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Passenger Safety Assessment by Real Car Crash Simulation of
Composite Post Structures
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ABSTRACT: This study carried out passenger safety assessment by real car crash simulation of composite post
structures for road facilities. The effects of different material properties of composites for various parameters are studied
using the LS-DYNA finite element program for this study. In this study, the existing finite element analysis of steel
post structures using the LS-DYNA program is further extended to study dynamic behaviors of the structures made of
various composite materials. The numerical results for various parameters are verified by comparing different models
with displacements and stress distribution occurred in the post and car.
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Table 1. Material Models for Composites in LS-DYNA

022: Composite Damage
Shell | 054/055: Enhanced composite damage

059 _shell_composite_failure_shell mode

059 _solid_composite failure solid mode
Solid | 161 composite msc
162 _composite_ msc DMG

 dATeM e B AR w4 vAdd s
TFE ARG 054 Am Z2E ARSI o] AR
2492 Chang-Chang®] 3}7]7]<#(Chang-Chang Failure
Criteria)e WETE ©] 3H¥]o]& Hansin®] I}2o]&
o] 49 et A5AQ dFo] vt dojd
B ARAR 93] AEs s S 9§
BEABIHel ARERAL, 47148 7t sthad 5ty

T A o 2k AR JIFRE] A
= Aol 0w A7 S W U FUE
AL EokERZE 00] HWHA BH7F dojubi 0
o F dol= 'S A vk Hy o=
ok oot o] ymAAE Ao AR o] A&
o #rk WA AFe IFRES] Ae= T 2

N

2 2
o o > 0 failed
ol 2 — 11 = {
oy >0 °H €r ( ) +ﬂ( 1 < 0Oelastic

(1)

16 J. Korean Soc. Adv. Comp. Struc

2
o > 0 failed
ol 2: l — {
o <0°9 ¢ (XC) 1 < Qelastic @

By =vy =v,=0

2AY QIREY B,

2 2
o o > 0 failed
ol 2 _ 22 712 — {
099 >0 14 €, ( ) +( 1 < Qelastic

By =vy =0—> G =0

2 2
T2 Yo 02 12
R [ . Y K )
72 ei={3g 25 Y, 'S
{Z 0 failed
< Oelastic
Ey=vy =1y =0 G, =0
(4)
A7VA, RS S Wolm 2BFE Mo 5
Aok Baolth o, & 19F $Y, 0, S AW,
Oy 20 SH, X 1 IS, X2 13
AFAE, v, 0 ARBE, Ve 20T 4T
T, Sv ARAE, a8 g A A BEefA
Akl o AEAT 247 o
R CERE S EERE!

A%, AzE Wat So| welselo} Ak o] F 4
Aol QoA g 2 9P
o] uet A3Est S 0
1

AAA A HPE HE

e

AAsof =l o= wfEt vjgo] =uh o

o% olF ¥p| faA FA AP olH A F
A54e 58 T v ATEAE AREsked
Cowper-symonds S 23} Johnson-Cook K.Eo] 1=t
©]% Cowper-symondsE AHE3FQITE o] Alg ZEe
Azl @ g o]2 QI AstE 1HE F gl
ol AL FEMel APt AFF=Ee] A
T AR FAE FEo17] Wl LS-DYNAe|
A A st AEEY 5 Cowper-symonds F2-S A
A3H=  MAT PIECEWISE _LINEAR PLASTICITY Al &
2ES AREEITE Cowper-symonds K& O] A A&
b33} 2t Cowper and Symonds, 1957).

o]

=

&

5}] :ru\é HFA) A 0E47] _ﬂsﬂ/\ﬂ—t‘ upo *rél\-ﬂxwﬂ
o =

=

s

A

3|



Passenger Safety Assessment by Real Car Crash Simulation of Composite Post Structures

Oy =0,

1+(%H (5)
2]

A7IA oy A(5)elM B S} o] FAgEo
3, C9} pi= Cowper-symonds =2 2| A5 “FEolth
2 AFo M= ARESh= AAN(SS400)] C9F pe= 24
403} 55 AHESR3IT

oy=0,

—

3. BESA o "ot X[

Aol FESHE A9, G5 B THIVEY
PHDE F7}d = ok WA, @624 T4 5=
(THIV ; Theoretical Head Impact Velocity)@ X}o]
AFES B S=E u @At T o
& SdEs Frketr] 9% X]‘F‘é <ol shtEA,
Heate] Wy E A vldshs BAR Bal, 2]
A= FEste] Wrh A yHEite] 7P |
of YA m7iA olgshs HEE
F/}% %%‘j CEN? 7]&& A&sta glom, n=2

9931l 51X NCHRP 350 7|5 A Folth

s

(% o off

9] Rolling, Pltchlng, Yaw1ng~ A As

ng_ er/\u].ﬂo] O]—L]U:L :Lr)rx%o] /\;G
T ¢ F2 5 A0 34 ofE #dd
73§ NCHRP 350014 ZEA &%
O}X*7] s Ak %Zﬂlﬂ.—E(Occupant Impact
Velocity, OIV)E} S5 A 74714 5 (0Occupant Ridedown
Acceleration, ORA)E TF3kaL Stk FE3H Hluw AE
20 F THIVS PHDE A8kl QT THIVE 5
guelel 3 CEN7IE9 THIVE AAPEA7E 2o
U PHD:= 13 CEN 7|22 PHDS} ThE abguehs
Mgk 9L,

W, B ST

i,

N
X
=,
EE_‘“

3y ool B R R
f:

(PHD ; Post-impact  Head
Deceleration)= 29 13} &2 s WA= 24}
FE T 5 UGS A% WS 1Y
HEZ o wr) A 7S Fol A FHlgk
& omach Bl vEt A% el ol ¥
9 F A B0l £ A el o
ATkt e, > T o]Fe] Aol W &R
% Sadel we et ® & 9 g
PHDE %% ¥ (i>TE AZE 1z, 3,9 10ms

(&

(millisecond) A 7F-d HoigkS Teke] AFEg)
&ob ups}l o] w5 A%, PHD: 7% CEN
9] PHDQ} U APl ARgsta vk geuket
¢k #3% CEN® PHD= FH&} UFS 10ms
w7HEES WA A4 teel AAHEE & Bavt
S50 HAZ s Hhde] w5 NCHRP 350

— - h=] —q1-= Rg
A AR ggel A EHE 10ms H 7SRO

4.1 8y 2d

Figl® ¥ EAR ARG AP FF 2
Hojzrh FElAel] A&ste AA AFAE v
A% S5 A7 AIEIQl NCAC(National Crash Analysis
Center)o| &= AlFdte A7 mdS 2oz ndg
sl B ATeld: o A% mdd 3
Dodge-Neon R2S S822 At 582 &
9o o BAAL 2R 400MPa, A%
210,000MPaql A= HolGlEk Table 2= 849
wa gus vyepad,

r_{

e

1.250mm

1,200mm

2.000mm

slip base — clip

500mm

Fig. 1 Crash Simulation Model

Table 2. Properties of a Car Model

Shell 267786

Solid 2852

Elements Beam 122

etc. 8

SUM 270768

Weight(ton) 1.3

Yield stress(MPa) 400
Elastic modulus(MPa) 210000
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Table 3. Material Properties of GFRP

Gas Ggc
(MPa) (MPa)
1.85e-9 | 27500 |27500| 0.11 | 2900 | 2140
Gea
(MPa)
2140 604 291 604 291 75
Ro: Mass Density(t/mms)
Xc, Xt: Longitudinal compressive/tensile strength(MPa)

Ro Ea(MPa) |Ep(MPa)| Vag

Xc XT YC YT SC

Y., Yr: Transverse compressive/tensile strength(MPa)
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Part Internal Energy (E+6)

Time{s)

Fig. 2 Varation of Intemal Energy for Different
Velocities

(a) 33km/h

(b) 60km/h

(c) 100km/h
Fig. 3 Crash Simulation for Different Velocities
(SS400, time=0.03sec)
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(a) 33km/h

(b) 60km/h

(c) 100km/h
Fig. 4 Crash Simulation for Different Velocities
(GFRP, time=0.03sec)
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