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ABSTRACT. The topic of the article are vehicle restraint systems. Specifically, the paper focuses on the
safety analysis of the way of implementation of crash cushions. Within the safety analysis carried out
on the territory of the Usti Region of the Czech Republic, the most frequently occurring deficiencies in
crash cushions and their possible impacts on road safety were identified. The output is the creation of
catalogue sheets of crash cushions, which contain the most frequently installed crash cushions on the
road network and a summary of methodological requirements for their adequate implementation. The
work is intended to serve as an effective tool and a quality source of information for road managers and
road safety auditors during their subsequent inspection.
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1. INTRODUCTION

Road transport is one of the world’s most used modes
of transport, and the road network is being intensively
developed (reconstructed and built) over time. An
integral part of this is the increasing degree of au-
tomobile use and the higher density of vehicles on
the roads. The development of road transport brings
a number of positives in the form of more efficient
accessibility between territorial units, but also nega-
tives. A typical example is the high number of traffic
accidents. Traffic accidents cause both health and
economic losses. With the development of modern
technology, both active vehicle safety, such as vari-
ous assistance systems and technical devices aimed at
preventing accidents, and passive safety, aimed at mit-
igating the consequences of accidents, are improving.
However, the number of road accidents and accidents
with serious consequences is still high and it is nec-
essary to focus on developing [IH3] a safe transport
system with socially acceptable levels of safety. In
the event of an accident, the aim of passive safety
is to mitigate the consequences as much as possible.
Among the elements which primarily help to increase
passive safety on roads are road restraint systems,
such as crash barriers or crash cushions to which this
article is devoted. Crash cushions are mainly used
to protect isolated obstacles and dangerous places in
the vicinity of roads where it is not possible to install
crash barriers or other elements [4, 5]. The purpose
of the crash cushion is to absorb kinetic energy and
safely restrain the vehicle or redirect it back into the
lane. The correct effectiveness of a crash cushion
occurs provided that it is correctly implemented. Oth-
erwise, the consequences of road accidents could be
aggravated or, if not correctly implemented, they can
also cause an accident.
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2. CRASH CUSHIONS

Crash cushions are classified as road restraint systems
and are placed mainly where for spatial reasons it was
not possible to install a crash barrier and the place-
ment of a crash cushion seems to be a more suitable
solution. One of the reasons for this may be, that one
of the parameters of the barriers, such as the mini-
mum length of the barrier in front of a fixed obstacle,
cannot be respected and the solution is to install a
crash cushion. Crash cushions are divided into two
basic types according to their function, which are gat-
ing and non-gating crash cushions. Unlike non-gating
crash cushions, gating crash cushions are also tested
for side impacts. Their purpose is not only to restrain
the vehicle but also to redirect it back into the lane.
In the case of side impacts, they perform a similar
function as crash barriers. Non-gating crash cushions
are placed in places where side impacts are not ex-
pected and are designed only for frontal impacts. The
resulting choice of crash cushion depends on the type
of road where the crash cushion is installed and the
type of obstacle or danger point which is supposed to
protect. Crash cushions shall comply with the require-
ments set out in the technical literature specifying the
spatial arrangement requirements, their containment
level or requirements defining the connection to other
road restraint systems. Failure to comply with the
requirements defined in the technical literature could
result in malfunctioning and possible loss of the ability
to restrain the vehicle or negatively affect the accident
and its consequences [6].

2.1. CONTAINMENT LEVEL

The basic parameter of crash cushions is the contain-
ment level, which is the amount of impact that the
crash cushion is able to resist in order to effectively
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Speed limit Minimal containment

level
>110kmh~T 110
>90and <110kmh~! 100
>70and <90kmh~! 80, 80/1
<70kmh~! 50

TABLE 1. The containment level of crash cushions on
roads [7].

restrain or redirect the vehicle. In general, the re-
sulting containment level depends primarily on the
speed limit at the location where the crash cushion
is installed. The containment levels are divided into
several classes, which correspond numerically to the
speeds of the vehicles in the performed impact tests [6].
The different containment levels are classified accord-
ing to the impact tests they must meet for that level.
In total, there are 18 types of impact tests, which are
defined by several parameters that must be met for
a specific impact test. These parameters include the
impact track to the crash cushion, the total vehicle
mass and the impact speed. In total, five containment
levels are defined and the choice of the containment
level on the road in a specific location depends on the
maximum permitted speed in a specific section [7].
Table [ shows the individual containment levels for
individual maximum permitted speeds on the road.

Crash cushions are only tested by passenger vehi-
cles. For other motor vehicles, such as trucks, crash
cushions are not adapted, as it would be difficult to
construct such a crash cushion in terms of space and
economic requirements. These crash cushions would
have to have a large number of shock absorbing seg-
ments, which would significantly affect its size and
make it virtually impossible to install on the road
network. At the same time, its design would be un-
suitable for the impact of passenger vehicles due to
the required stiffness it would have to have to restrain
trucks, which could exacerbate the consequences of
such accidents in the case of an impact.

3. SAFETY ANALYSIS OF CRUSH
CUSHIONS

In order to verify the correctness of the implemen-
tation of the crash cushions, a local traffic safety
investigation was carried out on 18 crash cushions.
Specifically, these are crash cushions located on the
road network in the Ust{ nad Labem region. As part
of the inspection, a detailed check of the technical
condition of the crash cushions and a check of the
level of road traffic safety in the given locations were
carried out. At the same time, it was verified whether
the crash cushions were made in accordance with the
relevant technical regulations such as EN 1317-2 [§],
EN 1317-3 [7], TP 114 [9], TP 158 [6]. Additionally,
the potential deficiencies in the construction of the
crash cushions were identified.

3.1. CLASSIFICATION OF CRASH CUSHIONS
DEFECTS

Several types of deficiencies that may have an im-
pact on road safety have been identified as part of
the safety analysis of selected crash cushions. The
most frequently occurring deficiency identified in the
monitored crash cushions is the inappropriate place-
ment of the crash cushion in the chevron marking.
According to TP 158 [6], it is possible to place a crash
cushion in the chevron marking, provided that the
specified minimum distances of the crash cushion from
the nearest outer edge of the chevron marking are ob-
served. However, from the point of view of road safety
it is more appropriate to place the crash cushions out-
side the chevron marking on the unpaved part of the
road, if the spatial conditions allow it. This approach
generally preserves more space for possible emergency
manoeuvres in the area of the chevron marking, which
has the positive consequence of increasing safety on
the roads. In the event of a loss of control of the
vehicle, the chevron marking serves as an area where
the vehicle can be returned to the lane and the ma-
noeuvring space is significantly reduced by placing the
crash cushion in this area. Another category of defi-
ciencies that were identified during the analysis is the
unjustified placement of the crash cushion, or crash
barriers that are connected to the crash cushion. In
general, road safety systems are placed, where there is
an increased danger in the vicinity of the road and in
places where there is an identified risk of collision with
other road users. Generally, it is more pleasant for
road users that, in the event of loss of control, the ve-
hicle moves into a free space and gradually decelerates,
rather than hitting an unjustifiably installed restraint
system [I0]. In several cases, it was found that crash
cushions are installed in places where there are no
obstacles or dangerous places that would represent
traffic safety risks. On the contrary, their presence
can increase the probability of a traffic accident. If the
vehicle goes off the road, it may hit the crash cushion
and worsen the severity of the accident than if the
vehicle were to go into a free space, where it would
slow down gradually and thus no collision would occur.
Based on the findings, it is recommended to install
crash cushions only in situations that pose a traffic
safety risk and the installation of a crash cushion will
improve the current level of safety. The same is appli-
cable for the crash barriers, which are connected to
the crash cushions. The necessity of installation crash
barriers behind the crash cushion depends on the type
of fixed obstacle or place of danger to be protected.
A common shortcoming is placement of crash barriers
behind the impact attenuator even if it only protects
a separate fixed obstacle. More appropriate solution
is to place the impact attenuator immediately in front
of the fixed obstacle and deflect the impact attenuator
at such an angle that the fixed obstacle is protected
on both sides. In this case, the crash barriers do not
have to continue behind the crash cushion, because

67



Tereza Simkové, Michal Frydryn

ActA POoLYTECHNICA CTU PROCEEDINGS

they would not have any protective function at all.
As already mentioned, the main parameter of crash
cushions is their containment level. Very often it has
been found during local road safety inspections that
the crash cushion has a higher containment level than
is necessary for a specific speed. However, it should be
noted that a crash cushion with a containment level
than is required at a certain location does not have a
negative effect on the level of traffic safety. The de-
tected negative effect on traffic safety is only from the
point of view of the spatial arrangement in the vicinity
of the crash cushion. Crash cushions with a higher
containment level generally have larger dimensions
and their part may in some cases restrict the space
for possible emergency manoeuvres. It is therefore
appropriate in these cases to place the crash cushion
at a containment level that corresponds to the local
maximum permissible speed and does not interfere
with the chevron marking due to its size [6] [7].

4. CATALOGUE SHEETS OF CRASH
CUSHIONS

During the safety analysis of the crash cushions it was
found that only five of the eighteen locations moni-
tored could be considered to have a socially acceptable
design of crash cushions in terms of road safety. These
conclusions show that although these are passive safety
elements that should contribute to increasing road
safety, the placement of crash cushions is not always
implemented in accordance with road safety. Based
on the resulting knowledge, catalogue sheets of crash
cushions have been created, which contain the most
frequently occurring types of crash cushions on the
road network in the Czech Republic. The catalogue
sheets contain an overview of the containment levels
of crash cushions, which are their main parameter and
are decisive for choosing the type of crash cushion in
a specific location [IT], [T2]. For the correct implemen-
tation of crash cushions and maintaining a socially
acceptable level of safety, the catalogue sheets also
include a summary of methodological requirements
according to which it is desirable to implement crash
cushions. Furthermore, the catalogue sheets contain
the principles of placement of crash cushions, the rules
of their spatial arrangement, as well as the design re-
quirements of transitions of crash cushions to crash
barriers. In total, the datasheets contain 65 specific
types of crash cushions from six companies. (Snoline
Spa, HIASA Grupo Gonvarri, Alpina Sicherheitssys-
teme GmbH, SPS — Schutzplanken GmbH, LUCO
Grande Lavori Stradali, Saferoad Holland B.V.). This
includes both gating crash cushions, which redirect
the vehicle in the event of side impacts, and non-
gating crash cushions, which are designed for frontal
impacts only. The catalogue sheets divide the crash
cushions into groups according to the manufacturing
company and similar design features. The crash cush-
ions then differ mainly in their dimensions, and with
this their containment level varies, as it is generally
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the case that the longer the crash cushions are, the
higher their containment level increases. Each sheet
contains a group of similar types of crash cushions
from the same manufacturer and several parameters
are given for each specific variant of crash cushion.
The first parameter is the containment level of the
crash cushion and then the speed for which the crash
cushion is adapted. At the same time, the contain-
ment level of the crash cushion should correspond to
the maximum permissible speed in the section where
this safety element is installed. Other parameters are
the basic dimensional values of the crash cushions.
The length and width of the crash cushion, or for
wedge-shaped types of crash cushions, the width at
the front of the crash cushion (front width) and the
width at the rear of the crash cushion (rear width) are
given. The technical drawings of each type of impact
cushion with basic dimensions are also an integral part
of the resulting catalogue to help visually identify the
type of impact cushion. An example of a catalogue
sheet for a crash cushion is shown in Figure [f}

5. CONCLUSION

The aim of passive safety systems, which in this case
are specifically crash cushions, is to minimise the con-
sequences of road accidents. In order to ensure an
adequate level of road safety, it is therefore desirable
that all safety systems are implemented not only in
accordance with the conditions set out in the tech-
nical literature, but also with regard to the specific
location, and that the situation is assessed compre-
hensively in order to maintain a socially acceptable
level of safety. For this purpose, for example, a Road
Safety Audit or other similar tools may be used, into
which the assessment will be integrated. As part of
the safety analysis of crash cushions, it was found
that crash cushions are often not implemented in ac-
cordance with traffic safety assumptions and in some
cases not even in accordance with the requirements
in the technical literature [6] [7]. In order to increase
the safety of traffic, the above-mentioned catalogue
sheets of the most frequently installed crash cushions
have been created, which also contain a summary of
the methodological requirements for implementation
of the crash cushions. The catalogue sheets of crash
cushions can also be used by road construction de-
signers and road safety auditors, who will be able to
distinguish the type of crash cushion according to the
sheets and verify the correctness of its implementation.
It will also be possible for the professional public to
determine the parameters that belong to a specific
crash cushion. It will also make it easier to select the
type of crash cushion for specific locations according
to the parameters that are optimal for the situation
in terms of safety. This will provide a broader range
of knowledge in the field of road safety systems, which
can be used effectively, for example, in the prepara-
tion of safety inspections or safety audits and thus
contribute to improvement road safety.
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TAU Medium

Containment oo Length Front width | Rear width
level Speed limit [km/h] [m] [m] [m]
TAU 60 M 50 <70 4,750 1,600 1,830
TAU 80 M 80 <90 7,100 1,450 1,830
TAU 100 M 100 <110 9,800 1,300 1,830
TAU 110 M 110 >110 9,800 1,300 1,830
4 4
= <
4750 =7100
TAU 60 M TAU 80 M
(=4 ) i :
= < g [0 G I D D A D 6 D O D % g
e ; ) =<
~9800 ~9800 F
TAU 100 M TAU 110 M

F1GURE 1. Catalogue sheet of crash cushion for TAU Medium.
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