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SUMMARY:
Road restraint systems evaluation is a new subject that has been covered by some
countries in Europe. It is one of the most important steps into the creation of a
general European Road Restraint System Normative. In this work, an analysis of the
strengths and weaknesses of UNE 135900 is performed. Also, considering the
results of the analysis, a new set of requirements for a new testing protocol are
presented.
The main findings on the subject are that the UNE 135900 protocol is probably a
first attempt in a regulation like this and can still be improved so that the
development of the road restraint systems becomes more competitive and adds
higher levels of safety for the users. The actual normative only evaluates one impact
angle, with two different velocities and three impact locations. This is very
descriptive, yet having another impact angle and a different development system will
increase quality and safety levels in road restraint systems.
The new proposed system will include previous design stages based on simulation
of subsystems, real subsystem tests, full system simulation with different angles and
a real test with the different angles. These new parameters, combined with the
mandatory UNE 135900 norm will certify that the evaluated road restraint system
complies with the minimum requirements and even exceed the expectations of the
system.
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Report on definition of necessities and requirements for
future roadside motorist protection systems

1. STUDY ON THE AVAILABLE TESTING PROCEDURES
The strengths and weaknesses of the UNE 135900 and related testing procedures are
evaluated in this document. After the evaluation, the most adequate testing systems
are selected to develop the new testing protocol for motorcyclist protective devices,
giving a more integral and dedicated evaluation system. The purpose is to select the
strengths of each available part and cover the weaknesses with strong features from
other testing procedures.

1.1 EVALUATION OF THE STUDIED PROCESSES
1.1.1 EVALUATION OF NORM UNE 135900
The strengths and weaknesses of the test procedure for norm UNE 135900 are
analyzed.
Strengths:
• From a visual point of view, realism is high because of the use of a full size
dummy.
• The redirection of the dummy is evaluated in such a way that the protection
system does not allow the dummy or any of its limbs to go through or
underneath the system.
• Manufacturers can now select two velocity levels, 60 and 70 km/h.
Weaknesses:
• The test does not specify the environmental conditions; hence the results may
differ between tests.
• Due to the nature of the test, being a dummy with uncontrolled dynamics,
during the final metres of approach and the uncontrolled environmental
conditions, the test becomes non reproducible.
• With the necessity of the dummy to be free of any connection to the propulsion
system 2 metres prior to impact, slight variations produce important changes in
the test results.
• Low representativity due to one impact angle only. Once a protective system
has been evaluated, satisfactory results can not be guaranteed for angles
different to 30º.
• Contact of the back of the dummy with the protection system may influence the
acceleration, forces and moments on the neck.
• Repetitiveness. There are many uncontrolled variables that make repetitiveness
of the results very complicated.
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1.1.2 EVALUATION OF FULL SCALE DUMMY TEST SIMULATION UNDER
NORM UNE 135900
Strengths:
•
•
•
•
•
•
•

On a visual point of view, realism is high because of the use of a full size
dummy.
The redirection of the dummy is evaluated in such a way that the protection
system does not allow the dummy or any of its limbs to go through or
underneath the system.
It gives a qualitative idea of the system’s response to the impact, both for the
dummy and the protective device.
Flexibility in the test configuration.
Quick configuration changes.
Contour conditions are controllable and variable.
Economical.

Weaknesses:
• It does not provide quantitative values, so, it does not show a clear idea of the
correspondence between theoretical and real data.
• Connections between elements as welding lines or other supports represent an
uncertainty over the quality of the model according to real cases.

Figure 1. Full Dummy Simulation

With this model, the biomechanical values are not calculated. Unfortunately, the model
here presented does not reproduce the real dummy, but it enables system Pre-testing
with which an idea of the behaviour of the system is obtained. For example, the
simulation of a 60º impact warns about the high risk involved in developing a real test.
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Figure 2. Full Dummy Impact Sequence.

On the figure, the behaviour of the dummy is perceived: the neck turns in the wrong
direction, instead of redirecting jointly with the dummy exit trajectory. A real test like this
could break the dummy, even at low speed.

1.1.3 EVALUATION ON THE SIMULATION OF SUBSYSTEMS (HEAD AND
LEG IMPACTS AGAINST THE PROTECTION SYSTEM AT DIFFERENT
ANGLES AND VELOCITIES)
Thanks to studies performed about the type of accidents and parts of the body that are
more affected in motorcyclist accidents, a conclusion on which part of the body should
be used in evaluating the impact absorbers was taken. The head was selected as the
study element. It should be considered that the head is the most sensitive part of the
body and guaranteeing that the performance of the absorbers is improved in case of
head impact, any part of the body that impacts the system will be protected too.
The objective is to simulate the subsystem tests according to maximum representativity
and repetitiveness criteria, and at the same time simplifying impact absorber
evaluation.
Strengths:
• It gives a qualitative idea on the response of the system to impact, both for the
dummy and the protective device.
• Flexibility in the test configuration.
• Quick configuration changes.
• Contour conditions are controllable and variable.
• Economical.
• Repetitiveness.
Weaknesses:
• It does not provide quantitative values of the results, so it does not show a clear
correspondence between theoretical data and real data.
• Necessity to perform the real tests to correlate theoretical data.
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Figure 3. Subsystem Simulation: Head

1.1.4 EVALUATION OF SUBSYSTEM TESTS.
To perform subsystem tests, the DITS machine must be used. The machine consists of
a pneumatic actuating pump that accumulates oil until a preset pressure to obtain the
desired speed. It allows testing with high accuracy, precision and repeatability.

Figure 4. DITS Machine for Subsystem Testing

Due to the same reasons found in simulation, the head is selected as the element to be
tested for subsystems. Two possible configurations exist to evaluate the head impact
with the DITS machine:
•

Free flight test. This test consists of throwing the impactor used in pedestrian
protection tests with the adult head form against the selected profile using free
flight.
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Figure 5. Adult Head Impactor.
Figure 6. Triaxial Accelerometer
position inside head.

•

Guided test: This test consists on taking as impactor the head of a Hybrid III
dummy, the same used in norm UNE 135900, and then throw it against the
metallic profile with a guided system.

Figure 8. Uniaxial accelerometer
positions.
Figure 7. Hybrid III Head

Once the two systems to perform the tests are determined, the choice on the most
appropriate one to use in the test protocol is the guided test.
Strengths:
• It gives a real quantitative idea of the energy absorbed by the protection
system.
• Flexibility in the test configuration.
• Quick configuration changes.
• Contour conditions are controllable and variable.
• More economical with respect to full dummy test.
• Repeatability.
• A helmet can be put to the dummy’s head.
Weaknesses:
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•
•

Being a punctual test, only one part of the dummy is evaluated, disregarding the
influence that the rest of the body may have on the head.
The impacts after the first contact are despised, that in the case of a full dummy
test, any other part of the body may impact the protection system and in which,
because of the first impact, the protection system would not be efficient with the
risk it supposes to the mentioned limbs.

Figure 9. Guided Test.
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2. PROPOSED TESTING PROTOCOL
The proposed testing protocol to evaluate motorcyclist safety barriers will be a
complete program, including subsystem testing, UNE 135900 full scale testing, new
protocol full scale testing, numerical calculus and simulation. Each of these tools aim at
different targets that brought together will guarantee the protection of a motorcycle rider
in case of accident.

2.1 SPECIFICATIONS TO BE COVERED BY THE PROTOCOL
Considering both the strong and weak points of the protocol, the following
specifications that shall be included are defined:
•

Simulations of individual subsystems and full scale dummy must be carried out.
The expected outcome should give a qualitative idea about the response of the
system to be certified. The quantitative values are not considered of high
relevance on this stage. People in charge of design (engineers, clients and
certifying institution) should then decide the necessary modifications to obtain a
product capable of qualifying subsequent homologation and certification tests.

•

Subsystem tests must be carried out, consisting on the impact of a dummy
head into the protection system. Three different impact configurations are to be
used: 30º, 45º and 60º.

The approval of this stage is subject to the comparison of the values obtained during
the test with the established values and limits.
•

The full scale dummy tests shall be made with two different configurations:
o Norm UNE 135900 configuration: Full dummy, 60 or 70 km/h velocity,
impact angle 30º (parallel to the dummy’s longitudinal plane) and used
for homologation.
o New Certification configuration: Full dummy, 60 or 70 km/h velocity,
impact trajectory angle 45º with a 15º deviation on the dummy’s
longitudinal axis, increasing total impact energy but maintaining the
dummy impact configuration, using shoulder and head to absorb the
energy.

The approval of this stage is subject to the comparison of the values obtained during
the test with the established values and limits.

2.2 FLOW CHART OF THE PROCESS TO OBTAIN CERTIFICATION
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Figure 10. Flow Chart of New Protocol

The flow chart shown above considers three basic activities, which are the evaluation
of the UNE 135900 norm as a minimum requirement, a subsystem simulation with it
precedent subsystem test to evaluate energy absorption and finally a full system
simulation and new test to evaluate redirection and forces.
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2.3 SUBSYSTEM TEST
2.3.1 TEST CONFIGURATION
The test configuration is as follows:
•
•

Impactor: Hybrid III 50th percentile dummy head with a total mass of 12,6 kg,
including guiding system and dummy head.
Impactor instrumentation:
o 3 uniaxial accelerometers or 1 triaxial accelerometer inside the head.
o 1 6-axle load cell in the neck to obtain data from force and moments in
directions X, Y, Z.
o Although these values are not used as acceptance criteria, they will be
useful in the future to design improvements to the protocol.

Figure 11. Details of Dummy Hybrid III 50th percentile head.

•

Protection system: a sample of the protection system will be mounted in order
to include:
o A section with a post (with or without support, according to design)
o A section with a support
o A mid-beam section

RRS
MPS
Post
Supports
Figure 12. Impact points for evaluation with subsystem
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•

Helmet: Commercially available integral helmet, with a 1,300 kg ± 0,050 kg
mass and with a polycarbonate carcass. Another helmet may be used as long
as it is demonstrated that it has the equivalent mass, geometrical
characteristics and materials and that it complies with ruling 22 from
E/ECE/TRANS/505.

2.3.2 BIOMECHANICAL PARAMETERS
The measured biomechanical parameter will be the HIC15: head injury criteria, based
on accelerations. It is defined as:
2.5

t2
 1

HIC = 
⋅ ∫ a ⋅ dt  ⋅ (t2 − t1 )
t1
 t2 − t1


Where:
• a: resultant acceleration.
• ax: X axis acceleration.
• ay: Y axis acceleration.
• az: Z axis acceleration.
HIC values for times (t2 –t1) larger than 15 ms are ignored for the calculation of
maximum values, that is, (t2 – t1) ≤ 15 ms. Acceptance criteria will be a HIC value
lower than 1000. (A HIC 1000 value represents a 20% probability of an AIS≥4 injury).
HIC15 is selected because of the small amount of time that is available for
measurement in the subsystem tests. Nevertheless, the HIC values between HIC15 and
HIC36 are correspondent in the severity evaluation.

Figure 13. AIS≥4 probability distribution.
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AIS scale goes from AIS 1 to AIS 6, and as AIS number increases so does the severity
of the injury. An AIS 4 is equivalent to a skull fracture with severe neurological injuries.

2.3.3 SUBSYSTEM TEST EVALUATION
The test will be carried out for three different angles on each of the three locations in
the protection system. The evaluation will be designed during WP6, subtask 6.1
Definition of a new evaluation protocol for motorist protection systems. Nevertheless, a
hint of how the evaluation will be carried out is provided.
The total HIC value for each of the three mentioned positions will be obtained from the
subsystem simulations and the real tests, providing a coherent approach. The chart,
when completed, will use a similar system to the one used in EuroNCAP, (by colour
grading), and a final number will add up. If this value is over the specified approving
value, then the system must be re developed. Once the tests are satisfactory and a
UNE 135900 obtained, the New Certification will be extended.
SRRS SUBSYSTEM EVALUATION CHART
TEST EVALUATION

30º

45º

60º

POST
MID-SPAN
MID-SPAN W/ SUPPORT

HIC > 1000
650< HIC< 1000
HIC < 650

0 POINTS

Maximum Possible Score

18

Minumum Score Required

12

1 POINT
2 POINTS

Figure 14. Example of evaluation chart

It is important to mention that at this stage of the development, the evaluation system
or procedure is still a proposal and may be modified, according to the necessities and
to the reliability of the proposed system. Nevertheless, the procedure will try to mimic
other evaluation protocols in order to simplify the information given to the user.

2.4 FULL SCALE DUMMY TEST UNDER UNE 135900 AND OUT OF NORM
2.4.1 TEST CONFIGURATION UNDER NORM UNE 135900 (LAUNCHING
POSITION AND TRAJECTORY)

Page 14 / 19

WP 2

REPORT ON DEFINITION OF NECESSITIES AND
REQUIREMENTS FOR FUTURE ROADSIDE
MOTORIST PROTECTION SYSTEMS
Project nº 218741
Co-financed by European Commission

The dummy used for the tests is a Hybrid III with modified back and pelvis (as defined
in UNE 135900). It is equipped with a homologated helmet and a leather suit to protect
the dummy’s skin and its components. The dummy will be launched lying on its back
over a special sled. The position and trajectory are shown next:

Figure 15. Launching Position.

The test to be made is a standard UNE 135900, which includes the following
characteristics:
•
•
•
•

Velocity of impact: 60 or 70 km/h
30º angle of trajectory.
30º angle of dummy axis
Three possible impact trajectories:
o Post centred
o Post Off centred
o Mid beam

The dummy must be launched via a system that allows it to be free of any connection 2
m prior to impact. The measured values are shown next:

Neck

Head
Level

HIC 36

Mcox[Nm] Mcoy ext[Nm] Mcoy flex [Nm]

Level 1

650

134

42

190

Level 2

1000

134

57

190

Figure 16. Evaluation values

If the test results show a value over the established limits in any of the categories
evaluated then the test is not approved.
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2.4.2 TEST CONFIGURATION OUT OF NORM (LAUNCHING POSITION
AND TRAJECTORY)
The dummy used for the tests is a Hybrid III with modified back and pelvis (the one
defined in UNE 135900). It is equipped with a homologated helmet and a leather suit to
protect the dummy’s skin and its components. The dummy will be launched lying on its
back over a special sled. The position and trajectory are shown next:

Figure 17. Dummy Launching Position.

In this launching position, the vertebral axis of the dummy forms a 15º angle with the
launching trajectory. In the same way, the approaching trajectory is aligned with the
centre of gravity of the post (similar to UNE 135900, but with a 45º angle). This will
generate a higher energy during impact that would need to be absorbed by the system
yet the dummy will impact with the same parts of the body as in the UNE test, providing
more stringent test but with the same principle applied in UNE 135900.

Figure 18. 45º Approaching Trajectory.

With this approach, we are trying to evaluate the performance of the system in a more
aggressive angle for the user, where more energy needs to be absorbed by the
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restraint system because of the lower redirection capability. Nevertheless, the impact of
the dummy will be with the same angle in order to provide correlation data for future
actions.

2.4.3 BIOMECHANICAL INDEXES FOR THE EVALUATION OF THE
SEVERITY OF THE IMPACT
The biomechanical indexes that are used to evaluate the severity of the motorist
impacts are:
Representative indexes of the injury risk to the head and neck.

Neck

Head
Level

HIC 36

Mcox[Nm] Mcoy ext[Nm] Mcoy flex [Nm]

Level 1

650

134

42

190

Level 2

1000

134

57

190

Figure 19. Evaluation values

Representative index of the injury risk to the chest
The injury risk to the chest criteria is the acceleration of this part of the body, where the
sustained value shall be less than 60g during 3 ms.

Representative index of the injury risk to the back
Acceleration in T8 less than 45.2 g (represents an injury risk of 25% for AIS 4).
Acceleration in T12 less than 31.6 g (represents an injury risk of 25% for AIS 4).

Representative index of the injury risk to the thorax
TTI less than 145 g.
These biomechanical indexes were selected because they represent the most
important sections of the body whose injury outcome might be fatal. The referred injury
indexes will be considered during the design of the system evaluation procedure, and
will be used if the instrumentation used for the tests is adequate and necessary. Also,
new indexes might be required or utilized for primary and tertiary sensor system
development (work from WP 4 and 5).
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2.4.4 TEST PROCEDURE
The full scale impact test consists of the launch of a dummy against a roadside barrier
stretch equipped with motorist protection system at a velocity of 60 or 70 km/h, in an
adequate area for this means. The dummy, at the instant of impact, will be sliding with
most part of the body on the ground in a stable manner.

2.4.5 PROPULSION SYSTEM
The propulsion system must ensure that the dummy is free of any connection to it, at
no less than 2 m from the theoretical impact point.

2.4.6 ADVANTAGES OF THE PROTOCOL AGAINST NORM UNE135900
The advantages presented by the new protocol versus the UNE 135900 are:
•

•

•
•

The test of subsystems guarantees an excellent repeatability because it is a
guided test, assuring great precision in the point of impact, while the test with a
full scale dummy makes the impact in the selected point difficult due to the
instability of the setup. Subsystem testing also provides easier modifications in
the configuration, such as: velocity change, impactor mass, angle, etc.
The use of a single impact angle is not representative of reality, just as it has
been demonstrated in the possible impact angle and type of fall study. This fact
might makes the system perform very well with a certain impact angle but still
be injurious or less effective as the angle varies. Testing different angles would
dismiss this type of system and would improve the representativity of the
regulation.
Cost wise, the development of subsystem tests has a marked inferior cost than
the full dummy test. Also, the use of simulation tools would allow the
development of more efficient systems on reduced costs.
Using a combination of full size testing, subsystem test and simulation, all
aspects of the evaluation are covered, by obtaining quantitative and qualitative
data that correlate directly and can be analysed altogether to obtain a general
system evaluation. This will in turn provide the manufacturer with valuable
information about the performance of the system with different scenarios. It also
guarantees a higher security and protection level for the motorcyclists when an
accident occurs.

3. CONCLUSIONS
After a thorough analysis of the characteristics of motorcycle impacts in real life, the
type of injuries suffered by the motorcyclists and their outcome, the design
characteristics of actual road restraint systems for vehicles and vulnerable users, the
available legislation and our future needs for designing a Smart Road Restraint
System, a proposal of a new evaluation system and a set or requirements was written.
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The main point in the development of this chapter, was to analyse what are the
weaknesses and strengths of the actual legislative procedures and to include or
propose improvements, in order to have a more accurate system validation and
development. What was found throughout the research was that accidents tend to
happen in several angles and several speeds. Up to date, the only difference
considered in the UNE normative is the speed. We believe that this can further be
improved if also a second angle of trajectory was included.
Our proposal, includes a new flowchart for activities, which in turn make a standard
UNE 135900 test as a minimum requirement, and later on, begins with the
development of subsystem test simulations where the amount of energy absorbed by
the system will be measured. Once this simulation has been approved, then real tests
will take place. If the barrier behaves as expected and approves, then the next stage is
the full system simulation.
In the full system simulation, the analysed parameters are the degree of redirection
provided to the rider and the biomechanical indexes obtained. Also, this simulation will
include the new certification protocol that increases the angle of trajectory but
maintains the same angle of impact of the dummy. With the same procedure as in
subsystems, the simulation needs to be approved prior to conducting real tests. Once
all of this has been approved, a new certification can be obtained with the combined
results of the UNE 135900 (considered as the minimum requirement) and the new test,
increasing the degree of safety provided by the motorcyclist protection system.
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