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Executive summary

This report covers activities performed by Altair Development France, Cidaut, DEKRA
and LMU for Task 4.2.2 of APROSYS SP4 “Motorcyclist Accidents”. This work was
related to sliding impacts of motorcyclists on roadside barriers. The aim of this task was
to provide a basis for the future development of an impact-test standard.

The PAMCrash HUMOS2 model has successfully been applied to the simulation of
injury mechanisms associated to sliding impacts of motorcyclists on roadside barriers.
Data from reconstructed real-world accidents served as input for the simulation.
Mechanisms of injury to upper extremities, neck and thorax have been described by
means of numerical simulation. Analysing the selected impact scenario new
measurements and dummy modifications were seen to be necessary for the
development of a standard.

Two series of simulations of sliding impacts of motorcyclists on roadside barriers
involving a modified Hybrid 11l 50" percentile dummy and a standing HUMOS 2 model
have been done. To perform the simulations and equip the models a helmet and a steel
roadside barrier models have been developed for RADIOSS solver. These simulations
have been analysed to compare the human and the dummy models outputs and results.
They are reported here. Kinematics and injuries of the two models in the two selected
configurations were analysed and compared.

An ADVISER table was developed to automatically extract main (scalar) injury criteria

from the simulations. This - in combination with the RADIOSS model of dummy, barrier
and helmet - will be used as a basis tool for task 4.2.3 activities.
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1 Introduction

The work within this task was based on the preceeding tasks Task 4.1.3 “Report on
accident scenarios for motorcycle-motorcyclist-infrastructure interaction. State-of-the-art.
Future research guidelines” and Task 4.2.1A “Accident reconstruction. Methodology and
scenario”. The impact scenario that had been chosen within those tasks was a
motorcyclist sliding into a roadside barrier with the head forward.

Chapter 2 describes the work related to injury mechanisms. Real-world accidents were
simulated in order to analyse if the HUMOS2 model was suitable for simulating impacts
covered by the chosen scenario. The model was then used to gain further insight into
the loading of the body which could not be revealed by other methods.

Chapter 3 gives an overview on the comparison between the model of the Hybrid IlI
dummy and the HUMOS2 model. These activities covered the development of models
(helmet, roadside barrier) and the assessment of riders injuries in the selected impact
scenario. This part of the work focused on the differences between human model and
dummy as well as building the tools for the subsequent task based on ADVISER
software.

The simulation activities described in chapter 2 and 3 were performed by LMU and Altair
Development France, respectively. Mostly this was done simultaneously. The software
codes and models already available to the partners (RADIOSS/Altair Development
France, PAMCrash/LMU) were used for this work.

The developed models and methodology will be used as input for Task 4.2.3 “Proposal

of a new standard”. A parametric analysis will be performed using the helmet, barrier
and dummy models in combination with the ADVISER table developed in this task.
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2 Simulation of Injury Mechanisms

2.1 Biomechanical basis

The problems associated with this kind of motorcyclist impacts have been investigated
for about three decades. Countermeasures as well as test procedures with
corresponding injury criteria were already presented in the past. The specific knowledge
on injury mechanisms was very limited however. Only one experimental study on
investigation of injury mechanisms by experimental tests involving post-mortem human
surrogates (PMHS) could be found in the literature.

The aim of this task was therefore to provide basic biomechanical knowledge for the
development of a test standard for impacts of motorcyclists onto roadside safety
barriers. Numerical simulation with human models was considered as the only measures
of gaining insight into the injury mechanisms associated with this kind of impact. The
simulation of injury mechanisms requires detailed modelling of the different structures of
the human body. For that reason a Finite-Element human model was applied in this task.

In the preceeding Task 4.1.3 “Report on accident scenarios for motorcycle-motorcyclist-
infrastructure interaction. State-of-the-art. Future research guidelines” and Task 4.2.1A
“Accident reconstruction. Methodology and scenario” the impact scenario had been
chosen. The results of those investigations had demonstrated the importance of
scenarios of sliding impacts. The literature review, the analysis of in-depth accident data
and numerical studies had shown that shallow impact angles and rather high impact
velocities (above 60 km/h) are common for sliding impacts of motorcyclists against
roadside barriers.

Two impact configurations had been found to be appropriate for the investigation of
sliding impacts onto roadside barriers and for the future proposal of a standard for the
assessment of such barriers. These configurations are shown in Figure 1 with the
associated trajectories.
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Figure 1 Impact configurations “head”(upper) and “s ide”(lower)

According to the results of the preceeding tasks the most often injured body regions in
such a scenario are the head, the thorax, and the lower extremities. A rider orientation,
in which the obstacle is hit first with the head, is considered to be the most dangerous
one. An impact in such an orientation is potentially threatening the head, neck, the upper
extremities (including the shoulder) and the thorax. Among the two configurations shown
in Figure 1 the “side” one was meant to cause loading of the thorax mainly while the
“head” one was meant to cause loading of the head and neck mainly.

The work within this task focused on the injuries and injury mechanisms in these body
regions.

Detailed human FE models like the HUMOS2 are not primarly developed to represent
vulnerable road users. Therefore, the first step in this task was to validate the numerical
simulation with a human body model against real-world impacts involving injuries to the
above-mentioned body regions. In contrast to a dummy model a human model is
generally validated for omnidirectional loading. For that reason the work within this task
comprised some demonstration examples rather than a complete re-validation of the
model.

A lack of detail was revealed during the analysis of accident data for this workpackage.
The specific problems with available accident data were, that either the impact details or
the injury records were insufficient to allow a detailed analysis of the occurring injury
mechanisms. That is why the preceeding tasks could not provide any accidents suitable
for the validation from the analysis of in-depth databases.

As a work-around, LMU in close collaboration with DEKRA analysed accident reports
from the literature [Schueler et al, 1985]. After re-analysis of the reported cases of sliding
impacts of motorcyclists on roadside barriers, the cases described below were used for
the simulation of injury mechanisms.

Within this task a link to Sub-Project 5 ‘Biomechanics’ is established. The link will serve
to analyse head injuries and dummy measurements.

There is presently no dummy available that has been specifically developed for this kind
of impact. Possible dummy measurements will be analysed in collaboration with First
Technology Safety Systems (FTSS). It is not realistic to aim for the development of a
new dummy for this specific impact of a rather small group of road users. Therefore, the
aim of this work is to find feasible intermediate solutions which do not require the design
of new dummies, but still allow to improve the protection level for motorcyclists.
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Concerning head injuries the link with SP5 will serve to apply the latest available
knowledge and modelling techniques. The aim of this link is to analyse suitable head
injury criteria considering findings from both sub-projects. This analysis is still
outstanding.

As head modelling from SP5 will be incorporated in this work at a later stage, the
following examples do not include head injury analysis, but rather focus on the remaining
of the above-mentioned body regions.

The results related to the link between SP4 and SP5 will be summarised in an extra
report as a supplement to the deliverables of work package 4.2.
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2.2 PAMCrash models

The PAMCrash HUMOS2 model has been used for the principal investigations of injury
mechanisms associated with sliding impacts of motorcyclists on roadside barriers. In the
HUMOS?2 project the models of all the three involved software codes had been validated
under a variety of impact conditions that are relevant for car occupants. The PAMCrash
model had been validated for lateral thorax loading by LMU [Merten, 2006]. The
standard position of the HUMOS2 models is that of a sitting car occupant (Figure 2).
Besides that, a model in standing position had been developed and was applied in this
Task 4.2.2.

Figure 2 HUMOS2 model

A basic version of a helmet model in PAMCrash was provided by Cidaut (see also
chapter 3.1). For the simulations presented in this chapter the helmet was fixed to the
head of the human model by a tied contact. The helmet modelling will be further refined
for the above-mentioned link with SP5 'Biomechanics'.

A PAMCrash model of the roadside steel barrier with an additional lower rail was
provided by HIASA.
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2.3 Upper-arm impact

The biomechanical experiments with post-mortem human surrogates (PMHS) performed
by Schueler et al [Schueler et al, 1984] were simulated for the depiction of the injury
mechanism of the fracture of a long bone. In the simulated experiment the PMHS
impacted a so-called 'Sigma’' post with the upper arm in an abducted position. Figure 3
shows this configuration. The impact with a speed of 32 km/h lead to a cross break of
the humerus with the formation of fragment of 1 by 1 cm at the bending inside. Figure 4
depicts the concentration of deformation in the humerus model at the location of the
impact. The fracture could be simulated at the location 20 cm from the shoulder joint as
reported for the PMHS test. Figure 5 gives the final result.

Figure 3 Impact configuration PMHS test
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Figure 4 Humerus bone at impact

Figure 5 Humerus model with failed elements
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2.4 Neck fracture

As a work-around for lacking recent accident data the work of Schueler et al [Schueler et
al, 1985] was used as the basis for numerical simulation of accidents. In one of the fatal
accidents from that report a motorcyclist laterally impacted an IPE100 post (‘double-T
post) at a velocity of about 30 km/h. An impact sequence is given in Figures 6, 7 and 8.

Figure 6 Impact to IPE100 post
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Figure 7 Impact to IPE100 post

Figure 8 Impact to IPE100 post
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A crack in the shell of the helmet had been reported for this accident. The crack initiated
at the left side of the frontal opening of the helmet and propagated in the transversal
plane. Although this preliminary helmet model cannot represent a crack in the shell it can
well serve to verify the correct simulation of the impact on the helmet. Figure 9 gives a
qualitative representation of the load on the shell (by principal stress). This result
suggests that the impact was modeled correctly.

Figure 9 Load on the helmet shell

The reported cause for this fatality was a shear/bending fracture of the cervical spine.
More specifically, the dens axis was fractured and led to immediate exitus. The cervical
spine was therefore analysed in the simulation. Figure 10 depicts the relative
movements of the cervical vertebrae (C1 to C7). The impact led to lateral displacements
and to a rotation around the longitudinal axis. This rotation allowed lateral loads to be
transmitted to the lateral-anterior part of the odontoid process of the second vertebra
(axis) via the ring of the first vertebra (atlas). Figure 11 shows the two vertebrae with the
ligamentum transversum (displayed in red).

15/57



AP-SP4-0007
Injury Mechanisms

Figure 10 Cervical spine

Figure 11 1% and 2" vertebral bodies
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The contact forces between the 1% and the 2™ vertebral body were analysed. The
maghnitude of the contact force between the lateral/anterior parts of the dens axis and the
atlas is depicted over time in Figure 12. A tolerance limit of 1510 N for this kind of force
leading to a dens fracture can be found in the literature [Doherty et al, 1993].
Considering these findings a fracture of the dens axis can be assumed in the simulation.
It was thus possible to depict the reported injury mechanism in this case.

Figure 12 Simulated contact force between 1 ' and 2™ vertebra
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2.5 Thoracical injuries

In another case a motorcyclist impacted an unusually low mounted rail of a metal
roadside barrier. The impact was to the end of the guardrail installation, where the rail is
approaching ground level. Figure 13 shows the impact configuration. Impact speed was
around 28 km/h. The occupant suffered a basal skull fracture which, for the above-stated
focus on thoracic injuries, is not considered here. A rupture of the liver could not be
depicted with the simulation as up to now there are no data available to characterise
tissue failure in inner organs. However, it is feasible to observe the kinematics of the
liver in the simulation, and this can at least give some indication for critical loading.

For the simulation of this impact the focus was on the thoracic injuries, namely the
fractures of ribs 3 through 8. This rib serial fracture most likely caused the other reported
thoracic injuries, that is pneumothorax and pneumopericardium. Different orientations of
the rider at the time of the impact were considered possible from the results of the
accident reconstruction. Figure 14 gives the maximum principal strains over time in the
ribs and clavicle materials. An impact configuration with bent arms and legs was not
considered very likely analysing these results. Only configurations, in which the arm is
aligned parallel to the thorax (as depicted in Figure 13), gave the typical load distribution
of a rib serial fracture. The configuration with the feet forward (feet-on) was thereby
considered to be more likely than that with the head forward (head-on). The clavicle was
loaded considerably in all simulations, which is in concordance with a reported clavicle
fracture. But analysis of these injury mechanisms remains an issue for future work, when
the shoulder region will be modeled in more detail.

It may be concluded that the injury mechanism of a rib serial fracture in this accident was
depicted with the simulation. The simulation of this impact has a great relevance for the
work of this and subsequent tasks in APROSYS SP4. The unusual impact location is
comparable to an impact on lower rails additionally mounted to standard guardrails,
which is a representative impact scenario for the future development of a test standard.
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Figure 13 Impact configuration

Figure 14 Loading of ribs and clavicle
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2.6 Preliminary simulation for impact-test standard

The impact of a motorcyclist in the inclined configuration given in Figure 1 was simulated
with the PAMCrash HUMOS2 model. This was considered a preliminary study on the
importance of thoracic injury parameters for future standards. Therefore the head/helmet
complex had not been validated for this simulation. It allows however to draw some
basic conclusions for further work in this field. The sequence of the simulation is given in
Figures 15 to 19 in steps of roughly 25 ms. The barrier model in PAMCrash software
was provided by HIASA.

Figure 15 Impact sequence

Figure 16 Impact sequence
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Figure 17 Impact sequence

Figure 18 Impact sequence

Figure 19 Impact sequence

In this simulation the deflections of the impacted half of the thorax were measured
according to the methodology presented in [Kuppa et al. 2003]. Half thorax deflection
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was analysed by measuring the perpendicular distance between the left point on the rib
(node 3924395 in PAMCrash model) and the line between the sternum (nhode 3051140
in PAMCrash model) and the spine (node 3022025 in PAMCrash model). The left point
of the rib represents 50% of the half circumference of the thorax. These measurements
are depicted in Figure 20. The deflections were analysed at the height of rib 4 and rib 8
at these lateral positions.

Figure 20 Method for calculation of full thorax com pression for frontal impact and
half thorax compression for lateral case

The maximum deflections at 50% of the half circumference of the thorax at the height of
rib 4 and rib 8 were 51mm and 48mm, respectively. Such lateral deflections can be
measured in both human models and post-mortem human surrogates. The deflections
measured in this simulation are in the same range as those that were measured in the
validation of the PAMCrash HUMOS2 model against lateral sled tests with PMHS
performed by the NHTSA.

The values that were measured indicate a severe deformation of the thorax. This can
lead to rib fractures. But also viscous loading can occur and lead to sever internal organ
injuries, like e.g. a lung or heart contusion or a rupture of the aorta. Rib fractures can
also lead to more severe injuries. E.g. a sharp edge of a rib can cut a vessel or an inner
organ such as the liver. This can lead to a hemothorax. If air gets into the space
between ribs and the lung a pneumothorax can occur and the lung will collapse partly or
completely.

Of the two impact configurations considered for the development of a test standard
(Figure 1), the parallel one is expected to involve more loading of the thorax and thus a
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higher risk for thoracic injuries. The above-described analysis suggests that even the
inclined configuration can be associated with a high risk of thoracic injuries.

It may be concluded from these results that severe thoracic injuries may be caused by
lateral loading in both impact configurations that are considered for the future
development of a standard. It is therefore suggested to include injury criteria for lateral
thorax loading in a test procedure of sliding barrier impact.

For testing of a sliding impact on a barrier a dummy in upright (standing) position is
needed. Such a dummy can be placed on the ground to resemble a laying position. The
only dummy that is presently available in such a position is the Hybrid lIl.

The Hybrid Il dummy was designed for frontal impact testing. The only measurement,
that can be taken to assess lateral loading with a reasonable effort, is equipping the
dummy with a sensor to measure lateral acceleration at Th4. However, as the dummy is
not biofidelic in lateral loading, the measurement results may be misleading. In order to
consider assessment of lateral thorax loading further modifications of the dummy might
be necessary. Apart from the possible improvement of the biofidelity, some of the
components of a Hybrid Il dummy may not fully comply with the strong load
requirements in lateral tests. Irreparable and costly fractures of dummy parts have
been reported by several authors [Bouquet et al, 1998; Buerkle & Berg, 2001].
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3 Impact Simulation for Development of Standard

Two series of simulations of sliding impacts of motorcyclists on roadside barriers
involving a modified Hybrid Il 50" percentile dummy and a standing HUMOS 2 model
had to be performed in order to compare the two models and evaluate their main
differences in term of injury prediction.

First models for a helmet and a roadside barrier had to be created, then an ADVISER
table was built to study the models responses to impact.

3.1 Model Development in RADIOSS

3.1.1 Helmet model

A RADIOSS FE model of a helmet is developed. It is based on an existing model
provided by CIDAUT. Two versions of the helmet are developed: The initial mesh is
modified (comfort foams) to fit hybrid Ill head shape and to fit HUMOS head shape.

Figure 21 Helmet FE model

Experimental data from one drop test have been used to validate this FE model. The
drop test is performed with velocity of 7 m/s. Experimental setup is shown below:

Figure 22 : Drop test experimental setup
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FE model results are compared with experimental signals (acceleration):

Figure 23 : Head acceleration for 7 m/s drop test

The initial helmet model (LS-DYNA) from CIDAUT was validated (confidential
experimental data for a 6 m/s drop test). Thus, the results of this initial model have then
been used as a reference to evaluate the new RADIOSS FE model. Graphs below
compare results of the initial model and the new RADIOSS model.

ACCELERATION X_MOCIE 510 I
0 o

Figure 24 : Head acceleration for 6 m/s drop test
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RINEMATIC ENERCY Part SHELL HELMET L

Figure 25 : Kinetic energy comparison for the helme  t outer shell part

EINEMATIC ENERCY _Pari PADNNNG HELMET DY N

Figure 26 : Kinetic energy comparison for main helm et padding part

3.1.2 Road barrier

The road barrier model definition has been provided by HIASA. It has been translated
into a RADIOSS FE model by MECALOG, using the initial properties. No validation data
is available to validate this model.

The barrier is made of poles (rigid under ground level) and two steel rails: a standard rail
and a protective rail.
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Figure 27 : RADIOSS model of the steel road barrier

3.2 Impact configurations

Preliminary works in workpackage 4.2 have led to the definition of some cases to be
studied (obstacle definition, impact angle, velocity, ...).

We focus here on one obstacle - steel deformable road barrier - in the two main
configurations:

“Head on” configuration
“Side” configuration

Both cases generate a 30° impact angle on the obstacle. Initial velocity of the
motorcyclist is set to 60 km/h. The two cases have been simulated hereafter with Hybrid
[l and HUMOS model.

Figure 28 : “Head on” configuration
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Figure 29 : “side” configuration

3.3 Models

Simulations are performed with RADIOSS solver using two models: a modified Hybrid IlI
dummy and the HUMOS 2 model.

3.3.1 Modified Hybrid 11l model

This RADIOSS FE dummy model has been developed in SP7 Virtual Testing subproject
by CIDAUT (refer to deliverable D711). It is based on the standard Hybrid Il 50"
percentile dummy, transformed into a standing dummy (to simulate the motorcycle rider
sliding on the road after falling).

Figure 30 : Hybrid Il “standard” model (left) and “standing” model with rider suit
(right)
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3.3.2 HUMOS model

The HUMOS 2 model in standing position is used for these simulations.

Figure 31 : HUMOS 2 standing model: with helmet (le  ft) ; bones only (right)
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3.4 Hybrid Il in “head on” configuration

3.4.1 Global overview

The initial velocity is set to 60 km/h. The Hybrid IIl dummy is hitting the lower plate of the
barrier with an angle of 30°

First, head (helmet) and shoulder are in contact with the lower plate of the barrier,
leading to a head rotation. Then the shoulder hits the pole and the dummy starts to
rotate around the pole. The dummy gets then parallel to the barrier.

3.4.2 Detailed study

6 ms: First contact between the head and the barrier

20 ms: First contact between the helmet and the pole, generating the head rotation

30/57



AP-SP4-0007
Injury Mechanisms

36 ms: The shoulder is stopped by the pole, inducing a global rotation of the dummy

74 ms: After rotation around the pole, the dummy is now almost parallel to the barrier

3.4.3 Numerical Observables
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Figure 32: Head accelerations

Figure 33: Head rotations around X (black), Y (blue ) and Z (red)axis)

Figure 34: Neck moments
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Figure 35: Applied force on neck (Z direction)

Figure 36: Thorax acceleration

33/57



AP-SP4-0007
Injury Mechanisms

Figure 37: Chest deflection

At t=6 ms the first (main) peak in head acceleration (Figure 32) is corresponding to the
contact between head (helmet) and barrier. The neck force (in Z direction), opposite to
Hybrid 1l movement, is reaching its maximum (almost 4 KN) at the same instant (Figure
35).

Thorax acceleration (Figure 36) and chest deflection (Figure 37), which are usually used
as indicators for frontal impact, are only varying after t=36 ms (the first contact between
shoulder and barrier). They are clearly marginal in this configuration where the loading
on the thorax is mainly lateral.
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3.5 Hybrid Il in “side” configuration

3.5.1 Global overview

The initial velocity is set to 60 km/h. The Hybrid IIl dummy is hitting the lower plate of the
barrier with an angle of 30°but the dummy itself i s parallel to the barrier plates.

At first the head (helmet) and shoulder contacts generate a head rotation. Then the
shoulder hits the pole and the dummy starts to rotate around it.

3.5.2 Detailed study

14 ms: First lateral impact between the Hybrid Ill arm and the barrier

34 ms: First contact between the head and the pole
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44 ms: The contact between the shoulder and the pole modify the dummy trajectory

65 ms: Hybrid Il is repelled by the pole and begins to rotate, inducing a head rotation

78 ms: Contact between the pelvis and the pole.

3.5.3 Numerical Observables
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Remark :

All the results observed are subject to the limitations of the use of the Hybrid 11l model in
a lateral scenario.

Figure 38: Head accelerations

Figure 39: Head rotations around X (black), Y (blue ) and Z (red) axis
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Figure 40: Neck moments

Figure 41: Applied force on neck (Z direction)

Figure 42: Thorax acceleration
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Figure 43: Chest deflection

Two main peaks are visible on head acceleration (Figure 38), corresponding to the first
contact between head and barrier (t=34 ms) and the rotation of the head induced by the
repelling of the dummy by the pole (=65 ms).

As for the “head on” configuration, thorax acceleration (Figure 42) and chest deflection

(Figure 43) are clearly marginal in this configuration where the loading on the thorax is
lateral.
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3.6 HUMOS 2 model in “head on” configuration

3.6.1 Global overview

The initial velocity is set to 60 km/h. HUMOS 2 is hitting the lower plate of the barrier
with an angle of 30° First, the head and shoulder contacts induce a neck rotation. Then
the shoulder hits the pole and the clavicle breaks. At last, the scapula is lowered.
Remark:

The configurations investigated in this task lead to very high loads first on the head/neck,
then on the shoulder.

In the two cases with HUMOS, the dummy is stopped by the pole (at shoulder level)
whereas in the Hybrid Il configurations the dummy continues its displacement. HUMOS
2 simulation induces very high loads in the model and leads to a stop of the simulations.

3.6.2 Detailed study

Global view of the impact

2 ms : First contact of the head and the barrier

40/57



AP-SP4-0007
Injury Mechanisms

20 ms: The contact between the head and the pole induce the head rotation, the
shoulder is blocked by the barrier

34 ms: Global and bones view, the shoulder is stopped by the pole, inducing rotation of
the body

Rupture of the clavicle
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10 ms: the contact between the shoulder and the barrier induces stress on the ribs

18 ms: the head rotates and the shoulder is blocked into the barrier,
generating stress on the clavicle

20 ms: front and back view of the broken clavicle (the stress is reaching 100 MPa). After
clavicle failure the dummy movement continues.
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28 ms: the shoulder is stopped by the pole, lowering the scapula and generating stress
in the neck area

3.6.3 Numerical Observables

Figure 44 : Head accelerations

At t=2 ms the first (and main) peak in head acceleration (Figure 44) is corresponding to
the first contact between head and barrier.

The contact between the shoulder and the pole is creating a stress on the clavicle. It

reaches 98.75 MPa, which indicates a bone rupture (for those bones, values near 100
MPa indicate injuries).
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3.7 HUMOS 2 model in “side” configuration

3.7.1 Global overview

The initial velocity is set to 60 km/h. The angle between the dummy trajectory and the
barrier is 30°but HUMOS 2 itself is parallel to th e barrier.

The shoulder is hitting the lower plate and then the pole. The contact induces a head
rotation, a clavicle injury and a stress on the rib cage.

3.7.2 Detailed study

Global view of the impact

16 ms: First contact of the arm on the barrier

44/57



AP-SP4-0007
Injury Mechanisms

30 ms: The head is hitting the barrier

40 ms: The shoulder is stopped by the pole and the body begins to rotate
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56 ms: Humos2 is wrapped around the pole, stopped by its pelvis. The arm and the ribs
are compressed

Breaking of the clavicle before the impact on the pole

14 ms: The elbow contact with the barrier induces stress in the humerus and the rib
cage
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22 ms: The clavicle is concentrating the stress applied to the compressed shoulder

26 ms: The stress on clavicle reaches100 MPa (rupture of the clavicle)

56 ms: The elbow is stopped by the pole, the scapula is lowered

View of the thorax stress level during the impact
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10 ms: Just before the first contact

24 ms: The contact stress is transmitted by the arm and the clavicle to the rib cage

48 ms: Once the clavicle is broken, the applied stress is reduced
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58 ms: The thorax itself hits the barrier, which generates an increase in the rib cage
stress

3.7.3 Numerical Observables

Figure 45: Head accelerations

The head acceleration (Figure 45) begins to vary when the head hits the barrier (t=30
ms) and is repelled.

The contact between the shoulder and the pole is creating a stress on the clavicle. It
reaches 99.42 MPa, which indicates a potential rupture. When the thorax is fully hitting
the barrier, the stress applied on the ribs cage is reaching 70 MPa which is severe but
not enough to imply a rib bone rupture.

Even if, compared to the head-on configuration, the head-barrier contact is delayed, in

both case the shoulder (and especially the clavicle) is heavily stressed in the both cases.
The lateral part of the body is, as expected, the part which undergoes the main loads.
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3.8 Comparative Analysis

The first purpose of task 4.2.2 is to provide, through simulation, an insight into injuries
sustained by riders in selected configurations. A complementary work (task 4.2.1) is on-
going (other SP4 partners are involved) to define the most adapted injury criteria for
these solicitations.

The main target of the simulation work reported here is the Hybrid Il dummy since it will
be used for the real tests that will be devised by SP4. The HUMOS 2 simulations were
performed to provide a reference for these analyses. A direct comparison of the results
obtained by Hybrid 1l and HUMOS 2 is not straight forward. However, some scalar
criteria have been extracted from both simulations using ADVISER.

Figure 46: ADVISER analysis table
HIC, C3ms and acceleration peak for the head and chest peak deflection for the thorax
were extracted from simulations. However, the chest deflection is not a very good

criterion for these tests since its main purpose is a frontal study and it is not the
configuration used here.

3.8.1 Global head accelerations
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Figure 47: Head acceleration for Hybrid 11l and HUM  OS 2 in “head on”
configuration

Figure 48: Head acceleration for Hybrid 1l and HUM  OS 2 in “side on”
configuration

For each configuration the head acceleration shape is similar between Hybrid Il and
HUMOS 2.

For side on configuration, acceleration levels sustained by the riders are identical. For

the “head on” configuration the acceleration peak is one fourth higher which explains a
higher HIC (next table).

3.8.2 "Head on” configuration numerical comparison

| | HIC | C3ms Acceleration |
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(maximum)
Hybrid 111 392 789 115¢
HUMOS 2 786 1109 162 g

Table 1: Head criteria for head configuration

In this configuration the HIC obtained by HUMOS 2 model is higher than Hybrid Il one,
but still lower than 1000.

The results obtained for the two other criteria are comparable.

Chest peak deflection

Hybrid 111

5.56 mm

HUMOS 2

4.43 mm

Table 2: Chest criteria for head configuration

3.8.3 “Side on” configuration numerical comparison

HIC C3ms Acceleration

(maximum)
Hybrid 111 487 739 82¢
HUMOS 2 325 709 78 ¢

Table 3: Head criteria for side configuration

Chest peak deflection

Hybrid 111

6.03 mm

HUMOS 2

7.55 mm

Table 4: Chest criteria for side configuration

In this configuration all the criteria obtained are similar for both models.

3.8.4 Kinematic behaviour comparison

In both configurations the kinematic behaviour of Hybrid 11l and HUMOS 2 are following
similar trajectories and chronologies.

“Head on” configuration
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Figure 49: Hybrid Il head (blue) and sacrum (green ) trajectories compared to
Humos 2 head (orange) and sacrum (red) trajectories in “head on” configuration
(top view)

The center of gravity for head and sacrum follows similar trajectories for both models
(Figure 49). For Hybrid 1l and HUMOS 2 the global kinematics behaviour is the same.

For both models first the head and then the shoulder is hitting the lower plate of the
barrier.

These two contacts generate an important stress on the neck and the rotation of the
whole body.

In HUMOS 2 the clavicle is ruptured. Models are then globally rotating around the pole
before being repelled by the barrier and the side of the body is hitting the protective
lower plate.

“Side on” configuration

Figure 50: Hybrid Il head (blue) and sacrum (green ) trajectories compared to
Humos 2 head (orange) and sacrum (red) trajectories in “side on” configuration
(top view)

The center of gravity for head and sacrum follows similar trajectories for both models
(Figure 50). For Hybrid 1l and HUMOS 2 the global kinematics behaviour is the same.
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First, the side of the models is hitting the plate, then the head (helmet).

A neck stress is induced by the head and shoulder contact on the barrier. In HUMOS 2
simulation the clavicle is ruptured.

Finally, the thorax begins to be stressed, and the arm is pushed against the model side
by the barrier.

3.9 Model for task 4.2.3

The model used here (with Hybrid 111) will be used for parametric analysis for robustness
check and new regulation proposal assessment. Its good correlation with the HUMOS 2
human model in terms of kinematic behaviour and some injury criteria allows its use for
representing the rider in the selected scenario, with the limitations given in chapter 2.

Additional criteria which can be easily obtained from Hybrid Il but not from HUMOS 2

(as neck peak extension or chest viscous criterion) may also be used to improve the
results of the parametric analysis.
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4 Conclusions and Future Research Guidelines

Numerical simulation with human-body model in PAMCrash has been demonstrated to
provide insight into crash dynamics and injury mechanisms associated to sliding impacts
of motorcyclists on roadside barriers. Such an insight would otherwise not have been
available, due to the lack of relevant biomechanical knowledge.

These investigations revealed that additional injury criteria for the thorax should be
considered for the future development of an impact-test standard. This may imply further
modifications to a dummy such as the considered Hybrid Il for reasons of better
biomechanical fidelity.

A comparison of human-body model and dummy model in RADIOSS showed
concordance of impact trajectories and kinematics, but not injury prediction capability.
An ADVISER table was developed to automatically extract main (scalar) injury criteria
from the simulations.

Future investigations in this field should imply such tools for the analysis of the highly
complex characteristics of these impacts. This is of particular importance when injury
criteria are to be established, as small variations of the conditions may cause a severe
distortion of the measured values. This ADVISER table is provided as a basis tool for
activities within the subsequent task 4.2.3.

In order to establish injury criteria in this field, further fundamental biomechanical
knowledge is needed as well as more suitable accident data and a more biofidelic
dummy. Concerning the biomechanical basis, a link to Sub-Project 5 'Biomechanics' has
been created and results of that work will be compiled in a supplement to the
deliverables of work package 4.2.

As a preliminary methodology to be followed for Task 4.2.3 the following measurements
of Hybrid Il are suggested:
Measurement of lateral accelerations at Th4
Neck forces (compression, extension, shear) and moments (flexion, extension,
lateral bending)
Head accelerations (HIC)

The need for suitable in-depth accident data has to be pointed out again, as already
formulated in the deliverable of Task 4.1.3.

Finally it has to be stated that this task could not cover the scenario of upright impacts
on roadside barriers, which had been seen to be equally important to the one treated
here (see D413). This issue therefore remains to be investigated in future research
activities.
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ci/cz2/C7

C3ms

FE

HIC

IPE100

NHTSA

PMHS

PMTO

Th4
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15t/ 2" / 7™ cervical vertebra
3ms Criterion

Finte Elements

Head Injury Criterion

Name of a particular cross-section of guardrail posts, also refered
to as ‘double-T

National Highway Traffic Safety Administration (USA)
Post-mortem human surrogate
Post-mortem test object

4" thoracic vertebra
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