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Road restraint systems (RRS)

* The World Health Organization estimated that 1.2 million people/year killed, 50
million/year injured in road crashes. In Europe, there were 25300 fatalities, from a total
10 million road accidents involving personal injury in 2017.  (Furopean commission report, 2018)

* Road Safety is active (primary), preventing accidents through vehicle
characteristics e.g. anti-lock braking systems); and passive (secondary), related
to the road system to attenuate the severity of the accident (achieved by
distributing stresses over greater durations, thus decreasing the acceleration peaks of the
body segments involved) (Seiffert and Wech, 2003).

* Road Restraint Systems (RRS) are an important passive safety feature of
today’s roads. Contain and redirect vehicles in a controlled manner, whilst
minimising the deceleration peaks of the vehicle and its occupants.

(Gabauer and Gabler, 2008).

European regulation EN-1317 to certificate RRS

* In Europe the ability of RRSs to mitigate the risk of injury is regulated by Un/ EN 1317-1:2010

* Applying this regulation requires data obtained from a
specific crash test type (TB11) impacts the tested RRS

* The vehicle is equipped with a triaxial accelerometer and
gyroscope, close to its centre of mass, and an
Anthropomorphic Test Dummy (ATD) placed on the
collision side.

* TB11 purpose is that, during real life crashes, similar to the
testing conditions, a certificated RRS can be demonstrated to
prevent serious injury to the occupant
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European regulation EN-1317: injury metrics

* This data is used to compute two injury metrics describing the potential for the impact to cause

head injury
Acceleration Severity Index Theoretical Head Impact Velocity
(ASI) (THIV)
deceleration of the vehicle in all directions velocity of the occupant’s head during an
during impact, relative to normalised assumed theoretical impact with the
thresholds of human tolerability interior of the vehicle . ‘*fvh/L

Injury metrics and injury mechanism

Injury metrics must be characterised, at least in A Deformation B Reativemolion € Pressure gradionts
part, according to the related injury Ve i s
mechanism(s) \

Coup

Traumatic brain injury in real life incidents resultant of a
‘ combination of linear and angular acceleration and/ or local
deformation of the skull

Metrics usually describes traumatic brain injuries in general terms, presumably due to

the high incidence of TBI-related deaths resulting from traffic incidents (2.37/100,000,
Europe 2016; 3™ cause of death, 19%, USA 2013)
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Injury metrics and injury mechanism

Head Injury Criterion (HIC)

* Derived from Gadd’s interpretation of the Wayne state
tolerance curve (Gadd, 1961, Lissner et al., 1960):
translational acceleration cause pressure gradients in
the area of the brainstem resulting in shear/strain
induced brain injury

Average acceleration (g)

* Sums the absolute linear accelerations of the head

Noi Elfe-threaienmg . )
COM for 15 or 36 ms of total impact duration

40
Duratlon of acceleratlon {ms}

Wayne State Tolerance Curve (WSTC).

Injury metrics and injury mechanism
Head Injury Criterion (HIC)

* An oversimplification, potentially entirely incorrect
(Post and Hoshizaki, 2012; Young et al., 2015; Deakin et
al.,, 2017)

* Still the most widely used index in automobile safety
European motorcyclist RRS technical specification (UN/
CEN/TS 1317-8:2012, 2012) and the American
regulation for vehicles (Ross, H.E. et al., 1993)

Average acceleration (g)

Noi tlfe-threaienmg

40
D“'at’°" °f a"“""at"’“ {'"5} * Current best indicator of real life injury, despite failing
Wayne State Tolerance Curve (WSTC). to account for any rotational component (Mueller,

2015; Takhounts et al., 2013)
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Injury metrics and injury mechanism

Neck Injury Criterion (Nij)

Cervical spine most likely region to sustain an injury following
glancing impact , usually manifesting as
whiplash

Unaccounted for in the EN 1317-1 regulation, but only in the
American Federal Motor Vehicle Safety Standard

and the European Technical Specification for
motorcyclists

Neck Injury Criterion (N;) addresses four possible injury
mechanisms (tension-extension, compression-extension,
tension-flexion and compression-flexion)

Doubt 1 — Has the European regulation EN-1317
the potential to certificate unsafe barriers?

There is limited empirical evidence supporting the use of ASI and
THIV, such as relatively weak correlations with head

and neck injury

However, this is only possible if the injury metrics and crash test protocols are
representative of real life injury. Unfortunately, there is limited evidence to
suggest this is the case

10
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Doubt 2 — Are indices based on vehicle kinematics
accurate predictors of head kinematics?

Unlike crashworthiness testing, ASI and THIV = T s
are NOT obtained from instrumented ATDs but " ' st o scclerson ()
instead from an accelerometer placed as close

as possible to the vehicle’s centre of mass.

Predictive of real head acceleration if the
occupant was rigidly bound to the vehicle at all
points during impact, but the occupant is
experiencing different accelerations to that of

the vehicle COM (Gabauver and Gabler, 2008;
Shojaati, 2003)

11

Doubt 3 —Is it possible for
acceleration severity index to
characterise risky cockpit
deformations as positive?

12
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Methods

AISICO data set

TB11 crash tests carried out from 2002 to 2018

in accordance with
across two different facilities directed by AISICO S.r.l.

Selection criteria:
ASl and THIV injury metrics below safety thresholds

instrumented ATD used in the test

33
8

TB11 crash tests
different types of RRS

@AiSIED

v

14
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Instruments

The Car and the Anthropomorphic
Test Dummy positioned in the
vehicle on the side of the impact
were equipped with:

* Car 3D accelerometer

(ECGS-100, USA; 1000 m/s?, 10000 samples/s)

* Car 3D gyroscope

(MEAS 610, USA; 12000 deg/s, 10000 samples/s)
* ATD male 50th percentile
(02020911, Denton, USA)

e ATD 3D accelerometer

(7267a, USA; 15000 m/s2, 10000 samples/s)

* six-component load cell

(1716J, USA; Fx,y: 0-8.9 kN; Fz: 0-13.3 kN; Mx,y,z:
0-283 Nm, 10000 samples/s)

15

Reference systems

Cqiobal 8lobal
(fixed)

C...: car accelerometer and gyroscope

car*

(moving with the car)

Cyrp: ATD accelerometer
(moving with the ATD)

C\oad cell ATD load cell
(moving with the ATD)

4, Car accelerometers and gyroscope

& ATD accelerometer
© Load cell

16



19/02/2019

Metrics - Acceleration Severity Index (ASI)

2 2
a a
ASI(t) = max [(&) + < Cfry> + <
a, a,

17

Metrics - Theoretical Head Impact Velocity (THIV)

a. U] b, L
e D THIV = [Vbxz (T)+ Vpy (T)]z
‘ ")
c

- v v,
" Xear 8
59

Loy
1 Year
i

Ycar

“head” and
“car cockpit”

car
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Metrics - Theoretical Head Impact Velocity man (THIV
W

b. 1
Xear ?) THIV = [vaZ (T)+ vby2 (T)]z
A N
C" o™ ar

el
i Year
i

man

Year

“head” and
“car cockpit”

car

)
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Metrics - Real Head Impact Velocity (RHIV)

. 2 . 2 . 2
RHIV = [(f;;l(aATD x T acar x)dt) + (fq’f;l(aATD y + acar y)dt) + (f;;l(aATD ztacar z)dt) ]

N |-

20
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Metrics — Head Injury Criterion 15 (HIC )
t, 2.5

f aurp dt * (t; —t1)

t1

HIC = max

ty —t1

21

Metrics — Neck injury risk (NU)

E M
Nij = z + 4
Fint Mint

The probability of neck injury risk is calculated by a curve
proposed by Mertz et al., 1997, compared with the
National Automotive Sampling System database.

N;=14 - 30% risk of Abbreviated Injury Scale (AIS) >= 3
N;; = 1.0 > 15% risk

22
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Statistical analysis

* Normality check (shapiro-Wilk test)

* Descriptive statistics (five-number summary technique and box-plots)

significance a < 0.05 SPSS (version 22, IBM Corp., Armonk, NY, USA)

23

Statistical analysis

* Normality check

¢ Descriptive statistics
* Placing the accelerometer on the head made
a significant difference to the measuring

head velocity at impact?

THIV vs THIV___ (Wilcoxon signed rank test)

man

significance a < 0.05 SPSS (version 22, IBM Corp., Armonk, NY, USA)

24
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Statistical analysis sl

Vo

Normality check
¢ Descriptive statistics
* Placing the accelerometer on the head made a significant

difference to the measuring head velocity at impact?

* Considering the impact of the real head with the car cockpit
(RHIV), differs from considering it between modelled head with

theoretical box (THIV)? THIV vs RHIV (Wilcoxon signed rank test)

significance a < 0.05 SPSS (version 22, IBM Corp., Armonk, NY, USA)

Xy

25

Statistical analysis

Normality check

¢ Descriptive statistics

* Placing the accelerometer on the head made a significant
difference to the measuring head velocity at impact?

* Considering the impact of the real head with the car cockpit,

differs from considering it between modelled head with

theoretical box?

* Considering the head and neck based injury metrics differs from

using ASI and THIV?

26
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Velocity at head impact

60 '.
50
40
30

20

Velocity at head impact [km/h]

10

=

THIV

THIV,par

RHIV

Theoretical Head Impact Velocity (THIV)
Theoretical Head Impact Velocity man (THIV,
Real Head Impact Velocity (RHIV)

33.4 threshold

man)
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EN1317 vs head based injury metrices
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HIC,;
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Acceleration Severity Index

Acceleration Severity Index (ASI) “ Head Injury Criteria 15 (HIC:)
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EN1317 vs head based injury metrices
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Road Restraint System
n.1

THIV THIV,,, RHIV ASI HIC;; N;
[Km/h] [Km/h] [Km/h] [%]
no
32 39 42 1.3 1836
data
threshold acceptability
boundaries
33.4 km/h ASI B: 1-1.4 RRS
ASIC: 1.41-1.9 class type
HIC,: 700
N, 30% Lab dO.Ub|e
side
31
Road Restraint Systems Test n. RRS
class type
n2&3 2 H2 side edge for ground
THIV THIV,,, RHIV ASI HIC; N, H3 for bridge
[Km/h] [Km/h] [Km/h] [%]
30 34 17 1.2 2213 15%
<
28 33 14 0.9 1634 15%
threshold acceptability
boundaries
33.4 km/h ASIB: 1-1.4
ASIC: 1.41-1.9
HIC,4: 700
Nij: 30%

32
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Road Restraint System
n.4

THIV THIV,,, RHIV ASI HIC;; N;
[Km/h]  [Km/h] [Km/h] [%]
33 37 53 1.5 615 30%
threshold acceptability
boundaries Test n. RRS
33.4 km/h ASIB: 1-1.4 | t
ASI C: 1.41-1.9 cass lype
HIC,5: 700 for
4 H4b
N;: 30% bridge

33

Discussion
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A) The current EN 1317-1 regulation is not capable of
detecting all dangerous scenarios during RRS testing

* The velocity at which the head impacts the cockpit or RRS is

estimated poorly, without the use of an accelerometer at the head
level

* When computed from such an accelerometer, current results suggest
this has little value when describing head impact severity

* ASlis kept in class A, in part by the deformation of the vehicle as well
as the RRS

—A potentially fatal event can be characterised as positive
behaviour of the RRS

35

B) Evidence of striking differences in both magnitude
and data spread between THIV, THIV_ .. and RHIV

* THIV does not adequately estimate the real head impact velocity

* RHIV in isolation is not particularly useful in determining impact
severity, and therefore RRS safety

- Further investigations could identify potential applications for its use
in the context of traumatic brain injury

36



19/02/2019

Suggestions for improvement (1)

* Use an ATD instrumented with an accelerometer in the head, allowing
direct measurement of head acceleration.

* Complement head velocity at impact with suitable indices based on actual
head acceleration data

* Using the above-mentioned instrumented ATD, events such as the head
impacting the cockpit, or obstacles outside of it, may be detectable,
allowing for substitution of ASI as severity index

* Instrument the test ATD with a triaxial gyroscope.

* Instrument the test ATD with a neck load cell and include a neck injury risk
criterion with threshold values not to be exceeded, such as N;; (Mertz et al.,
1997)

37

IDEAS

Suggestions for improvement (2)

* Equip all vehicles with a camera positioned to track the movement of
the ATD within the vehicle.

* There is not currently an obvious solution to this as there is no
adequate rotational brain injury criteria in the literature that
correlates with real life injury (Mueller, 2015; Takhounts et al., 2013),
however in using a gyroscope in the ATD the data will at least be
available for retrospective analysis.

* Standardize the type of window used for testing, excluding the
reinforced type, and keep it closed. This will allow for consistent
testing of a true worst-case scenario.

38
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Take-home messages

* Development of the regulation should properly consider factors affecting
the severity of the injury and comprise testing conditions truly indicative
of real life incidents

* The ability of the indices in predicting real injuries related to glancing
RRS impacts must be

* assessed through research that investigates the relationship between real
incident characteristics and injury information

* based on real data obtained from police and hospital databases anc
musculoskeletal modelling

- enabling the production of appropriate thresholds and indices

39
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European regulation EN-1317 to certificate RRS

UNI EN 1317-1:2010

Test Vehicle Mass (kg) Speed (Km/h) Angle
[TB11 Car 900 100 20 |
TB21 Car 1300 80 8
TB22 Car 1300 80 15
TB31 Car 1500 80 20
TB32 Car 1500 110 20
TB41 Rigid Truck 10 000 70 8
TB42 Rigid Truck 10 000 70 15
TB51 bus 13 000 70 20
TB61 Rigid Truck 16 000 80 20
TB71 Rigid Truck 30 000 65 20
TB81 Articulated Truck 38 000 65 20

Level

T
Lowangle T2
T3

N1
N2

Normal

H1
L1
H2
L2
H3
L3

High

H4a
Very High  H4b

L4a/b Heavy vehicle + TB11 + TB32

Test
TB21
TB22
TB41 + TB21

TB31
TB32 + TB11

TB42 + TB11
TB42 + TB11 + TB32
TB51+TB11
TB51 + TB11 + TB32
TB61 + TB11
TB61 + TB11 + TB32

TB71+TB11
TB81 + TB11
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