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Executive Summary 

The European Standard for Vehicle Restraint Systems (VRS), EN 1317, dates from 1998, and 
it is known that since that time there has been a considerable change in the vehicle fleet, in 
particular the increase in vehicle mass and the growth in the numbers of SUVs and MPVs on 
UK and European roads. There have also been changes in regulations and Euro NCAP that 
have led to a significant increase in vehicle frontal structure stiffness from around 2000 
onwards. This project aimed to develop a better understanding of the existing and future 
effects of this change in the vehicle fleet on the performance of VRSs.  

A literature survey was undertaken in order to identify vehicle properties which have an 
important effect on vehicle-to-VRS interaction. A workshop was also organised with 
automotive industry experts to discuss the relevant past and future vehicle design trends. 
Vehicle mass, height of centre of gravity (CoG), and stiffness were confirmed as parameters 
of primary importance. The type of car (vehicle segment such as Executive car, Small Family 
Car, Supermini, Multipurpose Vehicle or MPV, Sports Utility Vehicle or SUV etc.) and its age 
have a direct effect on these parameters. 

Vehicles with a higher mass also have higher kinetic energy so that heavier vehicles 
impacting a barrier are more likely to breach it. Vehicles with a higher CoG are more likely to 
roll over as a result of barrier impacts, which is especially problematic for SUVs and MPVs. 
Older vehicles with lower stiffness are expected to absorb more of the impact energy 
through deformation of their outer body and structure and therefore less of the impact 
energy is expected to be absorbed by deformation of the barrier. Modern vehicles with 
stiffer frontal structures deform less during a barrier impact and therefore more of the 
impact energy needs to be absorbed by deformation of the barrier. Barriers may therefore 
suffer more damage when they are hit by modern cars, which are considerably stiffer than 
the older cars which the barriers were originally tested with.  

The project also analysed the composition of the current GB and EU vehicle fleets. The mean 
age of the car fleet in GB has increased from 6.8 years old in 2007 to 8.0 years old in 2015. 
GB has a younger car fleet compared to the rest of Europe (1.7 years younger in 2015). 
Therefore EN 1317 vehicles are less representative for GB than they are for Europe as a 
whole. 

The mean mass in running order of newly registered cars in the EU has increased from 
1,268 kg in 2001 to 1,385 kg in 2015. In the UK; however, the mean mass in running order of 
newly registered cars has gone up from 1,251 kg in 2001 to 1,392 kg in 2015; i.e. a slightly 
larger increase. In 2015 for Europe, the mean mass in running order for the Luxury, Upper 
Medium, Car Derived Van, Medium, Sport and SUV/Off-road segments all exceeded the 
1,500k g N2 containment level limit.  

In 2015, registered cars on GB roads dating from 1998 (the year EN 1317 was published) and 
earlier, represented around only 2.5% of the total car parc (278,977 cars). 

The EU market share of SUVs has dramatically increased from 2% in 2001 to 22% in 2015. 
The trend does not show any sign of slowing down, therefore the market share of the SUV is 
expected to increase further throughout the EU. 
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Vehicle registration statistics from DfT and the UK car parc data from SMMT were analysed. 
These showed that in GB, 22% of the 2016 car fleet had a mean mass in running order 
exceeding the 1,500 kg value used in EN 1317. If cars are assumed to contain two adults on 
average, the proportion that exceeds 1,500 kg in mass increases to 40%.  

Data in STATS19 on single vehicle barrier accidents (SVBAs) on the SRN involving cars over 
the period from 1999 to 2015 were analysed. This was linked to SMMT data to determine 
the mass and vehicle segment of the cars. SVBA have declined since 2009, possibly due to 
improved vehicle design, for example a greater percentage of vehicles being fitted with ESC 
and other active safety systems. However, the severity of SVBAs has increased over the 
years from 8.4% KSI in 2008 to 13.3% KSI in 2015. 

There is a statistically significant relationship between the SVBA severity outcome and the 
impacting vehicle being under or over 1,500 kg. Barrier impacts with vehicles over 1,500 kg 
are around 2.5 times more likely to result in a fatality and 1.2 times more likely to result in a 
serious injury than those with vehicles of up to 1,500 kg mass. These relate to 1.4 times 
more likely outcome of KSI for vehicles over the N2 containment limit. The percentage of 
these SVBAs involving vehicles over 1,500 kg in mass (when carrying two passengers) has 
increased from 7.8% in 1999 to 17.4% in 2015.  

SVBAs involving SUVs and MPVs have a higher severity than those with other vehicle 
segments. For example 182 out of 349 (52%) SUV SVBAs resulted in a rollover. With every 
new generation of SUVs, the rollover rate decreased. However, the severity of SUV-to-
barrier impacts remains high and the problem persists as long as older SUV models are in 
the fleet.  

Overall, therefore, single vehicle barrier collisions are decreasing in numbers, but increasing 
in severity. Therefore there remains a concern that EN 1317 tests are no longer appropriate 
for the current car fleet. The proportion of vehicles in the current fleet that exceed the 
1,500 kg level, particularly when loaded, is much higher than it was in 1998. Therefore, an 
update of the TB32 test vehicle mass is recommended and it is recommended that a 
maximum test vehicle age limit is introduced to EN1317. 

Similarly, the proportion of vehicles such as SUVs and MPVs, which may have high CoGs and 
therefore be more prone to rollover and higher severity injuries if they hit the barrier, is 
much higher than in 1998. Currently there is no test vehicle in EN1317 to represent SUVs or 
MPVs. Therefore introduction of a new test vehicle category is recommended so that VRSs 
which are capable of safely containing these types of vehicles can be developed. 
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1 Background 

The Strategic Road Network (SRN) is going through a time of transformation. Management 
of the SRN has been reformed since the Highways Agency became Highways England. A 
significant amount of investment, worth over £15 billion, is committed to the strategic roads 
to 2021. This significant investment has made it possible for the Department for Transport 
to set challenging yet achievable aspirations to transform the SRN by 2040.  

The strategic road map to achieve these aspirations is set out by the Department for 
Transport (DfT) in the Road Investment Strategy (RIS) (Department for Transport, 2015). 
Improving safety on the SRN is a major aspiration within the RIS, with a set target of a 40% 
reduction in deaths and serious injuries by the end of 2020. Furthermore, it is targeted for 
the number of people killed or seriously injured (KSI) on the SRN to approach zero by 2040. 

These targets have led to the Highways England Health and Safety 5 Year Plan (Highways 
England, 2015), which sets out the vision and establishes a series of measures that will 
enable Highways England to progress towards the injury reduction targets defined in RIS. 
The Health and Safety 5 Year Plan includes 122 distinct actions in six areas of priority 
identified by Highways England. Among these, item 77, as shown in Figure 1, lays out a 
series of road safety interventions with regards to the management of risks for road users.  

 

 

Figure 1 - Action 77 of Highways England Health and Safety 5 Year Plan (Highways England, 
2015) 

 

As can be seen from Figure 1, provision of safer verges is identified as one of the 
infrastructure measures to be implemented to improve road safety on the SRN. However 
the means of achieving safer verges is not defined. This is why in 2015 Highways England 
ŎƻƳƳƛǎǎƛƻƴŜŘ ǘƘŜ ά{ŀŦŜǊ ±ŜǊƎŜǎ {ŎƻǇƛƴƎ {ǘǳŘȅέ ǇǊƻƧŜŎǘΣ ǿƘƛŎƘ ǿŀǎ ŘŜƭƛǾŜǊŜŘ ōȅ ¢w[ ƛƴ ŜŀǊƭȅ 
2016 (Erginbas et al., 2016).  

The aim of the Safer Verges Scoping Study was to develop a better understanding of the 
roadside as a whole, with regard to the level of safety provided and the measures which 
could be applied to improve the current level of safety. To achieve this aim, a large scale risk 
assessment was carried out to identify the contributory factors which affect the likelihood 
and the consequences of vehicles leaving the carriageway and the countermeasures which 
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can be implemented to mitigate the risk posed by each contributory factor identified. The 
risk assessment was based on an in-depth literature review, accident data analysis and 
consultation with national and international technical specialists and it was presented 
through a comprehensive Haddon Matrix (Haddon, 1968). Furthermore, the traditional 
Haddon Matrix was modified into a new format to feature a built-in algorithm which 
generated recommendations for Highways England, with regards to every single 
combination of contributory factor and the corresponding countermeasure identified. The 
result was a list of 84 unique actions recommended to Highways England, through which 
improvements to roadside safety might be achieved. These actions were also grouped 
according to their level recommended priority as high, medium or low.  

Among the 84 recommended actions resulting from Safer Verges Scoping Study, Highways 
England Vehicle Restraint and Temporary Traffic Management (VRTTM) has chosen to 
pursue three further. These were: 

¶ The use of centreline and edge rumble strips on SRN single carriageways, 

¶ Further research to develop a better understanding of the scale of risk posed by 
wooden boundary fencing to road users, and 

¶ Further research to develop a better understanding of the existing and future effects 
of the change of vehicle fleet on Vehicle Restraint System (VRS) performance. 

The common feature of these three actions is that they were all identified as high priority 
actions and they all relate to contributory factors which have been shown to be a problem 
within the SRN through either research or accident statistics. They are also all related to 
countermeasures which are used successfully in other countries but not yet in the UK. Safer 
Verges Part II is designed to follow up on these three ideas and explore them further. This 
report presents the results for the third of these topics, i.e. developing a better 
understanding of the existing and future effects of the change of vehicle fleet on VRS 
performance. 
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2 Problem Description 

Vehicle Restraint Systems are passive roadside safety measures, which are designed to 
mitigate the risks posed by errant vehicles leaving the carriageway. The risk mitigation is 
achieved through safe containment and controlled redirection of the errant vehicle. This 
controlled impact is expected to result in less severe consequences for the vehicle 
occupants, compared to the alternative of impacting or reaching the hazard/s located 
behind. Today, VRS installation is the most common roadside risk mitigation tool utilised 
throughout the SRN. Therefore, successful impact performance of these systems is vital for 
keeping the overall safety risk to an acceptable level.  

In the UK and the rest of the EU, impact performance of VRS is assessed through 
standardised full scale impact testing as described in the European Standard EN 1317 (CEN , 
2010). An example of one such test is shown in Figure 2. 

 

 

Figure 2 ς Example of an EN 1317 impact test, carried out with a 1,500 kg car 

 

The type and characteristics of the vehicles used during the tests have a significant effect on 
the performance of a restraint system. Due to cost and time limitations, a VRS cannot be 
tested against all possible impact scenarios which can occur on the road. Instead, the tests 
are designed to have pre-defined impacts speeds and angles, as shown in Table 1, to 
represent the more commonly expected accident scenarios. Furthermore the test vehicle 
types and specifications are set to represent a large proportion of the vehicle fleet on the 
road which may impact these systems, as shown in Table 2.  

As can be seen from Table 2, important vehicle properties such as mass, wheel track, wheel 
radius, wheel base, location of centre of gravity and the number of axles are set within 
certain limits. These are pre-defined as they are seen as important parameters which can 
affect the outcome of the test.  
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Table 1 ς EN 1317-2 vehicle impact test descriptions (CEN , 2010) 

Test  Impact Speed (km/h)  Impact Angle ę Total Mass (kg)  Type of Vehicle  

TB11  100  20  900  Car  

TB21  80  8 1,300  Car  

TB22  80  15  1,300  Car  

TB31  80  20  1,500  Car  

TB32  110  20  1,500  Car  

TB41  70  8 10,000  Rigid HGV  

TB42  70  15  10,000  Rigid HGV  

TB51  70  20  13,000  Bus 

TB61  80  20  16,000  Rigid HGV  

TB71  65  20  30,000  Rigid HGV  

TB81  65  20  38,000  Articulated HGV  

 

Table 2 ς EN 1317 vehicle specifications (CEN, 2010) 
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The specifications of test vehicles, as shown in Table 2, have not changed since the 
publication of the first version of EN 1317-1, in April 1998. However there have been 
significant changes to the vehicles on the road since then, i.e. in the last 19 years. Vehicle 
design keeps changing due to factors such as: 

¶ New legislation on safety technologies 

¶ New legislation on emissions 

¶ Market demand for safer, cheaper and more efficient vehicles 

¶ Market trends and rise in popularity of certain classes of vehicles 

As new vehicles enter and older ones are taken out, the composition of the UK vehicle fleet 
changes. The average vehicle seen on the UK roads today is considerably different than the 
average vehicle in 1998, when EN 1317-1 was published. For example the average vehicle 
today is heavier (see Section 4) and has a more complicated crash structure compared to 
1998 (see Section 3.2.4). Passenger vehicles with a higher Centre of Gravity such as Sports 
Utility Vehicles (SUVs) and Multi-Purpose Vehicles (MPVs) are much more common (see 
Section 4.2). 

As a result, the test vehicle types and their defined physical properties from 1998 may not 
be representative of a significant proportion of vehicles on the road today. Since these 
physical properties have a significant effect on the impact dynamics, a higher proportion of 
the vehicles on UK roads today may be at risk of unsatisfactory VRS impact performance, in 
the event of a run-off-road (RoR) accident. This is supported by multiple research papers, for 
example by ones which show that SUVs have a higher tendency to rollover as a result of VRS 
impact, due to their higher centre of gravity, compared to passenger vehicles (see Section 
3.2.3). 

Therefore the following areas should be better understood to identify the size of this risk 
and the countermeasures which can be applied to mitigate it: 

¶ Vehicle properties which have an important effect on vehicle-to-VRS interaction 
should be identified. 

¶ Characteristics of the current UK vehicle fleet composition and its change over time 
should be analysed, so that the relevance of current test vehicles in EN 1317 can be 
understood. 

The following sections provide an in-depth look into both of these areas.  
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3 Effects of Vehicle Type and Characteristics on Barrier Impact 
Performance 

3.1 Working Principles of Roadside Barriers 

A roadside barrier is a passive safety feature which is designed to contain and redirect an 
errant vehicle in a controlled manner. The design is aimed at absorbing lateral impact 
energy and redirecting the vehicle, as illustrated in Figure 3, rather than completely 
stopping it in the longitudinal direction. This way, abrupt accelerations which are likely to be 
exerted on vehicle occupants are decreased. An ideal impact performance is one where the 
vehicle gradually slows down in the lateral direction following the initial contact and then 
gradually changes direction and returns back towards the road at a narrow angle in a 
controlled way. The vehicle can then slow down without intruding into another running lane. 

 

 

Figure 3 ς Illustration of vehicle redirection mechanism of a roadside barrier 

 

Controlled redirection is achieved through different mechanisms by different types of 
roadside barrier systems. Although each system is unique in many ways, different barriers of 
similar make often work on similar principles. It is important to understand these working 
principles to be able to assess the effect of different vehicle parameters on the impact 
performance of a barrier. For this reason, the underlying working mechanism of the two 
most common types of barrier systems found on the SRN, i.e. steel and concrete, are briefly 
explained below, at a very high level. 

There are many different designs of steel barriers available on the market today. However, 
the majority of these systems perform on similar working principles. They are 
predominantly post and rail systems, with main differences being beam profile, beam height, 
post spacing and beam to post connection. The most common beam profiles used on the 
SRN are the corrugated and open box types.  

In a post and rail system, the main energy absorbing element is the longitudinal rail. Posts 
are mainly designed to hold the rail at the correct height for the impact and, for the majority 
of the systems (excluding strong post systems, where posts add to rigidity), they are also 
designed to disconnect from the beam during the impact and bend away from the ground 
level without causing vehicle snagging. As the impact progresses, the vehicle pushes and 
deflects the barrier in the lateral direction. With the increase in lateral deflection, tensile 
forces develop in the longitudinal beam axis. This way the lateral impact energy is 
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distributed over a much larger area along the system. As the tension on the beam increases, 
the rate of deflection decreases until the lateral energy of the vehicle is contained and the 
vehicle is redirected back towards the running lane. An example of such an impact is 
presented in Figure 4. 

 

 

Figure 4 ς Example of impact performance of a typical steel barrier, i.e. tensioned 
corrugated beam 

 

Beam height is of extreme importance for the successful performance of post and rail 
systems. The ideal impact is one where the height of Centre of Gravity (CoG) of the 
impacting vehicle is aligned with the barrier beam, as illustrated in Figure 5. This way the 
barrier can apply an opposite force to the impacting vehicle without causing a significant 
overturning moment. If the CoG is aligned over or under the barrier beam, the vehicle 
would have an increased tendency to override or underride the barrier. 

Beam height is measured from the ground to the centre of the beam and the height has 
been historically determined to safely contain the majority of passenger vehicles on the 
road. For example the typical beam height for the tensioned corrugated beam used in the 
UK is 610mm and has a 310mm profile. Therefore the beam covers a space of 455mm from 
the ground at the bottom to 765mm from the ground at the top. This barrier is of N2 
containment level, which means it is tested to contain a 1500kg passenger car with a 20° 
impact angle up to 110km/h impact speed. According to EN 1317, as previously shown in 
Table 2, the vehicle to be used on this test needs to have a CoG height of 530mm above 
ground. Therefore the CoG of the test vehicle is aligned with the barrier beam. 

 

 

Figure 5 ς Dynamics of a steel barrier impact with a standard saloon car 
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Another common type of barrier is the concrete barrier. Just as for steel, there are many 
different concrete barriers available on the market today; however most of them perform 
on similar working principles. The main differences are based on system height, profile, 
construction method (precast vs in-situ) and foundation details. 

Concrete barriers are rigid systems and most of them do not deflect during impacts with 
passenger vehicles. Side impact with a rigid vertical wall can be very severe for the vehicle 
occupants, as this is likely to result in significant lateral accelerations. This is due to lack of 
deformation in the system, which causes the vehicle and its occupants to change direction 
in a significantly shorter time.  

To overcome the problem of high lateral accelerations, the majority of concrete barriers are 
designed with sloped profiles. The side slopes are designed so that an impacting vehicle 
climbs along them during the impact until it redirects and lands back on four wheels. As the 
vehicle climbs the side slope and starts to rotate, some of the lateral acceleration is 
transferred to the vertical axis. This is illustrated in Figure 6. This way the total lateral 
acceleration is decreased. Furthermore a significant portion of the impact energy is 
consumed by the climbing action as the side of the vehicle climbs up in the vertical direction. 
As a result, less energy is left for lateral impact and redirection. 

 

 

Figure 6 ς Dynamics of a concrete barrier impact with a standard saloon car 

 

Vehicle type and dimensions have an important effect on the successful impact 
performance of concrete barriers. The lifting/climbing action introduced by the side slope of 
the barrier and the following landing action of the vehicle back on its four wheels can occur 
in different ways for vehicles of different size and dimensions. Less stable vehicles may 
experience increased risk of overturning as a result of redirection by a concrete barrier. This 
is acknowledged in the AASHTO Roadside Design Guide (AASHTO, 2011) which states:  

άThe critical variable for concrete safety shape is the height above the road surface of 
the break between the upper and lower slope. If this break is higher than 330mm, the 
chances of a vehicle overturning are increased, particularly for compact and 
subcompact automobiles.έ 

Furthermore the landing action may introduce instability to vehicles with higher CoG and 
narrower track width. 
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In the light of the working principles explained above, it can be seen that for both steel and 
concrete barrier systems, optimum dimensions of certain features will depend on the type 
and characteristics of the vehicle impacting, so that the safest impact performance can be 
achieved. Therefore, as the vehicle characteristics change, the assumptions which form the 
basis of barrier design choices may not hold true. As a result, the risk of unsatisfactory 
impact performance may increase. 

3.2 Vehicles Properties which have an Effect on Barrier Impact 
Performance 

3.2.1 Identification of Vehicle Properties which have an Effect on Barrier Impact 
Performance 

Vehicle to barrier impacts are dynamic events with multiple parameters potentially having 
an influence on the outcome. This is especially true for real world impacts, where a whole 
range of parameters such as vehicle type, weight, structure and dimensions, impact speed 
and angle, driver steering input, interventions from vehicle safety systems, roadside surface 
conditions, barrier installation, etc. comes into effect. Even though the effect of some 
parameters such as vehicle mass and CoG height appear to be obvious, it is not 
straightforward to identify all vehicle properties which may have a significant effect on the 
outcome of a barrier impact. 

There have been a number of research projects which aimed to identify the parameters 
which have a significant effect on vehicle-to-barrier interaction. One such research project 
(Ross et al., 2002) was carried out in the United States at Texas Transportation Institute 
under National Cooperative Highway Research Program (NCHRP) and published by 
Transportation Research Board (TRB)1.  

Ross et al. evaluated the characteristics of light truck variants, i.e. vans, minivans, pickup 
trucks and 4-wheel drive vehicles, and their interaction with widely used roadside safety 
hardware such as barriers. As part of their research, Ross et al. analysed roadside crash data, 
carried out computer simulations, studied full scale impact tests and studied dimensional 
and inertial properties of light trucks. As a result of their analyses, they identified the 
following vehicle properties, which they believe have a significant effect on the barrier 
impact performance (some of these are illustrated in Figure 7): 

¶ Vehicle Mass 

¶ Centre-of-Gravity Height 

¶ Frontal Overhang 

¶ Bumper Height 

                                                      

1
 The Transportation Research Board (TRB) in the US aims to promote innovation and progress in 

transportation through research. TRB facilitates the sharing of information on transportation practice and 

policy by researchers and practitioners; provides expert advice on transportation policy and programs; and 

disseminates research results broadly and encourages their implementation. 
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¶ Wheel Size 

¶ Wheelbase 

¶ Mass Distribution 

¶ Wheel Suspension Properties 

¶ Crush Stiffness 

 

Figure 7 ς Illustration of various vehicle dimensions 

 

Perhaps one of the most comprehensive studies to identify vehicle properties which have a 
significant effect on barrier interaction was carried out in the US at the George Washington 
University Transportation Research Institute (Eskandarian et al., 2004) under NCHRP. The 
aim of this study was to identify the existing and future vehicle characteristics that are 
potentially incompatible with the existing roadside safety hardware at the time and to 
identify opportunities to improve compatibility. To reach these aims, Eskandarian et al. 
carried out a literature review, statistical analysis and case by case review of roadside 
crashes, reviewed historic full scale crash tests, performed measurements on a large 
number of new and used vehicle structures, carried out new full scale impact tests and 
organised an industry workshop. 

The study by Eskandarian et al. included an in-depth, case by case review of 247 accidents 
identified within the National Automotive Sampling System Crashworthiness Data System 
(NASS/CDS)2. The accidents reviewed were single vehicle cases involving guardrails, concrete 
median barriers and end terminals. For each of the cases reviewed, they listed the 
important vehicle factors which they identified as having an effect on the vehicle-to-barrier 

                                                      

2
 National Automotive Sampling System /  Crashworthiness Data System (NASS/CDS) is an in-depth accident 

database, which contains detailed data on a representative, random sample of thousands of minor, serious 

and fatal crashes, attended by the police from across the US for every year since 1988. 

1: Vehicle Height   2: Frontal Overhang 

3: Centre of Gravity Height  4: Wheel Base 

5: Wheel Track / Track Width  6: Frame Rail Spread 
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interaction and incident outcome. As a result of all 247 case reviews, they have identified 
the following vehicle characteristics as άcriticalέ for the proper impact performance of a VRS: 

¶ Vehicle CoG Height 

¶ Vehicle Frontal Overhang (propensity for snagging) 

¶ Vehicle Mass 

 

Also, through a literature review, they have identified further vehicle characteristics which 
may ōŜ άpotentially influentialέ ŘǳǊƛƴƎ ǊƻŀŘǎƛŘŜ ƘŀǊŘǿŀǊŜ ŎǊŀǎƘ ŜǾŜƴǘǎ, as listed below: 

¶ Height of vehicle front structure and profile 

¶ Stiffness and geometry of vehicle front and side structure 

¶ Front and rear suspension characteristics 

¶ Vehicle door rocker geometry 

¶ Vehicle door latch/structural geometry 

¶ Vehicle wheelbase 

¶ Vehicle Static Stability Factor (SSF)3  

It can be observed that some of these characteristics are the same as those which were 
identified by Ross et al. This is because the work by Ross et al. was among those which were 
referenced by Eskandarian et al.  

Eskandarian et al. continued their study by identifying the dimensions of vehicles which 
were involved in the 247 crash events they had previously reviewed. This was done so that 
correlations between certain vehicle characteristics and accident outcome could be 
investigated. To be able to identify the vehicle dimensions, Eskandarian et al. not only 
examined literature such as trade magazines and engineering resources, but they also 
performed measurements by hand on a large number of new and used vehicle structures.  

Once all the data was collected and the analysis complete, Eskandarian et al. identified 
some correlation between vehicle global attributes and crash outcomes. In particular, they 
have identified that: 

¶ Track Width, 

¶ Track Height, 

¶ Vehicle Height, and 

¶ Vehicle Mass 

indicate good correlation with crash outcomes and injury severity. 

                                                      

3
 Vehicle Static Stability Factor (SSF) is a simplified measure ƻŦ ŀ ǾŜƘƛŎƭŜΩǎ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǊƻƭƭƻǾŜǊ ŀƴŘ ƛǘ 

essentially indicates how top heavy a vehicle is. It is calculated as the ratio of one half the track-width of the 

CoG height. 
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On the other hand, properties such as: 

¶ Frame Rail Spread, 

¶ Frontal Overhang, and 

¶ Centre of Force 

did not show a significant correlation with crash outcomes and injury severity. 

The next stage of the work carried out by Eskandarian et al. involved two full scale barrier 
impact tests comparing a 1996 Ford Taurus that was retained by a W-beam guardrail, and a 
Chevrolet Lumina that was not retained and resulted in a rollover. The barriers and their 
installation were the same, and the vehicle mass, CoG, and outer body dimensions were 
also the same. The difference in performance was attributed to: 

¶ Vehicle Structural Properties, including the different stiffness of underlying 
structural members.  

In another study, Gabauer and Gabler investigated the differential rollover risk in vehicle-to-
barrier collisions for cars, SUVs and pickup trucks (Gabauer and Gabler, 2009). As part of 
their study, Gabauer and Gabler identified 955 barrier impact cases within the NASS/CDS 
database and performed statistical analyses to identify the important predictors for rollover. 
They have found that in real world barrier collisions, the most important predictors of 
vehicle rollover were: 

¶ Vehicle Type, and 

¶ Vehicle Tracking Prior to Impact with Barrier. 

Following the literature review carried out as part of this project, a workshop was organised 
at TRL Crowthorne Office with Motor Industry Experts. This workshop was attended by 
Motor Industry Experts from TRL & HORIBA MIRA, as well as VRS experts from TRL and 
Highways England. During the workshop, a discussion was held with regards to vehicle 
parameters which the experts think would have a significant effect on vehicle-to-barrier 
interaction. Based on the literature review findings and the discussions held during the 
workshop, it was decided to focus on the following vehicle parameters, which the 
participants believed to be of primary importance: 

¶ Vehicle Mass 

¶ Height of CoG, and 

¶ Vehicle Stiffness (primarily of frontal structures) 

The particular effects of these parameters on barrier interaction are explained in further 
detail in the following sections. Further sections are dedicated to the effects of Vehicle Type 
and Age. 
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3.2.2 Vehicle Mass 

Mass is perhaps one of the most important vehicle characteristics which have a significant 
effect on vehicle-to-barrier interaction. This is because the kinetic energy of the vehicle at 
the time of impact is directly related to its mass.  

In physics, the kinetic energy of an object is the energy that it possesses due to its motion 
(Jain, 2009). It is defined as the work needed to accelerate a body of given mass from rest to 
its stated velocity. Likewise, the same amount of work is required to bring the body from 
the stated velocity to a halt. In classical mechanics, the kinetic energy of a non-rotating 
object is defined by the following formula: 

Ὁ
ρ

ς
άὺ 

Where:  

Ek: kinetic energy 

m: mass 

v: velocity 

As can be seen from the formula, of vehicles which are travelling at the same velocity, the 
ones with a higher mass will have higher kinetic energies. For example, of two vehicles 
travelling on a motorway with a constant speed of 70mph, the heavier one such as an SUV 
carries higher kinetic energy compared to a lighter one such as saloon car.  

Energy is not a vector quantity so it does not have any components. However it can be 
partitioned among its various degrees of freedom, for example in lateral and longitudinal 
axes, as shown in Figure 8. 

 

 

Figure 8 ς Partitioning of kinetic energy among its degrees of freedom i.e. lateral and 
longitudinal 
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From the perspective of barrier performance, lateral impact energy is of special importance, 
as a barrier is designed to absorb and redirect an impact in the lateral axis (see Section 3.1). 
A higher lateral kinetic energy means a higher amount to be changed into other forms 
through mechanisms such as deformation of the barrier, deformation of the vehicle, 
generation of heat and sound. Higher deformations can take a barrier to its limits in terms 
of the stress and strain of individual components and ultimately cause failure. This is why an 
N2 containment level barrier, i.e. a barrier tested to contain a 1,500kg car at 110km/h 
impact speed and 20° impact angle (See Table 1 for TB32 test), cannot be expected to 
contain a significantly heavier vehicle such as a 10,000kg HGV at the same impact speed and 
angle.  

Currently the minimum containment requirement for barriers to be installed on the SRN for 
roads with a speed limit of 50mph or more is N2 (Highways England, 2006). This class of 
barrier, which is designed and tested to contain a 1,500kg car, is the most common along 
the SRN. Due to the mechanisms explained above, any vehicle with a mass over 1,500kg 
cannot be expected to be contained by this class of barriers. The higher the vehicle mass, 
the higher the risk of barrier breach becomes. 

3.2.3 Height of Centre of Gravity 

Vehicle CoG height is an important parameter for barrier design, as explained in section 3.1, 
and it can have a significant effect on the impact performance of a barrier. For most steel 
barriers, the beam height is designed to be level with or close enough to the CoG height of 
vehicles which the system is designed to contain. This was previously illustrated in Figure 5. 

As vehicle CoG gets higher, the risk of rollover during an impact with a barrier increases. This 
is due to the introduction of overturning moments on the vehicle, as illustrated in Figure 9. 
The problem gets worse as the height difference between the vehicle CoG and the barrier 
beam height increases. This is specifically a problem for vehicle segments such as SUVs and 
MPVs, where the height of CoG is often considerably higher than the cars used in full scale 
impact tests.  

 

Figure 9 ς Illustration of the effect of high centre of gravity on the impact behaviour of a 
steel barrier 
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The effect of CoG height on barrier performance have recently been demonstrated through 
a programme of full scale impact tests carried out at the Swedish National Road and 
Transport Research Institute, VTI (Wenäll, 2014). The test programme included two SUV 
impacts: one with standard Swedish w-beam barrier at 550mm beam height and another 
with the same W-beam system installed at 650mm beam height. It should be noted that 
standard W-beam height used in Sweden (550mm) is lower than the one adopted in the UK 
(610mm). Both tests were carried out with TB32 impact conditions, i.e. target impact speed 
of 110km/h and impact angle of 20°. The vehicle used in these tests was a Volvo XC-90, one 
of the most common models of SUVs seen in Sweden. 

The first test (with a 550mm beam height) resulted in clear failure, as the vehicle climbed 
over the barrier with ease, as shown in Figure 10, and continued straight through with 
considerable speed. This barrier design however, has previously performed successfully 
when tested with the standard EN 1317 1,500kg saloon car. This suggests a considerable 
difference in performance caused by difference in vehicle type.  

 

 

Figure 10 ς Scenes from the SUV impact test carried out at VTI with standard Swedish      
w-beam barrier (550mm beam height) 

 

In the second SUV test carried out at VTI, the beam height of the W-beam barrier was 
increased by 100mm to 650mm. The result of this test was better, as the barrier managed to 
contain and redirect the vehicle. However, the vehicle came worryingly close to overturning 
after the contact with the barrier, as shown in Figure 11. The screenshots presented in 
Figure 11 clearly demonstrates the effect of a high CoG and the resulting overturning 
moments acting on the vehicle. It can be seen that this is in line with the mechanism 
previously depicted in Figure 9. Considering that the average W-beam height in the UK is 
610mm, i.e. between 550mm and 650mm used in the first and second SUV impact tests 
carried out at VTI respectively, it is difficult to guess the exact result of an SUV impact test 
with a standard UK w-beam. However, it is clear that a high CoG and the resulting risk of 
overturning would be a major concern. 

Images courtesy of VTI 
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Figure 11 ς Example of the effect of high vehicle CoG on impact behaviour of a w-bean 
barrier (650mm beam height) 

3.2.4 Vehicle Stiffness & Structural Geometry 

During a vehicle-to-barrier collision, some of the impact energy is absorbed through 
deformation of the barrier and some of it is absorbed through deformation of the vehicle 
(and some through other mechanisms). Vehicle stiffness plays an important role here 
because a stiffer vehicle is expected to suffer less deformation than a less stiff one and 
therefore it is expected to absorb less of the impact energy. When this is the case, more of 
the impact energy is absorbed through deformation of the barrier, rather than that of the 
vehicle. Depending on the impact conditions, this extra energy exerted on the barrier can 
cause adverse effects, including larger deflections and even loading of the system beyond its 
capacity; causing failure of the system.  

The effects of using older designs of vehicle for EN 1317 impact tests, instead of modern 
ones have been widely discussed in impact test standard committee circles by test houses, 
road authorities and barrier manufacturers. There is a strong suspicion that testing with 
older vehicles (specifically pre 2000 designs) skews the recorded barrier performance 
parameters to look better than they would have with a modern vehicle. This is supported by 
records of historic EN 1317 tests, where significant deformations of the test vehicle 
including the A-pillar and the passenger compartment were common, whereas these are 
rather uncommon with modern vehicles, which are designed for modern crashworthiness 
criteria. 

The difference in stiffness is especially large between vehicles which were designed before 
around 2000 and those which were designed after. This is mainly because around 2000, the 
front and side impact European Directives were introduced (now UN Regulations 94 and 95 
respectively). The Directives were introduced over a period from 1998 to 2003. They were 
mandatory for all new types of vehicles from 1st Oct 1998 and for all new vehicles from 1st 
Oct 2003. Furthermore in 1997, the European New Car Assessment Programme (Euro NCAP) 
was launched. Both the frontal impact Directive and Euro NCAP use an Offset Deformable 
Barrier (ODB) ǘŜǎǘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŎŀǊΩǎ ŎǊŀǎƘǿƻǊǘƘƛƴŜǎǎ ƛƴ ŦǊƻƴǘŀƭ ƛƳǇŀŎǘΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ǘŜǎǘ ƛǎ 
performed at a higher speed for Euro NCAP (64 km/h instead of 56 km/h). Hybrid III 
dummies and a few structural measures are used to assess the protection offered to the 
driver and front seat passenger, as illustrated in Figure 12.  

Images courtesy of VTI 
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Figure 12 - Offset Deformable Barrier (ODB) test configuration for Euro NCAP and frontal 
impact Directive (NB test speed for frontal impact Directive is 56 km/h) 

 

For side impact, both the side impact Directive and Euro NCAP use a Mobile Deformable 
Barrier (MDB) test, in which the MDB, representing a car, is impacted into the side of the 
vehicle being tested at 50 km/h, as illustrated in Figure 13. The Euro SID 2 dummy is used to 
assess the protection offered to the driver. 

 

Figure 13 - Mobile Deformable Barrier (MDB) test configuration for Euro NCAP and side 
impact Directive 

Hybrid III

50th male

64 km·h-1

ODB 40%

Hybrid III

50th male

EuroSID 2

50th male

50 km·h-1

MDB 950 kg
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The introduction of the Directives and Euro NCAP around the year 2000 drove a substantial 
improvement in crashworthiness performance of cars at this time. This is illustrated by the 
improvement in the Euro NCAP rating between cars such as the Rover 100 and the Renault 
Megane shown in Figure 14. 

 

 

Figure 14 - Comparison of Rover 100 (Top) and Renault Megane (Bottom) Euro NCAP 
assessments in 1997 and 2002, respectively 

 

The improvement in crashworthiness protection was achieved using a combination of better 
structures and improved restraint systems. The improvement in the structural performance 
was achieved mainly by improvements in the Body-in-White (BiW) structure, as shown in 
Figure 15. In particular, these included strengthening of the occupant compartment with 
high strength grade steels and stiffening of the front-end structures, for example the main 
longitudinal componentǎΣ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƛƳǇŀŎǘ ŜƴŜǊƎȅ ŎƻǳƭŘ ōŜ ŀōǎƻǊōŜŘ ƛƴ ǘƘŜ ŎŀǊΩǎ 
front-end without significant intrusion to the occupant compartment. However, it should be 
noted that approximately the first 100 ƳƳ ƻŦ ŎǊǳǎƘ ƻŦ ǘƘŜ ŎŀǊΩǎ ŦǊƻƴǘ-end remained soft to 
enable protection of pedestrians in an impact.  

 

 

Figure 15 - Car Body-in-White structure 

 






























































































































