.00(17.47|14.23| 0.34 [12.67] 0.99 | 3.91 | 3.10 |20.00] 253 20.00|22.63|14.23| 0.90 |12.67| 0.79 | 3.91 | 3.10 |20.00| 2.63
30.00(28.74]18.18] 0.60 | 17.84] 0.99 | 6.38 | 6.14 |20.00] 1.26 20.00/26.96|18.18| 0.74 |17.84| 0.77 | 6.38 | 6.14 |30.00| 6.96
40.00]40.01]23.60] 0.77 [21.92] 0.99 [10.75] 9.27 [20.00] 0.01 20.00(32.94|23.60| 0.66 |21.92| 0.81 |10.75] 9.27 |40.00| 12.94
50.00(52.31[27.95] 0.90 |27.12] 0.99 [15.08|14.19]20.00| 231 20.00(34.75|27.95| 0.55 |27.12| 0.73 |15.08]14.19(50.00| 14.75
60.00]61.44]31.66] 092 [32.21] 0.99 [19.35(20.02[20.00] 1.44 20.00|33.05|31.66| 0.47 |32.21| 0.57 |19.35|20.02|60.00| 13.05
70.00(72.03(35.72] 0.95 [37.98] 0.99 | 24.63|27.84|20.00] 2.03 20.00(32.67|35.72| 0.39 |37.98| 0.50 |24.63|27.84|70.00| 12.67
80.00(84.17]40.61] 1.00 [43.62] 0.99 [31.82]36.72]20.00] 4.17 20.00(34.73|40.61| 0.38 |43.62| 0.45 |31.82]36.72(80.00| 14.73
90.00]93.95|44.75] 1.00 [49.14] 0.99 [38.65]46.60]20.00] 3.95 20.00|31.85|44.75| 0.34 |49.14| 0.34 |38.65|46.60|90.00| 11.85
Average value of collision speed deviation 0.69 Average value of collision speed deviation 891
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Table 7. Impact speed deviation of impact vehicle
with later section departure angle of the
impacted vehicle and the impacted vehicle

Vs

— Uy

4.58

’

vy

’

Vy | vy cosf,| vy |cosB,| d, d, Vy

10.00| 5.42 [16.35] 0.09 | 5.43 | 0.73 | 5.16 | 0.57 |20.00

20.00|12.75]14.23] 0.34 [12.67| 0.62 | 3.91 | 3.10 |20.00| 7.25

30.00{22.59|18.18| 0.60 |17.84| 0.64 | 6.38 | 6.14 |20.00| 7.41

40.00|31.25|23.60| 0.77 |21.92] 0.59 {10.75| 9.27 |20.00| 8.75

50.00|44.02|27.95| 0.90 |27.12] 0.68 [15.08]|14.19|20.00| 5.98

60.00{56.00{31.66| 0.92 |32.21 | 0.82 |19.35]20.02|20.00| 4.00

70.00|67.40|35.72| 0.95 [37.98| 0.87 |24.63|27.84|20.00| 2.60

80.00|79.94]40.61| 1.00 |43.62| 0.89 |31.82|36.72|20.00| 0.06

90.00]91.60|44.75| 1.00 |49.14| 0.94 |38.65|46.60|20.00| 1.60

3.91

Average value of collision speed deviation

Table 8. Impact speed deviation of impacted vehicle
with later section departure angle of the
impacted vehicle and the impacted vehicle

Table 10914 3& AF2 &= V12 35 A3
£V, 9 olEZ 0,9 ABAE 2= Ao Helnh

Table 10. Relationship between the speed of the
impact vehicle and the speed and angle of
departure of the impacted vehicle

km/h L

20 [ 30 [ 40 | 50 | 60 [ 70 | 80 | 90

20 | 26° [ 420 [ 49° | 64° | 67° | 73° | 80° | 84°

30 || 18° | 27° | 37° | 48° | 61° | 65° | 74° | 77°

40 [ 15° | 23° | 30° | 37° | 48° | 55° | 62° | 71°

50 | 12° | 20° | 27° | 37° | 44° | 51° | 55° | 56°

Vi | 60 || 11°] 170 | 21° | 29° | 36° | 43° | 48° | 54°
70 | 10° | 16° | 21° | 27° | 33° | 41° | 45° | 48°

80 || 9o [ 13° | 17° | 21° | 28° | 31° | 40° | 46°

90 [ 70 | 12° [ 16° | 19° | 23° | 29° | 33° | 3¢°

=0
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=4.148 X0, —18.624
V, | v, | v/ |sing,| vy |sind,| d | dy | V, flﬂ Vi 80,186 @
)1 _
X o]u 71—0_‘:‘4/\7314
20.00[19.94]16.35] 1.00 | 5.43 | 0.68 | 5.16 | 0.57 | 10.00] 0.06 Table 11014 Q1 vep ol 2724l 24
20.00[23.21[14.23 0.94 [12.67] 0.79 [ 3.91 [ 3.10 [20.00[ 3.21 2L p2=(.9970]u2 3]FEao| ujo Hteiris A
20.00{27.98(18.18| 0.80 [17.84| 0.77 | 6.38 | 6.14 |30.00| 7.98 o oF A %E]'
20.00{32.63[23.60| 0.64 [21.92| 0.81 |10.75| 9.27 |40.00| 12.63 = =T '
20.00(31.76(27.95| 0.44 |27.12| 0.73 |15.08|14.19|50.00| 11.76
20.00{30.58(31.66| 0.39 |32.21| 0.57 {19.35|20.02|60.00| 10.58 Table 11. Model summary of the speed of the
20.00(29.74|35.72| 0.31 {37.98| 0.50 |24.63|27.84|70.00| 9.74 impacted vehicle and the angle of
20.00{23.03[40.61| 0.09 [43.62| 0.45 |31.82|36.72|80.00| 3.03 departure of the impact vehicleb
20.00(18.87[44.75| 0.05 [49.14| 0.34 |38.65|46.60(90.00| 1.13
Average value of collision speed deviation 5.77 Standard
Model R R* modified R? eesi:[(:atzfd
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2% A} WSS Ao 27 77 oIS A value
5 1 0.999" 0.997 0.997 1.33402
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Table 9. Relationship between the speed of the
impact vehicle and the angle of departure
of the impacted vehicle
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Table 12. Model summary of the speed of the impact
vehicle and the speed and the angle of
departure of the impacted vehicleb

Standard
N " o error of
Model R R modified R estimated
value
1 .930a .864 .860 8.64347
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PC-Rect program)
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Fig. 5. Photo after correction
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Fig. 6. Reproducibility of the collision process
between vehicle A and vehicle B extracted
from the accident image (from 0.6 seconds
before the collision)
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