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Abstract :

There will inevitably be errors and uncertainties in tire yaw mark related critical speed formula, which is

derived merely from the relationship between the centrifugal force and the friction force acting on the point-mass
vehicle. Constructing and measuring yaw marks through appropriate simulation works have made it possible to perform

uncertainty analysis in calculation of critical speeds under variation of variety of conditions and parameters while
existing yaw mark experimental tests have not performed properly. This paper does not present only the critical speed
analysis results for parametric sensitivity and uncertainty of chord and middle ordinate, coefficient of friction and road
grade, but also modeling uncertainty such as variation of braking level during turning and vehicle size. The yaw mark
analysis methods and results may be now applied in practice of traffic accident investigation.
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Analysis of Uncertainties in Estimation of Critical Speeds from Tire Yaw Marks

Table 1 Simulation results for braking

Sp;re‘g'[ilph] Brake  CIm] HIm]  Rm) CSFkphl V[kph] error[%]
00g 18 073 558 754 794 51

015 18 077 530 734 775  -52

% 036g 18 071 574 764 755 12
059 18 059 689 837 761 101

05g&ABS 18 048 846 928 795 60

059! 25 145 559 754 761  -08

00g 18 062 656 8L7 845  -33

0159 18 066 617 792 827  -42

g 036g 18 055 739 867 808 7.4
059 18 05 8.3 909 811 121

05g&ABS 18 049 829 918 846 80

05! 30 1770 640 807 811  -05

00g 18 051 797 900 895 05

015 18 053 767 883 878 06

% 036g 18 051 797 900 860 47
059 18 041 990 1003 863 163

05g&ABS 18 046 883 948 894 60

059! 36 2200 729 861 863  -02

00g 18 05 8L3 909 946 -39

015 18 051 797 900 929  -31

036g 18 044 923 969 914 60

% 059 18 036 1127 1071 919 165
059&ABS 18 04 1015 1016 946 7.0

05g! 42 2700 8L5 910 919  -09

00g 18 039 1040 1029 996 33

0159 18 046 883 948 980  -33

100 036g 18 034 1193 1102 964 143

0.59 18 027 1501 1236 971 272
059g&ABS 18 038 1068 1042 996 7.0
0.5¢! 489 334 911 96.2 971 -0.9
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Table 2 Simulation results for vehicle size

fractional resultant

vehicle ¢[m] h[m] R(m) CSF[km/h] V[km/h]

error[%] friction

18 043 9440 9799 89.54 1.09 10.40

18 0.56 7260 8593 8948 0.96 10.64

pride 18 047 8641 9375 8943 1.05 10.30
18 0.55 7391 86.70 89.54 0.97 10.46

18 0.53 76.68 8831 89.54 0.99 10.08

18 0.56 7260 8593 8951 0.96 10.64

18 0.52 7814 89.15 89.35 1.00 10.50

sonata 18 0.58 70.12 8445 89.12 0.95 10.93
18 0.56 7260 8593 8951 0.96 10.64

18 0.53 76.68 8831 8951 0.99 10.08

18 0.51 79.67 90.02 89.39 1.01 10.10

18 0.57 7134 8518 8937 0.95 10.80

truck 18 0.51 79.67 90.02 8942 1.01 10.10
18 0.54 7527 8750 89.39 0.98 10.24

18 0.56 7260 8593 8951 0.96 10.64
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Table 3 Sensitivity and uncertainty for brake levels

sensitivity  [uncertainty[kph]

Vilkph] ~ Brake H[m] R(m) CSFlkph] V[kph]| ¢ h f general/mean sq

00g 07 558 754 7944(12 142 131 6.39/4.87

015g 08 530 734 7747|11 131 127| 6.22/475

80 036g 07 574 764 755412 148 133 6.48/4.94

059 06 689 837 760513 195 145 7.11/542

059! 15 559 754 7605|08 70 131 6.38/4.87

00g 06 656 8L7 845313 181 142 6.93/5.28

015g 0.7 617 792 8267|112 165 138| 6.72/512

8 036g 06 739 867 8076(13 217 151 7.36/5.61

059 05 813 909 8107|14 251 158| 7.72/5.88

059" 17 640 807 8107|07 62 140 5.93/5.10

00g 05 797 900 8954|144 244 156| 7.63/5.82

015g 05 767 833 87.77|14 230 153 7.46/5.71

90 036g 05 797 900 8598|14 244 156| 7.63/5.82

059 04 990 1003 863 |16 339 174| 869/6.51

059! 22 729 861 863|07 53 150| 6.17/542

00g 05 813 909 9456( 14 251 158| 7.72/5.88

015g 05 797 900 9288|114 244 156| 7.63/582

95  036g 04 923 969 9141|115 304 168| 8.33/6.28

059 04 1127 1071 9187| 17 412 186| 941/697

05g! 27 8l5 910 9187|06 45 158| 6.39/572

00g 04 1040 1029 9957( 16 365 179| 895/6.68

015g 05 883 948 9796|115 285 165 8.11/6.14

100 036g 03 1193 1102 96.38| 1.7 449 191 9.75/7.18
059 03 1501 1236 9713( 19 635 21.5| 11.29/812

05g' 33 911 962 9713|05 39 167| 6.64/6.04
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