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Publishable summary

Road restraint systems are thought to hold back strayed vehicles, to prevent associated dangers
to third parties and also to protect the occupants of these strayed vehicles. A high occupant
protection level and a reliable capability to reduce the consequences of roadside collisions of
uncontrolled vehicles (4 or more wheels) leaving the carriageway result in a technological conflict
of objectives which is especially distinctive in the case of impacting motorcyclists.

In the EC co-funded APROSYS project special attention has been paid to this topic within
subproject 4 (Motorcycles accidents), particularly in workpackage 2 (Motorcyclists vs. road
infrastructure). Here, the development of a “motorcyclist friendly” road restraint system is one of
the objective targets. In order to evaluate the usefulness of already existing Motorcyclist
Protective Devices (MPD) fitted to road restraint systems, a cost-benefit analysis has to be
conducted. Based on the methodology developed within a former project of the German Federal
Highway Research Institute, the course of action for rating different restraint systems among each
other is presented in this report. As far as only sliding impacts against road restraint systems are
of special focus, the rating of the upper parts of the passive safety systems is omitted. The
intrinsic rating of the road restraint system (with MPD) developed in APROSYS SP4 (within task
4.2.4) will be performed in D4.2.4 B.
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1 Introduction

Passive safety elements on roads are supposed to hold back strayed vehicles, to prevent
associated dangers to third parties and also to protect the occupants of these strayed vehicles.
The required capability of safety elements to hold back vehicles depends on the location and the
potential of the possible threat. The occupant protection is optimised for passenger cars due to
their major presence in common traffic conditions. A high protection level for occupants and a
reliable capability to hold back strayed vehicles will always result in a technological conflict of
objectives which is especially distinctive in the case of impacting motorcyclists.

In the EC co-funded APROSYS project special attention has been paid to this topic within
subproject 4 (Motorcycles accidents), particularly in workpackage 2 (Motorcyclists vs. road
infrastructure). Here, the development of a “motorcyclist friendly” road restraint system is one of
the objective targets. In order to evaluate the usefulness of already existing road restraint
systems, a cost-benefit analysis has to be conducted. In a first step the availability of data from
different European countries (The Netherlands, Portugal, Germany and Spain) related to the
installation of road infrastructure specifically designed to protect motorcyclists had to be checked.
This data would allow the estimation of the benefit of the installation of motorcyclists’ protective
devices in terms of saving lives or reducing injuries via comparison of the accidents/injuries
before and after the installation of such systems in the roads. Unfortunately no reliable data were
available within the consortium. Therefore, a theoretical approach was found to be suitable in
order to evaluate the benefit potential of motorcyclist friendly restraint systems.

In 2005/2006 the German Federal Highway Research Institute initiated the research project
“Development and testing of the requirements for passive safety elements to improve the passive
safety for motorcyclists”. The aim of this project was to optimise and refit existing steel guard rails
with regard to impacting motorcyclists and the least structural modifications [1]. Part of this project
was the description of already existing guard rail systems and their evaluation by means of a
special rating matrix and several expert discussions.

Within this report the modus operandi of the above mentioned research project is described. In

the subsequent deliverable D4.2.4 B the road restraint system developed within APROSYS SP4
is to be evaluated using the method depicted in D4.2.3 B.
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2 Systems and system components already availablet  hat can provide
potential protection for motorcyclists in a collisi on

A research project run by the Federal Highway Research Institute (BASt) studied the feasibility of
converting existing passive protection devices in such a way that they would, in case of a
motorcyclist impacting the guard rail, not only fulfil the standard DIN EN 1317 for cars and trucks,
but also provide more protection to the motorcyclist, leading to a lower risk of injury [2].
Nevertheless, the system thus generated, the “Swiss Box Profile”, Figure 1, consisting of sigma
posts and a closed box-shaped profile at the top with steel lower rail, was not practicable, as it
was not only too expensive, but also too difficult to fit. Moreover, the fitting of the lower rail as well
as the lower rail itself merely constituted a "provisional solution”.

In an attempt to find more cost-effective alternatives to the “Swiss Box Profile” as the basic
modification system, research was undertaken into existing systems and into the advantages that
they had in common with the advantages of the Box Profile and the lower rail. Systems were
examined, which, on the one hand, protect motorcyclists sliding along the ground and colliding
with the lower part of the crash barrier, and, on the other hand, which can lessen the risk of injury
when the motorcyclists collide with the protection system from above and then slide along the
system.

| Figure 1 Swiss Box Profile

2.1 Adaptive anti-underrun protective systems and s  ystem components

Projects aimed at improving the safety of crash barriers for colliding motorcyclists have not only
been carried out in Germany, but also in France and Spain. As a result of these projects, different
system components which can be adapted and attached to existing crash barrier systems have
been developed. Some of these systems and system components are already commercially
available and will now be looked at in more detail.

2.1.1 System presented at the IRCOBI Conference

A system component developed in Italy was presented back in 1998 at the IRCOBI Conference in
Gothenburg. It enabled steel guard rail systems already in existence to undergo a motorcyclist-
friendly conversion, Figure 2. This component was an attempt to create a lower rail which
prevented the motorcyclist from sliding under the crash barrier and possibly colliding with a crash
barrier post. The main disadvantage of this system is that the lower rail would protrude so far out
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from the crash barrier rail that its effectiveness would be severely impaired in the case that the
collision partner is a car.

Figure 2 System presented at the IRCOBI Conference in Gothenburg, 1998

2.1.2 The MOTO.TUB system from Sodirel (France)

The MOTO.TUB System, Figure 3, from Sodirel won a competition held by the Direction de la
Sécurité et de la Circulation Routieres (D.S.C.R. — Road Safety and Transport Authority) in
France. The lower rail consists of two plastic pipes made of up to 75 % recycled material. The
installation of the system to existing protection systems is very easy and possible without
additional equipment, Figure 4.

Figure 3 System MOTO.TUB, Sodirel (France)

Figure 4 Installation of the MOTO.TUB system
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The Laboratoire d’essais INRETS Equipements de la Route (L.I.LE.R. — Road Equipment Test
Laboratory) in France tested the effectiveness of this system for a collision involving a
motorcyclist, Figure 5. A test was devised in which a dummy lying on its back was shot head first
at an angle of 30° against the protection barrier. The dummy was made of different dummy
components. The upper body and standing pelvis from a Hll-dummy and the head from a Hlll-
dummy were used. A DENTON 6-axial neck was used. The impact speed of the dummy was
60 km/h. It was shown that the Head Injury Criterion (HIC) obtained value of 296 was significantly
below the corresponding biomechanical maximum of 1,000.

A second test was performed using the same dummy, again lying on its back and with its side
parallel to the crash barrier. The dummy was shot again against the MOTO.TUB system at an
angle of 30°and at a speed of 60 km/h. The obtaine d HIC figure in this test was 99.

A third test was conducted in accordance with DIN EN 1317. In test TB32 a car weighing
1,428 kg was impacted at a speed of 110 km/h at an angle of 20° against the combined
protection system. The obtained Acceleration Severity Index (ASI) of the crash barrier, which
serves to evaluate the impact force for the occupants of a car, was 0.7. This corresponds to an
impact force of level A. The adaptive MOTO.TUB system thus impairs the original protective
effect of the French crash barrier. Attaching it to German protection systems constitutes one
disadvantage of the system. Although attachment entails only slight modification, the geometry
under the crash barrier rail of the single guard rail means that the lower rail would protrude and
thus severely impair the protective effect in a car collision. It may have the effect of a ramp.

Figure 5 Dummy after crash testing of the MOTO.TUB system

2.1.3 System Railplast from Sodilor (France)

The Sodilor company distributes an adaptive protection system component named Railplast,
Figure 6. The lower rail consists of a plastic box. Two metal pipes are installed in this
polyethylene box.

Although the system component can be fitted to existing crash barrier posts, it is a relatively time-
consuming operation. Attachment involves using a connector in which interconnecting pieces are
inserted and screwed in place from outside, Figure 7.

It is not known whether collision tests have been carried out on this system in accordance with
DIN EN 1317, and it is therefore difficult to give an opinion on whether the two supports that are
inserted into the connector generate additional risks if the plastic component ruptures under the
force of an impact.
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Figure 6 System Railplast from Sodilor

Figure 7 Installation of the Railplast system

2.1.4 System Euskirchen (Germany)

Developed by the Rheinisches Stralenbauamt (Rhine Road Construction Department) the
underrun protection system known as “System Euskirchen”, Figure 8Error! Reference source
not found. , resembles the lower rail of the “Swiss Box Profile with rail” system from the
aforementioned project, yet with a completely different suspension solution. The lower rail is fitted
to the crash barrier rail via a bracket. This guarantees a certain degree of elasticity during impact.
The movable suspension bracket is meant to cushion the impact of a motorcyclist. As the lower
rail is mounted directly on the crash barrier rail, the protective effect is impaired for cars leaving
the road surface. This gives cause for concern as the single guard rail is the weakest of the
protection systems permitted in Germany. The system is already in use on sections representing
danger hot spots for motorcyclists and has attracted both approval (regarding the protective effect
for impacting motorcyclists) and criticism (above all, because dirt collects in front of the device,
with the result that the motorcycle skids on these areas). According to the manufacturers, fitting is
quick, easy and inexpensive.
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Figure 8 System Euskirchen

2.1.5 System Ecran Motard from Sec Envel (France)

The Ecran Motard system from Sec Envel, Figure 9, represents the most reasonably priced
adaptive system component. It consists of a shield which also serves as underrun protection. This
shield is screwed under a spacer to the crash barrier. The system resembles the lower rail of the
Euskirchen system, but with a different means of attachment, and can be adapted to German
protection systems without too much effort.

Figure 9 System Ecran Motard from Sec Envel
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2.1.6 System MOTO-RAIL from Solosar (France)

The MOTO-RAIL system from Solosar is a complete system which consists of a modified crash
barrier rail and a lower rail, Figure 10. The modified crash barrier rail comprises a square section,
open towards the rear. The rail elements are linked together via connecting plates which are
screwed behind the respective lower rail connector. As this involves a blunt butt joint the risk of
gaps appearing when used in tight corners is high.

The beam is rectangular at the top and curved under 45° at the bottom. The rectangular
curvature at the top is designed to enable an interlocking connection of rail and MOTO-RAIL. The
lower rail is connected to the main rail by means of a plastic pin. The MOTO-RAIL is connected to
the crash barrier post via a stem. The system is attached to the post by means of slotted holes.
These are intended to ensure that there is a certain degree of elasticity during impact. As this is a
complete system it is not possible to adapt it for fixture to German protection systems.

Figure 10 System MOTO-RAIL from Solosar

2.1.7 Lower rail from Grupo Daragon (Spain)

Another variant of a lower rail is a system produced by the Grupo Daragon in 2004, Figure 11.
The Sistema Daragon is a device that can be adapted to fit to the Spanish variant of the single
spaced guard rail. This lower rail comprises 100 % recycled plastic. The system is attached to the
crash barrier post by screwing it to the spacer. It requires the two screws to be loosened, which
makes adaptive fitting more difficult.
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Figure 11 System Daragon
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3 Evaluation of the studied systems

The performance of the systems and system components reviewed here are to be compared with
each other and evaluated.

In order to obtain a quick and easy overview of the existing adaptive and new systems, the
features of all the systems have been summarised. These summaries contain all the important
information about the systems and constitute the basis for a matrix which can be used to evaluate
the various systems. Table 1 shows the summary of features for the lower part of the crash
barrier. The lower part is deemed to be that area below the crash barrier rail, and the top the area
above and behind the crash barrier rail.

Table 1 Summary of features for the lower part of the crash barrier

A selection of the tested systems, which was as objective as possible, was carried out by means
of an evaluation matrix. This matrix evaluates the systems according to different categories,
which are given various weightings. The evaluation matrix contains not only the most important
category of protection potential, but also other categories which are considered important for
evaluating the overall system. These include not only such categories as costs and conversion
time, which is especially important for large-scale application, but also factors such as durability,
repair-friendliness and operational maintenance, which are important in order to retain the actual
protective effect. All these factors contribute to the safety potential of the protective system.

This matrix enables the systems to be analysed and graded according to a specific feature. The
features are marked on a scale of 1 - 6 (1 = very good - 6 = unsatisfactory). The individual grades
produce an overall grade and allow a ranking to be drawn up of the crash barrier systems. This
ranking enables an objective decision to be taken on which systems best suit the intended
purpose. Deviating from the original rating matrix of [1], only the lower part of the guardrail
systems are to be taken into account. The upper part is not of interest as far as only sliding
impacts are contemplated in APROSYS SP4.

Figure 12 shows a final version of the evaluation matrix for the assessment of the lower guardrail
area.
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Sliding impact
Weighting
Single steel guard rail (SSGR) 15% 10% 8% 8% 8% 51% Safety potential

. ... .. | Operating . Safety .
System Cost Reparation |Modification support Durability potential A-Grade | Ranking Rider PTW
A (e.g. MOTO.TUB)
B
]
D
E
70% 30%
Weighting
Weighting
Single spaced steel guard rail (SSSGR) 15% 10% 8% 8% 8% 51% Safety potential
. .. .. | Operating - Safety 3 .
System Cost Reparation |Modification support Durability potential #-Grade | Ranking Rider PTW

A (e.g. MOTO.TUB)
B

m(3 [O

70% 30%
Weighting

Cost: cost of material - no labour cost for assembling

Reparation: how complex is it to exchange a damaged system part

Modification: are there a lot of modifications that had to be done to fit the system to the existing guardrail

Operating support: how complex is it to mow herbage? Will ploughing be affected?

Durability: how vulnerable is the system in respect of weather influences, operating tasks? How long can the system be used without loss of safety potential?
Safety potential rider: what dangers emerge from contacting the system? Risk of cutting injuries? Impacting the post? Topple over the system?

Safety potential PTW: what dangers emerge from the PTW for the rider at impact? Is the rider separating from the PTW or are there any further dangers (reflection of the PTW)?

Figure 12 Rating matrix for the lower part of the guardrail

3.1 Explanation of the criteria and their weighting

Various categories have been taken into account in the evaluation of the systems. These
categories are material costs, reparation, modification, operating support, durability and safety
potential. These categories will now be explained individually.

3.1.1 Material costs

The category material costs takes into account the material costs involved in conversion and the
costs of the system. How difficult the system is to be fitted and the personnel costs that this
entails are not taken into account. These conversion costs are covered in the category
“Modification”. An evaluation receiving the score of 1 means that this system is the most
favourably priced of all; the score of 6 means that it is the most expensive option. The costs of
each system were calculated on the basis of the details provided by the manufacturers and
computed for one continuous metre of system.

3.1.2 Reparation

The category reparation evaluates how difficult it is to replace defective system components after
an accident. If the parts are very quick and easy to exchange, the respective system receives the
score of 1. Alternately, if the parts are difficult to exchange, the system scores a 6. This
evaluation is conducted on the basis of the assembly instructions of the manufacturers. If the
system is difficult to fit, repair is likewise difficult.

3.1.3 Modification

This category evaluates the effort required to alter existing crash barriers to be adapted to the
new system. The score of 1 means that existing crash barriers need hardly any or no alterations;
a score of 6, however, indicates that the crash barrier must be altered almost completely.
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3.1.4 Operating support

Operational support covers such factors as the difficulty of conducting mowing or whether winter
services are affected. This factor plays a greater role for the bottom of the crash barrier than for
the top. Any lower rail would especially constitute a problem for fully automatic mowing machines.
This is no problem for the top section of the crash barrier. Consequently the score of 1 in this
category indicated none or a small degree of influence and the score of 6 great influence.

3.1.5 Durability

The category durability focuses on the period of time the system can be employed without loss of
protective effect. Factors playing a role here are, for example, the material the system is made of,
its reaction to weathering or whether the protective properties of the system are damaged during
mowing or maintenance work.

3.1.6 Safety potential

The safety potential is the weighted average score of the safety potential — rider and the safety
potential — motorcycle. This category is one of the most important and has a weighting of 51 % for
lower rails in the overall evaluation.

The difference between this category and the others already mentioned is that it is not directly
calculated via the evaluation box, but separately via the grey safety potential box.

The safety potential is composed of two different and in turn individually weighted properties.
These are the "safety potential — rider" property and the "safety potential — motorcycle" property,
which are explained below.

Safety potential — rider: Here the protective potential of the new system is evaluated
regarding safety for the rider. This category covers the direct impact of the riders with the
crash barrier. The evaluation considers to what extent dangers or injuries can be reduced
by the new system. Considered here are potential dangers such as the impact of the
sliding motorcyclist with the crash barrier post.

Safety potential — motorcycle: This property evaluates to what extent the system can
lessen or prevent the danger to the riders that the motorcycle represents. During a
collision with a crash barrier it is important that the motorcyclist separates from the
motorcycle and the motorcycle, if possible, is stopped by the system so that no further
risk results from the riderless motorcycle (e.g. jamming) for the rider or for other road
users.

Both factors taken together give an average score for the overall safety potential, which is
weighted into the overall evaluation in the evaluation box, in which the protective potential is
given a 51% weighting. The evaluation of “safety potential — rider” and “safety potential —
motorcycle” is established in a similar way to the other categories on a scale of 1 — 6.

3.1.7 Weighting of the individual factors

All categories are weighted differently and scored into the evaluation.

The safety potential carries a weighting of 51 %, material costs 15 %, the category reparation
10 %, modification of the system 8 %, operating support 8 % and durability 8 % in the overall
evaluation. The systems are to be compared in each category and the advantages and
disadvantages weighed up, e.g. the cheapest system (material price) receives the score of 1 in
the category costs. The various weightings and the scores given for each category generate the
average score. The ranking of each individual system within the matrix is determined from the
calculated averages of all these systems.
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4 Conclusion

The systems presented here are just some of the many systems available and have been taken
only by way of example. The past few years have witnessed a great deal of development in this
field and this has in turn led to new crash barrier systems. A standard has also already been
defined in Spain which requires these systems to undergo motorcyclist impact testing.

As far as only insufficient real-world accident records are available up to now, a classical
cost/benefit analysis was not realisable. Missing data such as accident occurrence and their
outcomes before and after the installation (3-5 years) of motorcyclist protective devices on certain
road sections have to be collected in the following years.

Whether the systems are suitable for day-to-day use on the road is not considered here. The
presented evaluation scheme helps to evaluate various systems not only as regards their
protective potential for motorcyclist collisions, but also as regards taking a holistic approach to the
passive protective device.

The problem still remains that a “motorcyclist-friendly” system can, in certain circumstances,

prove to be unsuitable for the colliding car. Additional tests in accordance with DIN EN 1317 must
provide more clarification in this respect.
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