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Abstract :

In this paper, a planar model for mechanics of a vehicle/pedestrian collision incorporating road gradient is

derived to evaluate the pre-collision speed of vehicle. It takes into account a few physical variables and parameters of

popular wrap and forward projection collisions, which include horizontal distance traveled between primary and

secondary impacts with the vehicle, launch angle, center-of-gravity height at launch, distance from launch to rest,

pedestrian-ground drag factor, the pre-collision vehicle speed and road gradient. The model including road gradient is

derived analytically for reconstruction of pedestrian collision accidents, and evaluates the vehicle speed from the

pedestrian throw distance. The model coefficients have physical interpretations and are determined through direct

calculation. This work shows that the road gradient has a significant effect on the evaluation of the vehicle speed and

must be considered in accident cases with inclined road. In additions, foreign/domestic empirical cases and multibody

dynamic simulation results are used to construct a least-squares fitted model that has the same structure of the analytical

one that provides an estimate of the vehicle speed based on the pedestrian throw distance and the band within which the

vehicle speed would be expected to be in 95% of cases.
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Fig. 1 Vehicle-pedestrian collision on gradient road
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Table 1 Simulation input parameters

User input parameters

- Road gradient : 10°, 0°, —=10°
- Pedestrian—road friction : 0.6, 0.7, 0.8

Default parameters

- Pedestrian dummy data
: Adult(male) : Height 1.72m, Weight 72.2kg
- Vehicle data
: Sedan type(Hyundai Sonata)
- Road-tire friction : 0.8(Dryness)
- Vehicle deceleration : 7.85m/s*
- Pedestrian—vehicle friction : 0.2
- Pedestrian restitution : 0.3
- Pedestrian velocity : Om/s

Fig. 2 PC-crash simulation view of pedestrian collision



AEEA SEAD MY SN X Sz AAD S5y

30 ,
] ' .. ‘ ¢
= 25 [mmmmmemmepeseeeeme e e e
4 1
~ '
£ B T ST T
T '
3 :
o 15 -----SEEMEERe TR - o R
@ ) !
Kl :
g 10 R EERREEEES fommommeees
3 \ '
> 5 [ S S @ Foreign
: : K Simulation
0 i
0 20 40 60 80
Pedestrian throw distance(m)

Fig. 3 Foreign empirical data

35 K
30 |--------- e L
- 1 L4 i
\E‘ 25 [emeeeccenqeccecccnadeannana- e ]
z E ;
9 20 LBy - bosoonoeood
&
o 15 [ R R g - e oo
S
£ 10 bR ol oo J A —
$ 10
5 9 Domestic
K Simulation
0 :
0 20 40 60 80
Pedestrian throw distance(m)

Fig. 4 Domestic empirical data

-100)0 A 2} LTI 7.0m/sQ RAA F=
AtaLel] thako] PC-crash Al & o]l 4S5 3k
A7} Fig. 20] 218 ¥) 0.2 1ejA 3 gick,

B ATE Bt FE5E AEH A A 2w
59 A =S gRlety] flate] B ol A €]
A4 PC-crash Al & o] A slj 4] A atel ] A
Al AbaL g A AR E 242 vlagt 2AS Fig 33
Fig. 40 YERATE Al E# o] AolA] B} A%
Agloll W2 ko] FE L7t AAAFIL AR
A o] Ak S SRt Tl e] B ol ofgd
B3kt 20m/s(72km/h) 2] 158 A Q) sl
vl & A ¢S B 5 loh 9] AFH = Han 5
ol AIAE AAAAL B Br] A ARE EFHebe]
gt F 4181 0.2 g E o] o, ) A s
= FR387)71 o2 Y Lee 570] WS 34719 A

= ¥Rk ol BaRl A= A9}
T o]9ef tpE Al R o) §
o] o] o] whsteh
ol AA AbaL A g 53] HuE F
AE o] ER1E AALE B}t S AbaLol
AlEH oI AT} AR E2 20 A AAG TE
2 AR (15)5 HFst7] ko] 2853k
AAke] FAZE 9302 tan”'f, 7k, Han 5'70] A4
gk 5~10° Atol o] FrE® Al EH ol A3t A RS
HlushH 509 w7} vlalz] F2 A E HolF3
vl Fig. 5¢F Fig. 62 H29] B} vpaAS
f, = 0.7 Wrap} Forward projection & &
B2 247y BA FEARL AT RS R
=3 Algeeld ARES W 5
o] Wrap-fr@oll A= w9~ & dX| & HolF+= |,
Fig. 62] Forward projection 3 o| A= 53] W29t
BAFA(-100) 014 2] T Sx7F il
2m/s(7.2km/h) 4= 2] Zpo] & W] LA
al 2d
E-d|o] Aol A] Forward projection 32
=Y w A=, o]y gk A& F=
2 BegAte] miig] GA 7L grol whE Al o] o 3k
dofd o m HA WA ¥ ar wpEA gl wheba
|5+ A9} Bako]l Wigtsh= o5 B AR e
ztol 7t vl Azl o2 ddkEtt Vand ApeFolvt
oldo] Harte] FE o] a1k FEo|A 9
Forward projection At2E-S X3} H o] zlol=
st Ao g Aokt

2 ATl A A B B FEARL AT

ek
N
.
o

ol

ok
oo

O:

o

)

=
3lo] Hrlzol AR o] 27} SES Elo] /)&
P

Abal @Al A BgAE AwAE o9l FE A}
ol We ) Sk ojel s S S 2

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 5, 2011 87



Inhwan Han

25
- : e
L 20 fes 7 S e SRSt T
£ 35 7
B L £ 1
15 f-------- ST 0 O Y R EE T
v '
g "/
“ Ay '
[ A L EPY - { H R —— e ———
s 1 : :
ﬁ # Gradient 10deg
> Y /S
5 ' O Gradient Odeg
i Gradient-10deg

0 20 40 60
Pedestrian throw distance(m)

Fig. 5 Pedestrian impact model (Wrap, £,=0.7)

12 -
e
.
. ,
—_ 10 R bomemmeeeem
g 1
) ! ‘
r
£ O Feeeeaenees
) A
a ' '
iy 6 | - - 1L __________
o i H
° 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
= 4
(/]
>

4 Gradient 10deg
O Gradient Odeg
A Gradient -10deg

0 5 10 15 20
Pedestrian throw distance(m)

Fig. 6 Pedestrian impact model (Forward proj., £,=0.7)

2AENE BEF FAAT B aF oA
AFES Fol7] flste] 4 Fro] e ol
ek G 7 et A AA G 2 ATl = =
ol AAF A Bt FEAL T Fo] 7
A AdE A3 doly J8= 2-83ko] 4 2Dl
7k 819 AT g Tk

Vo = As,— B (1)

2 ATl Fre Bzt S5 Ak dlelE
g2 a9l 41871 9] Abar 9 A3 dlolH, = 347
o] A}a dlo]¥ @] PC-Crash A EH IS &
ato] 753 179319] Al o]l HlelH Ee] 3l
1R, 2780l A o] Aol w2, A (18)] Ko A]
© Bz FEA AnE AR S ) Aba FeEjut
ERARMAG &2 =2 Sl whel A9 B
grol WstalA gk webA, ool -&-shA vlelH

88 sxsAZEE|=2F M19H M55, 2011

{0

tol A8 RS 23k 2ol 4
ol wrete] & Aol

21)ell BolA= Al A9k Be] ks 1ol %
WA FEALL dlolH J3tel tiste] -
A AU ES A8k A (22)0l14

He
ML

dob N
> H o

~ i o

ol 1

o

S
S

14

]_

ol

BT A A, AA TE St HAaRs A%
of ofall A= ghake] AFo] 9l 1hxK(residual) € €]
A 353 1 (root mean square, rms) ! o S HAZ )
= 257 okd A9 BE ALLSIES 51
a_ 1%
==Y (22)
n n
7] A,
€= Veoe — U(:Om,(A7B) (23)

4 22)5F @3)14 e 574 dlole] Pl A A}
2 dolEle] AFolm m e v, AxAbs A

el gk aeal e’ = AR RE o)tk

d
2
L
2
e
-
=

A

A =3 A7]e] we]

ol = &= Ao AR EE 7t
5E E12] 95% 7} 4 3

A2k 0,0, S FHE £1.960 9] TS WA 2
s S5 S STk 9714 95% S

™N§0 b oo O odo rff o2 Mt &

HrR AgHndo] ks WIS ojvat »
o AT R o8] FAE e FE &
warel Aotk Ayl wdol gl Bk
Z, otk dolel Abzlel glof zhze] whst
WG v ehE A e FA vebd 71 9l
oh.) wheha, A AbaE ol e ] el skl A
22t Aol o8 Al AlS A9k B 32 7}
A 31 A7 d]o]E] 715=9] 95% 9] Wl gl o] U] 2 A

T AEHY TE HE 0,5 2 (240 B =

i

i\



Reconstruction Analysis of Vehicle-pedestrian Collision Accidents: Calculations and Uncertainties of Vehicle Speed

—B+1960 (24)

Fig. 77} Fig. 8-> 2t} sl €] oF =i HlolE] 3=
of thste] BaAF A2t T& H= H i
2, 95% ol AA| ARaL Hlo]E
55 HolFa Qi) 9] gl HAaES] 95% HHE
o 9 (band-half width)©] A< 10km 7 o] 3L =1y <]
AA| AbAL Hlo|HE2 A& Bl=g ol tha
o WA UERES & 5tk o] HiolHES #d
AF AR IF B3 Bk O]‘L]a' oF3 21FE0]
EAE O] Q= AA BPA FEAL LS| BR o
Tro] AhdE] Wle A 07 B olt) Fig. 9% =27
wfjel]l F=7bei A wiE Al FE F8 SOl #ek A
HE 288 & Qs Al HlolE ) #

g H A A 343 HeolHES BolFaL d=l,
95% L nHT AUl S AR S22l
2 s % if_ Xdﬂ%é HoFaL )

Table 2T pal
H sl ﬂ%o o 15 %ﬂ_i HAS T A
7} @ oFslo] gtk xNkA ol
€ dlol8 7} EAl(total) 101 A= AFE ALt
= ER T Ak Aol Bet AR IF e A
(TEE o) A= 2 AlEE el dolH &l oy
gk 95% WHE o] A AFaL dHlo]E &l HlEA
U FA vebdS B vk =3 B2l

Ays,—B—1960<v, < A

P
A7 =

Table 2 Least-squares fitted models and 95% band

Data set A B n hgaslz/‘zli)rir/l}?)
Foreign Accid 3.52 094 | 163 13.98
Dummy | 3.20 | 0.25 | 255 10.87
Domes Accid 3.69 | 2.15 | 34 12.38
Simul Total 3.10 0 179 16.25
p=0° 3.36 0.70 63 2.24
Simul p=-10° | 2.61 1.21 56 5.77
=10° 4.05 | 053 60 2.74
Simul- p=0° 3.41 1.34 16 2.29
wrap p=-10° | 2.92 | 4.09 13 4.08
B=0.7 1 =10 | 400 | 024 | 16 2.06
Simul- p=0° 3.39 | 0.64 5 0.67
forw | o=-10° | 242 | 1.00 | 6 322
B=0.7 1 o=10° | 451 | 080 | 4 3.67
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