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Analysis of Pedestrian Throw Distance from Truck Speed and Bumper Height
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<& AAEHE d Utk o) Y& wEAT AW =232 PCcrashE o] &3] EEo &
S 5t 15, 25t 2 AHEsta, 7 EFe o W s Eo|E 0.3m%LE1 0.6m7+4] 0.1m%)
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ABSTRACT

This study aims to identify the throw distance in terms of truck weight, bumper height, and
speed in a truck and pedestrian collision, and to propose a model for throw distance estimates. For
this purpose, a simulation analysis is performed using the PC-crash program with the following
experiment conditions: Truck weight of 5t, 15t, and 25t, Bumper height from 0.3m to 0.6m by
0.1m, and speed from 10km/h to 100km/h by 10 km/h.

Experimental results show that the truck speed and bumper height are found to be significant
factors for pedestrian throw distance, but truck weight is not a significant factor. Also, a regression
model is developed for pedestrian throw distance estimate from the multiple regression analysis.
The adjusted R? value of the model is 93.3%, which is very good explanatory power.

Key words : Traffic Accident Analysis, Pedestrian Accident, PC-crash, Pedestrian Throw Distance,
Vehicle Collision Speed
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A waAre] FEAAL B A Ao £E9) A AhFe] A7), W] £ol, TF

Aol e Ao A 2 Aolgo] WG Tl £ATE ETe] & N ol A F,
etk ol @Al TP ANSHE gl me AT Bgos B 5 Yk A

AFAREF) A5 7\ Ze) B T, Apzel s “FAFEE AF Age] FA5HA of

Vst BEC FEE 2 T VI8 FEES TIRHE A ohld A A3 o
258 WAL oIEtelolCIIElCIolS BT AT ASADE AAde] $AE £ Sl ShE
R AL S, ASEEAASDE G ATAD QoI AAR RS e A

9l A}°l°ﬂ 12AE] U] E] o] e] ZkA0) glofof gty iRl A &AEA, BT AT T ELE TG
o] Ball AFAte] AAEAG sttty AHsE AsAe] Bgdls 2stA ohsint ko sk
ATt oloh e W meh el 2yshe EYe] oF WY wol= FAVE A AHT] Abold 12
ATEIWIE o) de] ARt olow A Aoz ddhdr) wpehx AA B of W9 dhd &ol= 035m,
0.6m 5 v TheFsiet. ek o2 d WE o] wolo] Apold] uhE AfaLe] FFL F AolE HY AR I
FEAEL olg @ Apolo] B #A AT e AAolth

AhAbE AFAbL T EY Ee H29) 7.:}01 A Addo] Ao WY 4G BPA} FE
T Aol A A SEoF By AEA A9 AAAAE BT 959 &
A7e BPA A=A E Foll AFe] FEHEE EHste] & ofR 5 AL
Aol g S50 BYA AFAAE EUR FEAHE FAsk] £ A
A9 o S5 AdstA st 2y V1€ e nAdE WY Eolgt
T7F AYHANL, Fd ELe] S & B gold wet Hs =
FAHQ Az Sl & o ginh bk AdiAE mEARa 24 Aske] AFES Eo)7] S8 E
3 H ol By A=A folt Atol7} A=A B A7 Ddirk o]HF A=
Aol A FHE CCTV e Bdutx 94 R85 Foto] B4o] 7Hsslu, ol2d B4 A
A5 3ol AR AA AP B ofEgo] TAGTH

2 AT 5AE wFAa Adol 7P Bol AMgH = AlE# o] 2 E 13 (simulation program)$l PC-crash
g Z8slel B8 HyAe] wEARA B2 FF3 o MR gold me} Ry A=A FofF
Zol7b QleAl stetste] A S Aotk I2)al o3 BAE SAITY, olHd dAE A FH4E
A=S BYPOoR FAste] AthA AL #4 A 7P S8 W)l By A=A E AR A F4E

T YE% stud Bk

o

B Ao E AlnAd TZ 1S PC-crash TZI1WS &-83te] H3PxLY] A 170cm, HFFAI=

o2 Agatnh AR EF O T St(ton), 15t, 25t 37HAI = ?fo}‘;’il, Zr Ege] o ¥
03m¥E] Hd] 0.6m7HA] 0.1m HA o2 H &3ttt olH 3 FES A FU oA *dHE
EZ9 EAS wtYste AAHAT T8 3 A EYe] £55 10km/hF-E 100km/h7HA] 10km/h#] Eo]
7t Bzt AEAEE SH3AT
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1. E&{n} H8iX} SSSIAMQ| 0|5l

AR Bz Aol Al Beabes S|, B39, rl I8 Aol 25 37H] @AE AXA 9
A %&97 (Contact phase)oll Al Bk 24o] &9 A9 71HA 7H&EH T Baak AA7F M,
AR, ARl et FEhet), o2 18] BaAe 13 54/ (Primary Impact Injury)S =T 7 WA
H| ) A (flight phase) 241, EE 3} SE3F Bt Ala= EZo Aoz F43] 354 =, o
a7t A Gzt A7 L= 5‘}?*/] FTESES ZAva A= Ak Al A= UIHHX]J—
SHA(Sliding phase) 24, Aol Bzl Bazs wA4E vndAAY F2 F AAT 4 93, vy
T 712, 94, Ve 2= 5o FEE T 9}9—“1, AL 7t Aol A3 2 = Aok
Egs} Bz Aol A FE ol dAse R 53 e 2ol /A E 27+ Aok A
A= Wrap Trajectory 78 2. 2M, 583 AW Ho9} Eﬁﬂx} AA BEFete] JFHOE B YA AAE F=
A2 YA AFE e FEHE FHsted, R dlolA o] gt E/VHL Forward Projection
POEA, Baze} EY Mo} Zho] xpgFe] AWo] Bk A B FF Al e FA FAlo] E&
ofdolo] F& WAH= FPolvh AF Ay B T A 49 _H;_?{HZ]-/] —rﬂ]z”ol‘/]’ IR E
< 9Aol 2A8H 1, I2ls] Bt FAVE 2] Ao s 5435 AsHA HAR vl Fel=
‘*‘ﬂoﬂ/“] njA oA Faf Ao Adnkale] WA Al Aoz WEEHA HH, K= tiA AEdnh
A= Fender Vault 13024, 2] Ao Fele BAgle]l AR, Bz} 2 713Ae] ZAE
5ol T=2 ‘:‘”3‘5“4 Bazk= 2] mAjgd F4 ‘3& T Fou g 9o S2tEA Ha AW A
U AZgtel] 54 F JatetA @k YAl Roof Vault 3024, S& Al AAge] AlEstA FAU 7
SAol £ ByAet FE A FE WAEH, RyA= X}F"k«] A% A= o7} akgFe] FellA HF A5
Al %‘3]' 32km/h o]8te] LrolA= 2 WA ¢4l B 60km/h o] FolA EET wEA 2O E Somer
Vault 3 02A 27 £571 58 AHloA 5480 Bazte] “:['“7'"1/“ Fol Bty Yo7 Agsta F
Aoz s BagAt AA7E AF oA FAsHA "t ol FE A AFY £57F e 60km/h o] ol A
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Stcherbatchef(l975)% A9l H ojgo] Bz o U]—E— o] 83t 6~24m/h(10~40km/h)e] FE SEE HU|E
Eoto] B S £59 A d B ATE FHSAT Stcherbatchef®] AT EAF AEA e

7} 27kA e QA= I3 AR Ery AEA A o}ﬂrb g T4 Loy, O stue FE o A
o] AlgxA A=} Als AlZto|t). Stcherbatchef H4] &> Habol 2 ko] FE AlZto] FH3| A

E AT B AURAE FH HE JMssithe AAzA Sl HAETE 4 oy AA FE e 01
ALR gol 5L SH R dojuy SE &3t 5 T v & 1Y duyA wEE AR &

Vol.16 No.5(2017. 10) The Journal of The Korea Institute of Intelligent Transport Systems 87



£2io] £5 U WI{%0[7} BAK HErzlol olHE Fg 24

I

& RddMe I &=t A7 AlF EEE 1YEHA deTh

Collins and Morris(1979)= AHge] BPA} FEEE BPA FAFAY Fol& HTE gt AEA
Tohe B¥e IR o] AF4 e So|HE Bzt AAe] Heate] AxAgd FFe Foe
Azt AEAE 8 AR FollA BHPA} 2o ek JAAE FAHOE B0l ZMEI‘R* 13zt
npEA o} Baizte] FAFAS o, D81 FEESEE WFE AMEdY AERAYE FEE F 9
=

Limpert(1989)= Z& & EYA9 o|s AT E ZAHR Rz FEEEF 4T F v 28 &
ot o] BHL FE A 2AAV}T ATEAE FHs RIYAE FTEIT= A St £2.5mphY] &=
E T on, Byxrie] v 3 Al npEAFE 0.7-122 XA o). Limperte] =& 2 A
SAYe £ 7 AR AR 81lo] & Aolgs 7MY stoll FRAEHJAN, A7F] Tl A7) T3 2
o] 221802 FQgk 921S WHIA G T JH o yolgta FrE 4 Aok

Ryu and Jung(2010)> 75 S3to] 95 A5ake) o= BYAE 7|FoE FEH A £59 Bzt
AeAD By Agom Z A7t BT F Qe 7Fe8 S AFsHATh Yobrh el A AlE Bzt

A

e
TR o o> O

ATE WHOE Sl AFA hEH L RYA PAEE PAZ FESES YL, 3EEE0) AE
Aelztel 99 44 Fal FEAREG FHY + A 29 BARYL 20817, o9 @ nY) WA Ax

A A Aol B WE-S AASHATE o] AT AFelA FELETL BobdFE AFat gET,
Bz Al 55 FAHo R eI e AoZ JerA, AA AlnAE el AE8) £ A At
A F2 X8 A7 dERdS Btk oldd WEES AaL B9 EAAEC] et TEX
AFH Aedolde] AHE Tt FRl=ATh

Lee and Ryu(2005)t I 59 ZUA FHE B A AL AEE o835t ] A4 AHLE Y=
AR Y7 FEEP S Tt RE S AL ARdA FHE B A=A E TEHUTE oo, B
2 sto] dakd 39 4 FEHE AN, o] BP9 AP vg =
sto] AA AbaL Aol HEg Az @A SHE AA g wg- %
£ UeRdES gQlstdtt a8 o] AFolA MdE REe] Ais AFFe] LR upet o5 BF
& ol Z2HE Hole AL YeRdh

Jung(2015) =4k 2 AARE /IR AESlEld FEELE, F d

A2 1128 MADYMO ZE1# 02 1263] Al%fﬂ]ovd% FI F e AR S FIsAT A
A A, M9 Fol7h Bal Bylo] 11 Aed A B
Y AFE o9 A HHS BT SUVE A Ay gy Bo Baz d=Art 249, W
2o SUVEH SASHY Bazt A5 Ae7F SUVE Bt ozt 71 A0 & Jelygtt dide] Egolu} ¥
Y aAge A 5 Pl A OE AR By A=AV 71 AoE BAEUT.

Korea Road Traffic Authority(2001)2 2t Bz} AL A, £ 92 Hazklae] vy vpaAFes
Of2TE A 045~0.609] S ARSSHE Z1S AASHAL Utk olH & AF e =W 21 OM gt
7ol e} ztolE YERE 4 9o, °l°ﬂ w3k %L AAR] 7S AL YA ZF Aot vEEATE
ARIL A Al Aatel] F FEFE PR E Wgo|BE S FHAS APS Tt Ro AlisE VEE Al
AlshE =Eo] 8T E AT

Kim(2009)= th¥gt $H4 stellA] QIAI9F = ko] npaA|grol] tigk A4 AFS AAlste] AAE AA
ST HxF oABE T2AAM A npEAFe] e 059~0.62, AX3H ?_’—ELE]E E2AE=
0.59~0.61, 22 o} ~ZTE T 2o A 9] A=W vlEAFE 0.56~0.59, A& FIAE T2 A= 0510545
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Elol £ 5 Huzo[7} 2¥A HEAZ/ olA= HE =4
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AN T3y o)d AFAE ATE A 205l AAE Adfola, o]F B} FA|§ s w0l
2983%e AFsATh
Shim and Lee(2016)= MADYMO 2 1#& 8-831a] 2] Baa} Al A Rajzpo] $H7} 839 A
Afddd #e AAEEE FAste ATE FAHAT. AF A, Bz TR} NFRUERS] AH A
of ¥ HAAEEE BRPAo AlFo] 160cmE 7% oF 49km/h, HPAF] 4 %FOI 170cm¥ 739 °F 41km/h,
a8al Bagate] AAto] 180kmh 7S oF 20km/hYS AAE, Bz TR Adfo] FE S+ 9
v £55 By A wet Adoldhe Felstth

. 3589 74 2 #4 23

PC-crash= 2 22Eg]o}9] DSD jitoll A mEALLA 4] 53 S5, A d3ts B4 &5 34 z
S AEHOA T £ IEE JEE T2 0|t} PC-Crashe 5% 2 dyx REHAS ??l'
2l F=34], Multi-bodyAl 28-S o] &8 Bgat D B2 A5 a4, FEA(Finite Element Analysis
g A P FREY] MY 2 3Y 55 AT 7 de VleS 22 Utk @A SdA e EENEIY,
THASFAA T, AFA T L5 BAE % 2 ahe 7ol FE ARt o, 1 9] &
2 2 wFFA ZopollA WEALEA 9 AFEH O R ALHY e ZEIFo|th HT AFak o
A= ooz} LM E 2o 53 QHHAX A ABS(Anti Lock Brake System), ESP(Electronic Stability

53 AR E HHstE FAHCERE AF TE A AsE AN NEL 558
gAML B Aol = gol ZEHA Stk E AFoJAE PCcrash ZE1H ollA EFF By}
o FEANF S AP ko] offiot 2 AP xS AT

v_,

)
Hu
)
o

A ¢FHE EFL A9 72U B o wEt O¥d TR7F EAEHARL B AT EY
o] Ao 2 g 71 oW EZ(Cab-over-engine truck) FES] A& ANt EFO| TS
5t, 15t, 25t & FHiEste] A gatlon, 7 EC] oF M 31T FolE 0.3mFH 0.6m7HA 0.1m% E
I =

BPAREe Fob4 Sa420 20043~20119% et A &
A} 4172 170cm, FFAIE 65kg o2 AE3H3TE 181l & 2 Bzt QA9 =W | npEAl e A
g ATARE Faste 055302 F g8k

2. AIE8I0|M™ =AH

BAAE A A FEIE 497 ORRenE EY) ARRF $3ol4 HZo02 At u
WAe) A5} Eelo] HRURIL FEHE HFS O <Fig >3 Lol FHAAT RYR 35 AF £
o ATl AR HoE Age YuolA ABdolAS FAstel FEANRE R AFAX7A
A=AEE 2 AP 245
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(Fig. 1) Position of truck and pedestrian in
PC-crash program

3. AIEgI0|M At

PC-crash Z2 102 o HojlA AAE g} Bz 29 & A §3te], EE] £55 10km/hF-E]
100km/h7}A] 10km/h? o7} Bzt AeAgE 483 I ths <Table 1>7 2T

THE By EoloA E-Y &5} S7istd wet Bya AsAe s S7kshe 29E Uit o=
B3Pz A=A E FAHA £57} 7P 23 WEE AR F ook sk FAS HoFH 7|2 A7 An
ot YA HE otk T8y FAHE WY Foldx Ege] FA Ftel wpet B AEAeE ok
S7hete A et o, AAA Aol A9 gle Ao dAdhdth E3F Y3 SR04 A=A
gle W9 Fol7t FUHs met dashs Ao et

(Table 1) Simulation Results of Pedestrian Throw Distance (unit: m)

Bumper Height
Sied 0.3m 0.4m | 0.5m 0.6m
(kmy/h) Truck Weight
st | 15t | 25t | st | 1se | o2se | st | ase | 25t | st | o1st | o2st
10 120 | 130 | 130 | 142 | 142 | 142 | 144 | 143 | 143 | 144 | 144 | 144
20 417 | 425 | 426 | 372 | 379 | 375 | 416 | 426 | 420 | 430 | 445 | 447
30 974 | 990 | 996 | 865 | 882 | 888 | 830 | 855 | 860 | 818 | 836 | 839
40 1859 | 1856 | 1884 | 16.16 | 1663 | 1665 | 1661 | 1669 | 1696 | 1706 | 17.47 | 17.51
50 2870 | 29.40 | 29.60 | 2595 | 2649 | 2666 | 24.81 | 2534 | 2535 | 21.75 | 21.51 | 2178
60 4136 | 4207 | 4222 | 3721 | 37.83 | 3803 | 3528 | 3627 | 36.13 | 3077 | 3127 | 3141
70 5652 | 5660 | 5692 | 5095 | 52.07 | 5208 | 4805 | 4891 | 4898 | 41.42 | 4226 | 42581
80 7365 | 7496 | 7534 | 67.13 | 6839 | 6861 | 6239 | 6330 | 6361 | 54.63 | 5623 | 5639
90 9541 | 97.05 | 97.36 | 8595 | 87.67 | 8734 | 79.87 | 7996 | 8020 | 69.95 | 7095 | 7165
100 117.96 | 12027 | 120.76 | 10042 | 102.19 | 102.56 | 10098 | 102.41 | 10292 | 88.58 | 9032 | 90.66

2 A7e) AYANE Feako] Ede] W ko] 03mst 06me] WA AEANE TPz epyu
e <Fig 2>, <Fig. 3> 2tk gelA B S5t 31855 naR HEALT Sk S
24 FoE Jele 4 F 1835k fAST 12T 2 18T 1A BY S Be nad)
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EZlo| £ 5 HHEo[7t E¥A M2l oxlE FE =4

HEA 227k Ae) AAA setso), naA AEALE Ee S 2 GBS 0 gt Ao ¥
/HQOJq.
T 2R T

Bumper Height 0.3m Bumper Height 0.6m

140 140

12 120
£ 100 ) < 100
E‘ Truck Weight E‘ Truck Weight
S ED 5 B0
E it ST g it 5
2 &0 2 60
g 15t z 15t
F 40 —— LT A ' —— L

20 20

) 10 20 30 40 50 60 70 B30 90 100 i 10 20 30 40 50 &0 70 80 90 100

Impact Spesd [lm Impact Speed [km
(Fig. 2) Throw distance at 0.3m bumper (Fig. 3) Throw distance at 0.6m bumper
height height

Edo 3E4E0 W3 Folo] BE R4 AEAYE TN Gerd A3 b <Fig 4>, <Fig. 5>
o} 0tk oele] QYo RRE Tehmel mapo] 4 LEH FUE AY AAFE & 5 Y, EYe
S5 348E waA ARAL} S7hsh MRS ST 5 oItk EF oF 30kmh ol 4He] Swel A
E=o] ¢ W S0 Bolt £25E BAAY AEAY} AR He e ¢ F g, o) U

= o
wo7t 225 E FE F EYAY vigAte] ga B A AAVF i 5453 HEHY] qEgd Aes
deE ey £571 20kmh ]8R] A golle AlEdEold Z2e] dg &l RZeA WG]
WE A HANYL, o2 Aste] YA sEo] BARA ke

Eton Truck 25ton Truck

140 140

120 120
E 100 | Al Bumper Height E 100 | Bumper Height
% B0 —+—0.3m % B0 —+—0.3m
'l:'_n &0 ——0.4m é &0 ——0.4m
E 40 0.5m E 40 0.5m

20 =i .6m 20 =i 0.6m

i 0 50 100 150 : 0 50 100 15

Impact Speed [kmih] Impact Speed [kmih]

(Fig. 4) Throw distance for speed and bumper (Fig. b) Throw distance for speed and bumper
height (5t truck) height (25t truck)

1. BHK MEialel Exo] 45 F2 WD F0|ok0| MmN 2

B APAE BaA ASA G B2 &%, F3, Wlizol ] FWAHS BA37] 913 pearson FUA
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T2 B4 AANSA I A <Table 2>9F 2tk B3A AEA 9} £5+ F28E 0.0000E v 2
BHRBAE Holn, B+ AT 096002 £57t S71erE AeAg] B3 STk 202 24 H I
aga Bzt @EHEM A FEFe] A FEE 091602 A 0] A9 fle ALE Yt ¥
Fol¢t AEAT Y A9 ALQ20km/h ©lsholl o] AR} A REGE o] FEAFIE FE o2 YT
(Table 2) Correlation Analysis Results
Speed Throw distance | Bumper height | Truck Weight
Pearson Correlation Coefficient 1 960%* 0.000 0.000
Significance Probability
Speed (Both Sides) .000 1.000 1.000
N 120 120 120 120
Pearson Correlation Coefficient .960%* 1 -113 010
. Significance Probability
Throw distance (Both Sides) .000 220 916
N 120 120 120 120
Pearson Correlation Coefficient 0.000 -113 1 0.000
. Significance Probability
Bumper height (Both Sides) 1.000 220 1.000
N 120 120 120 120
Pearson Correlation Coefficient 0.000 010 0.000 1
. Significance Probability
Truck Weigh 1. 91 1.
ruck Weight (Both Sides) 000 916 000
N 120 120 120 120

2. EBj9| 32 3 H x0[0] IE EE ZH E0| 6{F AHE

=

Eg9] FFd zolE T oA At Tholl Baal AT AR Zolrt A ttestE: AAS A=
T} <Table 3>3 7t}

(Table 3) T-test Results for Weight Factor

Levene’s Test for
~test fi lity of M
e ety 6 vathes t-test for Equality of Means
T-test P-value confidence Interval (95%)
F P-value t DF . Mdift | SDdiff

(BothSides) Lower limit | Upper limit

5t vs 15t equal 014 905 -084 | 78 933 -.64150 | 7.62039 | -15.81253 14.52953

5t vs 25t drf:f a(r)::e variance | .021 .885 -105 | 78 917 -.80125 | 7.63342 | -15.99823 14.39573

15t vs 25t assumed | - 1 979 -021 | 78 983 -15975 | 7.69710 | -15.48350 15.16400

Levene?] S24F A3} Fo|8E(P) 0.885 o] o2 F24F 00594 et ko] SEAo] A=H A,
EE(YE)0] 0917 oG o2 o+ 005 Bt} 282 EFTFo] T2 ot 2t E3z A=A
o3 zpol7}h Yl Ao= YT

4o Ho

92  JFTSYUI =2 Tl163, M52(2017H 109)



3. B3R MEH2I9 ERo| 45, £, WH &0 20| S8R
3 SARAE W] A B4 994 A4S 5Y A4Y =9 5Y WA w01 29 3
= 174 7

F VIFgke] 10013}, &4} gkol 0.10
oz yetEt. vF ‘H*Fv:@'% AA T AIE T <Table 4>, <Table 5>} 2T}

(Table 4) Multiple Regression Analysis Results

Non-Standardized Stansz:glzed Sienifi Collinearity Judgement
Model Coefficients Coefficients 4 ;f:s,;:;llilt;e
B Standard error Beta Tolerance VIF
(Constant) -7.205 3.658 -1.969 051
Speed(X1) 1.130 028 .960 40.535 .000 1.000 1.000
Bumper Height(X2) -341 072 -113 -4.762 000 1.000 1.000
(Table 5> A Model from Multiple Regression Analysis
Goodness of fit(R?)
Model R R square Adjusted R square The standard error of estimate
1 967 934 933 8.77335

Wl Aol glo} FF el A5 2o BAH AHE Agdhol BY FHoIA AARUE A
l 3 BT RO Rp=0000)2 Jehhor, | ARE Hgos By A=A

Y, mE FTHUFE &b, BPA SSEEXL, km/h), B¥ S E0I(X2, cmE SHUTE st thE
2 2y A FEsAt

Y=—"7.205+1.130(X1) — 0.341(X2) )
(h, X110 ~ 100km/h, X2 30 ~ 60cm,)

TEE ¥ A e <Table 5> AAE Aol o] 4= R*Fho] 93.3% =2 YER} ] $- %43
AHEe /A E Ao2 eyttt o023 ny4e Ega) Baa AludA &£xek HH e Fold 2 A
TAYE Asng, 1 AR wg 24U A=A FES A FHE & ok

V. 2E 9 3% A

E dAFdAME AAZAE ZZ I (simulation program)Q] PC-crash ZZ oA HaA-2] 4174-E 170cm,
ERAE 65kg 02 2 A&3l, EFO FFHL 5, 15, 2502 A &3 Ao, 24 EFe] o WY s =
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