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1% 1. Roadside Safety Validation and Incremental
Design Process
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i 2. Verification Criteria for Simulation
(MPC and ANOVA, NCHRP)

Metric(Change %) Evaluation Criteria

Total Energy < 10% of Tot. energy

< 5% of Tot. initial energy

Hourglass Energy < 10% of Tot. internal

energy at the end

Part/Material Highest

0 sy .
Hourglass Energy < 5% of Tot. initial energy

Metric Evaluation Criteria
* Sprage-Geer MPC
M(Magnitude) Less than or equal to 40
P(Phase) Less than or equal to 40
* ANOVA
Mean residual error (e) e< 0.05-ana
Standard deviation (o) 0 £ 0.35 - ana

Mass added to the
total model

< 5% of Total model
initial mass

Part/Material most

o .
mass added < 10% of Initial mass

Moving part/material < 5% of Initial moving mass

Qp.q - Peak Acceleration

X 3. Validation Criteria for Simulation
(Structural Adequacy, NCHRP)

Metric Evaluation Criteria

* Structural Adequacy

mass added
Shooting node? Yes or No
Solid element with Yes or No

Contain and redirect the vehicle Yes or No

negative volumes?

U WAE AlE 2 AlEY el At gig A
T4 B7LE Fdlok sk, RSSVPE o] &3te] &
20l Ve Sle A7 2ol A1 AlEH ol AR
of AJztold HlolH (PFE L, 55 that ¢4
F71& Hluste B7tsle Sprague-Geer MPC W
[ F ol st 7 zfeld] thigk FA1F ¢
de Aeske WY EAHEA (ANOVA) Ol 9l
AR, Frp)Ee Hele AF eas e

gsgon, BLAL fAE A8 2 Agos
WA FEANGE FUstel 53 Aol o
A% AEIE FEARY ASAACKE, 2%

- Rel. diff. <20% or

Max. Dyn. Def. - Abs. diff. <0.15m

- Rel. diff. <20% or

L of Vehicle- Barrier Contact | _ Abs. diff. <2m

No of Broken or

- ] < [2)
Significantly Bent Post Rel. diff. <207%

The rail element ruptured or

failed Yes or No
Significant snagging between
the vehicle wheels and Yes or No
barrier elements
Significant snagging between
the vehicle body components Yes or No

and barrier elements
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i 4. Validation Criteria for Simulation
(Occupant Risk Criteria, NCHRP)

Metric

Evaluation Criteria

* Occupant Risk

Detached elements, fragments
or other debris

Yes or No

The vehicle remain upright
during and after collision

Yes or No

Maximum Angle
(Roll, Pitch, Yaw)

- Rel. diff. <20% or
- Abs. diff. <5’

OIV(THIV)

- Rel. diff. <20% or
- Abs. diff. <2m/s

RA(PHD)

- Rel. diff. £20% or
- Abs. diff. <4g

* Vehicle Trajectory

Exit Angle

- Rel. diff. <20% or
- Abs. diff. <5’

Exit Speed

- Rel. diff. <20% or
- Abs. diff. <10m/s

One or more vehicle tires
failed or de-beaded

Yes or No

2.2 CEN/TR 16303

32 CEN/TR 16303(CEN, 2012) =<t
de] Agelold 2ol B 4% 2 3 2
A8 st 9on, i HED TR
0 g v gd 74 0 &

iy

549 44e 74

ZHE ¢ Azl "}
T 7] S

@
N0 b BN 2

Ak

ox,

S
)
o x 1o
it
)
l‘o I
&
o
fole
o
Aul
o
1o
ol

Uy
s
ofN of

i)

T

&)

=2 ot i jﬁ
o oy, =
S o
ot >
o N
r2
=3

NN AR |-
lo
)

td [‘:‘F
Ruf

)
“~
oftt
X
offt
ne o ®
>~
>
ofr
ol
N,
=2
ofi
M
e
ox
=
I
e,
ol

=

oy &
1
HE
3
N
<
o
o
ol
on
o

do o
Y
o,
o
St
i
_°|L
D)
b
i)
4
¥0
v

M

N
.

rh
4 L

ox Jpy o
Loty Sl
B[l
—N
N
rr
!,
=)
9,

oO

_— 01(—)‘{_1
o
=
TU
fru

o
o opo A2
™ D
n AN
({g >{'E, 10
B2
Ea
2> o
S~
oL ok
>~
w5
Sl
i
o 1%]_‘1 o
S .
2t
I
. aui
o

N
B

b A2 o)) HEF 3

[€]
F03 R9) ¥FHA YuE

A%, 2340 ol Aztel g Pel o)
Agela glom, AR e A4 a2 5,
k| S

o}, Ee A md]
71E= AAskaL glen, el BHlE o
=l L 829 JIZAE 1)
Z WA=, B9 g okmH<t TES
=t

(Idle) 2} 2+, 18 == 4¥ 3 AN A
3 Algeold g vlaste] st Aol g
AR Zde) Sl gdold ez e kel A

< AES



2.2.2 13 A B 9 AT

A aatiele] A4 A A v 2
78w AT, FERA, Als), 250k
1AA, 2E, Z3E 9 AW 508 A
ofgld FAEE mdygshed 9lof PIRT wet
an0) =71, ah0 #A, FAL Ha 2he
2 Az ue 3 4E 53 42 22&(Weld,
Joint)ell el st it g, 8 A5 2l

o thell A= gt

2.2.3 Aol 4l A1z 3] A

AR A3 AL Aol Bl wET]
Qe Anse A%, oA wds B, 5
A g 2 Aol Bed olEl &
elalo} .

NEy ol NBAor FUF 249 FEA
@3} Ageold AhE s Ao AEYo]
A el AA@te) UiE AEe E 5ol et
e A3t ol AR GAF Bl A%L

Holeztel tig HES} ouA] 8l &5F HA W

¥ b. Verification and Evaluation Criteria

Zo] JRstertel tal HEDT. Aotsee] 45
Asrde] W& A ZHE nejetd ofd %
Y 232 HoleAd tgk Aot
Algeeld A3t AE el ek &
Eht e @52 Hlaei, vl
34| Feke A5 3 2l B
718} F2o Y 2
A& et
7} gHEo] uE
A e gEe) W3
Aot DH%MAWA At o
w7k B Lg e tajre 87
Tagetele MY &8 Mee F
©& 3k Diff <£(0.05m+0.1x
W2 sta, o e AL 0
of gt A HfrF 2 %—Zﬂ%@l@ﬂ A
Aol ek wele] Aol =
e A8 Ad=e WY
ZIECR 3 U B et BAsilEA|
Egth

Ql

o x
T

92,
rE =

[e}

oBL

E 6. Comparision Table

- Evaluation
Metric Criteria
The result of the simulation is
physically acceptable Yes/No/NR
Variation of Total Energy
(shall not vary more than 10%) Yes/No/NR
Hourglass Vs Internal Energy(shall be
less than 10% of internal energy) Yes/No/NR
Mass added(shall be less than 5% of Yes/No/NR
total mass for every component)
Absence of “Shooting” nodes Yes/No/NR
Absence of Solid elements with Yes/No/NR
negative volume
Sum of slave and master contact
energy is zero Yes/No/NR
Influence of loading speed is considered | Yes/No/NR

Critical Behaviour Type
Containment Required
Rollover Required
Exit box for barrier Required
Wheel trajectory Required
Redirection zone for crash cushion .
. Required
and terminals
Suspension failure Informative
Failure of longitudinal elements Required
Dynamic deflection for barrier Required
Vehicle intrusion Required
Lateral displacements for crash .
. . Required
cushion and terminals
Penetration of parts inside the vehicle Required
Comparison betweer.l final shapes of Informative
test article

*NR : Not relevant
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