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Abstract : This study proposes a methodology to assess the traffic safety benefits of technical regulation for pedestrian
leg. Traffic safety benefit is defined as the injury reduction in this study. Actual accident analysis and simulation
experiments using LS-Dyna3d are conducted to establish statistical models for developing the methodology. The
relationship between collision speed and parameters of the regulation is explored. An application example of the
proposed methodology is also presented for more comprehensive understanding. It is believed that the proposed
methodology would be greatly utilized in developing various technologies and policies to protect pedestrian.
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Table 1 Comparison of lower legform regulations
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Table 2 Comparison of upper legform regulations
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Fig. 2 Trend of fatalities and injuries in Korea

Qo WaE %x 3= Aol Sl Bl of

2ouEd A9 FUAE, Avdeld Aaw | o
o) Al 717 el S8 AHAT ARLr1E) B o e
Aol 245 H 2YRAET} TR FH | \\/ Lo
E 2 Wssl A B AP s o]2j3 WisE 1o
2= 749 vad gelvlE F s Je 2 L I
W =] BE RAR G 2AZ A% BE | Joo
?_]_'Z‘j §_:11]-‘—§_- _7-,5_13 T‘)‘}'—t‘ z_lo] = —E-'Z:‘l 0] I:}— 144013t 15204  21-304  31-40A  41.504 51-80M 614 04

Fig. 3 Pedestrian fatalities and injuries per 100,000
lation in K
3. A HHXIAlD EAMEM population in Korea

A2 go] Seviete] WEARE FHQ FW] AW, o308 2 A& e AP A E B
N ZadAdl QAR A4 SHel = FAT 2 Holtk

Foleh ¥ & 9l BAR AFEo W 2 A Fig 30149} o] QA7 10999 w2} AbgA}
otk 2004d% et waAA wE ARAE  E AHRY 144 ol3E At Ado) ¥
25819 0.2 AR WEAT AR 393%01m, ¥ FF B APEAT Fobeka ek 55 614

AAGE 4988802 WA ﬁEA}J. 2Rl olido] 208 o2 THE AR Fel ulE) 3 154
144% 2 JoiF oz & $£XothFig 2 F2)Y o) ¥ AoR vehgth mEAL ARt F
A HeYA} Apgataeof }‘]'Z]'—/F 199014 o] % 8 sl FHE AHRY APEALY] A4, FREY
PES 2AE Bolw ok AR AA FAN 0] 599%2 By} Alke] 7bY & RE- AA sk n
Bl B HE G4 BAME RelT QL ATk FREN TLouE FH 0.9%, 7HE 98%

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 4, 2007 3



Cheol Oh - Beomil Kim

FREY4THYE AR Ul

2= 7|g}

(a) Fatalities

FREYFAYE 24X 244

JIE}, 16.4%

O, 4.9%

4%, 29.4% 28.29.9%

55, 1.3% 82 6.0%

(b) Injuries
Fig. 4 Distributions of Pedestrian fatalities and injures by
body region

Fom Uehith wile] AR Aer AR
29.9%, 245 29.4%, T8 12.1% o] T8 459
2 vehgeh Fig 4o 8 S45918 AR 74
EE

4, Y= L W HEZ

4.1 SHHE It

E AFoA Aste WHEEL GIR 71&0] =
Well A 82 A5 7oz gt meka] HA|
WEA D BARE F BEze) taads] 2Ag 9
3 kA E =Ydo g Qs gadtA Ed FdRlg
g FA4she Aol £ A7 #@4]oln). ¥datae]
4 $18lA AIS7E 301241 Fd=17} ALS 20138
Q AR il ASE VFE EYoE A%

8| =} Z2E(Target population) 2.2 & 2] 3} 3] tlFig.

5 BZ). o2 %) B AN Aok e &
2}#(Top-down) HHA] © 2 Hbal 4 7B g 24

s Aoz =433 Fig. 63} 2ok
Fig. 69| 4] T A] 8 v}2} 73] Step | ~ Step 32 7]
Z9o] wEALT BARA 27 o] gt A F

4  ARARSABstE=2E HisA w4, 2007

- Youn-Soo Kang - Monnkyun Shin

TEEY °lE AlSEXE

ASt,2

AlS3,4,5,6

TEEY °lF AlsEX

AlS3,4,5,6 AB1,2 J|&

NEEL

Fig. 5 Benefit of traffic safety

d
=
Kl

]
=

w3
1

1
%4
25
¥

hI(l

SEIEN TIFS
Sten3d NEAS KT
o Apn2S
=
sEAEO) M= SEHAT BE TR
Steod JUEES
B FEAET vs, JIESS
HREN
Step§ FES5O)
SHAXt Cia| Yoy By =m proe—
EliLvs,
= 2 HEM
IEEUOE Q18




Assessing Traffic Safety Benefits of Technical Regulation for Pedestrian Leg

AAE AFH R BATE F e 4 2y
el dasith b o) 3 /AF3KIdeal con-
dition)-2 A1) BT BXS Ea 2+ BAS
248k Aojth Zejvt ] R} Ala z}5 9
TH, 8] € B A 2de AR BRE 248 4
A ARZ wP3E AL BVt 25459
71z ¥ Sele] BA= LS-Dynadd Al E#H o] AL o)
&3t BA E¥ S YR, 7T g
B SHFEL 7|E9 8 AT72HE 83
At Fig. 6 A E24)3}13 =8z} 2§54 Wi E
= T4 02 YEh|AE o 2 (1) 7 2k

PED;,, = TpX Ry X RypX Ryn 0))
X Pr(A4IS>3|V, < VT
o] 7] A,

« PEDE, 7| BRI R Q3 7H4AE B 7
A2} ([AIS > 3] = [AIS < 2))

7,0 R A WP} FAdata

* By BAA 34 T ohel gl vl

* Ryp: 71 A& 25 8l &

* Ryw B FEAL T FESE (V)77

FoAA 4R V™ o)l W g

«Pr(AIS>3|V, < V). 7]%9 2E45(V)

=
2 T2 478 A9 BEA FAHAIS> 3)BE

AT E MRS) ZALFA S A she] HY
At TA W FFR S BEALEA AL S
B8 By FE4D ARE FASAS 7
8 2 B2 thea 2ok

« B} g, A

- AE 2L A
C 1R, 23 23 FEAN(RAA L AD)
-8R HF FEA

- B3R A E

FaT, 714 2 =9 e 5o 228

N

E AT A= 20043 7L EE 20061 1€ 71X
A o] 439 B AFIARE 317 S
g83 At 39 AR E AHRE A 1797,

A 1327 0]0, Ao Fo wal RAFo] 2667,
Aol sizlojth A EEXE 583 2407,
SUV/ VAN 327, 1-BOX 2871, E&/H 27} 1574 0]
o}

AHE BEXE B 144 o]3} 537, 15-204] o]
31 197, 21-304] ©)3} 3274, 31-404] ©)&} 527,
41-5071 ©]3} 5371, 51-604] o] 3} 357, 61 4] o] o]
67710lth 144 o]shE A stares AHFo] ol
ALE B S Aded et
53] 614 o]4do] Th2 A# Zol H|3) Aa Lo
E=A el

Fig. 8ol A Hi= nlel o] 7€ 3172 AR F
A APz} 2EE&E FZ 30km/h~60km/h
Atolel| A FE 8= A2 Vel e [ 65%
& 2R e ok R E AU R PAF AL Sl A
FEEE7H40km/h o] Btol| A A S 9= A A
A28 50%E A} sHE A 02 FA =it

2 i

43 SEST TIEHS B B4
AR BEAT AR E FESE
o BAE BNY  YOBE, LS-DynaddE o] &
ol #dS) AnpAtel ] e sich Ry
TRLPLIE 28 AL§3hed, 28 5842 2] of

it

LA

24286

AE, 5 meow o SOMAS gy

SUV/URN, 22

884 28

(a) Sex (b) Injures and fatalities

Fig. 7 Collected data

(c) Vehicle categories

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 4, 2007 5



o
1)
=+
>
AD
I

100%

90%

80% - - mmm e e
70% -
60% I

o 50%

40%
30%

20% e
10%

0%

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
SE5T(koh)

Fig. 8 Impact velocities and cumulative frequency

200mn of fset
Fig. 9 Impact simulation using LS-Dyna3d

& shRvhE] 7| ol e XS sk, o] #A
NEeo|de ZEEEE Skmh~40km/h7HA]
Atol€] Skm/h G E AE-E a5t o, Fig. 9
o A&} o] 2EXAL x}eke] AER]A- 7, 200mm
offset X &, Alo] = wl B (member) <] 2 2] 3% & o} tj
A AslsiA] g FAstATh B ES ST Sl
me} 7HEE, R4, Aa¥AE BT FUleke
Ao 2 vehgth Agdol e Byt 7152 6mm
FEESAA BEshe Ao Yt &
Aol B4 didell A A9l st T
B ATl ALgE AR o
Mo, A Azt AlEA 79 d%% t}ﬂv‘f—fﬂ(’)
| A o] Fo] H
ANEHY oA AT FEET(V,) 9 HEE(G)9
#AAE Table 39, FESES} 504 E(4Ang)S] B
Al S Table 40| A3l Th adj. R2gke] 0.95 o] o]
3 FAAFIT BAHCE {3 Ao R e,
TE5E BARYo] FESE UE VIEHTY W

sE=
312 A st Ao = #ad + vk

>

=
2=

6 sIRSKZsE=27 HIsH H4S, 2007

AOIE W X3

Table 3 Relationship between collision speed( V) and G

284 G=—27.9173+6.382x V, o)
=A% B Std. Error t Sig. | Adj.R?
g | 27917 | 5517 | -5.061 | 0.000 | o

2240 6383 0218 | 29.213 | 0.000

Table 4 Relationship between collision speed( V) and angle

23 Ang=—23.749+0.354V, +0.02V? (3)
A% B Std. Error t Sig. |Adj.R?
A | 3749 1525 | -2458 | 0.023
ZE
sw | 0354 0.156 | 2275 | 0.034
— 0.985
ZE
s | 002 0.003 | 5.848 | 0.000

4.4 Z|E=EHE MElEE 2 24A

71& 9] #&A AT A EA ket A A g 7|2
of th-2 /81 A E(Injury risk) 2] W3S £ AT-9

-2 Q&) A2 gkslE A& 523813 Konosu

Do 7)1z 0] Wgee) W slel uhel AlS7} 28 23

SES AT 4 e Y ZE ANEAT 2 A

=T Y:

ot ot JW -l>

i



HYAESE st t2|7|Ee] nSetd safE7t

¢ Observed data
s {njury risk curve (Logistic:MMLM)
—50% risk (Fibula/Tibia/Tibia+Fibula fracture)

1 © ®

Injury risk
DO0O00O00O00
D2 NWHEOMNDW

1

Pr(415>2) =1 Toxp(2415—0.0120)

(4)

© Observed data
= njury risk curve (Logistic: MMLM)
— 50% risk (for Ligament injury)

1
0.9 |--—mmrmmmmmmmme T
0.8 [--mmmmmmm oo
x 07 pr---mmmmmem oo ]
£ 08 Ispqkfgsasgy/ "I
205 8000 ) ]
e e
£03 p----om-- R
e R A :::@@@
0 - .
0 10 20 30 40
Bending angle (degree)
1
Pr(A4I5>2) = (5)

1+exp(6.73~0.345G)

Fig. 10 Parameters vs injury risk

T e 22 3H LA o]§35] Fig. 103}
2ol 232 g4 shatark

45 M

I BYPA} AL AR E ddez A ()E o] &
gkl B 5 7Ee] A& whet AIST}3 o]l
Sl A AIS 2 o]&}el Fow sk E Y
2 e FARF ZARE FAY F Ak o)d,
ZEET met AIS7L2E 2T8HA E BES A
Z8fof g} & A7l A LS-Dyna3dE Al E#o] A
A2E o83t TEHF TARY 4 Q)% 4 )&
Z4zE A (4) 2 A (S)oll i st FE5 =9 vl
o2 A = GES AL

2004\ 9] A5 tdo g B et vl o
W& 7HERG)7]E =Y IAFE 245k Th 2004
UE AA ZBANE BARSE £ 346,987 0]

P

BYA} FFAFE 49,8887 o) k. ThE| RS F
o A the] sl u) &2 29.4%(20041) 2 14,667 ©]
o}t v} 5 83ket A vl &2 79.2% 0]t
FAEALL BN FEE T 40km/holBH) A= B
ATNA T AEE F 50%Z UER) A
T, 5Y, 48, 95 5 A4 T2 571 ngx
At AR E tid ez B4 HRAS) HRuME &
E2£% 40km/h 0)3FQ) B3R} AT} 75%Q) AL
2 Ruska gl vl B a7l = 50%% 15%E
25 A gt B gAaRES £33k THRA
9] 15%E &% A7 71F A& 3,5469 o] T}
a7 d AR §HH ) 71 WA §Alel= 5,036
o] Bt g7t A% A o2 YEbt webA 7t
£X(0) 71E EYoz <3 g dAs i
& 14907 T A8 EHHIAT 50%E A
t 73 §-oll = oF 9939 o] R AR Aol B
102 Eelytth Fig 118 24 AR
P FAED RS AABAG. 5

WA (dng) 71E0 27 A
ig. 129} Zro] IHRA 9] 75%E 285 73
J3178, ) 2129 50% S A 83 A Q-0
Aoz EA=rt

),\l

b o 4 < op
Wi

f Ae o o rr rot
o fo a
o

TR

2
Sy

L

4

w
S—
w
ol

o

5.2

rhu

ARG FEALE BARY AA1go] &
o} the Fejel mEALael Hla) AFFALILE o]of
4 7bs4o] s wrin @ 4 9k ueh 19
A BEE P HFR AEA, 712H 8L )
Wahe AL B Abgel 2ehsl @ Btoje A}
57 v g A7ele o 2 4B SAsAl Uok
A4 REE A3 FHol QR E maxs
A9 FEA RBAE REF) AT A7) 50|
NG Foll lom], HaA HEE 98 HAYIE7]
Z(GTR)Y A4 Fol e,

B AT A E o)) @ R} bET) Fo) £
A7l g WEXD Ze) BHE Agsl
PHES FYST A AT ARE o)§
oA AT,

]

o )y it

[}
5
=
=
&

Bz A7 EL wEl7|ES der)Eo R T
[, & d7oME Be7|Ee EYd e

e

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 4, 2007 7



Cheol Oh - Beomil Kim - Youn-Soo Kang - Monnkyun Shin

éﬂ agua
s

_—_--- ..........

R yeRs -

<:4ﬁaﬁﬁ\\\
! ALT.IE

N R - —————

/‘—\ JE 28N

\\""“EER':‘%EL/ 3,565 2, 34%)
- (6-170, P -

JESRLR ?.E!
RYNS U2 AL

Clol 4ol Hig 28.4%

B EELE:

. A0kn/ho| B
B ((HPA TSX,AFDRR 150)

i
SEaz0 8,71
LT - -

AZE NXEA
5,036%(3,357%)
(6 =216.93, P = 0.578)

0.407)

ZEolFD: 1,4909 (9938 )

Fig. 11 The estimation of injury reduction using parameter( G)

//E.II S

e R
- T REm e T
ST nEymug T

- SEug AEo ~~
S LEAMDAG

" EmaE T
B ;- - ST

~.

- —Fmaso nE -~
*—~- _Injury Rigk 8¢ -
. .
{ JERISE Bt
-r‘b'xh— EI* Em

2 ZAH 2
22 ANBLT: o
»%Q%ﬂﬂwgwwﬂ
2 B3 AST ARE Y
A4

8  s=xSAIstal=2 HMisAH M4z, 2007

Cioladl g 29.4%

| s2/28 Hg RO

A0km/h0| 5t
| (IHRA 75X, ALK& :50%)

'y %

}ﬁﬂohﬁﬂﬂ+4
@'T”}'TE_‘ ggato 7|EHTd AR E
4@ Fastsich HEH

g8ete 718 FESE
Q- HER} FAHAIS> 3)8
& 4ol JgsArh

T Y
o

o
fp
=
i
WA o
b =
ot
mln
ml

o
3
2



Assessing Traffic Safety Benefits of Technical Regulation for Pedestrian Leg

1-1631} Ezﬂ H i3 %Dﬁ}
X}%{—%-ﬂﬂﬂ%“ TH 5 A4
Fdaw7 s & Aow

2 ATAXE A FESE HFE o] &3y
A8t 39 A5 F50= 13| A5k
5427, 5% 09 29 5) D Abeke) B
A, 71, A& mE A A D)o daE

239l &3] Injury curver= A Hof wha} Jk
b we & gl BRe) gslie melshx
Atk &% wEALLAE S AAAd £HS F
3 xheke] 54, Ao A4S mE st ksl Al
Z gart 9otk

o

::’4

& J[m

&

2 % P,l', ol

i mlo >,

Ea
B EEL 200630 BFSE Fo1EAT
& QT A9 R AURLEF ) FAmE A7)

1)

2)

3)

4)

5)
6)

7)

References

S22 wEtd B I, 20053 OECD 3
A= W EALI H] 1L, 2004,

European Enhanced Vehicle-Safety Committee,
Improved Test Methods to Evaluate Pedestrian
Protection Affected by Passenger Cars, 1997.
IHRA, International Harmonized Research
Activities: Pedestrian Safety Working Group
2001 Report, 2001.

FENEATY, R A3H Aoeba)
7RI, 32bd = A AFE 224 (¢, 2006.
A, A LS AR, 2005.

J. W. Lee, G. H. Youn, Y. S. Kang, K. T. Park
and G. J. Park, “Hood and Bumper Structure
Design Methodology for Pedestrian Regulation,”
Transactions of KSAE, Vol.13, No.3, pp.162-
170, 2005.

A. Konosu, H. Ishikawa and M. Tanahashi,
“Reconsideration of Injury Critetia for Pede-
strian Subsystem Legform Test,” ESV 01-S8-
0-263, 2001.

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 4, 2007 9



