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Coasting and Post-impact Motion of a Vehicle With Tire Blowout
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Abstract

In this paper, various tire blow-out force experiment data were collected and analyzed to obtain approximate
values of related coefficients such as rolling resistance, self-aligning torque, cornering stiffness, and radial stiffness
for the analysis of the motion of vehicles with tire blow-outs. These coefficients related to tire blow-outs were
input into a vehicle accident analysis program to simulate and examine the effects of tire blow-outs. Various
configurations and velocities of vehicle collisions without tire blow-outs were also used as reference to establish
collision events of vehicle collisions with tire blow-outs. For the events, the simulation analysis was performed
and collision characteristics were obtained. Consideration of tire blow-outs or damages suggested in this study will

greatly contribute to more reliable vehicle accident reconstructions.

B =RdME 33 Ello] 3 Alg A7 ARES tdsAl FHstn 2A5ked, FAblow-out) Elolo] A T
A A% S 9 FEAFH(rolling resistance), A Ato|d E(self aligning torque), F% 744d(cornering
stiffness), HJ AEF 73 (radial stiffness)? 22 #HA AFEY A3 43T o]eldt Eolo] HA #AHS ¢

!

AAGES AEA Al a4 e TN Al Holo] 92 wnE TAP ABUIA NS A
. 2l 4% AYE 0 I4E 38 PSS 4 58 Hadkd, 33 499l 3 FUEE 740k A

o
é
=
o
=
)
fr
.
St nrlu

gl 611”% Fdste] FE 5 T & AFA AAskE Blelo] 94 52 &
q
O

A e AR AT AT

Keywords
accident reconstruction analysis, coasting motion, post-impact motion, tire blow-out, tire force

A AT A, F AE, FEF AT, Belo] ¥4, Elolo] 3

* 1 Corresponding Author Received 27 May 2014, Accepted 6 August 2014
ihhan@hongik.ac.kr, Phone: +82-44-860-2581, Fax: +82-44-862-2664

© Korean Society of Transportation
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

thetm £33 x| H3R2E M55, 20144 102 503



Article

ME

Elolo] Ao} 22 £ 9J3|A FE At EA
& A% A WE B 54 3 Awok 27kl Bk

53] 84 A Bk ¥&(09-11d 71%) F E

olo} HAo| o]t FEALLE 47%0] o]21 r}. EI

1007e] Atz 28T A$- tE wEAlaed vk
APBAL o vl S8k A tiEk 3.50), StEAk
A5 3 A== F7F}H(Korea transportation
safety authority, 2012).

Efolo] Fae g7 #A4% ¥z Q8 wwo
27 glolojd HEEe Fof #ghr} BAste] 2}k
B4 Asol &S FA Aok mEA, Elelo] 35
FRksle Asat Al F3E nejskA] Ferhd 4l
A e BAo| 7bEstAl @2 4 vk add), H=2

[¢)

ol Za a3 /En #Hgt AE(Blythe et al.,

1998: Pillai, 2005: Schmeitz et al., 2005: Smith,
2004 Vorotovis et al., 2013: Robinette et al.,
2000: Parczewski, 2013: Prasanna Kumar et
al., 2004; Lozia, 2005; Kasprzak et al., 2006;
Collier et al., 1980)& ull$- w]gat J3olt}. %
|, 23] FEolA Hart vk o nesjol sk
FES 7% Higl A3 AFELS Zoliy] ofd. A}
F7re] FE At A Elelof J*EUP WA EHA =W 2t
Fo] $& WPl sy 2 dSe] ofE £
A 1
&

o

Wi

Fo ke gel SAAel g $A

oA gonz W= A3} Hrpsle Al Ack
w3 2 nEAlTEA FoliA Hlpd de BF
Hel Qe AFA Am B4 F§zzaRed PC-
Crash(Ver. 9.2)¢lX& o] P35 n&dl= BE
o] A3 P, Bl el Ausle] esa 9
€ HVE©l& Belo] &25—ck 2&(EDC, 2006)°]
gt 3 AR e < sk oy,

® eRoAE $4 B2 golold] § AT ABNES
PP FHek BAse] FEAY, AL Aejol
Y B3 3Ug 7, sk AT e #38 AS
=9 AFats Fetelth. 12, 1°ﬂ =27 0}04 E‘rO]

o Mo
1%
&
it
I
o
5]
Q@
Qo
e
&
=
o
s
oo
_0|L
£
[
hu)
oX
X0
rr
>

El0|0] ok 7
Eelo] o]
#4 5o o] ¥

g, 2

1. ELO|0] mk&nt AL

Dt} goloo] A
= Wl HoljE 7

~ J

9} 74712 Atoldl] Akl
/\}O]E € (side wall), 717}
]Liﬂ—olbi inner linear) &°| A=
Bags o]y3) 64’5%
2279t m= i} Fe] sts el
13%‘3}. &3d Eolol9 EE]E

ZYs)7] wgol =yt g
Z713t). o] g/ﬁ x}
ANE 714 A %‘jr

o,

o X

[}

)

u:ﬂ“@

i g

b ir
W 10 M R ol 4T e A

E%E

1m FW i\% M N

‘# -P‘

ﬂo}oq FEA G o]
Eolo} 917 % Al

S

[t

X,

casing) doqe] &g
718l A4 ”45}

u)

LE
E mjRR
CE
& Efelo} 3

:L%Ji( groove

fr Flf

1 Al =9 5}0]01 A

L el A4

e

x>

Coasting and Post-impact Motion of a Vehicle With Tire Blowout

T 22 (tread belt
separation), Efelo] #HZ(tire blowout), 3F3H&<Q]
4 k. Eteololo] shabA &4Fe
n7ol WA S e v oA TAshe A
el 9 gae 2 78’-°r°ﬂ
olEd & Elolojo] Alg iR} &
oA EAEHA Hrt

2 2

o
<
-
=
=
©

-1m

2

o

)

[¢

X o o
2 ox

=

247} Efeloe]
A EEol o

burst) el

& ol
ol

[
—e“ﬂéﬂ

< g 797t

504 Journal of Korean Society of Transportation Vol.32 No.5, October 2014



HAN, Inhwan * LIM, Sanghyun - PARK, Jong-Chan - CHOI, Jihun

95 YA Feta BAshe gl fJaiA FEHE
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Efolo] =7} HL"E?"SH 7] CQO] 43| 243
Elolojo] fE WA 5 %
oF 281F = S8 E]‘“4'(D1x0r1 1996). Figure 1
3715kl W2 EZE #tl4 Eolo] A= (footprint) ]
Zolg Yehd Aolth. Eolo] F7I%e] 100psi¥
8in®] Zol& 7K1 glom, F7I¢ol 50%°1% A
3lo] 43psiZt HW Elelo] A= 13inE SV
(Brown et al., 1996).

Elolo] Z7I%tel FAT AR Q] TE A
7k €t} Figure 28 B A4 A6 3715
2. 1bar2 AG3S wf, Bolo] HAr}t LA o

B 100 pst
Figure 1. Tire footprint (Brown et al., 1996)
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Figure 2. Rolling resistance (Clark, 1981)
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Elolo] F7|Ste] w7t Z2 lbar(latm)ZHo=
oA A =W Ele]oje] FEATHELS i 0% =
7k A& B 4 Utk (Clark, 1981).

g, FA ElolojoA] ] FEFHA o] Flst
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2008). A= & wog EY Y Foz ndHE
Ax dejolyd EAL F7kekA "ot

Figure 3914 & & Sl= AAH, A= 3719
(35psi)ellie A detold EZ Alee 0.3 F=ol
AR AR P27} BASA Ho F7I4e] 15psi A=
B oA HH AX dojold EF AT tE 0.4
9] k& 7IAl Ik (Collier et al., 1980). wehA,
=7} waeid AE dajoly B ASE oF 30%3
T g7kele Aoz 4T ¢ gt
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1. 83 X2 S Al=201M sHA

B dAFdAE Ha AFe] $4 AsS AlEdlA
s8] 18t Fje] wEALEA FofllA] HlmA
da] BHFHo] e AgZ2a99 PC-CrashS A
3tgict. EujA o)A sidE 1 At F2 &
53 e FE&22 a3 HVE = Eelo] 2§}
£ 2Eo] 9oy PC-Crashol A& Elolo] HAE 1
e REo| 2R Fon HA&d WA golo] g
s Asd] 2Asl 948 AFE AES FAs
A7 ste]of g},

4 golo] F+EA Y #HHsle] PC-Crashele 2
A #Eg AFE Aste Ao 7HedkA ¥ouR, A
S90x} (brake factor) 7422 hAGIATE A Elo]
ole] FEAZ AlF o webAl PHd Ete]
o] &} nlojofx EloJojolA] A(1)F} o] Huxx gt}
(Wong, 2008).

(¢

£ A% &5

=0.0136+0.40 107" 12 (1a)

(1b)

fr sradialtire
Fobiastire = 0-0169+0.19< 107 6 12
A& AAY, B2 golole] ¢ TEAGH] U]
2 30% = 7k HBR A7 erelojdl Hlg) AlE
= u]- 7]_ /HX]E]— 11;], /\1 )i :I,L

5 = Eela (29 ) ol
o xo] =2sle YA U]ll?i%‘(crltical slip angle)

3] RHoz dex Yot
(Kasprzak et al., 2006) 2 Efolole] A5 24
AT E 40-50% Faska, YA mlnglzte] A
= 7Lb‘ﬂrDq ﬁ‘?ﬂg] HhA =g 3y A
o

Efolo] =9} 3| oF 50274 Hadlke W
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oA % ©i7} ofd B Elolofe] A9 WAL 7
17} et wepd, Elolole] 2718 WAL &
oA BlelolE A F(Blolo] o] & =HoR
%77}2191 o)) g9 Se=5 AHsisith
F, B2 Aol B2 A% 71X Jgol vl
z}r/};_y jd-\;_}gl:_ 711111 71— ]Tglr Al 043].0]
Mehe 1 3P $AE 2% ofele W of
g #g AAer T2 qless Ayl B
Nedons Agaar. 1de, Eolo] Bzols
2E2 7K 3l HVEAAE 2749 d8ATE(5
8 AR & NER A WAshks Aol w7ks
s, B AFoA = Elelo] P2 /\} ’g3ho]| gk
of wlwa FAsH A7 A Ao HAo] 75t
Hrt.

olf
ol
-

fr

4z o
1,

}'p’k(E‘rOM—”— Clkcs i}& 718
A3 IEAFE(FEAYY, 2
yd/med 7HdAIg) S Table 29141349 E@o}Mﬂ
PC-Crash Al&do|A 314 A2E HVE Elolo] =2
253} v A it HVE Elelo} M3 e
270 AEAFe] Fe A = AT FEATHS
37 Ereloje] 10w, ZAAF(ZAE, wE)E 0.14]
g 4% A8 Zlez d#A SItHEDC, 2006).
Table 2914 F,, & #Hd 89, 7, = YA vlodz

ol HF Y, £ T FUY S oAnlstH, gl
o] Ax W7 (geometry change) Ejo]o]E 7&0 7
Efojo] o] 0.12m(Efelo] ExAFH]) T &= A
= ofmjeith. ARt A5 A Lol o3 FEA
geo] AR molo A WEERS B F U
B AFAE Ak &= 90km/h(0.21m/s%),
60km/h(0.19m/s%), 30km/h(0.18m/s%)el g3t
= AlERIAE 27 Al

PC-Crash®} HVE ¥ -8z 9] AlEgoldo
2 77 et H3 Age] £%5 AR A4 H3 Aln

BHEL) S A3,

Table 1. Vehicle model data for simulation
Length Width  Height

Wheelbase

Model i) = & i) Tire data
BMW P205/
318is 442 1.69 1.39 2.7 60R15

Table 2. Simulation parameters setting value
fFinax Fsip Fop Geometry Change(m)
Default 1.1 1 15 0
Change  0.605 0.55 8.25 0.12
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Figure 6. Trajectory of vehicles
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Figure 7. Truck tire blow-out scenes(Youtube)

Qe ABalold 54 Az} vm BT ALn
=

53] A 283 =Zged
ot A £= o JEE A FE353
(Korea academy of traffic accident investigation,
2012).

Figure 7& 155km/h2 F3sl= 315 2jzko] =
AF Elolo] PAZ WA AR P £ 1
0411—3 Stk 3% F()F Aol 927t 3y

23], P/k TP A5 WFOR AFB)H 3
X}ETH 122744 gz gk 12mE o] 53t
2 Aol 58 rt=gdat FE(4)sk] 1
Sl e A¥EE Aol

Figure 82 Efolo] gt #Ag ATES At
S MBI A%E HelFa et shedYs
35 AYE AR AT Aol 332614 7h
=l (4] WFeR 12m AE olEaj] S
o F eI TlEd Ut $Esn EEee] o|Feb] Hek.

9, Figure 99 Aal §9742 120km/h& F3
£ 870 B3 T8 vololdd B2 Byl
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906,00, 11 12:56:18 PR 04,11 12:56:36 Table 3. Colliding vehicle models

Mass Length Width Height Wheel

kg (M (m)  (m) base(m "%

S 885 3595 1595 1485 2385 P155/70R13
M 1400 4820 1835 1470 2795 P205/65R16
L 1530 4910 1860 1470 2845 P225/55R17

0011 05 Table 4. Collision analysis results
Yot Yon w
ColliD (mis) (mfs) (rad/s) (rad/s) Position
Small- S75T1 Veh 1 -1419 000 -554 -577 RR
Large Veh 2 -358 -1336 -0.66 -0.66
S90T6 Veh 1 1570  0.00 5.18 541 LR
. 3 Veh 2 000 -1560 028 028
Figure 9. Passenger car tire blow-out scenes(Youtube) S90T19 Veh 1 -1747 000 -161 -186 RR
Veh 2 000 -550 -0.01 -0.01
JL S150T1 Veh 1 -11.90 000 -091 -120 RR
L Veh 2 1030 -59 -025 -025
p O 0 B O Middle- S75T1 Veh 1 -1419 000 -387 -418 RR
Middle Veh 2 -358 -1336 -1.07 -1.07
Figure 10. Passenger car tire blow-out simulation S90T6 Veh 1 1570 000 346 375 LR

Veh 2 000 -1560 035 035
S90T19 Veh 1 -17.17 000 -0.64 -0.94 RR
Veh 2 000 -550 -0.01 -0.01

o P12tk Figure 109 Algeold de BHH,
< S135T2 Ve 1 1161 000 176 202 LR

LA 3R & Figure 99 Al Gatoll A=
H =

HU

ek o] 5=AE = ok 50m, JWEF o)l5AYE A2 10 Veh2 -821 -821 002 002
. S135T5 Veh 1 -1730 000 -245 -272 RR
2 ool b W £AAe) dhggae
(dm)elt. 2 o] Ff 192 2dAe dee Veh2 611 -611 -005 -005
Qlsle] o] nneiAE AsS AT

: S150T2 Veh 1 533 000 -113 -138 RR
B HoA AAG T 7EA] Ata AlelA, SHEEE

A% BE JauA T B2 Ho o FI20T3 Veh 1 -1176 679 067 081 RF
o g i gg Belel - Veh2 000 -664 -214 -214
Fee AoE Kol °W ALY T A F165T1 Veh 1 -360 1320 058 04 LF

I} Veh 2 1040 -599 006 0.06
=

%
—[l‘l

Epiin] = Veh2 000 -13.80 -025 -0.28
23519l 7 3L Egle] A o% A X—]—H——O OI % E[_].' Middle- S75T1 Veh 1 -14.19 000 -39% -427 RR
P ob;:; ﬂf ot o & _] Ezo] Large Veh2 -358 -1336 -090 09
g2kl Aol AdusA @ mueAes AT B S90T6 Veh 1 1570 000 346 375 IR
At ol Al F4lo] e EYT e Age] A5 Veh2 000 -1560 029 029
. - . - T19 Veh 1 -1717 000 -083 -113 RR
Efolo} 27} BAslel £AAV} A dexAS 3 5%
ol s e Arsro] S 1S e o o Veh2 000 550 -001 -001
A Aaat g gl sk Al 4 Al F12073 Veh 1 -1176 679 073 088 RF

Veh 2 000 -664 -200 -2.00

JARI®IA /\] E?‘i A2} FE H2E(457) (Ishikawa,

AR S5 AbaLellA Etelo] Azt H”ﬁhﬂ 5] 1994) 5 wigez A4 AFs e qF = I
H FE A S WL sy 2 ¢S] of e ’é}io}ﬁil, QA AFelM e S= G
de v lon, Y 7Y dRye g TXﬁH o % 5o TAsta Algdeld alXs TRkt
& wAE golop] gderw Ha g3t giiHE 7 A wde S AFE 543 st dAesla,
gol 9o}, m3t, & Aol A Elolo} HAL TS Table3ell 8.k A @A, TIAEF, HIAHF
Hu A = ARl AR sl Ha 54 SR ki
FE AR AR s} A &4 W 5 geate] Agse] FEe I 15 (ad-UE, $9-59. F
4 50l 7S e A Eel stk U AFh oz sigla, 332 EJJF;’ Fxst7] 9

thetm £33 x| H3R2E M55, 20144 102 509
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o e AFE A5 Agor AYSAn. AU
o FE & UL IFE AF VTR I (ES
3 &5, e wEt Fe Y A9 TEEY
o SH FE9 Aol il & B3 a=ln g4
259 AL AE FaAE nslgh ole A1EY
ol BNE Balo], W FEoA e HME HAR 17
ekl = Aol M A% Mshe A7) ot A%
gielo] ofeiSla, A= B2 EIr} AiF o= wgst
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Coasting and Post-impact Motion of a Vehicle With Tire Blowout
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(b) Crash angle: 150 degree
Figure 11. Post-impact motion : vehicle 1(gray), vehicle 2(yellow)

—‘iob- glont, olfdle A5 NP e A AFHHS
)7} A AFe] AR Aoz}t wmwA Atk 1.2%
JJr = x}au A= E o 30%=9] ko] Holx

93 Age 1985, 34 A3
4% 1055 ST AL 2 + A0, R 245904 B

=

9

2HAAT PF AL 242

o]Fo = Al ANPE dte] oF 1% Fof| HZTAA A =
23lA @t} Figure ll(b)r‘:‘ 5 JH7} 15059 =
W 5, $5e IFE A9 3 58km/h, F
E Ao Ase 43km/h°]‘3} o] 7%, 0.9%004 3
AAEE oF 20529 2to]E HoFH 1.8% AHa=

o = n

w
ISy
frt
N
N
£

o T 535
2 33 T g AFS N} AT LEZS

HU
)

 FEA A3% 4

oz nHro] A&

ohH Flgure 11(p)ell Eﬂx]
S Table 59 Holxl& dd

JN Fll‘

510 Journal of Korean Society of Transportation Vol.32 No.5, October 2014



HAN, Inhwan - LIM, Sanghyun - PARK, Jong-Chan - CHOIL, Jihun

Table 5. Truck specification data

Mass Length Width Height Wheel

(kg (M  (m  (m) base(m "%

Truck 7080 10.125 245  3.105 5.8  245/70R19

(@) Normal (b) blowout
Figure 12. Post-impact truck motion: rear-right blowout

(b) blowout

(@) Normal
Figure 13. Post-impact truck motion: front-right blowout
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